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Abstract

Union Givil Protection Mechanism Decision No 1313/2013/EU requires ElMember States and UCPM
participatingstates to report to the Commission on their disaster risk management activities to support
formulating an EU risk management policy that would complement and enhance the national oneairiThe
of this report is tosuppano f o ¢ ~ f p n Réppren§ Guadelifies on Difaster Risk Management |, Art.
6(1)d of Decision N0.1313/2013/E(2019/C 428/07) by relevantnationalauthorities .

Ocdnfim kjmohdnhoc An  ~ji hAdi hoc  hn  md  mentjfoaBjsastek j mo n f ° |
Mdnf A HVi Vb  h i o») Oc” A\ dh fFypa hevworld of xpertnirvolvedijntteh m™ kj mo n f «
different aspects of thenational risk assessmerprocess

The European Commission Joint Research Centre faitisnal,regional andglobal efforts to acquire better
risk governancestructurethrough evidences, science and knowledge managemRigk governance facilitates
policy cyclefor the implementation of integrated disaster risk managemeRisk Assessmeris positionel at
the heart of the policy cycland providesvidence forDRM planningndthe implementation of prevention
and preparedness measures

Thisreport explains the purpose and objective of each step of the reporting to give meaning and motivation
to demandng risk governance processes. It collects the contributionf®ofteen expert teams that

prepared short step by step description of disaster risk assessment approaches specific for the chosen
hazard/asset usable in the context ofrational risk assessmerexercise and addressed national risk
assessment capability to be further develop@dorder to bring the evidence to next lewglspecial focus is
dedicated to capability needed tackle climate changeThe risks covered are of natural, anthropogenidan
socianatural origin floods, droughs, wildfires biodiversity lossearthquakes, volcameruptionsbiological
disasters, Mtech accidentschemical accidentswuclear accidentgerrorist attacks, critical infrastructure
disruptions cybersecurityand hybrid threats
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Executive summary

The European Commission Joint Research Centre joins National, Regional and Globate&ogisire
better risk governance levels through evidences, science and knowledge managemen t. This report is
oc An’~ji _Hhdi h oRecommendatins mofjNatofahRisk Assessmenrfor Disaster Risk

Management ) H Oc " A\ dh hj a i o c d n Rup a matvorknofgxpeers iMvok/gd m the djfferany o j H] pd g

aspects of thenational riskassessmenprocess. They are invited to -aevelop, with a sequential approach
imposed by the complexity of the task, a reference document that will contribute to filling the gap between
scientific knowledge and their practical usability.

Version 0 of thé series was focused mainly on how to do National Risk Assessment from the scientific
perspective to provide enough evidences to Risk Managers for better understanding and, hence, managing
risk. In Version 1, theational risk assessmeris positioned at he heart of the policy cycle for the
implementation of integrated disaster risk management. This perspective highlights the imperative need for
policy-makers, practitioners and scientists to work hamdhand towards a more resilient, and hence
sustainable future.

Policy context

MemberStates are, since 2013 CPM Decision No 1313/2013/EU), requiredto report to the Commission
on their disaster risk management activities to support formulating an EU risk management policy that would
complement and enhance the national ones.

The amendment of the Union Civil Protection Mechanism (UCPM) of March RBet&ion (EU) 2019/420)
introducednew requirements foreportingunder Article 6, combining elements €f) national risk
assessment (NRA), (2)risk management capability assessment (RMCA) and (3)information on the
priority prevention and preparedness me asures with a focus on (a) key risks with crodsorder impacts,
and, where appropriate, (b) low probability risks with a high impact.

The purpose of the Version 1 of tHeecommendations for NRA for Disaster Risk Managenpeepared by 50
scientists, ist A n p k kj mo f o ¢ "Reponting Guidalipes on’ DisasterrRigkManagement , Art. 6(1)

jah?2 ~dndjiflj),.,.*-+,.*@P-+,4*>H/-3*+2»Hh]thm g°

EUCPM.

The final scope of this collective effort is toontribut e to establishing an appropriate risk governance

that is flexible and adaptable to new evidences, knowledge and situations. A risk governance that facilitates
risk assessment processes as proper evidence to drive disaster risk management planning and the
implementation ofadequate measures all along the risk management cycle , from adaptation and
mitigation to response and recovery phases.

Key conclusions

Better national risk governance with a legal framework and integrated disaster risk management
approach is a must. The implementation of integrated DRM is seen as evidehased policy cycle
compound of NRA, DRM planning and the implementation of prevention and preparedness measures.

- NRA produces the evidence to reach a common understanding and the relative importance of
the risks due to the different drivers faced in a countayd presents a core of evidenéased
policyznaking which adds to successful implementation of effective and efficient integrated disaster
risk management.

- Risk management capability assessment strives to set up an efficient, flexible and systematic
risk governance structure covering the whole policy cycle that places NRA as an essential part of
disaster risk reduction strategy and facilitates from the beginning to the end the impletaigon of
the measures in different phases of disaster risk management for different hazard.

Reporting outcomes to be submitted tothe European Commission agesummary of the national

activities related to NRA and RMCA that are alsorelevant to the EU aatext NRA and RMCA processes

must be comprehensive and tailored to the national context to serve the specific national goals. Furthermore,
their overall aim is very much the same, i.l,support the identification and definition of disaster

risk reducti on strategies, which will result in less disasters and/or disasters with less impacts and increase
of overall EU resilience.
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It can be considered that these processes are national enablers of (a) the developmartahmon

understanding on risk, its drives, interlinks and options for reducing it while (b) they promote and facilitate

the exchange ofjood practices and lessons learned to speed up the risk reduction processes. By

submitting the summaries to the Commission and, thankote Ovieriew ofNatural and ManMade Disaster

Risks thathe EUMay Face» hn > md " nhj ahkp]lgd”\Vodjinhkm k\m  _f]th>) hh
objectives is easedt the European level .

Regular RMCA is a driver of sustainable development of capabilities for the implentation of the
integrated DRM and also an opportunity to continuously adapt to changing risk landscape (i.e., climate change
as well as new and emergent risks) as well as development strategies with relevant capabilities.

The policy cycle for the implemertian of integrated disaster risk management should have capacity to
integrate climate change adaptation strategies  and efficiently consider adaptation measures during
DRM planning.

The policy cycle for the implementation of integrated disaster risk management is a mechanism that fill the
gaps revealed in NRA process with the DRM actions in place. Therefore it is imporgaitritize the
development of national risk assessment capa bility to improve the country's resilience  against the
disaster risk.

Main findings

The report evidences that the implementation of integrated disaster risk management is a challenging
process in terms of expertisand datg resources, time and diversityf stakeholders involved. It requires a
support of national authorities at all levels.

The report highlights the importance of thevidences produced by NRAto facilitate DRM planning and
implementation ofadequatemeasure that results in efficient integrated DRM. Based on the results of NRA
national authorities (1) decide which risks can sufficiently harm wading and security of citizenis a short

or long term tobe put on agenda of DRM plannin@) understandvhichdisaster risk drivers to be addressed
to identify adequate measure to reduce risk all along the RM cycle.

The scientific approaches in NRA can be of tremendous support in this challenging task. Risk landscape is not
only dynamic, but it is also exgnding with increasing awareness and better understanding of different risks.
Risk identification is partially based on evidence and partially on our perception regarding what we should be
afraid of.

Furthermoredifferent risks of different origins  require very different method s of risk assessment,

not only due to diversity of phenomena, but also due to different availability of data and knowledge.
Realistically, harmonisation of the risk assessment process shall remain at the levetminology, datarisk
conceptstandardized step®sf risk assessment procesand presentation of the results. The main goal is to
understand the risk and drivers behind as well as to assess the risk in terms of the level and probability in a
way to make risks comparable .

Fnally, EU policies related to different risks are essential for fostering comparability in approaches

to risk assessmenénd data collectionto achieve a more comprehensive picture of risks across Euespeell

as for encouraginknowledgesharingand other NRA capabilities building. DRM policies are working on the
exploitation of synergies across the whole DRM cycle for the implementation of an integrated risk governance.

Related and future JRC work

Ocdnhg mndji hj ahoc  h° Mies ¢f teportsithat\caletts thenseidntifieicoritributiomd) j a A\ f n
from the wider JRC scientific disaster risk community and beyond. It is eakéyity of the EC Disaster Risk

Management Centre (DRMKC) which supports international, national and local authoritiegolved in DRM

processes.

EC DRMKC has been recognized as a potential nuclesdeitific pillarof Union Civil Protection Knowledge
Network. The EC DRMKC proposgportunities for co -developing collective scientific knowledge
through a number of activities, such asplatform for news, publications, calendar of events and tools

tUCPMDecision Nd.313/2013/EUacknowledgese * h k dgj o\ ghmj g  Ajahn~rd iodad”*hfijrg _b hdih<m
availability anduseofsé¢ii odad”™ hf i j r g  _ b Afjdeil3for establishiog the tumion iviliProtiection Knowledge
Network
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(DRMKC webstitg the database of DRM related research projects and results (Projects ExjtoreiGaps
Exploret), the periodic publication of Sciemceports (Science for DRMthe holistic repository of disaster risk
and impacts data (Risk Data HY)bthehub for the global assessment of the risk of having humanitarian crisis
and the assessment of crisis severiffNFORM suitgand the early warnigs systems for Public health

related issues (EIGBand conflicts(CAASCEWS), both based on Atrtificial Intelligence tools and on building
communities of practice.

Quick guide

The report explains the purpose and objective of each step of the reportirgive meaning and motivation to
demanding risk governance processes. It collects also the contributiofeudeen expert teams that
prepared short step by step description of disaster risk assessment approaches specific for the chosen
hazard/asset usalgl in the context ofa national risk assessmergxercise and addressed national risk
assessment capability to be further developed.

A special focus is dedicated to capability neededdokle climate change with presenting possibilities how
to ensure closer synergies between the disaster risk reduction and climate change adaptation agendas.

The risks covereth this documentare of natural, anthropogenic and soef@tural origin floods, droughs,
wildfires, biodiversity lossearthquakes, @lcaro eruptions, biological disastersatéch accidentschemical
accidentsnuclear accidentgerrorist attacks, critical infrastructurdisruptions cybersecurityand hybrid
threats.

2 https:/idrmkc.jrc.ec.europa.eu/

8 https://drmkc.jrc.ec.europa.eu/Knowledge/Prefaqilorer

4 https://drmke.jrc.ec.europa.eu/Knowledge/Gagyslorer

5 https://drmkc.jrc.ec.europa.eu/knowledge/Challergjearing

8 https://drmkc.jrc.ec.europa.eu/Fidata-hub#/

7 https://drmkc.jrc.ec.europa.eu/infoimdex
8https://drmkc.jrc.ec.europa.eu/Innovation/Epidemielligencefrom-Open SourcesElOS#documents/1033/list
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1 Introduction

Ocdnhm  kj mohdnh\ haj ggj refidatieng foraNgtiQnal RiskdAssesgmeht foalfisaster f© M~ ~ | |
Risk Management in EU: Approaches for identifying, analysing and evaluatingRisksGek et. £ 2019)

published in May 2019This previous versiowas produced in collaboration with more than 20 suiists and

was then open for public consultation until the end of October 20¥8rsion 1 considers the comments

received from experts and potential users. It als o includes new chapters of scientific guidance on

risks not yet addressed in Version 0. The aim of this series of reports is to gradually invite other expert

groups involved in thaational risk assessmenfNRAEXxercise into the process to edevelop a document that

will better fit users' needs.

During the preparation of Version 1, two even ts have happened that have strongly increased the
importance of how Europe can prevent and prepare for emergencies °.

Firstly, Decision No 1313/2013/EU of the European Parliament and of the Council of 17 December 2013 on a
Union Civil Protection Mechanism (UCPM)was amended by Decision No 2019/420/Eof 13 March

2019. This amendment has introduced new requirements for reporting of Member States to the Commission
on disaster risk management activities under Article 6. Member States are now required togr@ijd

summaries of the relevant elements of their risk assessment, focusing on key risks (2) summaries of the
assessment of their risk management capability, focusing on key risks, and (3) information on the priority
prevention and preparedness measuresauled to address key risks with creg®rder impacts, and, where
\kkmjkmd\o " hgjrhkmj]J]\V]dgdothmdnf nhrdoch\ hcdbchd
?2dn\no  mAMdnf R HVi Vb > h i o' h<mo) R1#, $ (Cpnaigpi®n Ndtden d j i
2019) have been adopted and officially published on 20 December 2019.

Secondly, year 2020 will be always known by the coronavir®©VID 19 pandemic health crisis, one of the
greatest challenges the worli facing since World War Bince itsfirst awarenes$’ in China late 2019, the

virus has spreadn a matter of weeks to other continents arglicklyoverwhelmedhe health systems in

Europe and North Ameridast and then all around the worldwe have seen how vulnerable our healthhea
ntno hnh\m )hR=thoc K i _HjahH\ M*ch-+-+Hhjm hoc\liHh\ Rococ
remain at home as governmentsave been forced to takextreme measures to release the pressure on the
ANjpiomt ¥anfhc \ goc hnt olaions Mhg US, Frankemjaly, Spaio dno thedodongfpthers

had all experienced shortages of doctors, hospital beds, ventilators, personal protective equipment and testing
capacity.As of end of May 2020, in Europe the reports of new cases declinetideaths slowed, many

Member Statesvere easing the restriction. However, the big pictiras remained questionablethere have

been moreand moreconfirmed casesand deaths worldwideln September 202@&uropehas been caught in

the gripof the secondwave and another round of lockdowns

All attention has been focused on scient®e have withessed flood of prediction models, more or less
complicated, to understand how baHdese wouldreally get, as well as volume of data about the spread of

the virus being collected. Howevedifferent countries have been collecting data in a different way. It was
obvious thatwithout harmonized data collection and reportiqocess around the globe on such global
issues,uncertainty introduced ithe modelswas uncontrolable. Everybody has been striving to make the
models less wrong and useful in the moment to support timely decisions on extreme measures. Eventually, It
seems that mly a vaccine can end the Covi® pandemicln January 2021 the transmission of SARRV2
virus in Europe is still widespread and at the same time EU countries are facing the challenge of the
appearance of SARS0V2 variants of concern. European Commission set out actions accelerate the rollout
of vaccination campaigns across the ECM/202/35) and by the end of January at least 22 countries
(ECDC, 202Ieported having started adinistering the COVH29 Vacciné'.

The Commission had published tl®untry Health Profiles 2 in October 2019whichalready contained
some important signals regaling the status of vulnerability of our Health systenis particular considering
current and futuredemographic changes?®. TheEU4Health 2021 -2027 programt*d n f @P%n Hfm  nkj i n" f

® This includes supporting Member States in developing national and local disaster risk strategies, if not already in placgpraving
access to early warning systems. (frohttps://ec.europa.eu/commission/commissioners/sites/comm
cwt2019/files/commissbner_mission_letters/missiotetter-janezlenarcic_en.pdf

10 The discussion of the origin of the virus and since when the virus has been among the population is still on going.

11 The first vaccine administared has been developed by Moderna. Additionatibi@.g., BioNTedPfizer AstraZenecpwill be
introduced as soon as authorised for use.

12 https://ec.europa.eu/health/state/country _profiles_en

13 https://ec.europa.eu/info/strategy/prioriti€®19-2024/new-push-europeandemocracy/impactemographiechangeeurope_en

14 https://ec.europa.eu/health/funding/eudhealth_en
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COVIBL9, which has had a major impact on medical and healthcare staff, patieartd health systems in

@p mj k) h = 6.qhiliond, therefareé bedpriing the largest health programme ever in monetary terms,
EU4Health will provide funding to EU countries, heailthanizationsand NGOg-urthermore, UCPM has
expanded rescEU capacities to include a strategic stockpile of medical equipmedrthe Emergency Support
Instrument® will help Member States in their efforts to mitigate the immediate consequences of the
pandemic and anticipate theeeds related to the exit and recovegowever, the grip of pandemic has
emerged many programmes and initiatives at EU level to support Member Staissd on the principle of
solidarity and pools efforts and resources to quickly address shared strategéds

COVIB19 pandemic has shown the compound effect of the negative side of globalization as well as systemic
nature of risk. The consequences of globalization are more complex that we have ever imagined. In terms of
the basic flowsit embodies incresing interaction among countries. It is about sharing ideas, technologies,
skills, goods and services, finance with other countries which defines the beneficial part of globalization and
has shown a positive impact on development and thus on reducing ppvelowever, globalization is an
opportunity not onlyfor spreading good things, but also spreaditige bad ones There arealso other
examplessuch asthe financial crisis in 2008, cyber security issues athé consequences of rapid growth like
climate crange In order to let the good things spread globally and to keep the bad things |tdwarisk of
globalization will have to b@roperlymanaged

Globalization brings risks, and these have become increasingly systemic. Systemic risk can be realized as a
compound of failure of infrastructure, financial crisis, food insecurity or species extincfidriz( 201pas a

cascade across interconnected socioeconomic and environmental syskansxample,ie COVIEL9

pandemic has affected multiple geographiesand " oj mnh\ ohoc An\ h > hodh " *m \ od
shocks.

COVIBLY9, as well as already existing climate and ecological crises, have revealed that human society is
increasinglystruggling tounderstandthe relation of the humans with the environemt andto managethe
generated or existingisks Even if science and policies are making good progress into the right direction, the
parallel growth of complexity seems to be still one step ahead ofWsder conditions of extreme impact of
COVIB19 pancemic, we havehe unique opportunity to learn and to become stronger. We havehange
deeply embedded values that define obehaviourin disaster risk management. We have to be more
proactive and not wait anymore for a shift from managing disasters to managing ri¢KSPRR, 20)5Now it

is the moment to act.

We have to adapt and be adaptive to new and continuously changing reality before it is catching us
unprepared. The question is do we know how this new reality does or will look like? A new understanding of
the dynamic nature of systemic risks is a must aitds as challenging as complex the phenomena is. It is not
only about awareness of the latest scientific knowledge and data collected. The more interconnected the
knowledge is, the better linked the data are, the better complex nature of systemic riskpksinedIt will be
inevitable b combine what we knowvith the useof artificial or machine intelligence and all available
processing capacityNext step isto developrisk governancestructures of at different levelghat can

effectively introduce thé contextual understanding and its uncertainty in decision making prod&ssn more,

we need a risk governanagapable of connectingisciplines, sectors, policies, geographical scales,
organisations and citizen

Howeverwith systemic riskt has become bvious that risk is much easier tbe managed in early stages In
prevention adaptation,mitigation and preparedness phas¢he risk we manage is smaller and is still
confined within one system and in many cases still lodalprevention adaptationand mitigation phase it is
essential tounderstandthe role of risk drivers. In preparedness phase it is criticabevelop and implement
monitoring to identify any anomalies in system behaviours to reduce and avoid discontinuities in critical
interdependensystems.Furthermore, preparedness phase has to clearly define the thresholds and the
mechanisms to timely trigger the response phase. Any missed opportunities or failed timely interventions
allow the risk to grow, escalate and cascade into major whofesociety problem with a snovball effect that
increases the potential for both, economic, environmental and human losses. Societies along the planet are all
part of the same chain. Early identification and proper management of the fragile link of the disn
become a must.

15 https://ec.europau/health/funding/eudhealth_en
16 https://ec.europa.eu/info/liveork-travel-eu/coronavirugesponse/emergenegupportinstrument_en
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1.1 From Version 0 to Version 1

Past experiences are showing us why it is important to start building resilience with proper evidence of how to
reduce risk and prevent disasters, prepare for and when necessary, adequately respaaditian, these
experiences are highlighting the need to join forces across all sectors to be able to address the challenges
from a multi-perspective approach.

Art. 6 of UCPMDecision No 1313/2013/EU is paving the way for Member States how to establish risk
governance that would cover the whole disaster risk management framework, from preparing disaster risk
strategies, that are flexible and adaptable to new knowledge and new situationsi\gfementing pevention
and preparedness measures.

Version Owas focused mainly on how to daeational risk assessmerfNRA}o provide enough evidence for
understanding and managing risthile version 1 would like tgositionNRAas the most criticalpart of policy
cyde for the implementation ofintegrated disaster risk managemeiaind to show that the implementation of
integrated disaster risknanagementis a process of capacity development.

1.1.1 The purpose, content and outcome of Version 0

The purpose of Version 0 was tmllect scientific contributionto facilitate better useof the guidelines "EU

Mdnf h<nn > nnh i oh\Vi _Ah\V kkdi bhbpCommggbn Staif fVarking Fapet,n \ n o~ mA 1
2010). Version 0 is referenced in the recently adopted and officiallygpubn ¢~ _ H° M™ kj modi bABpd _°
?2dnyno " mAMdnf R HVi \'b> h i o' h<mo) h1#, hmmasoh Naticendj i A1 j ) , .
2019).

Version 0 provided scientific support to UCPM participant countries in terms of the governance structure
needed to ddNRAand stepby step instruction for risk assessment processor risks related to different
hazards and assets (drouglst earthquakes, floods, terrorist attacks, biologicaladiters, critical infrastructure
disruptions chemical accidents, nuclear accids and Natech accidents).:

1 toimprove coherence and contéscy among the risk assessmenttputs (by hazards, by sectors, by
regions) undertaken in the Member States at national level

1 to highlight thelinks of the national risk assessmenwith disaster risk management planning and

to make NRAs more comparable between the Member Statddich would allowhaving amore
comprehensiveicture at EU level about risk drivers and corresponding potential losses.

The outcome olVersion0 was the dentification of two major scientific inputs for disaster risk management:
addressingrisk comparability andunderstanding ofrisk drivers and required capacities . The overall

aim is to maximize the national capacity of a country in achieving the objestNBAprocess. NRAs should
define the relative importance of different risks (potential impacts) in the country as well as identify disaster
risk drivers toact upon with arange of measurs ableto reduce riskn any phase of the disaster risk
management

Knowing the differences among risk assessment approaches related to different hazards/assets will
eventually help us to find the framework covering all in terms of terminology, set of methodologies, risk
metrics, data needed and results required for fuethtreatment of risk. In majority of cases the science can,
at the moment, provide advice for riskssessmenin a singlehazard framework. Rare are the cases with
more advanced level of risk assessment considering more than one hazard, hazard interaatiensn
vulnerability interactions. They are usually driven by the strong presence of indugligre the asset is the
virtue, such as critical infrastructurdisruptions chemical and Natech accidents. These latter examples
become the model for the waydrward. Risk comparability should be treated in the context of risks in a
multilayer singlehazardrisk assessment

To improve the understanding of underlying risk drivers and needed capacities can be dealt with the better
knowledge base of risk, availali of data to describe hazard, exposure and vulnerability as well as
development of the risk analysis methodologies that enables to model links between underlying risk drivers
and capacities, risk components and risk levels. The disaster loss databases arajor importance. For
example, using past even lossésis possible to identify and quantify a wide range of sogiolitic-economic
drivers associated with the vulnerability.
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1.1.2 The purpose and objectives of Version 1

The purpose oVersionlistorei aj m™ "~ f o ¢~ [ Reportng Guifdaines dp Disastdy Risk

Management' f<mo) h1#, $hjah? ~dndji f1j ), . Thetargetaudience @rhis+, 4* > f/
document are the national authorities of the EU Member States and UCPM participatires sexponsible for

the reporting to the Commission on disaster risk management under Article 6 of the UCPM Decision

1313/2013.

The reporting guidelines are voluntary in nature. Thpgcifytemplate forinformation to be provided to the
Commissiorbased on two existing prevention blockstional risk assessment (NRA)and risk
management capability assessment (RMCA) as well ason the priority prevention and preparedness
measuresfor key risks with crossorder impacts and low probability risks Wit high impact.

However, the reporting outcomese only a tip of the iceberg of t he real activities related to DRM.
Therefore Version 1 is much broader in this context and it explains the real motivation behind risk
assessment process amisk managemaet capability assessmentwhich have been proven essential for
evidence basedlisaster risk management ( DRM planning and the implementation of prevention

and preparedness measures , what capabilities have to be developed for effective DRM governance from a
policy cycle perspective and it proposes an integrated apprdaciBuccessfully and effectively managing
disasterrisk.

Integrated disaster risk management (iDRM)considers various drivers of risk, and possiplevention

and mitigation options raging from structural to norstructural measures, preparedness and response
options from early warning system temergency management and risk transfer such as insurafWeuter
Botzen W.J. et al2019). An important step lies in application of risk assesent when deciding about the risk
management strategiesRisk assessmemtrovide evidence for cogbenefit analysis of risk management
optionswhichidentifies economically optimal strategies anconsideation of acceptable risk levels for
different risksidentified to see when to prevent damages pag#f managing the damages themselves.
Succeshul disaster risk managemenwill require also integratioracross different hazardsis well as different
disciplines, stakeholders, different level of governmenssveell as global, regional, national, local, and
individual efforts.

The objectivs of Versionl areto:
1 address new hazag emergentand increasingisks
1 advice onhow to address climate changas crosscutting issue
1 provideadditional informationto assess potential impacts
1 provide better insights into risk factors that drive the risk level and can be act ypon
1 provide risk metrics to make risks arising from different hazards/regions/assets comparable to
facilitate prioritizing

1 identify riskmanagement caphilities needed for the implementation of integrated disaster risk
management

1.2 The structure of the Report

In order tofacilitate the learningpart of the reporting processnd useful results ofthe new reporting
guidelines CommissiorNotice, 2019, the report will explain the purpose and objective of each step of
reporting to give meaning and motivation to demanding DRM governance processes.

First,the report describeshe evolution of reporting procesandthe efforts of European Comissionand
Member Statego share experience and knowledge at EU Iefeela better prewention of and preparedness
for disasters

Then the report explainshe importance ofnational risk assessment (NRA)and risk management

capability assessment (RMCA)as well as theinterdependency of the two processes , for example

where RMCA identifies the capabilities to be developed to integrate NRA as a core of scientific evidence into
policy cycle of implementation of integrated disaster risk management
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Next, a pecial focus is dedicated toapability needed tdack le climate change with presenting possibilities
how toensure better synergies betweeatisaster risk reduction and climate change adaptation strategies as
well asnew emergent risks that are continuously changing the risk landscape.

Last,the reportpresent the expert contributioron the assessment of risk related tloods, droughs,
wildfires, biodiversity lossearthquakes, volcameruptions, biological disastersatéch accidets, chemical
accidentsnuclear accidentgerrorist attacks, critical infrastructurdisruptions cybersecurityand hybrid
threats.
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2 Towards a better understanding of disaster risks in the EU: an evolution of
reporting process

The purpose of the reportin g process is to support formulating an EU prevention policy framework
that would complement and enhance the national one .

The initiative for an overall European approach to the prevention of disage@V2009/82) was the origin
of the reporting procesdn this context the ElUseeksto reduce the impact of disasters within the EU by:

1 the development of knowledge based disaster prevention policies at all levels of government;
9 linking the relevant actors and policies throughout the disaster managemeriegyc
1 improving the effectiveness of existing policy instruments with regard to disaster prevention.

The main objective of reporting process is to have a more comprehensive view of disaster risks in
the EU and a better evidence basis for EU policies for ad dressing those risks . However, this is not a
straight forward processSince 200%he objectivesof the reporting proces$iave been aligning to the
outcomes of the preceding reporting.g-

1 tocreate a common knowledge base on disastedgntify the resarch gapand encourage the
research activities

1 to promote the exchange ofgood practicesamong the relevant administrative levels in the
Member States as wellithin the Union Mechanisnand develop guidelines on risk mappiramnd
risk management capabilities to build on common aspects

1 to develop a catalogue of prevention measures that could be considered by the MeBtades
for EU funding

1 to exchangegood practicesin implementation of risk assessment, risk management cafaes
and prevention and preparedness measures.

2.1 The beginnings of an overall European approach to the prevention of disasters

The Union Civil Protection Mechani§dCPMjvas established in 200(Council Decision 2001/792/§@
improve theEU responseto natural and maamade disasters insidand outside Europél.oday 1 is governed
by Decision No 1313/2013/Ebf the European Parliament and of the CounBilitit has not been before3
February 2009 when the Commission for the first time adopted two @uumicationsrelated to disaster
prevention and reduction . The Communication CORBO9/82 discussed creating a Community approach to
reducing the impact of natural and mamade disasters within the EU, whereas the Communication
COM(2009)84 presented a stragg for supporting disaster risk reduction in developing countries . These
Communications supportetvo global initiatives : the implementation of the Hyogo Framework for Action
2005-2015 (ISDR, 2007) anthe achievement of the Millenniuevelopment Goats (MDGsJrom 2000,
succeeded by Sendai Framework for Disaster Risk Reduction-2085 and Sustainable Development
Goalg® (SDGs) set in 2015, respectively.

Communicatior{COM2009/82) set outan initiative foran overall European approach to the preventimi
disastersbased onidentified areas for action andlefinedspecific measures to boost disaster prevention
Member States already lth to varying degrees, policies aimed at the prevention of disastacsion at the
Community level should complement namal actions and should focus on areagiere a common approach
is more effective than separate national approachéshetter understanding of disasterand existing
prevention policie®n EU groundvas seen asa pre-requisite for developing efficient dister prevention
policiesMember States were invited to share and make available to the Commissig@ouncil Conclusion
2009) best practices, lessons learnt and relevatdta and information on disasters , whenever available
including the social, economiad environmental impacts of these disasters, with a view to providing pelicy
relevant information to European and national policy makdésfore the end of 2011 also Member States

1717 Ynited Nations Millennium Development Goals website, retrie¥88/2020.
https://www.un.org/millenniumgoals/bkgd.shtml

8United NationsSustainableDevelopment Goals website, retriev&@/8/2020.
https://sustainabledevelopment.un.org/resourcelibrary
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were invitedto further develop national approaches and procedures to risk m anagement including
risk analyses , covering the potential major natural and manmade disastéagjng into account the
future impact of climate change . Meanwhilehe CommissiofCOM2010/600) started toexploe
mechanisms for regular reviews of Member States' prevention and preparedness policies

The CounciConclusions on Further Developing Risk Assessment for Disaster Management within the
European Union (201 mphasizedhe importance ofrisk assessment for the integrated disaster risk
management at the national level. It enhanct®e basis for the analysis oprevention and preparedness
measures as well as forcapacity analysis and capability planning , and is a continuous and necessary
building block for th e development of a coherent risk management policy

The reporting process was finally set outin 2013 with the New Union Civil Protection Mechanisagislation
(Decision No 1313/2013/EU) whicaquiredMember States to periodically develop their risk assment, first
by 2015 and every 3 years thereafteit also required Member States toake availableto the Commission
their Risk Management Capability Assessment every three years following theséitiah of the guidelines. In
parallel the Commissiorwith the experts fromEU Member States and UCPREHipatingstates published
Risk Assessment and Mapping Guidelines for Disaster Management in 204@r(ission Staff Working
Paper, 2010 and RiskManagement CapabilitAssessmenGuidelinefCommission Nice, 2015 in 2015.

Commissiorguidelines are not binding but they help national authorities to prepare National Risk
Assessments and Risk Management Capability Assessments as required by the UCPM legislation.

2.2 First steps of the reporting process and lessons learned

The timeline of all consequent events is presentedable 1:. In 2013,a number of Member States

voluntarily shared information on the hazards and impacts facing their countries. Member States and UCPM
ParticipatingStates shared the main results and conclusions of their national risk assessments in two
following rounds: in 2015 and in 2018.

Risk Assessment and Mapping Guidelines for Disaster Management in 204@r(ission Staff Working

Paper, 2010 suggests to make RA a three step processsk identification, risk analysis and risk evaluation
The aim isto objectively assess potential impacts by hazards and assets in comparative way and present the
results n risk matrixto strategically define which risks shouldaehprioritised for action. Intermediate outputs

of the full exercisecan provide better insights into risk factors that drive the risk lexaid can be used to

better define the actual measures that would serve to reduce risk, and consequently reinforcafaeities.

Based on the information provided by EU Member States and UCPM participating states, the European
Commission prepared the overviews of the risks facing the EU in the years 2014, 2017 and 2020

(Commission Staff Working Paper, 2014; Commissoaff Working Paper, 2017; Commission Staff Working
Paper, 2020). The idea behind those documents is not only to present the risk landscape in Europe, but also to
share good practices, methodologies, assumptions and decisions on how to carry out thesédsment,

trying to link its outcomes to the management of risk. The last round of the NRAs submitted to the

Commission has shown theuge progress made by countries over the last years. In particular the most

notable improvements are:

91 the continuously elarged spectrum of hazards and threats addressed in the assessments (including
natural, biological, technological and malicious);

1 the inclusion of climate change considerations in all the NRAs (including interactions among hazards
such us the impact of aihate change in nuclear facilities);

1 the longterm viewcomplementinghe initial shortterm perspectives (shifting from the reactive to
the planning mode);

1 the networking approach in which research institutions are more and more invatvask
assessment
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Table 1: History of reporting procesof national risk assessmerdandrisk management capability assessment

Year National Risk Assessment Risk Management Capability Assessment
Risk Assessment and Mappi@gidelines for
2010 Disaster ManagemenriCommission Staff
Working Paper, 2010
2011
2012
First exercise on voluntary basis New Union Civil Protection Mechanism
New Union Civil Protection Mechanism ggﬁ;rs:;:/lg;é:};;fgslfé%uaefés;?;zble
2013 (Decision No 1313/2013/ElJegislation - o
: o their risk management capability
requiresMemberstates to periodically .
. ) assessment every three years following
developrisk assessment , first by 2015 and A T
the finalization of the guidelines
every 3 years thereafter
Overview of Natural and Minmade Disaster
2014 Risks in the ECommission Staff Working
Document 2014)134)
. RiskManagement CapabilibAssessment
2015 Second sharing of the summary of NRAs Guidelines (Commission Notice, 205
2016
Overview of Natural and Manmade Disaster
2017 Risksthe European Union & Face
(Commission Staff Workinocument(2017)
176)
2018 Third sharing of the summaryof NRAs First RMCA exercise
EU Overview of Risk Management
Capabilies (2019%°)
In 2019, Decision No 1313/2013/EU on thenion Civil Protection Mechanisiras amended
by Decision No 2019/420/EWhereby the requirements for reporting under Article 6
were changed. In line with the new provisions, Member States ezquired to make available
to the Commission gcombined) summary of NRA an RMCA, focusing on key risks.
MoreoverMember Statedave toprovideinformation onpriority prevention and
2019 preparedness measures for key risks having crossborder impactsand, where appropria,
for low probability risks with a high impacThis information had tde provided to the
Commissiorfor the first time by 31 December 2020, and then every three years or
whenever there are important changes
ReportingGuidelines on Disaster Risk
ManagementArt. 64)d of Decision No
1313/2013/EU (Commission Notice, 20
428/07)
Overview of Natural and Marmade Disaster
2020 Risksthe European Union & Facefollowing
reporting in 2018(Commission Staff Working
Document(2020)330
SourceAuthors

19 The deument has remained internal working document for European Commission and authorities due to the sensitive content.
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As regards the risk management capability assessment, EU Member States and UCPM patrticipating states
shared the results of the first exercise in 2015. Based on these submissions, the Commission prepared the
Overviewof EU Risk Manageme@apabiliies in 2019°.

Risk Minagement CapabilittAssessmenGuidelinefCommission Notice, 20)5dentifiesthree types of

capacities: technical, administrative and financthlat governmental structures should be able to mobilize

and exploit available resources implement integrated disaster risk managemeimnplementation of

integrated disaster risk management is seen as three step policy cycle: Risk Assessment, Risks Management
Planning and Implementing Risk prevention and prepgness measures. The guidelines are designed as self
assessment questionnaire of 51 questions to cover the whole process.

The questionnaire fostered a common understanding of the elements to be checked. It was built to be easily
responded with a scorer@m 1 to 4) and with short argumentations. The quantitative ranking allowed to

l pdrfgthn” " hdahoc AV k\rdot hr\ nhdi hkg\ 2" Vi ARrcd”rc
t  ofhnolmo” »A\Vi A/ hrc i hPoc AV kN Adot hr\ nhT h] "~ _

This approach served to highlight the crucial elements for disaster risk management to work in practice and it
stressed the need for learning and constant improvement. Nonetheless, $essens learned after the first
round concluded that the complexity tfie DRM cyclevouldrequire (a) the questions to bevenmore

specific, so to say, to target unique and relevant capacities for further work, and (b) to provide a ranking
systemwith more defined criteriadhat would guide countries in their capacity buildi activities and facilitate
comparisons among hazards, regions and, when necessary, among countries.

fr
fdi

N

Finally, the experience gained showed that both NRA and RMCA complement each other: the first identifies the
risk necessary to be managed and define ridthvers to be acted upon, while the other tries to detect which
elements should be reinforced in the governance structure to make sure that the right risk reduction

measures are planned and implemented to reach the expected objectives

2.3 Reporting process today

In 2019 Decision No 1313/2013/EU on thégnion Civil Protection Mechaniswras amended by DecisionNo
2019/420/EU whereby the requirements for reporting under Article 6  were changed. In line with the
new provisions, Member States arequired to make available to the Commission @ombinedsummaryof
NRA an RMC#focusing on key risks. Moreovéiember Stateave toprovide information orpriority
prevention and preparedness measuri@s key riskshavingcrossborder impactsand, where appropriate,dr
low probability risks with a high impacthis information had tde provided to the Commissidor the first
time by 31 December 2020andthen every three yearor whenever there are important changes

To supportMember States with the reporting exercigbe same yeathe Commission issueReporting
Guidelines on Disaster Risk Managemgnbmmission Notice, 20)%eplacing theRiskManagement
CapabilityAssessmentsuidelinegCommission Notice, 2015

These norbindingguidelineswere designed to faciliate reporting by Member States amitovide the
Commission with the information needed for it to fulfil its obligations preventionObtaining harmonized
information is vital to have a more accurate picture of tigaps and needs at European levéhe new
reporting guidelinegontain a questionnairef 24 questions(Table 2) split in three sections:

1. riskassessments,
2. risk management capability assessment,
3. priority prevention angreparednessneasures

All the questions areddressingkey risks only. The understanding of key risks in new reportingidelines
coversrisks that have particularly adverse consequenckswever, a specialttention should be payedo the
cross-border nature of risks and torisks related to theevents that are rare but could have important
impacts HILP).

20 The document has remained internal working document for European Commission and authorities due to the sensitive content.
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Box 1: Reporting on disaster risk management under Article 6 of  the Decision No 1313/2013 on the Union Civil
Protection Mechanism , as amended by Decision No 2019/420/EU

In order to promote an effective and coherent approach to the prevention of and preparedness for disast&hnatiygnon
sensitive information, namely information disclosure which wouldnot be contraryto the essentialinterestsof Member
States' securityandto promotethe exchange obest practices within thedJnion Mechanism, Member States shall:

a) further develop risk assessments at national or appropriate swiional level;
b) further develop the assessment of risk magement capability at national or appropriate sulational level;
c) further develop and refine disaster risk management planning at national or appropriatenstional level;

d) makeavailable tothe Commission asummaryof the relevant elements othe assessments referredo in points (a)
and (b), focusing onkey risks. For key risks having crossborder impacts aswell as, where appropriate, for low
probability risks with a high impact, Member States shall describe priority prevention and preparednessresedse
summary shall be provided to the Commission by 31 December 2020 and every three years thereafter and whe

tnever

there are important changes;

Table 2: Questions irReporting Guidelines on Disaster Risk ManagenfentnmissiorNotice, 2019 addressingisk
assessments, risk management capability assessment and priority prevention and preparedness measures

Risk Assessments Risk Management Capability Priority Prevention And
Assessment Preparedness Measures
1. Risk assessmenmntrocess 9. Legislative, procedural and/o| 21. Key risks with crosdorder
institutional framework impacts

2. Consultation with relevant
authorities and stakeholders| 10. Roles and responsibilities of | 22. Priority prevention and

3. Identifying the key risks at the competent authorities preparedness measures
national or subnational level | 11. Roles of relevant 23. Low probability riks with a
4. Identifying climate change stakeholders high impact
impacts 12. Procedures and measures at 24. Priority prevention and
. : national, subnational and preparedness measures
Risk analysis
local level

6. Risk mapping 13. Procedures and measures at

7. Monitoring and reviewing risk crossborder, interregional
assessment and international level

8. Communicating risk 14. Focus on climate change
assessmentesults adaptation measures

15. Focus on critical
infrastructure protection
measures

16. Source(s) of financing

17. Infrastructure, assets and
equipment

18. Focus on disasteloss data
collection and procedures

19. Focus on early warning
systems equipment and
procedures

20. Risk information and
communication to raise
public awareness

Source: Authors
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Reporting outcomes are only a summary of the real activities related to NRA and RMCA in the

country. NRA and RMCA processes are much more comprehessiviailoredto the national context to
serve the national goals thanspectsaddressed with questionsThe proposed questions are designed to
foster a shared understanding of the aspects that NRA and RMCA should irarhdd@re not relevant only for
national context butlso EU oneSuch aspects are activities crossborder, inter-regional and international
level, climate change adaptatigreritical infrastructure protection and disaster loss data collectibiowever,
the overall aim is very much the same, i.e., to implement disaster risk reduction strategies  which
should result in less disasters and/or disasters with less impacts and increase of overall EU

resilience .
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3 National Risk Assessment

3.1 The purpose and objectives of national risk assessment process

The purpose of national risk assessment is to reach a common understanding of the risk s faced in
a country. The outcome of risk assessment facilitates stakeholders to know the relative
importance of the risk s and identify risks to prioriti ze action for.

Accoding to the reporting guidelire(Commission Notice, 20)@efinition of the key risks is prerogative of

the Member StatesFurther guidancéow to identify key riskss not given Risk assessment is a tool to

identify key risks in terms what we should benost afraid of, how likely it isto happenand can we do
something about it Howeverrisk is multifacetedand thereare manyaspects to consideto separate the

wheat from thechaff that is to identify those riskavhich weneed to manageand thosewe camot or are not

so relevant to be managed. For example one type of hazardous efsamhetimes referred to aslanger or
threat) can cause impact in different sector @n different assets. One asset or sector can be harmed
differently by different hazards. &rthermore, in the country there are some hazardstlare more frequent

or more severe or botlthan others Also there are some assets or sectors in the country, which are more
importantthan othersandneed to be protected with priorithNNRApinpoints themost relevantrisks
consideringnost exposed, most vulnerable and most important assets doing the scanning through different
sector and differenthazards For that purpose NRA should baulti hazard and multi sectorial where
assetsor sectorsare predefined due to importance they have for the security and vbeling of society.
However, thenformation collected from thepast events and the knowledge of emergent and new risks are of
great help to do this efficiently.

Figure 1: Risk assessment provides an opportunity to better understanding of the underlying disaster risk drivers and
informs disaster risk management measures (Hizard, E: Exposure; Vulnerability R:Rsk).

DISASTER RISK
ASSESSMENT

COMPONENTS OF DISASTER RISK DISASTER
RISK
f(H,E,V) , |=| R
T
UNDERLYING DISASTER RISK POTENTIAL
DRIVERS and CAPACITIES FOR LOSSES

DISASTER RISK
MANAGEMENT

Source: Authors

The objectives of a national risk assessment are to obtain the following information that could be
helpful in further DRM planning (Figure 1):

1 assess leved and related probabilies of identified risks
1 understand the relations betweersk and risk driversnd capacities to act upon,
9 prioritize risks arising from different hazards, different regions, different assets.

In order to achieve these objectivesnsistentlyand comparabl overtime and geographical scalthe
National RiskAssessent processneeds a governance modehat follows a standardized formatsuch adSO
31010.

3.2 Governance of National Risk Assessment Process

National risk assessmerns a compound of many processes of risk assessment. Different hazards as well as
different assets require very different analysis of their risk.
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The multidisciplinary nature of the disaster risk assessment reqairgormation and knowledge of many
parties from different communities to conduct the comprehensive process of MRAbust and flexible
governance model of NRA in whichone authority has the mandate to coordinate all parties involved is
essential. The goal of the governance model of NRA isrtidaace coherence across portfolids, createa
working environment based on treame set ofevidencesprovide harmonized resultand take care of the
communication to stakeholders, authorities and public

The governance modeff NRAshould consist o number of working groups for different types of natural
and man-made hazards as well as for different assets consisting of scientific experts, practitioners and
representatives from all relevant sectors and governments departments or agencies resporsitibdiv
planning. The goal is to have at the same table data provilendusers and all technical support. The
National Platforms for Disaster Risk Reduction as promoted by the UNISDR4RGE an example of a
national mechanism for coordination analicy guidance on disaster risk reduction thHatmulti-sectoral and
inter-disciplinary in nature, with public, private and civil society participation involving all concerned entities
within a countrylt is often the case that national platforms are alsthe best siited to linkthe Sendai
Framework for Disaster Risk Reduction with other strategies, sudh@Sustainable Development Goals
(SDG, 2015)he UNFCC Paris Agreement (UN, 2015), gredCovenant of Mayors (2008).

Top down coordination is imp@ant to establish priorities but bottom up approaelshould not be neglected
either.Each process of risk assessment is performeddaigchnical team thatshould not work in isolation

Each process of risk assessment should be conducted collaboratively with stakeholders and interested parties,
including central and regional levels of government and specialised departsreamd drawn on the knowledge

and views of all involvedOnly then he risk assessment processes can be carried in the context of NRAa It is
matter of:

1 getting relevant, appropriate and ufp-date information and input data for the analysis

1 identifying risk applying risk metrics to ensure comparabilityand be aware ofrisk criteria
(acceptable risk) whicls largely a political decision

1 understanding which are the assets to be protect@ud which are the potential impacts that are
of main concern

1 supporting the design of realistic risk scenarios and
1 providing useful and usable results.

Inanideal casetechnical teans should be fullyaware ofnational sustainable development strategies, they
shouldaddress all relevant issues and EU directives/policiesthieg shouldenjoy the support of all
stakehdders/sectors from the beginningf the risk assessment procesExamples of elevant EUrisk
managementpoliciesincludg among others (Marin Ferrer et. al, 2018):

1 The EU Flood directive (Directive 2007/60/EC),
1 The Seveso lll directive (Directive 2012/E8)),

1 The European programme for Critical Infrastruct{EeEPCIP)COMR006/786) and The Protecting
Critical Infrastructure directiveQouncil Directive 2008/114/EX)

EU Solidarity Fund (Council Regulation (EC) No 2012/2002),
EU strategy on adaptation toiochate change(COM2013/216)??,
1 Directive on serious crossorder threats to health (Decision No 1082/2013/EU)

3.3 IS0 31010 format of National Risk Assessment Process

ISO 31030 (ISO, 2018) provides a common and very general approach to managing any tyipk.df is not
hazard or asset specific. It divides the risk assessment procEgguite 2) into three stagesrisk

21 proposal for eDIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL on the resilience of critical entities, COM/2020/829
final

22 NewEU strategy on adaptation to climate changepected in February 2021

2 proposal for a REGULATION OF THE EUROPEAN PARLIAMENT BNIDORJIH on serious crdssrder threats to health and
repealing Decision No 1082/2013/EU, COM/2020/727 final
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identification, risk analysis and risk evaluation

. There are several advantages when risk assessment

processes followhe same format within the NRA context:

1

helping target readers/users to find themselves around (where to start, what to expect) in topics
perceived as complex and tackled with a variety of different approaches.

helping experts to fit their expertise intorgdefined modules, thus transforming the complex
phenomena into complicated process, that is into a set of feasible tasks, that are normally executed

by different actors to reach the desired results.

facilitating the usage of the same terminology.

supportng the documentation of the whole process to assure transparency and consistency.

Figure 2: Stages of Risk Assessment process according to ISO 31010
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Context
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- Deterministic

Source: Authors

3.3.1 Context of National Risk Assessment

1. Sharing the

outputs of the Risk

Analysis outputs:
Maps, curves,
indicators, risk
matrix

2. Comparing and
confronting risk to
the evaluation
criteria

3. Deciding which
risks to reduce

Risk Risk Risk
Analysis Evaluation treatment

Describe possible DRR
measures to support
DRM planning

The NRAyovernancddentifies thecontextwith the support of all involvedtakeholders The contextlefines
the commonalities ball risk assessment processeslated to all stages and assugegthe consistency and
comparability of results. All parties involved should at tsiart of the process agree on:

1. What needs to be protect ed in the country

B

the list of assets that should be considered in the

risk assessment processes, such as population, buildings, infrastructure, environment, etc., that are

broken down toa level of detail

vulnerabilities.

2. Which are the hazards that the country is exposed to

3. Which are the risks to be considered, that is

meaningful for making decisions andllowing to assign

, the set of scenario for different hazards
and different probabilities (likelihood) of occurrence (discrete values). @eration should be given to
both, extensive, frequent, loimpact and intensive, occasional, high impact events.

, the potential impacts , direct and indirect, and

what are the risk metrics to measure them: humampact, economic impact, environmental impact
and political/social impact. The criteria for selection are based on the assets to be protected and the

values they present.

4. What is the time window for the potential impacts to be considered

, the temporal haizon of

risks to be assessed is decidechelprocess should consider riskBat may occur inthe immediate
future (2, 5 or 10years)andin the long term(15 or 25 years)to accommodate the prioritisation of
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high probability/low impact events and low pralbility/high impact events, respectively. Long term
periods are also considered to identify emerging gstiriven byclimate change, also cyber security,
volatility of geopolitical landscape, ett.With enlarging the time window for the scenariatso mae
distantdirectand indirect impactshould be covered, and with consideringpre than one time window,
information @n be includedo propose prevention and recovery measures.

5. Classification of impact and likelihood levelshould be defined. The choioéthe criteria for classes
is largely a political decision. The selection of criteria is related to the risk tolerance in the country. For
example, one country might define "insignificant” a human impact of 10 fatalities while the other no
fatalities. The number of classes depends on the expected uncertainii@soduced mainly through
different risk assessment approachesigher the uncertainties, smaller the number of classes
introduced. The impact classes are definedéach type of impact and are desed from impact criteria
In case of likelihood levels it is recommended to carefully select a likelihood scale that can effectively
cover the risks of intensive as well as extensive disasters.

6. Quality criteria in terms of acceptable levslof uncertaintyarising from the input data and models
used in different stages of risk assessmemshould be framed(Zio and Aven, 2013). Uncertainty,
though, can provide interesting information for the exercise and for future actions to implemtst t
management ofrisk. Some frameworks can be found in the literatute guide scientists and other
stakeholders to deal with it (Refsgaard et al., 2007; van der Sluij, 2005; Walker et al, 2003).

7. Design ofa protocol for the use of expert opinion  and for the design of aprocedue to document
the whole proces®f the risk assessment procegs assuretransparency and consistency .

8. Risk criteria needto be agreed on in order to be usedthe risk evaluation stagéChapter3.3.4) as
a term of reference againstvhich the significance of a risk is evaluated and determine whether the
risk assessed is acceptable or nddowever, partial knowledge of risk criteria should be known in
advance as they dictate the risk metriesd level of detail (resolution).

With perodic reporting (every three years) the conteskiould be updated. Risk is dynamic and it should be
treated as suchThe start of the new NRA prosgis also the opportunity fomprovements:

1 tointroduce experiences gained from previous NRA

91 further dewelopment in the datasets and risk assessment methodologies,

1 changing hazard landscape due to climate change and erimgrgsks as well as
1

consideringincreasedDRMcapacities due to implemented risk prevention and preparedness
measures

9 the occurrencef disastrous event provided new insightghile reconstruction was an opportunity
to build back better and to adapt to new risks.

3.3.2 Risk Identification

According tdSO 31030 (ISO, 201&he purpose of risk identification is tbnd, recognize anddescribe
risks that a country would like to reduce using existing risk informati®@he main task here is to collect
relevant, appropriate and ufo-date risk information from national and international sources and to use
different approachedor finding and recogriing risks, such as:

4. The DRMKC Risk Data Hub databg@setofie et al., 2019has been designed to collecisk and
loss data from natural and technological hazards. The Risk Data Hub covers floods, forest fire,
earthquake, landslide and subsidence, andmsavindstorms, heat waves, cold waves, volcano
activity, droughts, oil spills and radiological dispersiblowever loss and risk data comparability
is still an issue to make the information useful for disaster risk assessment. Harmonization or
even standadization of loss data gathering is needed to bring such information to the next level.

24 Insurance and reinsurance companies monittite evolution of the risk landscape on a continuous ba@sviss Re SONAR: New
emerging riskinsightg protect their clients and themselves against undue uncertaintleg, many of identified future risks unveiled
could be also of national concern
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5. Loss and damage databasewhich inforns about the occurrence, magnitude afasses suffered.
The data recorded after an event not only indicates the level of exposafra society but also
helps identifyng the key drivers of losses @Groeve et al, 203). The collection otlisaggregated
loss data is essential for the empirical identification of the physical vulnerabilities of different
assets under different hazard$-or example, there are national disaster loss database, European
platform of risk data Risk Data Hdbor online database with global coverage EMBAGathering
of loss data (2 Groeve et al, 204) is comprised of data model, data collectigwhich data has
to be collectecand how), data recording (processiaggregationand storingto havethe overview
of situations that are strongly context related

6. Hazard identification techniques, which are quite common in the industrial sector, such as HAZOP
studies, fault trees, checklists, etc. (Mannan, 2012). Some methods can serve to describe the
causes and conditions that favour hazard to happen.

7. The risk identification stage is directly linked with the formulation of (a) problem, and as pointed
out by Powell et & (2016), the use ofoft Operations Researahethods @n be useful to structure
and formulate complex problems, where different stakeholders haliferent interests and
require different expertise to descriliese problems

8. Accident investigations grostdisaster reportsincluding documents containing lessons learned.
These documents and the experiencetbbse engaged in responding and recovering from past
disasterscan support tehunderstandhg of the underlying causes leading to consequencB®®
reports usually servein taking corrective actions and impravwg protocols,and in displaying
changes in risk faors. For example, @me industries, such as aviation and chemical processing,
commonly record neamiss events, which are a valuable sourcé learning from the past
(Phimister et al, 2003).

9. Map of relevant researchrojects(Project Exploréf) and other repositories of scientific article.

10. Loss projectionghat were usedin past as efforts of risk assessments within the countrfpast
NRA exeilises 2013 and 2015)Besides learning from the past, and considering the effect that
climate change will haveon disaster risk, it is necessary to consider the potential future losses
due to changes in assets' exposykailnerability andthe nature of thehazard

11. International efforts related tanational risk profilingINFORRA).

12. Monitoring and Early Warning Systeinglace. These are constantly collecting and analysing data
of precursors of risk. Detecting trends and changes in the data collected can facilitate the team
engaged in the RA to picture how risk is or is changing. Besides the traditional and operational
warning systems for protecting people's lives and properties, the team can also exploit foresight
approaches, citizen sciences and media monitoring (DG ENV, 2016).

Accordingt® @PAMdnf Ah<nn > nnh i ohfh\i _Ah\ kkdi bhGopuissiongidfi = nfhaj mh
Working Paper, 201)there are four different categories of potential impacts: human impacts, economic

impacts, environmental impacts and political/social impacts (including securigl. description can be of

different format strongly depedent on the existing knowledge. It ranges from qualitative to quantitative

description Qualitative description is used for intangible impacts, e.g., on cultural heritage, or the impacts

related tonew and emergent riskiyhich is often difficult to identif, detect and attribute and consequently

address them. Quantitative description is feasible for tangible impacts that we can measure or model and

relate to risk metrics. If risk metric used has its counterpart among loss indicator we can align it with the

goals, targets and reporting guidelines of the Sendai Framework for Disaster Risk reduction

For each of therisks to be studied, it is necessary tgather the availablanformation on the risk
components relevant to the NRA context (Chapt@8.1) to prepare

1 hazard models,
1 exposure models,

1 vulnerability models and

% https://drmke.jrc.ec.europa.eu/riskta-hub

26 nttps:/iwww.cred.be/projects/ENAT

27 hitps://drmkgrc.ec.europa.eu/knowledge/ProjeEbelorer#projecexplorer/631/projects/list
2 http://www.informindex.org/Countries/CountBrofile-Map
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1 relevant selection of risk drivers and capacities.

It is necessary testudy which are the causal mechanisms of risk  (Powel et al, 2016): characterize the
activitiesand conditions that trigger the hazard; the factors that drive the assets' exposure and vulnerability;
and which are the capacities (at the level of asset but also beyond it)

It is also important to identify also the risks (e.g., emerging risks, ctomsler risks) which sources are not
under control and that can result in a variety of tangible and intangible consequences. This is also an
opportunity to address issues such ack of data, limitation of knowledge, reliability of information and
corresponding uncertainties.

All the information produced in the stage ofkidentification is actually the formulation of a problem, which
will help risk analysts to design a model arethodology to obtairthe outcomes of the potential impactwith
their probability of occurrencen the assets at risk.

3.3.2.1 Scenario Building

The scenarios have become a form admmunication model and help bridge the theoretical models and
the needs to sale practical problems (Alexander, 2000).

At the first place scenarios are a replacement for describing future disaster events in terms of their

magnitude and probabilities which can be based solely on known science. Instead the information about what
canhappen in the future disaster can be better described va#tis of scenarios . These scenarios comprise

the triggering events together with the description of possible consequences from cascading events to the
impacts on societal systems while considerifgetcapacities in place. Therefore, the scenario building process
requires input from scientists, practitioners, policymakers and different parts of communities that
complements with community's experience of past events and knowledge of social, cultocaipmic and

political context.

This cedevelopment process (Davies et al., 2015) is beneficial not just because such engagement allows
mutual learning, the sharing of existing knowledge and themoduction of new knowledge, but also because
the knowledg that emerges is much more likely to have societal and scientific consents, because it will be
perceived as relevant by all involved (Mercer, 2012; Wistow et al. 2015)

Scenarios can be used for modelling all phases of the disaster risk management &grl¢he purpose of
emergency preparedness, recovery and reconstruction planning the "maximum credible" or "plausible worst
case" scenarios are of interest. For the purpose of the risk assessment process their aim is to analyse the
potential impacts and thi likelihood. Therefore, it is recommended to haveltiple scenarios with

various likelihoods of occurrence to obtain a more complete picture of risk (UNISDR, 2017).

A scenario presents just possible future, but should be internally consistent and glitale Borjesonet al,

2006), coveringall possibleevents andrelated effects soas toreach thedesiredinformation of risk impact.
Shoemaker (1995) proposes three tests to ensure internal consistency and plausibility: compatibility of trends,
outcome canbinations and reactions of major stakeholdefihere would always be events and their
characteristics that will remaimnknown unknownsbut we reduce this by having relevant stakeholders on

board (Aven, 2015)Assumptions are an inherent part of the samo building, as such should lexamined

and reported.

3.3.3 Risk Analysis

Risk analysis is the process of combining the risk components of hazard, exposure and vulnerability to
determine the level of risk. For every risk and risk scenario identified in gieidentification stage, risk

analysis determines the potential impacts and the probability of occurrence. Risk analysis approaches vary in
various degrees of detail depending on the purpose of the analysis and data available as well as on how they
addressuncertainties arising in different stages of the RA process. Each risk analysis approach has different
limitations as well as advantages. They differ amoggalitative , semi-quantitative (risk matrix and

indicator based) andjuantitative (deterministic an probabilistic) methods. The most suitable methodology
should be chosen based on:

1 purpose of the analysis (prioritization, planning, analysing the effect of changes, etc.);
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the agreed level of detail;
the time spam of the assessment;
the agreed levebf uncertainty;

the availability and reliability of information;

= =4 -4 -4 -

the existing models to produce these results;
91 the resources at hand (in terms of time, money, expertise, etc.) for the exercise.

Here it is worth mentioning that the knowledge base of risk, as inherently uncertain (Covello and Merkhofer,
1994), can be limitedlt is often the case thathe knowledge base is decisive in deciding the approach for the
analysis. ldeally, quantitative gpoaches would be favoured in front of qualitative ones and probabilistic
models instead of deterministic analysis, emsure that theoutcomesof the analysisare objective and

replicable.

Qualitative risk analyses arerisk narratives based on expert judgment. They are commonly used for
screening risks to determine whether they merit further investigation. Sometimes it is the only option when
almost all components of risk are not quantifiable or have a very large degencertainty. It may be the

case that a qualitative assessment provides the risk manager or patiaker with all the information they

require. For example, if there are obvious sources of risk that can be eliminated, one does not need to wait for
the results of a full quantitative risk assessment to implement risk management actiédusimportant

criticism for qualitative approaches is its subjectivity, which affects its reliability. In order to facilitate its
replicability, the processes need to be ateand structured, so different experts can repeat the analysis.

Semi-quantitative risk analysis seeks to categorize risks by comparative scores (e.g., tolerable, intermediate,
intolerable).They permit to classify riskbased on expert knowledge with litadl quantitative data (Haimes,

2008; Jaboyedoff et al., 2014)They can be a useful stepping stone towards a full quantitative approach,
particularly where detailed data are lacking and can be used as a means to capture subjective ophriin

makes ita good basis for discussing risk reduction measu(&smmons et al., 2017)

Risk matrix is a mean to communicate the results of a semguantitative analysisThe risk matrix is made of
classes of frequency of the hazardous events on one axis, and the camesemps (or expected losses) on the
other axis.

Following the limitations of rislscoringsystems (Cox et al., 2005), if some data is available, even rough, it is
recommended to use quantitative methods in order to recognize uncertainty and the corredaiasting

between the components of risk (hazard, exposure and impact). In the case of high uncertainties, by trying to
guantify them and identifyingtheir contributors, it is possible to not only increase the knowledge base, but

also to better allocate finds and resources for future research developments (Apostolakis, 2004).
Nonetheless, expert judgement could be necessary when the underlying mechanisms are not well understood
(Abrahamsson, 2018).

Another semiquantitative approach to measure risk is bad on themethodology of composite indicators.
Suchindicator -based approach is usefulwhen there is not enough daté quantify all the components of
risk over large areaso carry out a quantitative analysis, but also as a follewp of a quantitative andysis, as

it allows taking into account other aspects than just physical damayea matter of fact, the indicatebased
approach is the only method that allows carrying out a holistic risk assessment, including social, economic
and environmental vulnerality and capacityIndicatorbased approachs allowincorporating the risk concept
where each risk componenh#zard, exposure, vulnerability and capagitycomposed by risk drivers defining
it and presented by indicator®ata for each of these indicatrs are collected at a particular spatial level, for
instance by administrative units. These indicators are then standardized (e.g. by reclassifying them between 0
and 10), weighted internallyand composed with arithmetic or geometric averagédthough theindividual
indicators normally consist of quantitative data (e.g. population statistics), the resulting hagapbsure,
vulnerability,and risk results are scaled between 0 an@.IThese relative data allows comparing the
indicatorsand indices (i.e.,oenposite indicatorjor the various administrative units. These methods can be
carried out at different levelseven at communities (e.g. INFORM subnational risk fijiéhe resulting risk

isrelatve \' i _f _j " ni Y20fhkmj qd_ " h grobability bf the mbieritidj lpssel.oc ~ g g gh\ i _

2 http://www.informindex.org/Subnational
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Quantitative risk assessment can assess potential impacts in two ways: determinialig or
probabilistically

Deterministic risk assessment estimatesimpacts from a single hypotheticacenario or combination of
scenaios but do not necessarily consider neither the probability of the events in quantitative terms nor
guarantee that all possible events are captured within a deterministic scenario set. Even though the
probability of the events is not consideredsk anaysiscan stillquantify the uncertainties that permeate

the different steps of the computationdt can take into account uncertainties from the input parameters and
models related to exposure and vulnerabilities to get the ranges of risk estimates foh saenario. The
distribution of these risk estimates can be queried with statistical proceducearrive at quantitative
probabilities that can be assigned to the risk levels. Therefore, the probability of impacts differs from the
probability ofan event.

Probabilistic risk assessment attempts to associate probability distributions to frequency and severity of
hazards and then run many thousands of simulated events in order to assess the likelihood of impacts at
different levels.

Probabilistic approacheface their particular challenges. Some decisiorakers may be reluctant to change
approach if the education of probability is not widesjaid enough, especially among thosgaking the final
decision (Lund, 2008}t is necessaryo communicate these modeaksultsin a specific, judicious and
unambiguouswvay with sufficient scientific evidencand uncertainty(Jansen et al, 2017). Lund (2008) also
indicates that the costs oprobabilisticrisk analysis may be higher than other methodmd is recommended
in situationswhere large expenditures need to be studied or whke impacts ofdisaster would have very
large consequences.

The outcomes of the risk analysiée the potential impactsoveran agreed period of time. This resudtlinked
to a particular uncetainty level that ideallyhasbeen aggregated from different sources of uncertainty. A
sensitivity analysis provideinformation about the parameters of the model or other assumptions taken,
determiring their weight in the final outcomes obtained, facdiing to identify pitfalls while helpingto verify
and validate the model (Frey and Patil, 2002).

3.3.4 Risk Evaluation

According tdSO 31010(2018) risk evaluation is the process of comparing the results of risk analysis with
risk criteria to determine whettr further action is required.

Preparing outcomes of risk assessment process for responsible DRMplanning is crucial. Experts
involved in risk assessment proceskould have a contrahlso over the "evaluating riskStage, in spite of not
being the expertshosewho advocate the risk criteriddowever, partial knowledge of risk criteria should be
known in advance ai dictates the risk metrics andhe level of detail (resolution). This is the stage when the
outputs of risk analysis are prepared for commauaationoutside the expert group. This a very delicate step
because theexperts are not only communicating the results but also the responsibilities to the

users of the results . Therefore the results should be accompanied with the instruction for Uise.resuls
should be understood correctly among all DRM responsible parties, oeyttie comparison and prioritization
is possible as well athe risk criteria established-or example, the scale (resolution) of input data dictate also
the scope of the reults and their suitability for the decision making process at national, subnational or local
levels. Or for example, the information on the time window considered can be important to determine whether
climate change effects can be reflected in the resulibe outcomes should be presented considering that the
mentioned audience may not have a technical background, scstiskild be representeth different and
suitable ways: percentages, "natural frequencies", bar charts, pie charts, among others (R¥E)hThe

tools, such as maps, matrices, indices and curves, showing risk and the components of risk, as well as
different aspects of it

The outcomes provided must kEccompanied also with the overall uncertainty , that should have been
aggregated from he different phases and limitations of the metlis used: due to the contexfyput data,
models structure and outcomes, and the model parameters (Walker et al, 2003). The uncertainties can be
again represented in various ways depending on the approachnt@yaincertainty as much as possible, in
order to avoid linguistic ambiguity. A particular quantification of uncertainty can be provided together with a
description of the norquantified uncertainties. Expert judgmentay be used ilnecessary, but it musbe

openly reportedExplicitly stating the uncertainty and limitations of the outcomesrigk analyseshelps
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decisioamakers to agree in additional actions regarding the exercise (such as investing more time and money
to collect new data or revise the natel, if results are not good enough for decision makers) while boosting
future research in the areas that should be further developed.

Risk metric is the common point. The challenge is to assure the comparability of the risks obtainexinf
different RAprocessTheoutcomes of each risk assessment should fit in thggregation process/herethe
outputs from various analyseare mergedinto a common format for evaluating and comparing risk and

communicating resufi.

The outcomes of the analysis are themgsented to decisionmakers, to compare and confront them to a set
of criteria toreduce risk to an acceptable or tolerable level . In the mntextof NRA, theisk criteria
reckon withthe socieeconomic andgolitical context of the countrysuch as

1 Costs in monetary terms of the potential impacts, versus the benefits gained from taking the risk.
Legislation in place, codes or standards of practice.

Reversibility of impact the possibility to reverse the negative consequences.

1
1
1 Immediate effects on critial services.
1 Controllability of consequences.

1

Societal Perception, as "people respond to the hazard they perceive" (Slovic et al 1982). This
information can be extracted from social surveys, attitude surveys and behavioural intentions and
psychometricscaling techniques (Gough, 1990). Some of the dimensions underlying perceived
riskiness listed by Vlek (1966) can actually be used as evaluation criteria, such as social
distribution of risks and benefits or the voluntariness of exposure.

The results of tle risk evaluation can lead to decision whether notdonothing further, consider risk
treatment options or to do further analysis to better understand the risk.

3.3.5 Risk Treatments

The final outputs of the NRA is to map the risk and declared the risks #naPnon-acceptable» f j mfA° i j i
o0j g m\ ] g tobe Managedn The purpose of risk treatment is to seleategrated disaster risk
management options for reducing risk tackling related risk factors with actions in different phases of
disaster risk management: prevention, mitigation, pregghress, recovergnd reconstructia or adaption

options There isno one-approach-fit -all -the-risk. For each hazardr asset related risk there are different
solutions efficient in different phases of the DRM cycle. Risk treatment is an iterative process of formulating
and selecting risk treatment option, assessing tefectiveness of that treatment, deciding whethéne
remainingrisksacceptable and ihot looking for further options.

Furthermore, the selection of risk management options is dictated also by of their economic efficiency that is
dependent on frequency and severity of the eventbis, so called riskalering (Mechler et al., 2014), where
frequent events (low layer risks) are avoided through risk reduction, medayear risksare treated with risk
reductionand riskfinancing instruments that transfer residual risk. However, insurers are reluctant ¥erco

risks from rare eventsvhenpublic and donor postlisaster assistanceare necessary while for very rare

event (veryhigh-level risk layer) even the capacity of international aid agencies can be exceeded and it
might be good to consider prevention aadaption risk management options related to governments
incentives to reduce risk.

The objective(s) to be reached, which would shape the strategies and policies to implement, would be
politically and even socially discussed, which would depend orvéthees, beliefs, alternatives and resources
in place to manage and reduce the riskigchhoff et al, 198¢ Plattner, 2005 that are inherent part of
disaster risk management planning.

30 Tolerable risk is defined as the level of risk that society is ready to live with as long as the risk is managed to redwbéet
acceptable risk represents the level to which society is prepared to accept without any risk management option puei(Bakhet
al, 2005)
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3.4 Key Messages

NRA together with DRM planning and the implementation of prevention and preparedness
measures formulates the policy cycle for the implementation of integrated disaster risk
management.

NRA is an essential part of that policy cycle and, therefore, it nesefdsoper governancevith a legal
frameworkand standard approach for risk assessmetu createa working environment based on theame
set of evidencesenhance coherence across portfoliggrovide harmonized results and take care of the
communication tostakeholders, authorities and publio strengthen the community awareness

NRA establish a common understanding among stakeholders, authorities and public  of risks that
the country has to face.

NRA is a result of collaborative work of many partiesdiwed is the process that bring at the same table
data-providers, technical support and end users. They are scientific experts from different fields, practitioners
and representatives from all relevant sectors and governments departments as well as parttsifrom

public and private entities. As such NRA paves the way to consensus prioaesfining prioritiesand

preparation of disaster risk reducticstrategies.

NRAexploits the existing information and knowledge at the global to local level and mobi lize
national experts for better understanding of risk and mechanisms between risk and risk drivers
as well as capacities of communities, governments and international organizations.

The NRAeveals the issues of lack of data, knowledge gaps, reliabditynformation and corresponding
uncertaintiesNRA advocates further development of monitoring and early warning systems, implementation
of loss and damage databases to validate risk modelling, strengthening of financial mechanisms within the
governmentalinstitutions and to facilitate marketased instruments to transfer risk. NRA defines lines of
research to be funded and the partnerships to be built, specially ctumsler and acrosdevels

NRA provides an essential technical information for the integ rated disaster risk management

NRAexamines various drivers of risk ar@hhances the basifor the analysis of prevention and mitigation
measures, from structural to noestructural measures, preparedness and response options from early warning
system toemergency managementisk transfer such as insurancas well as for capacity analysis and
capability planninglt contributes to reviews of existing disaster risk management plans actions taken,
regular updates of recovery and reconstructiplans conglering the new adaptation, mitigation and

preventive options available in time. As suclpiesentsa continuous and necessary building block for the
development of a coherent risk management poligisk Management Capability Assessment
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4 Risk Management Capability Assessment

4.1 The purpose and objectives of Risk Management Capability Assessment

Risk management capabilities addressed are capabilities required for the successful
implementation of integrated disaster risk management. The implementation of integrated
disaster risk management is the process seen as policy cycle.

The assessment of rismanagement capability covers the whole risk management cycle(a) eisk
assessment(b) risk management planning for prevention and preparedness @the implementation of
risk prevention and preparedness measufemmmission Notice, 20)5The wlole risk management cycle of
RMCA guidelines refers avidence-based policy cycle 3! (Figure 3) for the implementation of integrated
disaster risk management. This fact is of major importance when thinkingagfabilitiesto be built for the
purpose. Hereirthe capabilities should be understood as means to an end and not as an end result.

Box 2: What is Risk Management Capability in the framework of the UCPM (Decision No 1313/2013/EU)

Risk management capability (Decision No 1313/2013/EU) means thbility of a Member State or its regions to reduce
adapt to or mitigate risks (impacts and likelihood of a disaster), identified in its risk assessments to levels that apatuee)
in that Member State. Risk managemt capability is assessed in terms of the technical, financial and administrative
capacity to carry out adequate:

(a) risk assessments;

(b) risk management planning for prevention and preparedness; and

(c) risk prevention and preparedness measures;

Ability, capability, and capacity are synonyms in many of their 85asd as suchare often used

interchangeablys gg A\ m>  ham | p i ogt hpn  _Hoj h mHavevarmorg crgful = %an h kj r °
treatment of the terms can actually lead to somesaful breakthroughgor a country,organizationor an

individualworking through changén an individudit is accepted thatan ability is the skill or competency to

perform a task A capability can refer to an ability that exists in an individual but cése improved uponA

capability is a collaborative procegs organizationthat can be deployed and through which individual

abilities can be applied and exploited.capacity on the other hand ithe maximum ability to perform

Capacity is the time or mnpowerhavingto perform a task Capacity tends taelate to volumes and

guantities When discussing capacity, itisimportaff o j h \ nf f° Cj r R hfpCjcrhff h phrc Rdecn fAgi ™ " “»
\'i _ho°Rc i fh _|jTHer MBI i duhdodj >%Hnhkmj p” odgapabitifadn f _ ~ o~ mhdi
capacity A capacity is the ability that exists at present whilst capability refers to the higher level of ability

that could be demonstrated under the right conditiosThere is a interesting interplay between capacity

and capability buildingThey can compensate each othieut the tendency is towardsigh capability and high

capacity when you have high value skills to produce high value product reliably and consistemtigny

A\n n'"h]lpdg_di bhr\VkV\] dgdoth]thdi *m \'ndi bh\Vho  \ h¥%nhfi]j
is, in essence, the idea of working smarter, not hartier

The purpose of the assessment of risk management capability is to set up an efficient, flexible
and systematic process [structure] for the implementation of integrated disaster risk

management. This is achieved through regular assessments which ensure continuous
improvement in risk management capabilit .

31 A policy cycle is a systematic process [structure] showing how societal issues or public problems are acknowledged follstepd b
by-step sequences depicting how the identified problem issues should be solved. The policy cgelguenced policy process, was
initially proposed by Harold Lasswell in 1950s (Howlett and Ramesh, 2002)14nd the cycle was subsequently adopted by others.

32 https://grammarist.com/usage/abilityapability-capacity/

33 As an example:

1 I have the ability b run.

1 I have the capacity to run a 100m race in 18 seconds.

1 I have the capability to improve my capacity through training to 15 seconds.
4https://www.resultsmapam/blog/capacitws-capability whats-the-difference/
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The objective of the assessment of risk management capability is:
1. to know thepolicy cyclefor the implementation of integrated disaster risk management
2. toidentify the existing anddesiredcapabiliies

3. build up awareness of potential strengths and weaknesses and initiate the processmbvement

Figure 3: DRM cycle as suggested in RMCA guidelines (Commission notice, 2015) vs. classical 6 stage evidence based
policy cycle.

.
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SourceAuthors

4.2 A link between capability assessment and capability development

The cowept of the link betweera capability assessment and a capability development is not new (UNDP,
2008b; FAO, 2004). It islear from the beginning that putting this concept into practice is not a simple
processlt can be broken down into five steps:

1. Where are we now: assessing the existing capabilitiesin be most straightforward step anchn
produce much useful resulfsince capability development can be only effective when it is built
upon existingcapabilities

2. Where do we want to go : identifying the desired capabilities that is the vision of what

capabilities are required andepends largely on policies and strategies for future development
and these are not always as clear as they should be.

3. How do we get there: comparingthe existing capabilitiesvith the desired oneassessinghe
gaps,definingactivities/strategies tdill these gapsand lead as to the desired goals

4. What actions do we take: implementation of the planned strategies and activities.

5. How do we stay there: monitoring and evaluatiof the outcome to feedback experiences and
lessons learnt into the planning phase which are essential to sustain the process.

We can say that a risk management capability assessment is a driver of sustainable integrated
disaster risk management development .

There is no unique framework to be followed as there are no formulas for capability needs that will work in
all contexts.Thereforecountries need to lead their own process for the implementation of integrated disaster
risk management which requires a lot of effort from many parties to be fully embedded and maintained.
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However, to achieve a sustainable capability development all theradnvolved should know their roles and
follow common strategy for developing the capabilities that are needed. Capability development is an ongoing
process of change that needs to take place over time while the capacity issues and priorities will depend
country's own level and path of development, capacity issues are rdiftiensional and complex in nature

and relate as much to broader societal challenges and systemic issues as they do to training, skills
development and technology transfdnteres tingly, capability assessment promotes, for the sake of

its prime con cept, self -assessment approach (Chapter 4.4). However, UCPM promotes also peer-

review of risk management capability as opposed to evaluation by third parties that  are often
conditionality based.

4.3 Implementation of integrated DRM

4.3.1 Knowing the process

The wnderstanding of theDRM policy cyclprocess is essential for defining the needed capaiait The policy
cycle for the implementation of integrated disaster risk managemendigded into three phases:

1. Risk Assessment, a phase that serves to identify and frame the problem, from problem
recognition, problem exploration, understanding the rootsemiand identifying possible solutions:

1 to identify the risk that is to detect which disastrous events could potentially lead to losses and
damages to the assets that the system would like to protect or to boost resilience of, trying to
describe the evenaind the conditions and elements that lead to them;

1 to analyse the consequences (impacts) of the materialization of the identified events in time and
spaceand to reach a common understanding with all relevant stakeholders, of the risk faced and
to suggestpossiblesolutions to mange it;

1 to map andprioritise risks, based on the needs, objectives to achieve and any other criteria to
consider if agreed.

2. Risk management planning, a phase thatformulates the policy from analysing different policy
options andmakes decision on selection and designing the policy options, operational plans and
options. It isdrawn on the results of the risk assessment

1 identifies and leads to a selectioof suitable and concret@revention and preparedness measures
taking into acount the existing situation and the desired one;

1 involves into decision making process stakeholders to obtain a good understanding of the
measures, their necessity and their priority in order to ensure broad support;

assigns appropriate responsibilitiesd indicates the required resources and timelines.

3. Implementing risk prevention and preparedness measures, a phase that implements and
evaluates plans that has been decided upon in the risk management planning. The final aim is to
redue disaster riskwith an integrated disaster risk management approach:

assess the ability to implement the measures identified in risk management planning;

include the allocation of responsibilities and resources, the monitoring duties as wellasiation
and lessorlearned process.
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Figure 4: Policy cycle for the implementation of integrated disaster risk management
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Policymaking is usually described as a continuous linear process although many factors may interfere so th
process is much more interdependent and some parts may happen simultaneously. In that sense, the
European Commission (2017a) has described four qualities for good patiaking:

b Policy design

b Data insights to solve policy problems
b Forward thinking

b Consultation and caesponsibility

In the case of DRM policy cycleigure 4), and as considered by thRiskManagement CapabilitAssessment
Guidelines (Commission Notice, 20)5therisk sssessment produces the "evidence" that would serve for
planning and implementation. According to Howlett (20@9)dencezased policy Znaking is an effort to

avoid policy failures and enhance the potential for policy success through policy leathiagxpected hat
enhancing the information basis of policy decisions will impreélve policies formulated and later

implemented while iterative monitoring and evaluation of results in the field will allow errors to be caught
and corrected. If eviden@based policgnaking is to be achievegovernmental bodies and other stakeholders
require a level of human, financial, network and knowledge resources enabling them to perform the tasks of
collection, analysis, storage and use of data and information in the course of dlieypmaking activities
(Howlett, 2009).
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Following Polja@ek et al. (2018), due to the nature of disaster risk and its main purpose, the Risk Assessment
produced should be multhazard, multisectorial and related to a set of defined assets, selected at th
beginning of the process, due to the importance that they have for the security and lvestig of society.

Allthese require having different mukdlisciplinarygroups and stakeholders contributing to the three steps of

a risk assessment: risk identifition, risk analysis and risk evaluation. Expertise and coordination among
teams are critical factors to ensure good results. Moreover, to facilitate the use of risk evaluation outputs into
the policymaking process, it is recommended that:

b the methodologyshould be stated and clear for everybody participating, and
b one organization takes the lead of the process.

Once the priorities are clear, the process enters into tis& management planning phase, where policy
makers work to define lines of action to mre from the current situation of risk to and the foreseeable one.
The expected benefits and impacts should be walked with the measures planned.

Policymaking processes change from country to country. All countries have a process established, related t
specific policy planning documents, usually establishing a hierarchy among them and determining the
information to include, and a set of procedures that need to be followed. In general though, the-poiking
process starts by stating the problem totker compare alternatives for action (possible solutions).

Furthermore, policies may be tackling one singji@zard or singleasset, or even a part of these. The
governance system of the country has an important effect on the final policies that will betddafand how
these will be transformed in to programs, procedures or regulations for its implementation. These are
commonly assigned to different groups. Here what it may be critical is ensuring a framework or mechanisms
in place that exploits synergies drtries to avoid overlapping, conflict and omissions.

In order to ensure that the consequences of the law or regulationduwly consideredinstitutions may

perform an impact assessment (1A) covering economic, social and environmental possible consegUdrce
EC (2017) recommends considering that the regulation/law producedrisaverlapping and consistent with
other regulations covering the policy area, in order to reduce the negative consequences and burden to the
different stakeholders that would agp it.

Ministerial bureaucracy and civil servants play an important role in policy formulation together with other
actors through formal and informal discussions, in a complex social process (Sidney, 2Z0@&7§uide to
Policy Analysis (ETF, 2018) explaihat framing and understanding the problera followed byevidence
collection (based on its availability, relevance and reliability) and analyso the problem igproperly
interpreted and updated. Here, the information and insights collected duringdimetification and analysis of
risk are a direct input.

The investigation of policy alternatives is not easy, and different groups take part and assist deciskers
in selecting a preferred course of action. Therefore, choices should be well documamdeskplained,
considering the uncertain or ambiguous conditions.

The chosen option(s), based on the resources at hand, the priorities of the country and other criteria
established, would be described, assigned to institutions to implement them, andiptamain steps to
follow. There should be reporting and evaluation procedure.

Like for therisk assessment, this step would require engaging different groups and stakeholders. At the same
time, policy needs have to count on citizens participatamwellas contribution

When decisionfor planningare made the process continuous intiee implementation phase involvingthe
institutions and group in charge, with the aim of reaching the goals and objectives set by the policy decision.
Because the policies may be broad, administrative agencies are often delegated with the issue, structuring the
policy and making it more spéfic. Therefore, the measures are usually planned in detail the form of plans or
projects, in order to consider well the context.

During implementation, an idea (policy) is transformed into behaviour, expressed in social action (Paudel,
2009). Literatureshows that there are traditionally two approaches in obtaining outputs based on the policy
formulated: topdown and bottormup (O'Toole, 2000; Paudel, 2009). Although recognized as critical, research
does not agree in an ideal implementation process anesses the idea that implementation strategy is very
much contextual that it is useless to propose a unique strategy for any kind of topic (Matland, 1995).
Nonetheless, four big activities could be considered based on Meyers et al. (2012):

1. Initial consideations
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2. Creating a structure for implementation
3. Ongoing implementation support strategies
4. Learning from experience
The first two are part of the stage "planning measures”, including:

b Conducting a study of the measures to be implemented, based on the needsurces and
capacities in place.

b Developing a plan for implementation (responsibilities, processes, objectives, etc.)
b Recruiting staff and planning capacity building strategies.

During the actual implementation stage, two elements emerge as critmahmunication among teams and
feedback mechanism, to evaluate the activities and allocate the resources, administrative mechanisms, and
assistance needed (iservice training or coaching for examplé&jiXsen et al.2005; Fixsen et al. 2009Meyers

et al, 2012). Besides these, Gunn (1978) lists common obstacles that make implementation fail:

b constraining external circumstances
b inadequate time and insufficient resources availaple

b the relationship between cause and effects sought is not valid or indirect there are multiple
intervening links

there is poor agreement on the objectives to reach, or even disagreement
tasks are not clearly specified and effectively planned
the agencies are unable to demand or obtain compliance.

It should be stated whatesources are needed (budget, personnel, supplies, etc.) to complete the actions, with
defined timelines. The measures implemented are simply outputs, so from that moment on, there should be
resources planned to collect data systematically to review if thecomes and impacts where achieved.

These should have been built in the planning process.

DeGroff and Cargo (2009) presettiree factors that affect implementation processes that should be
considered in theevaluation of theDR policymaking process.

b Theneed for coordination across multiple organiiatal actors and implementers. In that sense,
b Sociepolitical aspects and the demaocratic turn.
b The achievement of outcomes, and not just outputs.

Financial resources should be planned and available to ensaiedvery step counts with the relevant
capacities in place and ready to be engaged in any step of the policy cycle described.

The system should be adaptive and try to learn from taken actions, so monitoring/evaluation must be tackled
for each of the threeDRM policy cycle steps, considering the different types of knowledge and in particular
the "practical" one that can serve policgakers and practitioners (Sanderson, 2010).

In the case of the NRAhe outputs and also the limitations should be made awdile to the public, as they
can use that information in their daily activities. Either the institutions engaged or any other research
organization may fund projects and policies for future risk assessments to be more robust and complete.

Finally, we wouldlike to touch upon somémitation of the suggested framework . We are aware that
scientific input is one of manyso policies would be "evidendefluenced" or "evideneaware", assaid by
Nutley et al. (2002) With this in mind:

1 Agenda setting is a triger of risk assessment but also of the formulation of policies and the
implementation of actions.

1 Stakeholders participation and engagement is expected in many of the stages of the Framework
presented.
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4.3.2 Identifying the capabilities

To set up a structure desibed in Chapte#.3 there are many dimension of capabilities required. UCPM
(Decision No 1313/2013/Eldlefinesrisk managementapabilitiesin terms of administrative, technical,
and financial capacit ies relevant for each phase of the policy cyd[€able 3).

However, administrative and financial capacities are more crosing capacities that are relevant for
different phases of policy cycle and are not associated with one parsicsector or theme. They are the
management capacities needed to formulate, implement and review policies, strategies, programmes and
projects. In UNDP (20@3 Capacity Assessment framework they were identfes capacity to:

1 assess a situation and defea vision and mandate;
1 formulate policies and strategies;

1 engage stakeholders;

1 budget, manage and implement; and

1 evaluate.

While technical capacitieare those associated with particular areas of expertead practice in specific

sectors or thematic areas. When thinking about implementation of integrated DRM the technical capacities
are climate change adaptation measures, critical infrastructure protection measure, loss data collection and
procedures, congtting risk assessment, operatj early warning systems, cross border issues etc., depending
on the phase of policy cycle addresséthe challenge is how to promote focus administrative and financial
capacities which are essential to develop and maintechnical capacities.

Table 3: Dimensions of capabilitgpplicable to differentcapecitiesin different phases of DRM policy cycle

Administrative capacities

Capacity to assess a situation and define a visiamd mandate
Capacityto formulate policies and strategies

Capacity to engage stakeholders

Capacity to learn and improve

Technical capacities .

Expertise

Data

Methodologies

Equipment and technical systems

Financial capacities

Capacity to budget

Capacity to managand implement

SourceAuthors

Furthermore, different capacities belong to different levels, sucteaabling environment, organizational

and individual level (UNDP, 2008)which makes it clear whose capacities are addres<edpacities at the

level of the enabling environment relate to policies, legislation, institutional arrangements, leadership, political
processes and power relations and social norms (values, incentives, motivation, trust, legitimacy,
transparency) which gern the mandates, priorities, modes of operation and civil engagement across
different parts of society. The organizational level of capacity comprises the internal policies, arrangements,
procedures and frameworks that allow an organizati(m this case institution engaged in DRNY) operate

and deliver on its mandate, and that enable the coming together of individual capacities to work together and
achieve goals. The individual level capacities are the skills and knowledge that are invested in people.
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Eventually, there are four areas of potential improvement of each capacity which eventually define the scope
of capability assessment and drive a capacity developmeéndtitutional strengthening and

development, leadership, knowledge and accountability (UNDP, 2008)They are also the core issues of
evidence base policy cycle which whole DRM cycle can be consideredNottedl the aspects are equally
relevant for all the capacities.

4.4 Risk Management Assessment methodolo gy
Capabilityassessment requires kot of effort from the Member StatesTherefore it is important:

9 to be concisely designed to reflect the development priorities as articulated in the development
strategies of a countrycombined with the identified list of critical capabilities that woubéed to
be developed

to be conducted at national and subnational level with involvement of the main actors

1 to be focused on key risks and sectors to be protected maybeevena sequence of exercises
with different focuscan be established

1 tobe ableto summarize the results to be useful fordecision making in capability development:
to compare the level desired capacity against the level of existing capacity, to pinpoint the
strengths and weaknesses and seehere to focus future activities, mvides information for
setting realistic goals and helps planning the next steps as well as tracks the progress if the results
are comparable over timdy providing a common template and a ranking scheme.

Techniques to obtain the necessary data & infornaatiinclude semitructured and oneornone interviews,
guestionnaires, focus groups, client satisfaction surveys and scorecards, workshops, case studies-and self
assessment instruments.

Self-assessment questionnaire such asRiskManagement CapabilithAssessment Guidelines (Commission
Notice, 2015)is a good example of structured and analytical approach to reach the objectives (Chagd)er

of the processHowever, maybe too broad for the EU reporting purpo$iggrovides a comron template and
ranking scheme, demonstrates some desired capabilities for DRM policy cycle and gives information on
direction of further improvements, creates positive learning misgt of selfassessment process which is
essential driver for the improvesnts of performance andlso ensures that the process is driven from inside
and owned by appointed actors and relevant stakeholders which guarantee the compilation of a feasible list
of capacity development action§hough the Guidelines are no longer ufedthe EU reporting purposes,

they could still serve as a useful tool or an inspiration guiding national risk management capability
assessment processes

Questions should be limited and still preserve the structure of the capability needs for DRM policy

cycle. This would require a further discussion on which capabilities are crucial for capacity developments and
maybe, if necessary, narrow down the scope of the capability assessment or to establish a sequence of
exercises with different focus to addreshé different aspects in a more detailed and concrete manner.

A capacity assessment should ideally generate a quantitative ranking of capability and
gualitative information to support the ranking. Both information are needed for the formulation
of appropria te capability development responses.

In case ofquantitative approach , a ranking scheme needs to be designed to determine the level of desired
capability and assess the level of existing capabilityshould provide enoughtages in the development of

the capacity to support capacity development with feasible goals when moving to the next |dv@lexample
(adapted from UNDP, 2008):

1 n/a - capacitynot considered applicable to be developed

1 0 - capacity not considered to be developed

1 1 - capacity conslered applicablé® work has not yet started strategy/policy in place
1

2 - Anecdotal evidence of capacityinitial progress achieved pilot projects to be detected
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1 3- Partially developed capacitynot covering fully any of the dimensions but mechamiss developed
and it isfunctional

1 4 - Widespread, but not comprehensive, evidence of capacitpvering fully at least one dimension
mentioned above

1 5 - Fully developed capacity and being improved

It is veryuseful to introduce rubrics into ranking schemaRubricsare a set of criteria to assess the level of
existing capacity. Rubrics

1 are recognized to ensure higher level of objectivity because they communicate the expectations
directly, clearly and concisely.

demonstrate the developemt response because they describe the stages in the development.

provide, to be most effective, comparability over time and follow the progress towards the future
needs.

1 can even take over the role of the explanation of the question.

An example fora ranking schema with rubrics is shownTrable 4. Within the rubric for each r&king the level
of developmentfor different capacities, administrative, tdnical or financiabhre described.
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Table 4: Possible rukics for Loss data collection and reportiregpability
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Qualitative information are important to justify the selected ranking as well as to identify good
practices and being able to assess their feasib ility to be applied elsewhere. The information provided
should cover a broad range of aspects such as:

1 description of the capacities with all the strengths, attributes and resources in place
the contextual information within such a capacity would provide expected results
the gap that it ment to close,

1
1
1 the most difficult challenges that had to be overcome to get the capacity in place,
1

the efforts related to further development and maintenance.

The downside of self -assessment questionnaires are strong generalization of the findings and
high level of subjectivity.

Due to the complexity of the DRM policy cycle (covering different risks, entities at local to national levels,
involving different sectors and stakeholders) some questiogguires strong generalization of the

findings . Ideally theconsensus in scores should be achieved through participatory dialogue and information
sharing which might not be always feasibldowever, when possible generalization should be replaced by
aggregation and it should be clear along which dimension has ba@me or was asked for when providing the
score. For the way forward we should know which dimensions are the weakest in covering the issue. In the
case of DRM cycle possible dimensions are

1 by hazard: multihazard should refer to comprehensive set of natueand marrmade (unintentional
e.g.technological and intentionak.g.terrorist attacks) hazard;

by sectors: crosssectorial dimension thatovers all the sectors affected by the impacts;
1 by institutions : ministries, agencies, local and subnational govment;

1 by territorial levels : national orsubnational(i.e., regional and localbhis is of major difference
when comparing the system in place in countries of different sizes. It is often the case that
subnational levels are independent from the natanevels in terms of resources as well in terms of
strategies.

1 by stakeholders: education and research institutions, private sector (insurance companies) and
professional organizations, nongovernmental and eddtiety organizations, media, householdsdan
individuals;

1 by DRM phases adaptation, mitigation, prevention, preparedness, response, impact assessment,
recovery, restoration;

1 by DRM policy cycle: risk assessment, planning, implementation;

Furthermore the same ranking may be interpreted differdptoy different people. These individual perceptions
are influenced by many factors. Suehhigh level of subjectivity might be acceptable in the seldissessment
process if not too many actors are involved. Otherwise it might endanger the comparabilityeafesult over
time and the tracking of the process if the justifications of the scores are not properly documented.

4.5 Key messages

Risk management capability assessment is a driver of sustainable development of capabilities for
the implementation of the integrated DRM.

The implementation of integrated disaster risk management requires many capabilities that country needs to
develop.Capability development is an egoing process of change that takes place over tifide country can

use risk management capability assessment as a GPS and compass of this development. Shortly, risk
management capability assessment defines where the country is, which direction the country should go and
what is a very next step to reach théesiredgoak aligned with the development strategies. Therefore, risk
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management capability assessment should be regutacused nationally owned and ledf these desired
capabilities are not defined properly and in advance, the capability assessimeritlimited use in designing
the solution.

Risk management capability assessment is holistic . It covers the whole DRM policy cycle and as
such can facilitate from the beginning to the end the implementation of the measures in different
phases of disaste r risk management for different hazard

Risk management capability assessmeaises an awareness of complexity of the process of implementation
of integrated DRMRMCA addresselifferent hazard, risks andsectors, different phases of policy cycle,
different stages of integrated DRM, involving different actors from local to national entities, private and
public.Capacity issues are mukdimensional and complex in naturéhey can be crosgutting or specific to
particular sector, hazard, or other thematicea Capability development along different dimension has a
different paceof changeover the time, sometimes dependent or independent among each offmrthe way
forward RMCA should discover the level of developnaang differentdimensiors, identify the weakest one

as well asdiscovergood practices that can be transferred into other dimensions.

With a regular r isk management capability assessment there is an opportunity to  continuously
adapt to changing risk landscape as well as development strategies with relevant capabilities

Capability development is an organic process of growth and development involving experimentation and
learning as it proceedds:lexibilityto change a directiomnd adaptabilityto new goalsare two essential

features of on-going processlependent on existingnd new evidencess well asgovernance structure
dependent on people and local context. New evidenogsove theunderstanding of key risks and risk drivers
that suggest a need of different capabilities whileski governance thatisuallyworks in one society might not
in other and as such is sensitive to societal and economic changes.

Furthermore, the key risks can change over time due to different reasons. One could define key risks those
materializing with higler frequency (even if with low/relatively low impact) and to address them as first
priority. Or one could define that key risks are those emerging risks because new capacities need to be
developed to properly address them. One could as well consider #atikks are those classified as high

impact low probability considering the possibility to reduce even more their probability after accurate analysis
of them.

Any approach is valid but the most valuable one would consist on a wise combination of thenpd3sibility
would be to adopt a consecutive and gradual approach consisting in addressing first those risks having more
developed capacities and taking stoke from the expertise to move them to more complex situations.

The implementation of integrated DRM is seen as evidence-based policy cycle.

A policy cycle approach defines the level of importarieat integrated DRMhas for the safety and security of
the country. It demonstrates thenhanced risk cultur¢éhat coversthe mind-sets and behaviorsf national
authorities Based on evidence provided through NRA procesisamed understanding is fostered of key risks
and risk managementvith national leaders acting as role modefllowed by subnational and local
institutions.
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5 Linking the NRA and RMCA

RMCA covers the policy cycle for the implementation of integrated d  isaster risk management that
places NRA as an essential part of disaster risk reduction strategy realized through the
integrated DRM approach .

Risk assessment (Chapter 3) produces the "evidence" that would serve for planning and implementation
phase(Figure 5) and as such represents a core ef/idencébased policgnakingwhich adds to successful
implementation of effective and efficient integrated disaster risk management.

With other words, the policy cycle for the implementation of integrated disaster risk management is a
mechanism that fill the gaps revealed in NRA pess with the DRM actions place

Therefore it is important to prioritize the developmeuott national risk assessmentapabilityto improve he
country's resilience against the disaster risk

Risk management capability assessment (Chapter 4) covers the administrative, technical and financial
capacity(Commission Notice, 201®ecision No 1313/2013/BUWb carry out national risk assessmentéble
5).

Figure 5: Theinteractionbetweenthe policy cycleovered by RMCand the integrated DRM
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Source: Authors
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Table 5: Conceptual framework for capability needs the risk assessment phase

RISK ASSESSMENT

Capacity to assess a There is a framework in place for new actors and actions to be carried in orde
situation and define cover new needs

a vision and mandate Institutions have the mandate to learn and adopt suitable changes based on
evaluation of the NRA process

Capacity to There is a legal and/or procedural framework in place with the main objective
formulate policies the NRA and its expected outputs, linking these with the planning of DRM
_g and strategies measures. The framework serves to coordinate relevant entities to be engame
< the NRA
:E Capacity to engage The legal and/or procedural framework for the NRA exercise establishes actit
‘=1 stakeholders to engage stakeholders and integrate their insight.
5=}
< Outputs of the NRA are adequately and periodically communicated to citizen:

Capacity to learn and The participants of the NRA are trained in the uses and possibilities of the
improve exercise
The NRA exercise is carried out periodically to update the DR situation

The NRA outputs and process are evaluated; gaps are linked withmese
strategies.

Expertise Relevant entities (with relevant knowledge) are engaged in the NRAs
Experts from relevant sectors and disciplines are engaged in the exercise

Data Loss data are used in risk identification and risk analysis

Riskidentification and risk analysisra carried out based on hazafojections
and projected changes and data about the drivers of risk.

If new data is required for the NRA, it is studied its feasibility to be obtained o

= collected.

2

= Methodologies Theapproach of the NRA exercise is mtgctorial and multhazard, trying to
b consider cascading events.

|_

Risk is calculated for common list of assets, so results of different scenarios ¢
comparable (critical infrastructures being one of these).

Rsk identfication and Rsk analysisconsiders the cros®order nature of hazards
and their effects.

There is a set of criteria agreed to prioritise and discard risk.

Equipment and The participants carrying out the NRA have the requiredelgtiipment.
technical systems

Capacity to budget Different sources of financing are identified and mobilized for enough and tim
funds to be available for the NRA exercise.

Capacity to manage The process methodology of the NRA is structured ataded in a document,

and implement indicating objectives, competences required and intermediate and final outpu

This information is communicated to all participants.

The main conclusions and results of the NRA are documented and communi
to different public auttorities

Financial

Different authorities (including if necessary, froneighborhoodtountries) and
levels of governance are identified and engaged throughout the NRA process

There is a leading agency for the NRA process, managing teams and resourc

The NRA final mort and overall methodology are disclosed to citizens (except
restricted information).

Source: Authors
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The needs defined iTable 5 covers alsahe capabilities Table 2) addressed irReporting Guidelines on
Disaster Risk Managemef€ommission Notice, 2019y he national approachannotbe done anymore
without consideringlso issues relevant tthe EU as a whole. First, rare are the disasters that can be
efficiently stopedat the border and, second, somet#s a common action can be the only one to manage
their riskeffectively.
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6 Climate Change and Disaster Risk Management

Themost recentPESETAIV study(Feyen et al., 202Pconcludes that limate change will induce a broad

range of environmental andocioeconomic impacts across Europgenot managed Howeverthere is a clear
geographical nortksouth divide: countries in the south will be impacted moegativelyby global warming
compared with the northern parts of Europe. This is clearly the caséHe effects on heatrelated human
mortality, water resources, habitat loss, energy demand for cooling and forest fires, where the Mediterranean
area appears to be the most vulnerable to climate change.

Climate change will increase the disaster riskislbne of the risk driverdéinkedto a rise of the average
temperature at global level which is aggravating with time and will, therefore, tremendously affect (IPCC,
2014; Feyen et al.2020) the future risk landscape. It is not only increasing the hazaiuk to an increased
frequency and severity of extreme eventsyt at the same time steadily increasing the vulnerability and
decreasing the resilience @&xposed population.liéate change is closely linked to a number ather risk
drivers(e.g., povertyurbansgation, environmental degradation, gtand as suchhasbewme the most

important link between international mechanismdNFCCC Paris Agreement, the Sendai Framework and the
Sustdnable Development Goals (SDGS).

Although transversal by natureglimate change has emerged as a sector in itself at the national, regional and
international levels, with its own institutional arrangements, global framework, and funding mechanisms

The objective of this chapter isto show the synergies between the two processes; climate change
adaptation (CCA)and disaster risk reduction strategies , with :

1. presentingthe EU Strategy on adaptation to climate changiee process how countriegre encouragel
to prepae their national climate change adaptation strategiesdm ¢ * i >j hhdnndj i 2nfh apm
towards its objectives,

2. explainng the opportunitiesvhere CCA strategies arldRM planning should complemeamd use
adaptation and mitigation a®ne of the tools to reduce risk

6.1 EU Strategy on adaptation to climate change

To make Europe more climate resiliethhe European Commission adopted the EU Strategy on adaptation to
climate change COM/2013/0218 in April2013. It sets out a framework and mechanisms support three
main priorities (Box 3).

Box 3: EU Strategy on adaptation to climate change (COM/2013/0216)
The EU Adaptation Strategy h#isree priorities

Priority 1: Promoting action by Member Statéglping countries to adopt their own adaptation strategigsnational level
and providing funding to help countries to take action, through the frames of LIFE funding and the commitments related to
the Covenant of Mayors.

Priority 2: Promoting better informed decisionaking by bridging the gap in data anknowledge for action through the
identification of gaps, reinforcing the interface between science, policy making and businesses; andinggie access|
to informationand interaction with ClimatéADAPT and other relevant platforms.

Priority 3: Promotingdaptation in key vulnerable sectarsainstreaming climate adaptation measures into EU policies and
programs, and in particular in: Common Agricultural Policy (CAP), the Cohesion Policy and the Common Fisheries Policy (CFP);
in the field of critical infastructures; and facilitating the penetration of natural disaster insurance and other finarcial
products for resilient investment and business decisions

The Commission encourages all Member States to adopt comprehensive adaptation strategies and provided
guidance (SWD/2013/0134 final) and funding to help them build up their adaptation capacities and take
action.The Commission published an evaluation of the straté§yD/2018/461 finaljn November 2018.

The analysis resulted in a report on lessons learf€®DM/2018/738 finaland reflections on improvements

for future action, accompanied by a staff working documg®WD/2018/461 finalpresenting the evaluation

in detail.Overall, the strategy has delivered on its objectives, with progress recorded ageaestof its eight

3 PESET# a series ofresearch projects (PESEPAojection of economic impacts of climate change in sectors of the European Union
based on bottoraup analysis) led by the Joint Research Centre of theofean Commission (JRC) focused on improving
understanding of future implications and the costs of climate change specifically for the EU.
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individual actionsAs of today all Member States have their national adaptation stratemyplary®. The
strategy has contributed to improve adaptation knowledge and to share it to inform decisiaking. Through

the strategy, adaptationhn f k" mh>\' o™ _A\i _Abpd_~ _HAVAHArd_"Hm\ib hjahoc

programmes, and reinforced links with disaster risk reduction, infrastructure resilience and the financial
sector. The strategy has been a reference point to prepare Europénoclimate impacts to come, at all

levels. The evaluation also suggests areas where more work needs to be done to prepare vulnerable regions

and sectors.

The evaluation of the strategy concluded that adaptation can and should be a powerful ally of
sustain able development and disaster risk reduction efforts. EU policy musts  eek to create
synergies among all those three policies, climate change adaptation, sustainable development and
disaster risk reduction, to avoid future damage and provide for long -term e conomic and social
welfare in Europe and in partner countries.

Meanwhile, the new reporting requirements under the Governance of Energy Union and Climate Action
(Regulation (EU) 2018/1999) have been put in plaBex 4) and asking Member States for regular reporting
on their climate change adaptation activities

Box 4: Article 19(1) of Governance of Energy Union and Climate Action (Regulation (EU) 2018/1999)

By 15 March 2021, and every two yeathereafter, Member States shall report to the Commission information on th
national climate change adaptation planning and strategies, outlining their implemented and planned actions to fag

eir
ilitate

adaptation to climate change, including the informatispecified in Part 1 of Annex VIII and in accordance with the reporting

requirements agreed upon under the UNFCCC and the Paris Agreement.

K\ moh, hj ah<l | @ZSHQDDD5AHAVH h] " mAhNo\ o n%LXhM kj modi bhji
Information to be included in the reports rafed to in Article 19(1):

(a) the main goals, objectives and institutional framework for adaptation;

(b) climate change projections, including weather extremes, clirchiEnge impacts, assessment of climate vulnerabil
and risks and key climate hazargds

(c) adaptive capacity;
(d) adaptation plans and strategies;

(e) monitoring and evaluation framework;

(f) progress made in implementation, including good practices and changes to governance.

In December 2019Commissiorpresened the European Green Deal (COM2019/640), aplan for a
om\indodji hjah@P¥%nh  ~The Green Dpal js enfpckaga a nehsuied agming ta mak
@pmj k> hoc Ahrj mg_*¥Ynhadmnoh”rgdh\ o  fi -zerogreerddusdejgaso d
emissionsigdi " hrdochoc h@P%nAh”"j hhdoh i ohoj i b gyrthekmgprg »
on 29 Januay 2020 the European Commissigrublisheda new 2020 work programmewith a European
Green Dealinder the first priority(COMR020/37 final). The Proggmmme was adjusted in May 2020
(Cowmeo20// | +hadi \g$' A\ nhk\ mo fj/a0g0@p6rinak to HenGOMIELY jarndenmict f
Oc h@P%nhm ~"jg mth\vVdhnhoj hbpd_"HVi _H]lpdg_Hh\ AHhhj
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generation. The graeand digital transitions are considered even more important challenges after the GOVID

19 crisis started.

Therefoe,the Commissiomwill adopta new and more ambitious strategy on adaptation to climate
change in the first quarter of 2021 based on the findgs of evaluationPending on the forthcoming

publication of the new strategy it can already be said that it will have the goal of stepping up action across

society to increase climate resilience and adaptation to the unavoidable impacts of climate chBogeb).
The Strategy will be mainstreamed in many EU sectorial policies and initiatives, such as EU Biodiversity

Strategy (COM/2020/380 final), the Farm to Fork Strategy (COM/2020/381) and the future Forest Stfategy

36 https:/iclimateadapt.eea.europa.eu/countriesgions/countries
57 https://ec.europa.eu/info/law/betteegulation/rave-your-say/initiatives/12674Forestsnew-E U strategy
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Box 5: The priorities of The New EU Strategy on Adaptation to Climate Change®:
The New EU Adaptation Strategy has fquiorities

Priority 1:Improve knowledge of climate impacts and solutions;

Priority 2 : Reinforce planning and climate risk assessment;

Priority 3: Accelerate adaptation action and

Priority 4: Strengthen climate resilience globally.

To concludeEuropean Commission propost European Climate Law (COM/2020/80jo reach the goals

set in the European green Deal. The key elements are(Bgally binding target of net zero greenhouse gas
emissions by 2050(2) measures to keep track of progress and adjust accordingly, and (3) necessary steps to
get to the 2050 target.However tiwill introducealso additional requirements for nationallimate change
adaptation strategies that should include comprehensive risk management framew@s 6).

Box 6: Article4oft b _ =i g g ¢ mnposal foitire firgt European Climate Law  (COM/2020/80)
Adaptation to climate change

1. The relevant Union institutions and the Member States shall ensure continuous progress in enhancing adaptive gapacity,
strengthening resilience and reducing vulnerdpito climate change in accordance with Article 7 of the Paris Agreement.

2. Member States shall develop and implement adaptation strategies and plans that include comprehensive risk
management frameworks, based on robust climate and vulnerability bassland progress assessments.

6.2 Synergies among the two processes; CCA and DRR strategies

Disaster risk governance structure (Chapter 4.1) should be robust and flexible to effectively
acknowledge changes in risk landscape due to climate change, new knowledge and in itiatives such
as climate change adaptation strategies and efficiently consider adaptation measures during DRM
planning.

Reporting Guidelines on Disaster Risk Manageni€oimmission Natie, 2019)is envisagingstructural
changes to risk governance approachesallow acknowledging and introducing climate change related
dynamic in risk management.

The European Commission advocatekorizontal coordination, i.e., a cross sectoral approaoigng
competent authorities related to different policy areéisat may address or affect disaster prevention and
taking due account of the likely impacts of climate chan@eg.|ntegration of climate change adaptation)
Under the UN Framework Conventiom Climate Chang®, national adaptation strategies and plans are the
recommended instrument for adaptation policies and actidReporting Guidelines on Disaster Risk
Management{Commission Notice, 2019) askember Statego take into consideratiomational and sub
national climate change adaptation strategies and/or action plans and describe if and how these are
integrated with the planning of national disaster risk prevention and preparedness measunégse versa.

National Risk Assessment s are serving CCA and DRR purposes

Climate change adaptation strategy and disaster risk strategy are fundamentally very similar processes with
the same goal. They are both trying to manage and reduce the risk of future disasters. They are following the
same risk concelg (Figure 6) and risk assessment processes to gain evidence for further planning and
implementation of risk reduction or adaptation measures, respectively.

National AdaptatiorStrategy should be part of thenational risk assessmertontext and key climate change
related future and emerging risks at national and subnational level that are consistent with the risks indicated

38 Adaptation to Climate Chang@lueprint for a new, more ambitious EU strategy.
https://ec.europa.eu/clima/sites/clima/files/consultations/docs/0037/blueprint_en.pdf
% https://unfcce.int/itopics/resilience/workstreams/naticadaptation plans/overview
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in the National Adaptatiorstrategy should be put on the agenda afational risk assesment process Figure
2).

Furthermorewhere appropriatethe risk identification should take into accouat climate change projections
and scenarios based on the Intergovernmental Panel on Climate Change (IPCC), repontsther validated
scientific sources. Where existing, national climate risks and vulnerability assessments provide relevant
projections of climate hazards and riskBhe future climate scenarios used could be shtetm (2030);
mediumterm (2050) andlong-term (2100) knowing that short term scenarios tend to have a very large
uncertainty.

Figure 6: The common risk concept involved in disaster risk management and climate change adaptation, and the
interaction of these withsustainable development.

Disaster

CLIMATE DEVELOPMENT

Disaster Risk
Management

Natural
Variability

Weather and ‘
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Events ' RISK
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Climate Change

Climate Change
Adaptation

X

Greenhouse Gas Emissions

SourcelPCC, 202

Risk analysis should look for new knowledged the methods, models and techniqués capturethe dynamic
nature and various interactions of the riglelated processes driven by both climate change and social,
economic, environmental and demographic parametams to estimate the related uncertainties introduced.

Risk evaluationwill then give more realistic and future looking estimation of how much action will be required
to reduce risk to an acceptable lev8uggested risk treatment and its planning should followegrated

disaster risk managemerapproachand using options in all phases of disaster risk management, where
adaptation*® and mitigatiorf! actions are already considered to be partiv{Figure 5).

Because of aggravating effects of climate change many adaptation and other DRR measures might not be
able to reduce the risk to the acceptable levdiditigation actionsaimed at reducing the greenhouse gas
emissionsare inevitable Box 7) and they require a global effort compared tmany of the adaptation
measuresthat are local by natureNRA can raise awareneskthe importance of the country's engagement at
global platforms, forums and initiatives to support the mitigation actions in each and every country in the
world. Models (IPCC, 2014b) are showing that risks are tremendously reduced using scenario with the lowest
temperature progctions (RCP2.6low emissions) compared to the highest temperature projections (RCP8.5
high emissions). Therefore the overall risks of climate change impacts can be reduced by limiting the rate and
magnitude of climate change which would also consedqietower the requirements for adaptation

measures.

The ongoingrevisiors of the UCPM legislatioCOM/2020/220)ncludes a greater emphasis on the
importance of addressing the impacts of climate change on disaster risk, highlights the need for a cross
sectoral approach andlose coordinationvith climate change policies. i$ also highlighting greatesynergies
between disaster risk reduction and climate change adaptation measwils a strong emphasis omature-
based solutionghat are established anational or subnational level (as appropriate) for thiglentified key
risks that are linked to climate change

“Onttps://ec.europa.eulinfo/horizeaurope/missionshorizoneurope/adaptatiorclimate-changeincluding societattransformation_en
4 https://ec.europa.eu/info/horizeurope/missins-horizoneurope/climateneutral-and-smart-cities_en
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Box 7: Adaptation to climate change impacts vs. mitigation of climate change (IPCC, 2014a)

Adaptation to climate change impacts: The process of adjustment to actual or expected climate and its effects| In
human systems, adaptation seeks to moderate or avoid harm or exploit beneficial opportunities. In some natural systems,
human intervention may facilitate adjustment to egpted climate and its effects.

Mitigation of climate change : A human intervention to reduce the sources or enhance the sinks of greenhouse gases
(GHGs)PCGCSynthesisreport (2014a) also assesses human interventions to reduce the sources of other subs@awhich
may contribute directly or indirectly to limiting climate change, including, for example, the reduction of particulate matter
emissions that can directly alter the radiation balance (e.g., black carbon) or measures that control emissions of carbo
monoxide, nitrogen oxides, Volatile Organic Compounds and other pollutants that can alter the concentration of tropospheric
ozone which has an indirect effect on the climate.

The synergies between DRR and CCAshould go beyond weather and climate events and related
risks

Assessment of weather and climateazards andelatedrisks is an area that has long stimulated the building
of common grounds between CCA and DRiRNRA has tautilize an approach which covesdl hazards that
the country is facingHowever climate change when introduced ithe disaster riskassessmentisinfluencing
many risk drivers behind hazard, exposuieg., urbasation) and vulnerability(e.g., povertydlimension

(Figure 7). Theclimate changehas, therefore,much morefar-reaching consequences the field of disaster
risk reductionncludingcreaton of new risks

Figure 7: Risk of climaterelated impacts results fronthanges in any of the dimensiarof the risk concept due to the
climate change: hazard, exposuvevulnerability of human and natural systems
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Many of these new risks are, on one side, related to the exposure and vulnerability of interlinked human
natural systems and how they behave in the light of soc@oonomic processes (e.g., socio economic pathways
in Box 8), while others are related to a systemic and compound nature of risk since they are emerging in
particular sector or are result of the cascading effects. Both aspects are still wpdesented in risk

assessment models while they can be slowly introddde risk scenariogas much as understanding allows.
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Box 8: Shared socio-economic pathways

SocieEconomic Scenarid describes a possible future in terms of populatiorducation, economic growth (GDP
urbanisationinequality andother socieeconomic factorsip to 2100 relevant to understanding the implications of climat
change The latest generation of socioeconomic scenariage based on the Shared Soelbconomic Pathways (SSRs)d

are the result of the joint community effort over the last yeafhe pathwaysoffer a systematic exploration of possiblé
socioeconomic futures in terms of widely different predispositions to mitigate and adapt to climate chasgeell as

facilitate the integrated multidisciplinaryanalysis of future climate impacts

Figure B5: The SSPs are based on five narrativaesd a set of driving forcegRiahi et al., 2017):

- SSP1 Sustainability (Taking the Green Road) 4
w
- SSP2 Middle of the Road I ol ol
o Fossil-fueled Regional rivalry
- SSP3 Regpnal Rivalry (A Rocky Road) S5 j;f;{g:;;:f
s % SSP 2
- SSP4 Inequality (A Road divided) = o T
E&
=
. 5 q [=
- SSP5 Fossifuelled Devéopment (Taking the Highway) §.§ * SSP1 * SSP 4
Y [Low challenges) {Adaptation challenges dominate)
Theyare used to help producéhe IPCC Sixth Assessment Report § B tnequaliy
v

on climate change, due in 2021 - - >
Socio-economic challenges
for adaptation

D

Source https://commons.wikimedia.org/wiki/File:Shared_Socioeconomic_Pathways.svg#metadata

However, global SSPs would need revised versions for regional or local assessment, which is#fiedextended version
because global narratives may lack regispecifc important drivers, national policy perspectives, and unification of d
for each nation. Thus, it is necessary to construct scenarios that can be used for governments in response to the
reflect national and suknational unique situationgChen &al., 2020, Mitter et al., 2019.

ata
5SPs to

“2 https:/iwww.ipcadata.org/guidelines/pages/glossary/glossary_s.html
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7 Introduction to contributions

Following the objectives of the Repofburteen teams with expertise on specific hazards or assets prepared
short contributions to describe approaches to be used in the contextrmdtaond risk assessmenexercise.

The teams also provided information on measures to manage the risk described and the areas in research
that should be further developed.

Figure 8: The most common risks inational risk assessmentdNRA¥In 2015 and2018* reporting cycle

The most common risks covered in National Risk Assessments:
comparison of 2015 and 2018 reporting cycles

18

Nuclear'radiological accident — 26

Wildfires f:sg

Critical infrastructure disruption 1

Epidemics/health risks — 24
Earthquake L [}
Animal/plant diseases — 20

Drought 16 20

___________________________________________________ ]|
Terrorist attack 19
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i 8
Tsunami 6

0 5 10 15 20 25 30
W 2018 reporting cycle (30 NRA submissions) 2015 reporting cycle (31 NRA submissions)

SourceCommission Staff Workin@ocument SWD2020)330

The topics covered are:

1. floods,

2. droughs,

3. wildfires

4. biodiversity loss

5. earthquakes,

6. volcano eruptions
7. biological disasters,
8. Natech accidents

9. chemicalaccidents
10. nuclear accidents
11. terrorist attacks,
12. critical infrastructuredisruptions
13. cybersecuritythreats
14. hybrid threats

4 In the 2018 reporting cycle, 26 EU Member States angafticipatingstates to the Union Civil Protection Mechanism submitted
summaries or full national risk assessments
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This is not an exhaustive selectiafi risksand depending mainly on availability of experts to contribute. There
are many other petinent risks that would require consideration at the national levelEU Figure 8), e.g.,
extreme weathersudden influx of refugees and migrants, and tsunaffigure 8 also shows he comparison

of national riskassessments shared with the Commission in 2015 and 2018 reportifgere ©me risks are
seeing increasing attentigrsuch asgeophysical risks (earthquakes, tsunamis and volcanic eruptions), drought,
the risk of nuclear or radiological accidents, a suddeffuix of refugees and migrantsHowever, many of risks
covered in this report are one of the most relevant one accordingigure 9 that shows the overlapping with
global perception of risk landscaggased on the survey done bglobalRisk Repoft.

Figure 9: The global risk landscape 20Z0with the risk addressed in this V1 of Recommendation for NRA
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Authors were asked to

1 structure the contributions in a harmonized way, as much as appropriate, and to follow 1SO 31030 for the
stages of the risk assessment process: risk identification, risk analysis and risk evaly&iapter3.3).

“ http://www3.weforum.org/docs/WEF_Global_Risk_Report_2020.pdf
5 World Economic Forum Global Risks Perception Survey -2009
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1 follow the UNISDRerminology?® regarding the risk concept.

1 ensure that the contenfollows the EU guidelinesn risk assessment and mappin@ommission Staff
Working Paper, 2010

Objective of the contributions is to explain disaster risk assessment approaches spesiifielated tochosen
hazard/asset step by step that are usablenational risk assessmergxercise and useful fodisaster risk
managementplanning.The purpose is to maximize the national capacity of a country in achieving the
objectivesnational risk asessmentprocess. The objectives of (NRA) are to reach a common understanding
with all relevant stakeholders, of the risks faced and their relative priority.

Risks related to ifferent hazards as well as different assets require very different analysis of riBe
harmonisation of the risk assessment procelsas to remain at the level oferminology, data, risk concept,
general steps and presentation of the results. For eaehdithe experts providemore insightfulguidanceon:

1

identifying the key risksin terms of what we should be afraidconsidering most exposed, most
vulnerable and most important assets well asindicating theEU policieghat are related to them
For the purposeof NRAsuchassets or sectors are predefined due to importance they have for the
security and wellbeing of society.

using existing risk assessment methodologies, terminology used for their understanding, data,
knowledge and software needed for the analysis

what results can be gpectedfor each of the methodologies aiming for quantifying risk with level of
potential imgacts with probabilities/likelihoods and whenever feasible providing risk metrics to make
risks arising from different hazards/regions/assets comparable

how to address climate change in risk assessment

how toidentify disaster risk drivers to address amge of measure to reduce risknd link the results

of the NRAwith the following DRM planningor each hazard or asset related risk there are different
solutions efficient in different phases of the DRM cyadéien dependent on the nature of hazard,
knowkdge on hazard modelling, predictability and level of risls well as cost of measuresRisk
treatment is an iterative process of formulating and selecting risk treatment option, assessing the
effectiveness of that treatment, deciding whether the remainirigks acceptable and if not looking for
further options.

on identifyingcapabilities needed for NRA fit for the purpose the country(legal framework in place,
relevant strategies, which networks and groups to involve to join technical team prepaiskg r
assessment, i.e. different actors, stakeholders from relevant sectors to conduct risk assessment drawn
on the knowledge and views of all involved, training, identifying research gaps, governance of data and
gijinnh_\VYol]\n "HYTS$

46 https://mww.Lnisdr.org/wefinform/terminology
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8 Main findings from contributions and conclusions

8.1 Main findings from contributions

From the scientific contributions the followingntlingshave been extracted. They are not mutually exclusive,
in fact, they are closely interlinke8ut they are foundessential for risk assessment procesBhefindings
presentedare highly visible on the other sidethey are onlya few of the many real problems

Availability and better quality risk and loss data

The nore informationis available the more realisticallywe can identify risks by different hazards arsmte
which sectors arenost affected by particular hazardWe can justify and advocate which risks should be put
on agenda ofnational riskassessment It facilitates preparation of morenolisticrisk scenarioghat are taking
di oj \ » | pi capaoitiesarfyl &cfiopsi obdifigrentrstakehalers on different phases of DRM. It is
also an opportunity toritrodue some aspects of compound risk, i.@dudingthe potential for considerable
adverse consequencas different sectors or cascading effesteven though later analysed independently
Furthermoe, more information supports a design of the whole range of scenarios, froone probable and
low impect as well as less probable anddh impactevents.

Risk assessment modelsave a large demanaf data for input parameters and resultsalidation Data are
one of themajor source of uncertainty in risk assessmeamalysisand one of the challenges is timprove

the quality of data In the pastthe data needs were addressed in-dubc basis. Howeverhé data cannot be
automatically considered as a fact anymor@/e need to know which data is gathered and hasvwell as
whether the data is gathered the saenway.The quality of datashould bemeasured with the consistency and
sustainability of data collection processd data management systemis: place(e.g., disaster loss database,
exposure datainventory of specieszuropean platform of risk data Ridkata Hul’, etc.)

Improvement of risk assessment methodology used

The main goal of the risk assessment is to assess the potential impacts and related probabilittesiof
occurrencs. Therefore the experts strive to improve the modalsd reducehe unertaintiesas well asmove
from qualitative, semiquantitative to quantitativerisk analysis.

The challenges differ among hazards and riskddressedThe fields of new emerging risks, such as hybrid
threats and cybersecurity, are in the stage of develapthe conceptual modsiwhich would be based on
accepted riskconceptsbut are still mainly focused on vulnerability issues. While Nateztiticallnfrastructure
and biodiversity losgields that are by definitiontriggered by the impact of another hazdrtry to better
understand these dependences and introduce them into the models as first attempts to deal with systemic
risks. General requirement for the improvement of models are availability of better risk data kezard
occurrencegeoreferenced eposure data, vulnerability of assets at the local leyetlnerability of population
and economyvulnerability of equipmentas well asloss data Pr better understanding of risk drivers to
improve models andhe validation of the model®utput. Considering the fact that models are only
approximations to reality they are another source of uncertainty in risk assessnBiter understanding of
risk reflects in more accurate mathematical models

On the other sidesomemodelsfor probabilisticrisk assessmenimight be rather complex to provide
eventually better resultThey require complicated software and highly qualified experts, with more data to
process with time consuming algorithms. Such increasing complexity introdua@erical errors and
numerical approximationsind are another source of uncertainty (i.eumerical uncertainty

The selection of the method is still mainly dependent on knowledge and data availalthigyefore the
possibility of assessing the uncertainties is important afgossible being also a decisive factas well as
part of the reporting process

However, the results of risk assessment should fit the purpose. Maybe, probabilistic risk assessment is not
always needed when we just need a relative importance of riskisiag from different hazardor an insight

into main risk driverskor example, some risksan be assessed with probabilistic methods while others are
only possible to assess witbemiquantitative methods. In such cases, the resultsmobabilistic risk
assessmenprobabilistic methoddias to be® _ j r i d»tabe comparable with the results afemi
guantitative methods.

47 https://drmkc.jrc.ec.europa.eu/ridkta-hub

61



Better understanding of risk driver

Understanding of risk driverand how they affect the level of risk is important for the risissessment
models improvement but also to identify disaster risk reduction measureact upon. Within integrated DRM
we have toconsidervarious drivers of risk and provide options pfevention and mitigatiorctionsranging
from structural to nonstrudural measuresas well aspreparedness and responsetionsfrom early warning
system to emergency management and risk transfer such as insurance

In case of risks when advance risk assessment methack already availablgrisk management strategies
canbe supported with cosbenefit analysis of risk management options to identify economically optimal
optionsin the light ofthe acceptable risk leveland have evidencehento preventreducedamagespays off
managing the damages themselves

However, whemve are still struggling ® assessthe risk identified in quantitative termand the stakes are
high, it is still important to know what options of reducing risks existdifferent stages of disaster risk
managementand according to available knowledgmplement the most effective ones, e.g. reduce
vulnerability of the most importanaind/or expose@ssetsas much as we carput efforts in early detection to
respond betterand if possible contain the damages in one system and prevent cascading events.

Theimportant source of knowledgen mechanism between risk drivers and riste lessons learned from the
past experiences in the form of loss databases, accident investigations (e.g., multiform activities in nuclear
fields), incident databases and poeslisager reports. These are opportunities for collaboratian@ng

scientists and practitioners, across disciplines atakeholdersand, above allpidirectional exchange of
knowledge gained through research on one side and through experiesict® other side

In case ofunderstandingclimate changeas a risk driverit is becoming obvious that collaboration among
two big scientific communitiesclimate change adaptation and disaster risk reductisrinevitable Integrated
disaster risk management shouldakie capacityto integrate climate change adaptation strategiesd
efficiently consider adaptation measures during DRM planning

Harmonization of risk metrics

The harmonization of risk metriwould allow the comparison of riskacrosshazards regions, tine, assetsor
sectors These would allow aggregation of risks arising from the same hazard anderstanding of relative
importance of different risks foprioritizationof DRM actiondt would establish a common understanding of
risks that country is facing when consulting among each othiewould pave the way to thenulti hazard risk
assessment, introducing interactions and cascading effects in modelling as weglt@sdesome analytical
interpretations of compound and systemic risks

There is a long way fronidentifying and describing risk to measure it. Qualitative description is not reserved
only for intangible impacts but also for the potential impacts of new and emergent (ésg., terrorist attacks,
cybersecurity and hybrid threatsyhich is difficult to detect, address and especially measure. When
guantitative description is availabldhe metrics used is dependent on tlessetaffected and how it is

affected. Final goal is t@ssign risk metrics that have its counterpart in loss indicators to compare the
progress against the national goals as well as to validate risk models with loss data.

8.2 Overall conclusion

National risk assessment is placedat the heart of the policy cycléo implement an integrated disaster risk
management. NRA has an important role of providing evidence for though decision making process with many
stakeholders involveRisk management capability assessment aims to setup arisk governance

structurethat facilitates policy cycle from NRARM planningo the implementation of prevention and
preparedness measureBlRA and RMC/Ashould betailored to the national contexand serve the specific

national goals Theultimate goal is to haveless disasters and/or disaster with less impacts and increase the
overall resilience.

Key issue in evidence based policy makingasnparability of evidenceComparability brings evidence to the
next level. Harmonizatioris a process that increasesompaability while respecd particularities of the
individual approacheand promotesworking togethemn the areas thatare complementary and focusingn
common goalslt is important to get the harmonization right. Harmonization is imtua@ing uniformity where
needed in order to turn diversity into strength.
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Figure 10: Harmonization of risk assessment process
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Terminology

The harmonization of the risk assessment process has to renfléigure 10) at the level of:
1 terminology,
1 data,
9 risk concept
1 general stepsof the risk assessment procesnd
1 presentation of the resultsvith the common risk metrics

While dfferent risks (different hazards, different assetsre affected bydifferent risk driversin a different
way and, thereforetequire very different analysis.

In 2009, EU started the initiative for an overall European approach to the prevention of disafttetarted
with the sharing of risk informationwvith the first reporting exercis taking place in 2013The reporting
processis a summary of the national activities related to NRA and RMCA  that are relevantin the EU
contextand itis on a good way to reach its purposktformation shared at EU level feeds into the EU policy
makingand helps

1 to prepare andmprove guidelines as well as EU policies related to different risks  to tackle
the harmonization challenge: within and among the countries

1 to build common understanding of risk issues relevant at crossborder, intefregional and
international levelas well asfacilitate the exchange ofjood practices and lessons learned to
speed up the risk reduction processesc \ i f n PweejviGwoot Risksthat EU may faedjrins’
of publications preparethy Commissioased on the outcomes dhe reporting process

9 to support formulating anEU prevention policy framewotkat would complement and enhance
the national oneand promoting better national risk governance with a legal framework and
integrated disaster risk management approach

1 to haw atransparent approach to allocate the resources among the countries

Finally, at the national levet is important tofocuson:
Development of national risk assessment capability

The policy cycle for the implementation of integrated disaster nisknagement is a mechanism that fill the
gaps revealed in NRA process with the DRM actions in place. Therefore it is important to prioritize the
development of national risk assessment capability to improve the country's resilience against the disaster
risk.

Regular risk management capability assessment

Regular RMCA is a driver of sustainable development of capabilities for the implementation of the integrated
DRM and also an opportunity to continuously adapt to changing risk landscape (i.e., climate aramngmnd
emergent risks) as well as development strategies with relevant capabilities.
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Consider climate change adaptation strategies

The policy cycle for the implementation of integrated disaster risk management should have capacity to
integrate climate bange adaptation strategies and efficiently consider adaptation measures during DRM
planning.
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10 Floods
FRANCESCOOTTORIETER SALAMON.

10.1 Context

A flood can be defined as the temporary covering by water of land not normally covered by water [EU 2007].

While floods are natural phenomena that may occur everywhere, human activities (such as encroaching in
floodplains and land use changes) and ctite modifications may increase the likelihood and adverse impacts
ion'"h~*m Vodi bhN Amdnf haj mhk j kg Vi A\ nn"
probability of a flood event and of the potential adverse consequences for anrealth, the environment,
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cultural heritage and economic activity associated with a flood event [EU 2007].

Every year floods cause enormous losses to economies and societies worldwide. In Europe, direct economic
losses from floods (e.g. economic lossagedby physical damage) are estimated to be approximately EUR 6
billion per year, and 250 000 people per year are estimated to be exposed (Alfieri et al., 2016). These figures
are comparable to estimates based on observed impacts (EEA 2010).

10.1.1 Legal framework of flood risk assessment in the European Union

Flood risk assessment in the European Union is regulated by the Floods Directive of the 2007 [EU 2007; FD in
the following text], which is now integrated in the national legislation of EU countries. Thetiéeescribes
the steps that each Member State should take to implement flood risk assessment:

1

Moreover, the Floods Directive foresees regular updates and review of each part of risk assessment every 6
years, as idicated inTable 6. The following table summarizes the relevant steps identified by the Floods
Directive and the milestones for implementation and reviéaU, 2016a). The first round of implementation of
the Floods Directive has been finalized in 2016 and the results have been described in a number of reports

Preliminary Flood Risk Assessment: based on available information on past studies, evaluate

impacts on human health and life, the environment, cultural heritage economic activity.

Risk Assessment: identify the areas at significant risk to produce flood hazard and risk maps,
including detail on the flood extent, depth and velocity for three risk scenarios (high, medium and

low probability).

Flood Risk Managemg Plans to indicate to policy makers, developers, and the public the nature

of the risk and the measures proposed to manage these risks

(EU 2016a,b; WGF 2017).

Table 6. List of steps identified by the FloodsrBctive and the milestones for implementation and revielWkD: Water

Framework Directive.

. Main Other I Report Due | Frequency/
Subject Article | Articles Responsibility | To date review
Transposition 17 MS COM | 26/11/2009
Competent
Authorities and 3.2 3 months after
Unitsof (annex MS COM | 26/05/2010 anv chanaes
Management (if 1 WFD) y 9
different from WFD)

Preliminary Flood 13.1(3) 2211212018,
Risk Assessment 4 and MS COM | 22/03/2012 | every 6 years
13.1(b) thereafter
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Flood Hazard Maps 22/12/2019,

) 6 13.2 MS COM | 22/03/2014 | every 6 years
and Flood Risk Map thereafter
. 22/12/2021,
Flood Risk 7 13.3 MS COM | 22/03/2016 | every 6 years
Management Plans
thereafter

_Progress by_MS in 16 COM COM | 22/12/2018 Every 6 years
implementation thereafter

Source: EC 2000

Given itsrelevance, the description of methods for flood risk assessment in the following sections will often
refer to the prescriptions of the Floods Directive.

10.2 Risk identification

In the risk assessment framework outlined by the Directive, the first requirenigetite identification of

relevant flood processes than can produce significant consequences in the areas of infEnesidentification

of relevant processes is generally based on the analysis of past flood events in the area of interest, which

had signifcant adverse impacts on human health, the environment, cultural heritage and economic activity.
Such analysis should also include significant floods which have occurred in the past, where significant adverse
consequences of similar future events might bavisaged.

Several natural and mamade processes can give origin to flood events. In practical applications, flood
events are classified according to the main drivers and the water bodies that cause the event itself. The
following lististakenfromPolji O f " oh\ g) R #- +, 28)

1 Fluvial floods (riverine floods) occur when river levels rise and burst or overflow their banks,
inundating the surrounding land. This can occur in response to storms with higher than normal
rainfall totals and/or intensities, to seas@al strong weather systems such as monsoons or winter
stormtracks, or to sudden melting of snow in spring.

1 Flash floods can develop when heavy rainfall occurs suddenly, particularly in mountainous river
catchments, although they can occur anywhere. Stréogalised rainfall, rapid flood formation
and high water velocities can be particularly threatening to the population at risk and are highly
destructive.

1 Heavy rainfall may cause surface water flooding, also known as pluvial flooding, particularly in
cities where the urban drainage systems become overwhelmed.

1 Floods can also be generated by infrastructure failure (e.g. dam breaks), obstructions caused by
avalanches, landslides or debris, glacial/ lake outbursts and groundwater rising under prolonged
very wet conditions, which cause waterlogging

1 Coastal flooding is caused by a combination of high tide, storm surge and wave conditions. Note
that floods caused by tsunami events are generally considered as geophysical hazards, and

therefore are analyzedwith daa > m i ofho  ~cidl p >  nh#Kjge\li O fh oh)

In many cases, flooding occurs as a result of more than one of the generating mechanisms occurring
concurrently, making the prediction of flood hazards and impacts more challengimguch, the construction

of a comprehensive database of past flood events is crucial for a correct identification of all possible sources
of flood hazard and for understanding how flood hazard and impacts have been developing in time.

Following the identification of relevant floogrocesses, it is indispensable to identify and collect any relevant
data related to risk components, namely hazard, exposure, vulnerability and coping capacity. The process of
data collection is closely linked to the selection of adequate methodologiesveduate risk components (see
Chapterl0.3), because different methodologies would require different types of data. At the same time, data
availability is one of the main drivers in selecting risk assessment tools, becausequhbity of any model

depend on the quality of data available for its setup.
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The following subsections provide an overview of how the different risk components should be characterized
in the case of flood risk.

10.2.1 Hazard

Flood hazard is defined as the combimath of probability and magnitude of relevant flood events that may
affect the area of interest. In practical applications, flood hazard is quantified providing a spatial and
temporal evaluation of the following variables, as mentioned in the Floods Directi

1 Probability of occurrence
Flood extent
Water depth

1
1
1 flow velocity
1

sediment load

1 pollutant load

The probability of occurrence of a specific flood event is usually expressed as a return period. For instance, a
100-year flood event means that the evernsg expected to have 1% probability of occurring every year (that

is, the return period is the inverse of the frequency of occurrence). Flood extent, water depth and flow velocity
define how and how much floodwaters can spread over usually dry areas. Sediload (e.g. the amount of

fine and coarse materials transported by flow) may be a crucial variable where floodwaters have a potential
to transport relevant quantities of sediments at high velocity, as in the case of flash floods involving areas
with steep slopes. Pollutants load is important in case of flood events affecting infrastructures such as
chemical industries and wastewater treatment plants.

Evaluating hazardous floods requires to calculate the magnitude, frequency and spatial distribution of
extreme floods events in the area of interest, which requires the knowledge of the meteorological and
hydrological regime of the area (ECE 2003). Then, hazardous events have to be related with the potential
extent, duration of the inundation they might cause

Where observed datasets have adequate spatial and temporal coverage (i.e. measurements are continuously
available for a period of several decades), the magnitude and frequency of extreme events can be directly
estimated through extreme value analysiedhniques (Mentaschi et al., 2017).

However, in standard practice the available observations are generally not sufficient to fully characterize the
regime of the extreme events. Therefore, observed datasets are integrated with modelling tools (empirical
methods or physicalhbased models), regionalization techniques (that allow the analysis of the spatial
pattern of variations of meteorological and hydrological phenomena, see Gottschalk 1985), or a mix of both
approaches.

Precipitation, water level and stam discharge are some of the crucial variables that need to be extensively

measured to evaluate the hazard related to intense rainfall events and to overflowing from the river network

(both flash floods and river floods). Data requirements include hyolgalal measurements for the water

bodies in the area of interest, such as time series of water level and flow measured from gauge stations, as

well as the characterization of the river reaches (cross section shape, bed slope, geometry and location of
hyd,gpgd*hnomp~opm nT$) ADi 2\ n"  hjafh™j\nolghagjj_n"hHhoc A
storm wave heights, duration and extent of storm surge events.

In case of small areas subject to inland flooding (e.g. a single river basin with lih@teent), the hydrological
regime can be defined using empirical methods or hydrological models. In both cases, the aim is to estimate
the runoff regime and hence extreme values based on available meteorological data (e.g. precipitation,
temperature, humdity) and characteristics of the river hydrographic basins (e.g. geological, soil and land use
maps). There is a wide range of existing commercial and research hydrological models that can be used (see
for instance Beven 2011), as well as a large varietiyamnpirical methods for more rapid runoff estimation,

such as the Curve Number method, developed by the Soil Conservation Service of the United States [USDA,
1986].

In case of complex river networks, a river hydraulics model is needed to simulate wateirflthe river
network, including mammade structures such as dams and retention basins. In standard practice, coupled
hydrologicalhydraulic models can be set up to derive river flow regime from observed meteorological data.
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Moreover, hydrological and hgailic models can be coupled with meteorological forecasts to create a flood
early warning system, which can provide rdahe indication of expected flood hazard. Notably, hydrological
and hydraulic models are necessary for analyzing hypothetical floaghacios, such as changes in flooding
regime caused by climate change or the construction of protection structures, and are therefore
recommended.

While the approach so far exposed made reference to inland flood processes, the general approach is also
usedto analyze coastal flood hazard. In this case, flood hazard is a consequence of the tidal, storm and wave
regimes of the area of interest, which can be derived using storm surge and wave models in combination with
observed data and regionalization technigi

The meteorological and hydrological regime derived from modelling tools need to be statistically analysed to
estimate frequency and magnitude of significant extreme events. Usually, the analysis is aitngaducing
analytical curvegelating extremepeaks to their probability of occurrence and consequently to their return
period. A typical approach used in flood hazard modeling is the fit of maxinammualpeaks (e.g. river flow,
precipitation) witha extreme value distribution, such as the Gumbeldmition (see Hosking, 1990) or more
advanced nosstationary analyses that can better reproduce changes varying in time due to changes in the
dynamic system (Mentaschi et al., 2016).

The characterization of hazardous flood events must include the potéetktent, magnitude and duration of

the inundation they might cause, along with the quantification of the other variables of interest such as flow
velocity and sediment transporin standard practice, this is done by simulating relevant flooding processe
through dedicated models, since inundation events are usually rare and difficult to measure in detail.
Inundation models might be separate modeling tools (e.g. when used to derive flood scenarios such as dyke
breaches or dyke overtopping at specific Iticas), or they can be integrated with the models used to

simulate river flow regime or wave regime. Alternatively, methods based on topography and morphology can
be applied to quickly evaluate flood prone areas, however these methods do not allow toatetati the

hazard variables requested for a complete risk evaluation. Researchers and practitioners nowadays can count
on wide variety of commercial and research models to model hydrodynamics processes (see for instance
Teng et al., 2017). For instancée HEERAS model developed by USACE
(http://www.hec.usace.army.mil/software/hes) and the DELF3D model developed by Deltares
(https://oss.deltares.nl/iweb/delft3a@re two examples of freely available and well known models that are used
worldwide, respctively for river hydrodynamics, and coastal hydrodynamics modelling.

The application of inundation modelling tools require digital terrain models (DTMs) to describe the morphology
of the study, together with information about past flood events, such ksfl extent maps (nowadays often
available as satellitederived maps) and high water marks, to calibrate and validate model results. Detailed
information about manmade structures (e.g. dykes and reservoirs for inland water bodies, coastal defences
for coastal areas) is also necessary to simulate their influence on flooding processes.
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Figure 11. 1-in-100-year flood hazard map for the Ebro River, Spain, near the city of Zaragoahalished byMinisterio
para la Transicion Ecoldgigeel Reto Demografico
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Alternatively, hazard models can be used to run probabilisiiculations of flood processes over long periods
(usually hundreds or thousands of years), using synthetic input data (e.g. stochastic climate simulations
consistent with historical observed climate). Thiscaled Monte Carlo simulation approach allovesderive

robust probability distributions of significant extreme events, including-lmwbability events. Such methods

are increasingly being applied for calculating hazard projections under climate change, for instance for future
extreme sea levels (Vodsukas et al., 2017).

The final product of flood hazard models is usually a set of flood hazard maps describing relevant variables
(typically flood extent, water depth and flow velocity) for a number of reference flood scenarios. An example
is shown inFigure 11. This approach is prescribed by the Floods Directive and constitutes one of the
elements of risk evaluation (Se€hapterl0.4).

10.2.2 Exposure

In the definition of flood risk maps, the Floods Directive indicates how flood exposure should be characterized
in order to map potential adverse consequences associated with flood scenarios. Specifically, the following
elements of exposure have to be codsred (EU 2007):

1 the indicative number of inhabitants potentially affected;
1 type of economic activity of the area potentially affected;

1 installations which might cause accidental pollution in case of flooding and potentially affected
protected areas as byhe Water Framework Directive (EU 2000);

91 areas subject to floods with a high content of transported sediments, or with significant sources
of pollution.

Other aspects of exposure that are mentioned by the FD are critical infrastructures (such as traasybrt
energy networks, hospitals etc) and cultural heritage buildings.

As such, the requirements of the FD make necessary to characterize the spatial exposure of population,
relevant assets (e.g. agricultural areas, industrial and commercial districtsgatribfrastructures and

protected natural areas. For population, the standard approach is to use population maps derived from
nationalscale census data. The exposure of economic activities and builtup areas is generally evaluated with
land use maps, whitdescribes the extent and location of builjp and natural areas with similar

characteristics (e.g. residential areas, industrial districts, forests etc). These maps can be based on-national
scale census data or derived from satellite images. For instarice Corine Land Cover map is a satelite
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derived product available for all the EU Member states (Copernicus LMS, 2017). The location and
characterization of critical infrastructures, cultural heritage buildings, protected natural areas and other points
of exposure requires detailed information al local scale. A promising way to improve knowledge of these
exposed assets is by leveraging global, opsetess datasets such as Open Street Map. Finally, characterizing
economic exposure require data regardinglfiing market values, values of building inventory and machinery
(e.g. for industrial buildings) etc. Alternatively, proxy variables such gross domestic product (GDP) at various
administrative levels that can be used to infer the value of exposed assets.

In standard practice, exposure is often used as a proxy for flood risk, to provide a first evaluation of the
impacts of hazardous flood events. This happens especially for population exposure, since quantifying the
consequences of flood events on populatismoften complex and subject to relevant uncertainty (s€bapter
10.2.3.

The evaluation of exposure to flood events is usually carried out by combining the described exposure maps
with hazard maps describing different flood sceti@s. It is possible both to define exposure related to specific
flood scenarios (e.g. total population exposed to th&1100-year flood extent), or to elaborate statistical
estimates that take into account a range of possible extreme flood events éxpected annual population
exposed to floods), as further described@hapterl0.3.

10.2.3 Vulnerability

The evaluation of the different facets of vulnerability (social, economic, environmental) requires both
analytical studies of potenél adverse effects of flood waters and the collection of loss and impact data from
past flood events in the area(s) of interest.

Economic consequences of floods are usually evaluated distinguishing between direct and indirect damages.
Direct damages (andonsequent economic losses) are defined as physical, short term consequences such as
physical damage to buildings, assets and consequent repair costs. These impacts are a function of different
hazard variables (such as water depth and flood duration), asatibed in Merz et al. (2010). As such,
vulnerabilitydiagnose shouldbe carried out to assess the possible consequences of flooding, especially for
critical buildings and infrastructures (ECE 2003). In addition, loss data collection should be cartrigitothe

aim of quantifying all the mentioned aspects with an adequate spatial and temporal resolution (e.g. for
several flood events, and including all relevant assets in the area of interest).

Indirect losses identify impacts that are not directly cakby floods, such as consequences of electricity- cut
offs, roads closures, or loss of revenue due to closing of commercial activities (Merz et al., 2010). Similarly to
direct damages, vulnerability diagnoses and loss data collection must be carried altaiacterize all

relevant consequences at different time periods.

Consequences of floods on population range from the risk of death and major injuries, to displacement and
evacuation of people at danger, to shemnd longterm physical and psychologicabnsequences. Similarly to
economic impacts, characterizing social vulnerability requires to analyse and record all relevant consequences
on population at different time periods.

In standard practice, direct damages are usually evaluated using flood dancagees, which relate different
hazard variables (such as water depth and flood duration) with physical consequences to different types of
buildings and their related content (e.g. residential buildings and furniture, industrial buildings and machinery).
The technical and scientific literature reports a wide range of methodologies to estimate damage functions,

as well as established catalogues of functions (see for instance Huizinga et al., 2017). Indirect losses are
generally evaluated using economic modehat simulate the effect of floods on the economy of the affected
areas, such as consequences of electricity-offls, or loss of revenue of commercial activities. A detailed

review of the existing methods is reported in Merz et al. (2010). Similar aggtes can be used to evaluate
impacts on critical infrastructures, although in this case specific models might be necessary.

Consequences of floods on population are generally evaluated considering resident population in the flood
prone areas and quantifpg the number of people exposed to the flood events of interest, as described in
Chapter10.2 Even though flood risk for people include the risk of death and major injuries, they are not
usually addressed as it is more complex teatuate. When performing risk assessment at municipality or
limited scales, personal safety risk models based on precise hytymamic analysis may be applied (e.qg.

Arrighi et al. 2016), although with a relevant uncertainty. Conversely, in larger scaleappns probabilistic

risk methods (e.g. de Bruijn et al., 2014) and the use of mortality rates calculated from previous flood events
(e.g. Jongman et al., 2015; Tanoue et al., 2016) are more feasible.
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10.2.4 Coping capacity

The consequences of hazardous floedents might be prevented or reduced when adequate prevention,
protection and preparedness measures have been put in place to increase coping capacity, often in the form
of flood risk management plans. The evaluation of existing measures, if availabléharea of interest, is
therefore of paramount importance for a correct evaluation of flood risk. Risk management plans are
foreseen by the Floods Directive and ideally contain objectives for the reduction of the likelihood and potential
adverse consequares of flooding for human health, the environment, cultural heritage and economic activity,
including norstructural initiatives. In particular, these plans should consider all the prevention, protection and
preparedness measures in place, such as protsttneasures (e.g. dyke systems, retention basins), flood
forecasts and early warning systems, emergency plans, interventions to improve water retention and flood
attenuation. All these measures should be listed and characterized, to understand how thegnioé flood

hazard and vulnerability.

The mentioned methods described@hapter10.2.3can be adapted to incorporate the effect of prevention,
protection and preparedness measures in reducing flood vulnerability. For instanod,flcecasts, early
warning systems and emergency plans can all increase the capacity to react and cope with flood
consequences, and therefore reduce impacts (see for instance Molinari et al., 2014).

10.3 Risk analysis

As stated in the Flood Directive (EC 2003k assessment should aim at identifying people, economic
activities and critical infrastructures potentially affected. In standard practice, risk evaluation can be
undertaken with qualitative or serjuantitative approaches (e.g. classifying the tesrit into risk classes) or
guantitative methods (e.g. calculating risk in terms of possible economic, social and environmental impacts
using probabilistic frameworks). It is important to note that the Floods Directive does not provide specific
indications @ the methodologies to be applied for evaluating flood hazard and flood risk, thus leaving to
Member States the choice of the most suitable approach.

Risk analysis requires the selection of adequate models and methodologies. These include flood hazard
modédling tools and methods, to define probability, magnitude and extent of flgadne areas; flood impact
models, relating hazard variables and exposure with consequences, such as physical damage to buildings; and
flood risk assessment methods. We providerda description of the methodologies commonly applied to

evaluate risk components and quantify flood risk, together with recommendations.

Where deemed important, the links with other hazards and cascading effects need to be investigate with
specific toos. Potential cascading effects of a flood event may include the loss of vital infrastructure, the
outbreak of epidemic or epizootic events, damage to industrial facilities causing the release of chemical or
radioactive substances (EC 2017).

Flood risk neeslto be evaluated considering the range of possible impacts produced by relevant extreme
events, taking into account their variable frequency and magnitude. This can be done with different semi
guantitative and quantitative approaches.

Semiquantitativerisk analysis seeks to categorise risks by comparative scores rather than by explicit
probability and financial or other measurable consequences. It is thus more rigorous than a purely qualitative
approach but falls short of a full comprehensive quétative risk analysis (Poljangeet al 2017). Semi
guantitative methods can however be used to illustrate and compare quantitative risk estimatesdkapter

10.4

A simple quantitative approach is to calculate risk separately in a nundfeepresentative flood scenarios,
which can offer a comprehensive overview of the overall risk in the area of interest. For instance, the basic
approach described in the Floods Directive (EC 2007) requires to quantify the population, type of economic
adivity and sources of pollutions (industrial installations) which can be potentially affected by the occurrence
of at least three different scenarios (high, medium and low probability).

The risk scenario approach does not allow to consider the full rarfgeesible relevant extreme events, nor

the influence of analysed risk scenarios in determining overall risk. This can be done instead with the risk
integral method. The integral method estimates the average annual impact of floods over the area of ihteres
by computing the integral of the impagprobability curve, or risk curve (see Alfieri et al., 2016). In standard
applications practice, the method requires to calculate the impact values for a selected range of return
periods (e.g. overall economic danggdotal population exposed) to construct a pieagse risk function
describing impacts according to the event frequency. Therefore, the expected annual impact values (e.qg.
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expected annual damage) is given by the integral of the risk curve across retuiogse The integral method

can account for existing flood protection structures (e.g. river dykes, retention areas) either by including them
in the calculation of impacts, or by truncating the risk curve for return periods lower than or equal the local
flood protection standard (see Alfieri et al., 2016).

An alternative method is probabilistic or stochastic risk modelling, which seeks to model all potential events
with their associated probabilities and outcomes by running probabilistic simulations of fisocesses over
long periods, as described hapterl0.2. Stochastic risk modelling allows to derive robust risk probability
distributions, including the effect of loyprobability events. Traditionally, such methddsm the basis of the

risk models (catastrophe models) used by insurance anthseirance companies, but they are increasingly
being applied in research applications for evaluating future flood risk under varying climate and
socioeconomic scenarios (Vousdoukas ket 2017).

10.4 Risk evaluation
The use of flood risk models able to quantify risk components allow a wide range of risk analyses, including:

1 define current flood risk at different geographical levels (e.g. to profile country risk, or risk for
specific adminitrative regions)

compare risk estimates across regions including comparison with other hazards
reconstructing impacts of specific flood events (e.g. to be used as reference scenarios)

analyze historical trends in flood risk (e.g. incorporating historieahsets of population, landuse,
economic growth etc. into flood risk analysis of past flood events)

how risk may change as a result of future climate, sec@oonomic and demographic changes.

compare the outcome of different strategies to manage and mitigaisk. In particular, the cost
and benefit of different solutions can be compared, and so an optimal strategy rationalised

All the mentioned analyses should be considered in carrying out a comprehensive risk evaluation and
communicate the results of theisk analysis.

In standard practice, including in the requirements of the Floods Directive, the outcomes of flood risk analysis
are usually produced as risk maps, illustrating the spatial distribution of-psne population and assets.

Usually, results ee shown aggregated at different administrative levels, with the exception of specific risk
hotspots (such as critical infrastructures, or installation with associated pollution risk).

Risk estimates in maps and tables can be provided using qualitativej-sgiantitative or quantitative
approaches. Qualitative assessment categorise risk in classes, to provide a ranking-pfoisk areas within,
say, the same country or region. An example is the traffic light rating systems (for example where red is
severerisk, orange is medium risk, yellow is low risk and green is very low risk). While the outcomes are easy
to communicate, it does not provide quantitative information and does not allow to understand differences
between the same risk class. A more complefproach can be obtained with sefguantitative approaches,
where risk is categorised by comparative scores (e.g. normalized indices).dbamtitative methods can be
used to illustrate comparative risk and consequences in an accessible way to usens afformation. A risk
matrix is a means to communicate a serguantitative risk assessment: a combination of two dimensions of
risk, severity and likelihood, which allows a simple visual comparison of different risks. Indeed, some output
from complex stobastic models may be presented in forms similar to that used in seqaantitative risk
analysis, e.g., risk matrices.

Finally, quantitative assessments (e.g. expected annual impacts) allow a great flexibility in presenting and
comparing risk information aoss regions, time (e.g. comparing past and present risk scenarios, or future risk
scenarios under climate change) and even across different hazards. Moreover, quantitative estimates can be
easily applied to develop maps, graphs and risk matrices. Foairts, the graph presented Figure 12,

compare expected annual economic damages for all EU countries under different scenarios. However,
numerical results may be moreifficult to interpret for a norrexpert audience and need therefore to be

carefully explained.
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Figure 12. Comparison of expected annual damages in 2100 for all EU contries and United Kingdom, assuming no
adaptation to future river food risk conditions, and with the implementation of three different adaptation strategies.
Results are calculatedssuming a 2°C warming scenario.
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10.5 Gaps and challenges

The implementation of the Floods directive can be comsidl a success story in the field of natural hazards
risk management. It allowed to establish a common ground in flood risk assessment in the European Union,
introducing minimum requirements while leaving flexibility in its application. In particulagldMember

states have now developed flood hazard and flood risk maps for at least three different flood scenarios,
which are publicly available and are being used to inform flood risk management actions. Morativer,
MemberStates have completed and adogt flood risk management plans.

Despite this progress, there are a number of gaps and challenges that still need to be tackled in order to
progress further flood risk management capacities (ECA 2018).

Regarding flood hazard maps, the surveys conductedagMember States (WGF 2017) highlighted a

number of possible improvements. For instance, only 14 MS (out of 28) considered pluvial flooding among the
possible drivers of flood hazard, even though pluvial flooding is a widespread problem. More in gélastal,

flood and pluvial floods are not always considered in flood risk management plans, as well as hazard deriving
from multiple flood processes (e.g. combination of pluvial and river floods) or from multiple natural hazards
(e.g. combination of landslide debris flows and flash floods in mountain areas).

Regarding flood Risk Maps, all MS included the number of people potentially affected, adverse consequences
on economic activity and on the environment. However, in many cases risk evaluation is il bas

gualitative or semiquantitative approaches (e.g. classifying the territory into risk classes) rather than
guantitative methods (e.g. taking into account potential economic damageantifying all aspects of risk is

crucial to carry out reliable cashenefit analyses as requested by the FD, and to allow comparisons across
regions and scenario€urrently, the application of impact models is hampered by relevant limitations in both
modelling tools and loss data for model setup and validation. Fitsgré is no agreement yet on methods to
compare and quantify the variety of possible flood impacts, that is, economic losses, human impacts and
consequences on cultural and natural heritage. This would require the development of common guidelines and
methods for EU. Furthermore, flood loss data collection is still at the beginning in most of the EU Member
States. Official estimates are still affected by the absence of clear standards for loss assessment and
reporting, although progresses have been made ie tast years (Corbane et al., 2015; IRDR, 2015). Loss
reports are rarely complete and can strongly deviate from true extents and damages, thus complicating the
validation and set up of impact models (Thieken et al. 2016). Indirect losses due to floodseely

quantified in flood risk assessment works, due to the complex application and verification of the related
economic modelsTherefore, it is crucial to continue ongoing efforts in loss data collection and

standardization.
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Finally, the influence oflanate change in modifying flood hazard and risk map has been taken agcount

by over half of the Member States (EC 2019). Also, 24 of the 26 Member States considered different aspects
of climate change in their Flood Risk Management Plans, even tholigtate change impacts were

considered only by ten Member stateghile less than half refer to the national adaptation strategies

prepared under the EU Climate Change Adaptation Strategy (EC 2019). Further efforts will be needed to
better integrate the efects of future climate scenarios into flood risk management (ECA, 2018), and to
measure progress in the adaptation to future climate change.
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11 Droughts
ALFRED DE JAGER, GUSTAVO NAUMANN, PAULO BARBOSA, JURGEN V. VOGT

11.1 Context of drought ris k assessment

Drought is for many countries among the most damaging and costly weathad climaterelated disasters.

This affirmation is true for both, the world and for Europe. Estimations of annual losses due to drought in the
US.areintheorderofl51 ] dggdj i ROR#1 J<<' fh-+-+$Hh\i _Hdi h@P-3hoc  fI
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resulting in unprecedented drought impacts for farmers, private hehudds and wildlife in Europe. During the

2018 and 2019 summers, raging wildfires in the South as well as the North, severe restrictions for shipping

on major rivers and irrigation, as well as reduced power supply have heightened European concerns about a

possible rise in the severity and frequency of drought events as a manifestation of climate change

(Cammalleri et al. 2020).

In this section, recommendations for the development of national drought risk assessments and for reporting
on drought disasters & presented. The recommendations are mainly based on the methodologies presented
in a recently published JRC Technical Report on drought risk assessment and management (Vogt et al. 2018)
and the guidelines developed by the Global Water Partnership forr@esmd Eastern Europe in 2015 (GWP

CEE, 2015). Recommendations from the reporting obligations under the EU Water Framework Directive and
from the scientific literature are also presented.

The Member States of the European Union report on the nationakigskessment every three years for

various disasters that occur on their respective territories. In order to assess priorities at European level an
initiative was started aiming to make the reporting between the various Member States comparable. This first
version of recommendations aims to help different assessments to converge over time, allowing the Member
States to learn from experiences of neighbouring countries with similar issues and problems.

11.2 Risk ldentification

According to the main characteristicd the water deficit and the related impacts, droughts are often divided

in four main types: Meteorological Drought, which is related to a lack of precipitation and/or high evaporative
demand, lasting fromweeks to monthr even years; Agricultural Droughwhich is a period with reduced soll
moisture resulting in a deficit in plant water supply which impacts on agricultural crops and/or natural
vegetation; Hydrological Drought, which is characterised by reduced river and groundwater flows (can reduce
accessibility of waterways and access to cooling water for industrial and energy generating processes);
Socioeconomic Drought is a condition in which important services such as energy and drinking water supply
are reduced.

The effect of a drought disaster cabe exacerbated if it coincides with a heatwave. Warmer conditions
increase evapotranspiration, depleting surface and soil water resources quicker. Moreover, a heat wave
constitutes a disaster in itself in which access to clean water becomes essentialfootiumans as well as
(wild) animals.

Since droughts are a recurring feature of all climates and can occur almost everywhere (excluding deserts and
very cold regions) every Member State should have a drought management plan to cope with possible
impacts.However, in Europe there are areas more prone to recurrent droughts such as the Mediterranean or
parts of central Europe, in which Member States are more susceptible to suffer the negative effects of severe
droughts.

Unlike other natural hazards such assthquakes, floods, or wind storms that result in immediately

noticeable and structural damage, droughts develop slowly and can last for long periods of time from some
months up to several years. Frequently, drought conditions remain unnoticed until sladetages become

severe and adverse impacts on environment and society become evident. Drought impacts may be minimized
by adaptive buffers (e.g. water storage, purchase of livestock feed) and can continue long after precipitation
has returned to normal aaditions.

The slowly developing nature and long duration of droughts, together with a large variety of impacts beyond
commonly noticed agricultural losses, hinders the task of quantifying drought impacts.

Impacts of droughts can be classified as direatiadirect. Vogt et al., (2018) provide a detailed
characterization of the many different sectors that might be adversely affected by droughts. Examples of
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direct impacts are a reduction of water levels, reduced crop and forest productivity, increasefirevild
occurrence, increased livestock mortality, damage to ecosystems, and decreasing tourism among many
others.

Similarly, many economic sectors and livelihoods are indirectly affected by droughts since they rely in
different ways on water availability. fiese indirect effects can propagate or cascade quickly through the
economic system, affecting also regions far from where the drought originates. Indirect impacts relate to
secondary consequences on natural and economic resources. They may affect ecosystdrhiodiversity,
human health, commercial shipping and forestry. In extreme cases drought may result in temporary or
permanent unemployment or even business interruption, increased prices of food, and can lead to
malnutrition and disease in more vulndske countries (Vogt et al. 2018).

The main sectors potentially affected by droughts might be identified by consultation with the main
stakeholders as a first step of the risk assessment. Once the main sectors are recognised the assessment
should be tailoré to these specific needs and several complementary information layers could be drafted for
the different users. For instance, the information relevant for a farmer is not necessarily relevant for a water
manager working in an intebasin water transfer sgtem and vice versa.

Some extended drought events took place in the last years in areas not used to cope with drought. Parts of
Germany, Belgium, the Netherlands, Poland, Czechia and Sweden were all affected by droughts especially
accentuated in springtimef 2017, 20184950, 2019°* and 202(°? (see EDO analytical reports [footnotes]).
Among the many sectors and systems affected, the forests of northern Europe were particularly hit. Germany,
Czechia, Sweden, Finland, Poland and the Baltic countries have an important timber industry that gttaffe

by these droughts leading to beetle outbreaks, caterpillar pests, wildfires and worries (e.g. Buras et al., 2020).
The worries are especially related to the knowledge that the production forests in the Atlantic and Nordic
areas of Europe are dominatdaly species being genetically maldapted to a hotter and drier climate (Ciais,

et al., 2003; IsaaeRenton, et al., 2018), often monocultures planted 150 years ago onfestile soils but

anyhow important for timber production, recreation and ecosystemviges.

Knowledge on how to manage these forests is lacking and at political level there is a low interest in funding
sector tailored research. Such research would need to answer questions like what tree types can replace the
existing coniferous typesan non monocultures provide a profitable timber economy, can large grazing
species and their ferocious predators assist in enhancing the ecosystem services and be accepted to live with
by the local population and how to transfer from the existing foresastls to a forest better adapted to the
expected new climatic conditions. Ecosystem services sciences, landscape ecology are however disciplines
that originate in the sixties of the previous century, therefore a direction can already be given, but hard
figures, like how much water a forest extracts, retains and gives back, alike we can do with irrigation schemes
are missing and will require more fundamental research and setting aside large areas for such a purpose.
Peatlands are another domain of ecosystesarvice that are suffering from compound pressures including
climatic drying, warming and direct human impacts and particularly can suffer from large not reversable
damage caused by drought in usual humid areas (Swindles, et al., 2019). The restauratios fofest biome

in Europe should be integrated with the restauration of peatlands, both landscapes that provides essential
ecosystem services, like their ability to retain water longer in an uphill area, thus alleviating drought risk
considerably.

11.3 Drought risk analysis and characterization

There are several ways to approach drought risk. However, the most commonly applied ones areddléedo
outcome and contextual approaches (Van Lanen et al. 2017). The outcome or impact approach is based on
the interactions between stressor and response. In this case, the endpoint of the analysis is the vulnerability
(the more damage a society suffers, the more vulnerable it is). This approach relies on the use of quantitative
measures of historical impacts as proxiéar the vulnerability estimation (e.g. Blauhut et al. 2015; Naumann

et al., 2015). However, relying on historical impacts has several limitations, mainly because impact data are
often unavailable and frequently are not directly comparable between diffenegions.

48 https://edo.jrc.ec.europa.eu/documents/news/EDODroughtNews201809_Central_North_Europe.pdf
“9 https://edo.jrc.ec.europa.eu/documents/news/EDODroughtNews201808_Central_North_Europe.pdf
%0 https://edo.jrc.ec.europa.eu/documents/news/EDODroughP04887_Central_North_Europe.pdf

51 hitps://edo.jrc.ec.europa.eu/documents/news/EDODroughtNews201908 Europe.pdf

52 hitps://edo.jrc.ec.europa.eu/documents/news/EDODroughtNews202006_Europe.pdf

82


https://edo.jrc.ec.europa.eu/documents/news/EDODroughtNews201809_Central_North_Europe.pdf
https://edo.jrc.ec.europa.eu/documents/news/EDODroughtNews201808_Central_North_Europe.pdf
https://edo.jrc.ec.europa.eu/documents/news/EDODroughtNews201807_Central_North_Europe.pdf
https://edo.jrc.ec.europa.eu/documents/news/EDODroughtNews201908_Europe.pdf
https://edo.jrc.ec.europa.eu/documents/news/EDODroughtNews202006_Europe.pdf

The contextual approach is based on intrinsic social or economic factors that define the vulnerability. Here the
vulnerability is the starting point, allowing understanding why the exposed population or assets are
susceptible to the damaging eéfcts of a drought (e.g. Carrdo et al. 2016; Meza et al. 2020). It is more

suitable for setting targets for disaster risk reduction. This approach generally relies on combined indicators,
which are mathematical combinations of risk determinants that havecsmmon unit of measurement.

Agriculture (crop and livestock production) is often the first sector affected by droughts. A reduction in water

availability and increases in solar radiation and temperature during a drought event can be directly translated

into a significant reduction of crop productivity. In Europe, the share of drought losses in the agricultural
n"~ojmhdnA\ mj pi _h// r" ArdochA\Vi A  nodh\Vo AViip\Vlgh_\h\b I

End users, water managers, and policy makety mn drought risk assessments that are usually developed
with emphasis on agricultural and primary sector impacts. The conceptual framework presented here as an
example of drought risk assessment was tested and applied in an operational global risk aseassThis
system is mainly oriented to agriculture. However, the described methodology can be adapted to different
sectors and applied at different scales (regional to local).

According to this framework, drought risk can be conceptualized esrabination of the natural hazard, the
exposed assets and their inherent vulnerability (susceptibility to drought and adaptive capacity). Following this
definition, the risk to be subject to damages and economic losses from a drought event depends on the
combination of the severity and probability of occurrence of a certain event, the exposed assets (crops,
livestock, critical infrastructure) and/or people, and their intrinsic vulnerability (susceptibility and adaptive
capacity) to cope with a disaster (CGap et al. 2016).

11.3.1 Hazard characterization

Droughts affect different economic sectors and hence seetpecific risk assessments need to be developed.
The characterization of the drought hazard should identify the most suitable drought indicator to refiresen

the water resources necessary to meet the specific needs and uses of each sector. For instance, precipitation
and/or soil moisture anomalies are key for rainfed agriculture, while river low flows, groundwater and
reservoir storage are important for watesupply systems (UNISDR, 2019).

11.3.2 Exposure identification

Drought exposure is linked to the location of assets and persons that could potentially be affected by
droughts. This information has to be represented through spatially explicit geographic vari#uesstance,
Carrao et al. 2016, proposed an approach taking into account different proxy indicators characterizing
agriculture, namely crop areas and livestock distribution (agricultural drought), industrial domestic water
stress (hydrological droughgnd human population (socioeconomic drought).

11.3.3 Vulnerability identification

Drought vulnerability is a key risk component as it allows identifying the policy relevant variables to be
targeted (Naumann et al. 2018a). Since it is not possible to reduce ghbfrequency and severity,
interventions to reduce drought impacts have to focus on reducing the vulnerability of human and natural
systems.

As illustrated in Carréo et al., 2016, a multidimensional model composed by social, economic and
infrastructuralfactors can represent vulnerability. Social vulnerability is linked to the level of-beithg of
individuals, communities and society; economic vulnerability is highly dependent upon the economic status of
individuals, communities and nations; and infragttural vulnerability comprises the basic infrastructures
needed to support the production of goods and sustainability of livelihoods. During the Conference of the
Parties in New Delhi in 2019 (C&), this theoretical framework to assess drought vulnbility was

identified as a strategic objective for drought by UNCCD (ICCD/COP(14)/CST/7, 2019).

According to this approach, each dimension is represented by generic proxies that reflect the level of
development of different constituents of civil society diits economy. In that sense, individuals require a
range of independent factors or capacities to achieve positive resilience to drought impacts while no single
factor on its own is sufficient to yield the varied livelihood outcomes that a society needsder to cope

with droughts. Appropriate socialcological drought vulnerability indicators can be identified and weighted by
consulting relevant experts and stakeholders (Meza et al., 2019; 2020).
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Some variables that can be included into the vulneripihssessments are listed below as an example:

b
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Dependency on agriculture for livelihoods,

Energy use,

Farmers with crop/livestock insurance,

Market fragility,

Adult literacy rate,

Availability of functioning drought early warning systems,
Volume of wager storage in a safe reservair,

Population without access to improved water,
Institutional capacity and government effectiveness,
Fertiliser consumption,

Availability of water infrastructure, like reservoirs and irrigation systems.

As an examplekigure 13 shows the three determining factors of drought risk (hazard, exposure and
vulnerability) that result in the drought risk map for agricultural production in Eurtpéhis case, the scores

for each component are not an absolute measure, but a relative statistic that provides a regional ranking of
hotspots where to target and prioritise actions to reinforce adaptation plans and mitigation activities. This
kind of anaysis could be refined at higher resolution to obtain meaningful results at different scales of
analysis. These can range from the farm level to the continent allowing an assessment of the spatial
distribution of the drought risk within a given area of imst (e.g. farm, province, river basin or country). This
framework is data driven and to obtain reliable estimates the main limitation is the availability and accuracy
of relevant information at the different administrative levels.

Figure 13. Drought hazard, exposure, vulnerability and risk for the agricultural sector in Europe according to the

conceptual approach

Exposure

Less exposed More e;(posed

Drought risk

Less vulnerable More vulnerable Lower risk Higher risk
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Source: after Carrdo et al. 2016 and Vogt et al. 2018.

11.4 Risk identification in the context of climate change

Global warming is expected to modify the hydrological cycle across Europe through variations in the spatial
and temporal distribution of precipitation, including more frequent and persistent dry spells, and increased

atmospheric evaporative demand (Naumaenal., 2018b). As an immediate consequence of global warming,
droughts will become more frequent, severe, and lontgesting in many parts of Europe (Spinoni et al., 2019).

Assessments of future drought losses in the context of climate change are rafigerature, and to date only
the recent PESETA IV task on droughts (Cammalleri et al. 2020) provides one of the first quantitative
assessments on how drought impacts across Europe are expected to evolve with global warming.

When accounting only for theffects of climate change, aggregated European drought losses do not present
ndbidad”*\Vioh”c\ib nhpkhojh,)O®>Ar\ mhdi b'h] pohdi *m \ n°
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result in a 50% increase of drought losses in Europe compared to present climate (Cammalleri et al. 2020).

There are, however, strong regional differences in Europe. PESETA IV projections show that the Mediterranean
and Atlantc subregions of Europe could see a twfold rise in drought impacts without mitigation if no

additional adaptation measures are implementdeidurel4). The spread in drought loss estimates increases

with the magnitude of absolute losses but also grows relatively to the magnitude with the level of warming.

This suggests that with warming there will be increasing uncertainty in drought conditions, evegions

where droughts will become less severe in general.

The abovementioned results on projected impacts depend on present sectorial drought vulnerability
estimates and hence assume no adaptation. There is a wide variety of drought risk mitigatioadaptation
measures. Rather than suppbide measures, which can lead to a higher dependence on water resources that
will increase drought vulnerability, adaptation should be targeted at strengthening drought resilience of
society and sectors. This incluglepecific measures in drougigensitive sectors, such as improved cooling
techniques, droughtesistant crops, silvopasture and agroforestry practices, lighter river navigation vessels,
but also institutional transformations, livelihood and economic dsification, insurance and other market

tools, social safety nets, monitoring and data collection, and early warning and alert systems. Evaluating the
costs and benefits of investments and policy actions taken to mitigate drought impacts remains a huge
chalenge. A recent study by the Integrated Drought Management Programme (IDMP) found that the cost of
droughtrelated impacts without doing nothing to stop them, are much higher than the expense of financing
proper public policy responses (WMO and GWP, 20 e same direction, the returns from investing in ex
ante risk management actions are higher than those of investing in ex post crisis management. The actual
costs and benefits of adaptation measures will vary substantially depending on the local gpbagral,

climate, and socigeconomic conditions.
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to pre-industrial conditions (1.5°C; 2.0°C and 3.0°C) for2BlEountries by region, for all economic sectors considered and
assuming that current soci@conomic conditions continue into the future. The top of each bar shows the average
estimate and the vertical lines indicate climate uncertainty.
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Source: Cammagti et al. 2020.

11.5 Risk Treatment

To reduce the drought risk Member States need to present an inventory of the legal and institutional tools
available in their country to perform the actions (lglesias et al. 2009) briefly presented in the following
chapters After this short introduction for every action, a quantification method will be proposed, allowing
comparing the readiness between the Member States.

Drought policies are needed to cope with drought disasters. Each Member State policy, however, needs to b
adapted to represent particular local conditions. Drought policies should not simply be a post facto response
to disaster, but should be a permanent concern of governments and sodiethat sense, as proposed by
HDMNDP (2013), Pischke and Stefanskil@) and Vogt et al. (2018), any drought policy should be based on
three pillars: 1) drought monitoring, forecast, and early warning systems; 2) vulnerability, and impact
assessment and 3) drought preparedness, mitigation and response.

The preparation of Bbught Management Plans should be linked to an agreed conceptual framework for
drought management and based on clear drought definitions (Vogt et al. 2018). A good example can be found
in the National Drought Management Policy Guidelines published byntiegiated Drought Management
Programme (IDMP) (WMO and GWP 2014) and adapted to regional circumstances by the Global Water
Partnership for Central and Eastern Europe (GRHEE 2015).

As presented in EC (2007); FAO (2019); UNCCD (2019) and UNISDR (20b8ayimvapproaches for drought

risk management are currently applied. Their related legal and institutional tools can be divided into reactive
and proactive actions. The proactive approach is linked with plans to prevent or minimize drought impacts in
advarce; these are mainly longerm actions, aimed to make the territory and the economy more robust to
cope with droughts. The reactive approach includes actions after a drought event has started and is linked to
short-term actions that can be executed durirgn emergency
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11.5.1 Organizational issues

It is recommended that the Member State establish a Drought Scientific and Advisory Committee. This
Committee consists of scientific and practical experts in Land and Water Management and must be able to
advice the varias government bodies freely and openly. Care must be taken that the Committee is not
representing specific stakeholders. Stakeholders should be represented using the normal political decision
process.

The Committee should set out rules on when to gatheridg an emerging catastrophe and have the power to
advice the government on declaring the state of emergency. The committee can also set out the relevance of
the various actions mentioned in this document considering the local climatological, geographttal

economical context of the Member State. In Member States with differing climates or federalization, more
than one of these committees can eexist.

Following UNCCD, 2019 recommendations, it is advised that national policymakers follow some of the
following actions:

b Take a preactive approach to assess vulnerability before a drought crisis escalates
b Foster inclusive, crossectoral and multiscale approaches to risk and vulnerability assessments

b Integrate assessments of impacts on livelihoods, ecosyssarvice production and water balance
accounting

Assess both predictable and emerging economic implications of ongoing vulnerability to drought

Learn by trial and review which methods are besiited to encourage participation in risk and
vulnerability assessments by different groups and sectors

b Document assessment successes and failuréscluding cases where anticipated drought impacts
do not occur and vicerersa (some of these may indicate effective management)

Share best practices and lessolearned with decision makers at different levels

G \mi hamjhfhjoc mn¥“hhdno\f nh\Vi _HAnp™*™" " nn nh]t ho\
exchange

1 Where best practices or lessons learned are relevant to experiences for more than one country, seek
out and validate generalizable lessons and document them to provide training materials for future
decision makers

1 Promote the improvement of regional databases on drought impact and vulnerability

11.5.2 Short Term Actions, during and immediately after the emergency

Depending on local conditions, short and letegm actions to tackle drought emergencies might be oriented

to the supplyside (find additional supply to increased demands) or demaitkt (measures to regulate water

use and encourage efficiency). From thepply-side approach, policy measures often encourage renovation
and improvement of existing water infrastructures or continued usage and expansion of natural catchments
and aquifers. The demanside approach, on the other hand, promotes policy measuras ¢émcourage

subsidies and water efficiency strategies (EEA, 2009). In order to mitigate the effects of an emerging drought
disaster the Member State needs to be able and have legislation in place, to perform the following actions
(Table 7).

Table 7. Short term actions to be implemented dog and after a drought emergency

Water Demand Reduction Water Supply Increase Impact minimization
- Information campaigns for - Temporary use of additional | - Temporary reallocation of
water saving sources (river, seawater) water resources
- Domestic water use - Temporary exploitation of - Public aids to compensate
restrictions (e.g. car washing, | groundwater reseves income losses
gardening etc.)
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- Irrigation restrictions

- Mandatory Rationing

- Tax reduction or delay of
payment deadlines

- Public aids for crop insurance

SourceAuthors

11.5.3 Long-term actions, National Strategy

In order to make the territoryand the economy less prone to drought disasters the Member State can develop

a policy using a Drought Management Plan. Such a plan can focus on thetdongactions illustrated in

Table 8.

Table 8. Longterm actions to be implemented before, during and after a drought emergency

Water Demand Reduction

Water Supply Increase

Impact minimization

- Economic incentives for water
saving

- Pricing policy

- Agronomic techniques for
reducing water consumption

- Droughtresistant crops
replacing more water demanding
crops in irrigated areas

- Measures to reduce the water
required for irrigation in orchards
(e.g. net shading)

- Dual distribution network for
urban use

- Water recycling in industries

- Reuse of treated wae water
- Leak detection programs
- Construction of farm ponds

- Control of seepage and
evaporation losses

- Keeping water longer in the
ecosystem by naturalization of
channeled rivers and creation of
ponds

- Counter actions on cementatior|
(surfacesealing), increasing soll
water storage capacity

- (Re)Forestation policand
closerto-nature forest
management

- Education / awareness
campaigns

- Reallocation of water resourceg
based on water quality
requirements

-Development and/or
improvement of ealy warning
systems

- Implementation of Drought
Management Plans

- Programs for areas with soils
subjective to additional hazards
during droughts:

- Peatlands, leakingdrainage
problems

- Clayey soils, cracking/
construction problems

- Sandy saoils, lack ahoisture
holding capacity/ quick dryness @
soils

- Percolation of salty sea water in
groundwater resources in coastal
areas

- Insurance programs

SourceAuthors

11.5.4 Quantification of the actions

A short overview of the actions previously presented is illustrate@aile 9 accompanied by a quantification
method allowing them to be comparable between the Membtat&s. The list is not exhaustive, and some
measures are not relevant in very wet climates and/or in areas with a low population density.

Besides the quantification, it is recommended to notice the source on which the quantification is based as

well as ajudgement on the quality of the quantification (poor, good, excellent).
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Table 9. Overview of actions accompanied by a quantification method allowing them to be comparable between Member

States.
Action Impact Quantification Remark
Information/Education Change of behaviour in Ofh* k> mh~ do du| Measure effect, divide
Campaigns quantity of water use state and private sector

campaigns

Restrictions in water use

Prioritizing the available
resource

Effort in enforcing the law in
0

Description of the law

Restrictions in irrigation

Prioritizing the available
resource

Gjnnhjah”mjkn

Description of the law

Mandatory rationing

Prioritizing the available
resource

Effort in enforcing the law in
0

Description of the law

Temporary use of
additional water sources

Increasing resource of lower
quality

Realization price of the effort

m?3 potential available

Temporary use of

Increasing resource

m?3 potential available in

Description of

groundwater emergency installations
Tempoary reallocation of | Prioritizing the available m? potential available in Description of
water resources resource emergency installations

Public aids to compensate
income losses

Preservation of the economig
structure of the food
production sector

Di fp@l'avpilable funds,
total used fund in year

Reference to the law

Tax reduction or delay of
payment deadlines

Preservation of the economig
structure of the food
production sector

Di OV i _hodh"

Reference to the law

Public aids for crop
insurarce

Preservation of the economig
structure of the food
production sector

Di HOR\ i _Haj mh

Reference to the law

Economic incentives for
water saving

Gradually spilling less water

Di R ORKk  mht ~ \ m

Potential of water
saving should be
quantified

Agronomidechniques for
reducing water
consumption

Gradually spilling less water

# of researchers working on
the topic

Peer reviewed articles
on the subject produced
by researchers of the
Member State

Dry crops in place of
irrigated crops

Reducing vulnerability

Percent decrease in irrigated
area per year

Mark if official policy
objectives

Dual distribution network
for urban use

Optimizing use of resource

O6hdig no” _Kk°
year, # of citizens connected
to a dual system

Mark if official policy
objective

Water recycling in
industries

Optimizing resource, avoidin
pollution

Ohdig no> _hk"
m? water extracted per year,
per major river

Reference to River basir]
plan of the WFD

Reuse of treated waste
water

Increasing quantity of
resource

m? water reused per year

Leak detection programs

Avoiding loss, also economic

Length of water piping
system, n? water loss
ocmjpbchg ™\ fn
per year.

Maintenance investment per
year in national water pipe
and sewage system.

Inter-basin and vithin-
basin water transfers

Flexibility increase

Description of the
possibilities in m water per
basin (from to)

Reference to River basir]
plan of the WFD

Reservoir construction or
amplification of existing
reservoirs

Flexibility increase

Storagecapacity in the
existing reservoirs (i), n?
storage capacity in planned
m n mqjdmn)fQF

investment for next 3 years
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Action

Impact

Quantification

Remark

Construction of farm
ponds

Increasing coping capacity

# of existing ponds, # of
planned ponds for next 3
years

Reference to RiveBasin
Management Plan of the
WFD

Desalination

Straight increase of
availability resource

Capacity in mand
percentage reliance on
renewable energy of
Desalinization.

Provide planning for the
next 3 years both public
and private (guess)

Control ofseepage and
evaporation losses

Improving agricultural
practices

Dig noh i ohdi

Keeping water longer in
the ecosystem,
naturalization of
channelled rivers and
creation of ponds

Adaptation of the hydro
geographical system,
correction of past eors

Dig noh iohdi
capacity potential

Counter actions on
cementation, enhancing
Soil Water Storage
capacity increase

Increasing the storage
capacity of water in the
landscape

Dig noh iohdi
regarding the subject

Reallocation ofvater
resources based on water
quality requirements

Enhancing flexibility during
hazard

m?® of potential water
resources

Stimulation of silve
pasture and agroforestry

Connecting vegetation with
groundwater

Kn? increase of area under
silvo-pasture or agrobrestry

Provide government
measurements to
enhance change

Development/improvemen
of early warning systems

Timely information flow

Qualitative description

Reference to the
systems, relation to
setting state of
emergency

Implementation of a
DroughtManagement Plan

Coordination between
various agents

Qualitative description

Relation to upstream
and downstream plans
in neighbouring
countries

Programs for areas with
soils subjective to
additional hazards during
droughts

Minimize impact

Mapping of theareas with
sensitive soils for example
with cracking

Description of the
programs, soils with
changing properties if
drought lasts long.

Insurance programs

Enabling restart after the
hazard

HORj ahcl mg no
against drought

<gnj AHOR" g\
reimbursed to be
marked.

Drought Scientific Advisory
Board

Counteracting focus on short
term interests

Members of the Board and
their affiliations

Did the board create an
advice in the last 3
years?

SourceAuthors

11.6 Gaps and challenges

Assessing the risk for droughelated impacts to society and environment is a complex task, complicated by
the very nature of the phenomenon, its often large spatial extent and temporal duration, leading to cascading

impacts that may affect areas far disint from the actual drought and may last long after the actual drought

has ceased. Lack of standardized data on historical impacts (both damage and loss) are a further difficulty.

The interlinkages with other hazards such as wildfires, heatwaves and #veds, and the combined risks
arising from different hazards need to be explored. These risk assessments need to be sector specific,
requiring an adequate set of environmental and se&iconomic data related to the respective sectors.

However, together wh more efforts in the collection and standardisation of impact data, the development of

conceptual models that rely on policy relevant variables or proxies of secimnomic vulnerability can help
stakeholders and policy makers to spot the most vulneradtel exposed sectors and define the goals to be
achieved in the risk prone areas.
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12 Wildfires

DUARTE OOMANIELE DE RIGESUS SAMIGUEHAYANZTOMAS ARTEAVANCQFOBERTO BOCA
ALFREDO BRANCO, WESLEY CAMPANHARO, ROSANA GRECCHI, TRACY DURBANDEHPEERHARI,
GIORGIO LIBERTA, PIERALBERTO MMNSTRFIEFFER

12.1 Context of Risk Assessment. Introduction

Wildfire risk assessment is fundamental for developing prevention, mitigation and preparedness plans. Many
countries have customized approaches to assess wildfire risk and these vary widely among them (San
MiguelAyanz et al 2003). The level of elaboration of these assessments is often related to the impact of

fires in these regions and countries. Normally, those countries more often confronted with wildfires are more
prepared and have elaborated detailed wildfire risk magiscountry/regional level. However, this process has
led to different regional/national approaches that are not comparable, although wildfires are often
transborder events and may affect several countries simultaneously.

Harmonized procedures for wildfimisk assessment are needed in the context of the paaropean region to
enhance planning and coordination of prevention, preparedness and firefighting actions to mitigate the
damaging effects of wildfires. The impact of fires across the EU and neighbantr@s requires a pan

European assessment of wildfire risk, which is described in the sections that follow. This approach is currently
under development in close cooperation with between the Joint Research Center (JRC) of the European
Commission, other @amission services and the Commission Expert Group on Forest Fires, which is now
composed of fire management representatives from 42 countries in the region. A harmonized approach would
improve cooperation among different regions of Europe and support aengdficient response in case of

critical wildfire events, which are becoming more frequent under a changing climate.

The main goal of this chapter is to describe the development of a-gamopean wildfire risk assessment

based on a standardized approachstgibed in JRC Science for Disaster Risk Management report published in
2017 (SanMiguelAyanz et al. 2017). This approach was further elaborated in the JRC Technical Report on
Basic Criteria to assess Wildfire Risk at the ganropean level (SaMiguetAyanz et al. 2018) by presenting

a first set of data that would enable the implementation of proposed assessment. The development of this
pan-European approach follows from a series of EU regulations that require the European Commission to
have a wide overéw of the wildfire risk in the European region, to support the actions of its Member States
and to ensure compliance in the implementation of EU regulations related to wildfires. The assessment will
allow the intercomparison of wildfire risk assessment amg countries and be complementary to existing
national wildfire risk assessments. Additionally, it can serve as a first approach to assess wildfire risk in those
countries that have not yet performed a national wildfire risk assessment.

12.2 Risk identificatio n
Wildfire risk can be identified as the joint effect of:
1 wildfire danger (also known as fire hazard) and
1 wildfire vulnerability of people, ecosystems and goods exposed to wildfires.

These two main components of wildfire risk, danger and vulnerabilitg iafluenced by several factors that
are described in detail in the following sectiatsgurel5 summarizeshe scheme proposed in terms
components of wildfire danger/hazard and vulnerability.
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Figure 15. A summary workflow highlighting the key components of the wildfire risk.
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Two main groups of components are definey tonsidering the fire danger (or hazard), and the vulnerability
on three categories: people, ecological and socioeconomic value exposed in vulnerable areas. The following
sections describe the different datasets that could be used for each componenteratisessment of wildfire

risk at the panEuropean level.

12.2.1 Wildfire Danger

Wildfire danger. Wildfire danger is influenced by the factors related to the probability of ignition and those
affecting fire behavior. It is therefore composed by the likelihood af/ing a fire ignition, and the behavior
(propagation and intensity) of a fire once it is ignited. The upper branch of the scheme presented above in

Figure 15 representsall these factors.
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Figure 16. (a) Annual fire frequency (number of fires per province (NUTS3)/years) and (b) average burned area (total
burned area per province (NUTS3)/years) mapped in EFFIS, classified aafegories for the period 2008 2018.
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Historical records on the number of fires and burnt areas could be used to assess the contribution of fire
ignition and extent to fire danger. An example of annual fire frequency per province (NUTS3) and annual
average burned area per province in Européamest Fire Information System (EFFIS) for the period 2008
2018 s presentedn Figurel6 at NUTS3evels.

12.2.2 Wildfire ignitions

In Europe, the vast majoritgf ignitions is due to human causes (either deliberate or accidental), highlighting
the critical role of the huan factor in fire occurrencel he available information on fire causes reported by

19 countries, which follows a harmonized scheme at the Eaplevel (Camia et al. 2013), is included in the
Fire Database of the European Forest Fire Information System (EFFIS). This shows that only 4% of the fires
are not linked with human causes, being the rest of them linked to human actions, either delibafrdtee to
negligence or accident (Gantaume et al. 2013; de Rigo et al. 2017).

12.2.3 Fire behavior

The fire behavior is influenced by the fuel moisture content of both dead and live fuels, the different fuel
types, slopes, and wind patterns that will determirteetpropagation (rate of spread and spread direction) of a
wildfire and eventually its extent.

12.2.4 Fuel moisture

Di hoc Ardg_adm fo~
meteorological variables, only. One of theseigek, which is widely used in the world and is the standard in
EFFIS, is the Canadian Fire Weather Index (Fgure 17a). The FWI is based on three codes that assess
the moisture content of dead fuels: the Fine Fuel Moisture Code (FHNgLIre 17b), the Duff Moisture Code
(DMGC- SourceEuropean Forest Fire Information System (EFFIS)

Figurel8a) and the Drought Code (DCSource: European Forest Fire Information System (EFFIS)

Figure1l8b).They refer, respectively, to the moisture content of litter and fine fuels, medgire fuels, and
thicker fuel components, with a longer drying rate (De Groot 1987).
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Figure 17. Examples depicted from EFFIS for the (a) Canad@rest Fire Weather Index (FW{B) Fine Fuel Moisture
Content(conditions on October 21 2019).

Source: European Forest Fire Information System (EFFIS)

Figure 18. Examples depicted from EFFIS for (a) Duff Moisture Caxde,(d) Drought Code (conditions on October 21
2019).

Source: European Forest Fire Information System (EFFIS)

When Wind is combined with the FFMC mentioned above, an intermediate index referred to as the Initial
Spread IndexKigure 19) is obtained. This index considers the combined effects of wind and the Fine Fuel
Moisture CodeHRigure 17a) and represents the expected rate of fire spread.

Figure 19. Example of the Initial Spread Index in EFFIS (conditions on October 21 2019).

Source: European Forest Fire Information System (EFFIS)
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The FWI uses information on the moisture content of dead fuels, as estimated from meteorological variables,

Vi _fhrdi _Ank> " _Hhojh_"o " mhdi  Hhoc g q ghjahoadm f_\Vib"

moisture code relates to a specific size afdls that can provide information on the probability of fire ignition,
spread or fire intensity.

Longterm series of FWI data can be used as an explanatory variable in the assessment of wildfire danger at
the panEuropean level. As aaxample Figure20 showsareas in which high FWI higher than 30 (i.e. denoting
high-to-extreme conditions of fire danger by weather) are frequent in the region.

In additionto the moisture content of dead fuels, the live fuel moisture content is important in determining
fire spread and intensity. Existing approaches for the estimation of moisture content of live fuels rely on
empirical methods or simulations, as those basetmadiative transfer models (RTM) (Chuvieco et al. 2010;
Yebra et al. 2013). However, estimation of live fuel moisture content is difficult and has so far only proven
successful for grasslands and shrubs (Chuvieco et al. 2009). This layer of informatiwt iget included in

the panEuropean assessment of wildfire risk presented here.

Figure 20. Frequency of days with high fire danger (Fire Weather Index greater than 30).
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Source: European Forest Fire Information System (EFFIS)

12.2.5 Fuel Types

The characteristics of the fuels available to burn, which may include trees, shrubs, grasslands, etc., influences
directly the wildfire propagation. Each type of vegetation, with its physical and chemical specific attributes

and its phenology, #fects wildfire behaviour (rate of spread, fire intensity, and propagation) and the impacts

of wildfires. Moreover, wildfire behaviour is highly dependent on the horizontal and vertical structure of the
fuels and the interconnection among them, which maetermine the horizontal and vertical progression of

the fire front (Scott and Burgan 2005).

The determination of fuel properties and their combinations in practice is a very complex process, and so they
are usually grouped in fuel types. These followsddication schemes or typologies and are a necessary input
for assessing risk management and fire effects. Fuel type maps are often developed through a combination

of ground measurements such as forest and vegetation inventories and remote sensing teeisi4 data

set that is already available and useful to address fuel types as a criterion to assess wildfire danger at the
European scale is the Fuel Map of Europe (EFFIS 2017). Thiseafgigure 21), which initially maps 42 fuel
types that are organized in 9 groups (Grassland, Shrubland, transitional shrubland/forest, conifer forest,
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broadleaved forest, mixed forest, aquatic vegetation, agooestry areas and peat bogs), is further converted
into the 13 fuel models of the National Fire Danger Rating System (NFDRS) to assess wildfire behaviour
(Anderson 1982).

Figure 21. Fuel map of Europe.

[10: No data

[T]1: Agricultural annual crops

[T]2: Agricultural permanent (tree/shrubby) cukivations
[713: Wildiand Urban interface areas

["]4: Land principally occupied by agriculture with significant natural vegetation and low tree cover
[715: Land principally accupéed by agriculture with significant natural vegetation and significant tree cover
["6: Open agro-forestry areas

[717: Openrclosed agro-forestry areas

8: Closed agro-forestry areas

I 9: Pastures

I 10: Pastures with significant tree cover

I 11: Natural grasslands

I 12: Natural grasslands with significant tree cover

I 13: Sparsely vegetated areas

I 14: Sparsely vegetated areas with significant tree cover
I 15: Moors and heath lands

16: Moors and heath lands with sigrificant tree cover
[ 17: Sclerophylious vegetation

[ 18: Scleraphyllous vegetation with significant tree cover
I 19: Open transitional woodland-scrub

I 20: Open-closed transtional woodiand-scrub

I 21: Open broad-leaved forest

1M 22: Open-closed broad-leaved forest

I 23: Closed broad-leaved forest

I 24: Open coniferous forest

[ 25: Open-closed coniferous forest

I 26: Closed coniferous forest

1M 27: Open mixed forest

I 25: Open-closed mixed forest

I 29: Closed rixed forest

I 30: Marshes (inland and salt)

I 31: Marshes (inland and salt) with sigrificant tres cover
I 32: Wooded marshes (inkand and sak)

-, [33: Peat bogs

[ 34: Peat bogs with significant tree cover

[ 35: Wooded peat bogs

[T 36: Burnk areas

[7137: Burnt areas with significant tree cover

(7] 38: Burnk areas with dense tree cover

[7139: Forest

[7140: No Fuel
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12.2.6 Slope

Slope isrelated to local conditions with relevance for fire behavior and wildfire propagation. For example,
steep slopes may affect wind direction and speed facilitating fire spread. The orientation (aspect) of the slope
may also have an influence on fire danger.g. southern facing slopes are likely to be hotter and drier, and
hence can effectively dry fuels that may become prone to fire ignition and propagation. Terrain slope and
wind (direction, speed) are the main local conditions affecting wildfire propageatindintensity.Figure 22

shows the topography for the pai&uropean region.
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Figure 22. Topography of the pakuropean regioderived from the European Atlas of ForeBtee Species

Source: de Riget al., 2016

12.2.7 Vulnerability

Vulnerability is associated with the term exposure, which represents the presence of assets in hazard zones

PI DN?Mh#-+,03%$) hQpgi "m\ ] dgdot A2\ i ] ° h _ jakaetonomiclandn h » oc = f
environmental factors or processes, which increase the susceptibility of an individual, a community, assets or
ntno hnfhojhoc Adhk\*onhjahcl\u\m_n»h#PI DN? MR- ++43) h Qp
being damaged by ¥dfires. These assets must be then exposed to suffer damage by wildfires. We consider

three types of vulnerable assets: (1) people, (2) natural assets that have an intrinsic ecological value that is

difficult to quantify, i.e. ecological value, and (3)rhan and natural assets whose value may be quantified,

i.e. socioeconomic value.

12.2.8 People

Populated areas are often close to natural areas (wildland), generating a hunaare interface. In

particular, this may be observed where natural vegetation expantts abandoned agricultural areas close to
inhabited areas or conversely where settlements expand over areas previously dominated by wildland. This
interface is referred to as the wildlandrbartinterface (WUI)The WUI contributes to wildfire risk as wiidfs

are often started in this interface. Additionally, once wildfires are ignited, they pose a major threat to the
population living in the WUI (Oliveira et al. 2018). In the proposed wildfire risk assessment approach, a WUI
layer (Costa et al. 2020) isansidered as component to determine human vulnerability to wildfitgigyre

23).In terms of assets that could be exposed to wildfires, a layer of mf@ation that is available is Global
Human Settlement Layer (GHSL, Pesaresi et al. 2016), which is derived from remote sensing imagery and
provides information on human houses/structures at a spatial resolution of 30 meters.
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Figure 23. Percentage of land area which lies in the WUI.
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12.2.9 Ecological value

The value of ecological areas may be characterized by ecological indicators to account for thmowetary

value of the ecosystem services provided by them. Examples of ecological indicators may include the
presence of protected natural areas, and of aseaf those ecosystems in which the recovery after wildfires

may be compromised by weather conditions. According to Chuvieco et al. (2014), this value is related with the
ecosystem capacity to provide biodiversity richness/uniqueness, its conservatiors statlits habitat
fragmentation.

Taking into account that ecological values are difficult to measure as they are often intangible, we suggest a
gualitative approach to assess the ecological value within the wildfire risk assessment framework. Therefore,

to emphasize the special ecological values of a territory we use the Natura 20&vork Eigure 24). This

network was created using harmonized criteri@ fdefining protected areas in the European context, to ensure
thelongo " mhAnpmgdqg\ ghj ah@pmj k™ nhhjnofhqglgp\]lg HAViIi _hocm \
jg mh,)OoOhhdggdji hfh-H\~2mjnnh. 4h @p mj kerrastrightérjitqy) o md ™ n h # " |
ranging from national parks to forest reserves and from strict nature reserves to resource reserves with more

than 100 000 sites (https://www.eea.europa.eu/datad maps/indicators/nationalkgdesignatedprotected

areas 10/assessment)Natura 2000 is a key instrument to protect biodiversity in the European Union and

identifies the most valuable and threatened species and habitats in Europe, whose damage from wildfires

would represent a great loss.

Member States are encouraged to usesthnational or regional maps for Natura 2000 areas, which will
probably provide more granularity of the various types of ecosystems protected, and thus also better inform
their risk analysis. Moreover, an increase in the protected areas up to 30% oflttheEitory has been

promoted in the 2020 EU Biodiversity Strategy, and therefore, the most updated plans and mapping for
protected areas should be used at national or regional level.
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Figure 24. Natura 2000 network sites.

Souce: European Environment Agency

12.2.10 Socioeconomic value

Socie” *jijhd*h_\Vh\b nh”~r*\Vpn" H]tHrdg_adm nhlaa “"ohk jkg"
values may be quantified considering the presence and value of houses and infrastructure, theampne

value of the vegetation and wildlife that may burn as well as the value of ecosystem services that would be

lost after wildfires. Properties, infrastructures, economic services provided by the vegetation (woed,anoh

products, hunting revenues, fgi etc.), agricultural products, carbon stocks or recreational and tourist

n"mgd” " nAh”*\VifHh] " AV nnj~rdVo” _hRojh "jijhd Vi _Anj~rd\ghal’
(vulnerability) in the wildfire risk assessment.

A practical approach taddress this criterion is to estimate the damage of wildfires in terms of costs of

restoring land cover to its state, previous to a potential wildfire. Wildfire damage costs have been estimated
for Europe based on the restoration cost of CORINE Land Gtasges (Oehler et al. 2012; Camia et al.

2017). These authors established a restoration cost for each land cover class at country level, and an average
restoration time was defined according to the recovery capacity of the land cover. The damage caused by
wildfire was estimated by discounting the cost of restoring the land cover over a restoration period. Different
estimates were produced for three different vulnerability scenarios in which different levels of damage could
be caused by low, medium and higtildfire severity Figure25).
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Figure 25. Socieeconomic value (reconstruction cost of different land cover types.
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SourceOehler et al. 2012.

12.3 Risk analysis

Wildfire risk in Europe may be assessed through a s@uantitative approach by using the available
guantitative data presentedh Sectionl2.2, above as proxy information for the wildfire danger and
vulnerability components, along with a qualitative aggregation of them in classes of importance according to
expert knowledge (from low to high importance). For instarmzeas could be assigned a category of wildfire
risk in three levels, low, medium or high, on the basis of the values of the different components.

Areas at wildfire risk may be assessed by considering the vulnerable areas where people ecological and
socioeonomic values are exposed to fire danger. An aggregated wildfire risk index is proposed, which
prioritizes the risk for human lives, while also considering ecological and socioeconomic aspects. This would
be done by ranking as highisk areas those wherpeople may be exposed to wildfires, and secondarily other
areas where ecological and socioeconomic aspects are at stake.

Box 9: European fire risk: simple, consistent maps to support policy

Wildfire risk is defined combining wildfiganger and vulnerability (people, ecosystems, goods exposed in vulnerable areas).
Ecosystems are assessed by their ecological value. Goods are assessed by their socioeconomic value.

A wildfire risk map is then generated as an index to summarize the combiféect of wildfire danger and vulnerability|
High risk may be expected where high wildfire danger affects the most critical areas for people, and secondarily for the
other ecological and socioeconomic aspects.

The format of the risk map allows risk class (from low to high risk) to be identified, with a simple score ranging from 0
% to 100 %, which could then be aggregated in three levels of risk: low, medium and high. nr

12.4 Wildfire risk and climate change

The effects of climate change are already noticealifethe expansion of the fire seasons in many regions of
the world as well as in the increase of the intensity and frequency of critical fire episodes in the last years
(Bowman et al. 2017; Nature Climate Change, 2017). Climate change has a direct efféiceatanger by
increasing the parameters that contribute to it, such temperature, precipitation, relative humidity, etc., as well
as to the vulnerability of ecosystems, which are weakened as the conditions for survival of existing plant and
animal speciesare modified.

The results of the PESE*fAtudies carried out by JRC (Camia et al. 2017; de Rigo et al. 2017) show the
confirmed tendency to an increase fire danger in the next years, leading to the increase in the number of days
under high to extreme fire danger. According to these scenariagsathount of burnt area, which is highly
correlated with high danger values, would increase as the fire danger incre&sethermore, the changes in

53 Projection of Economic impacts of climate change in Sectors of the European Union based on hgitAmalysis (PESETA), see
https://ec.ewpa.eul/jrc/en/pesetdi

102



climatic conditions will affect vegetation, which will in turn become more vulnerable to wildfires (Costia e
2020).

12.5 Gaps and challenges/Conclusions

A semiquantitative methodology is proposed to assess wildfire risk at {European level on the basis of

available information for the different components of wildfire danger and vulnerability to wildfires, in

agreement with the UNDRR standards. Nevertheless, research is ongoing on both deriving enhanced datasets
and methods. For instance:

1 Fuel classification, an accurate mapping of fuel types would include detailed information on
composition and structure othe fuels. Furthermore, fuels types are made of vegetation
complexes, which change dynamically with time and management. Accordingly, having up to date
information on fuel types is very challenging.

1 Socio economic componentsThe adequate estimate of si@economic value requires updated
information on the value at assets that may be exposed to wildfires, such as human housing and
infrastructures, condition and value of ecosystem services and the lapse of time for their recovery
after fires. Often, thismformation is not available and has to be estimated through proxy datasets.

1 Terminology A major issue in scientific literature is the heterogeneity (and sometimes inaccuracy)
of the terminology. In the existing literature wildfire risk and wildfire dangee often used as
inter-changeable concepts, which leads to confusion among potential users of wildfire risk maps.

1 Validation of wildfire risk, Wildfires are a complex phenomenon in which many factors have an
important role for both the initiation (igition) of the event and its development. Different from
other phenomena, wildfires do not have a probabilistic cycle or time of return, because of their
intrinsic linkage with human factors which are far beyond the current modelling capabilities. Thus,
the validation of wildfire risk is as complex as its computation.
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13 Biodiversity loss
MARINE ROBUCHON, CHRISTINE ESTREGUIDRA EWRES

13.1 Context of Risk Assessment/Introduction

Biodiversity corresponds to the variety among all living organisms on Earth and the ecological complexes of
which they are part of: this includes diversity within species, between species and of ecosydBesides

having an intrinsic valuehiodiversity is a vital asset for human societies  as it provides essential

services for human existence and wddeing(Millenium Ecosystem Assessment, 200%his includes

provisional services (e.g. provision of food, medicine, and energy), regulation services (e.g. regulation of
climate, air quality, and water quality) and cultural services (e.g. spiriteateational and educational).
Currently, unsustainable use of natural resourcesliisving biodiversity to decline worldwide faster

than at any time in human history, putting at risk current and future well -being (IPBES, 2019)

The prevention of biodiversity loss has been at the core of multiple inteameti and European policies since

oc fh,44+%n)h=dj _dg mndot hkjgdrd nh\m VA gnj hdi o> mor di
fisheries, climate, environment, trade, transport and regional development. Even though we focus here on EU
biodiversity policies, these EU policies comply with international targets on biodiversit$f lasd sustainable
developmeri. The EU Biodiversity Strategy to 202@&ims at halting biodiversity loss in the EU and helping

stop global biodiversity loss by 2020. ébomprises six targets: protect species and habitats, maintain and

restore ecosystems, achieve more sustainable agriculture and forestry, make fishing more sustainable and

seas healthier, combat invasive alien species and help stop the loss of globalbisdty.

The legal instruments to reach these objectives are:

1 the Birds and Habitats Directives (Directive 2009/147Eé@nhd Habitats Directive 92/43/EET]
the protected areas designed under these directives form the Natura 2000 netfjarthich is the
is the largest coordinated network of protected areas in the world

1 the Zoos Directive (Directive 1999/22/); seeking to promote the protection and conservation
of wild animal species by strengthening the role of zoos in the conservation of biodiversity

1 the Invasive Species Regulation (Regulation No 1143/28{14roviding a set of measures to be
taken across the EU in relation to invasive alien species included on the list of Invasive Alien
Species of Union conceé

1 the Wildlife Trade Legislation with two refations and one directive (Regulation No 1007/2689
Regulation No 3254/9%, Directive 83/129/EE€) which derive from the Convention on
International Trade in Endangered Species (CFTES)

1 the Water Framework Directive (Directive 2000/6078providing afamework for the protection
of inland surface waters, transitional waters, coastal waters and groundwater

1 the Marine Strategy Framework Directive (Directive 2008/56/ECaiming to protect more
effectively the marine environment across Europe.

Nonbindingcommitments have also been taken to reach the objectives of the EU Biodiversity Strategy to
2020:

54 https:/iwww.cbd.int

55 https://iwww.un.org/sustainabledevelopment/sustainatheelopmentgoals/

56 https://ec.europa.eu/environment/nature/biodiversity/strategy/index_en.htm

57 https://eurlex.europa.eu/legatontent/EN/TXT/?uri=EB{:32009L0147

%8 https://eurlex.europa.eu/legatontent/EN/TXT/?uri=CELEX:31992L.0043

%9 https://ec.europa.eu/environment/nature/natura2000/index_en.htm

% https://eurlex.europa.eu/legatontent/EN/T XT/?uri=uriserv:0J.L_.1999.094.01.0024.01.ENG
& https://eurlex.europa.eu/legatontent/EN/TXT/?qid=1417443504720&uri=CELEX:32014R1143
52 https://ec.europa.eu/environment/nature/invasivealien/list/index_en.htm

% https://eurlex.europa.eu/legatontent/EN/TXT/?uri=CELEX:32009R1007

5 https://eurlex.europa.eu/legatontent/EN/TXT/?uri=CELEX:31991R3254

% https://eurlex.europa.eu/legatontent/EN/TXT/?uri=CELEX:31983L0129

% https://www.cites.org/

57 https://eurlex.europa.eu/legatontent/EN/TXT/?uri=CELEX:32000L0060

% https://eurlex.aropa.eu/legaktontent/EN/TXT/?uri=CELEX:32008L0056
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1 the Green Infrastructure (Gl) Stratéfyaiming at encouraging the deployment of green (and blue)
infrastructure at European and Member States level, as atggically planned network of natural
and seminatural areas in both urban and rural context, to help biodiversity to recover and
strengthen the delivery of multiple ecosystem services

1 the EU pollinators initiativ&, which sets strategic objectives andset of actions to be taken by
the EU and its Member States to address the decline of pollinators in the EU and contribute to
global conservation efforts.

The new, recenthadopted EJ Biodiversity Strategy to 2030 builds on these legal instruments and non
binding commitments and proposes new onesuch as legallybinding restoration targets to be adopted in
2021 - to take action into four areas: protect nature, restore ecosystems, enhance transformative change,

an i npm A\ hcdbchg g ghjah@Ph\h]dodji h\Vi AHhj]ldgdu"

these new instruments are not in place yet at the time of writing, the reader is encouraged to follow them up,
notably via consulting the Kwadedge Centre for Biodiversity.

Recent major reports have highlightelde risk that biodiversity loss represents for human well  -being

by altering the services biodiversity provides : (1) the global and regional assessment reports on

biodiversity and ecosysterservices of the Intergovernmental Sciené®licy Platform on Biodiversity and
Ecosystem Service$PBES; Brondizio et al., 2019; IPBES, 20d@)iding independent, interdisciplinary and
extensive reviewsn the status, trends, and future of the links between people and na{ld@z et al., 2019)

(2) the global risksassessment report of the World Economic For(WiEF; World Economic Forum, 2020)

based on a survey of business leaders on their perception of global risks, and (3) the risk perceptions report of
the global network of sa@ntists Future EartfFE; Future Earth, 2020pased on a survey of scientists on their
perception of global risks.

Figure 26. The Global Risks Landscape 2020 perceived by business leaders (A) and by scientists (B).
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The scientific, political, and economic contexts all converge in identifying biodiversity loss as a major global
risk that needs urgent consideration. The WEF and FE surveys respectively ranked it at tffeatagh 8" risk
in terms of impact and at the top # and 2" risk in terms of likelihoodRigure 26). Business leaders tended

% https://ec.europa.eu/environment/nature/ecosystems/strategy/index_en.htm

0 https://ec.europa.eu/environment/nature/conservation/species/pollinators/index_en.htm

" https://eurlex.europa.eu/legatontenfEN/TXT/?qid=1590574123338&uri=CELEX:52020DC0380;
https://ec.europa.eu/info/strategy/prioriti€®19-2024/europeangreendeal/actionsbeingtakeneu/eubiodiversitystrategy
2030_en

2 https://knowledge4policy.ec.europa.eu/biodiversity _en
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to underestimate the urgency compared to scienti$@arschagen et al., 2020Both surveys further

highlighted that biodiversity loss was connected to four other global risks: climate change, extreme weather,
food crises and water criseS hese results justify to now and for the first time addressing explicitly the risk of
biodiversity loss within the Recommendations for National Risk Assessment.

This chapter is mainly built upon the findings and recommendations from the IPBES global and regional
reports (IPBES, 2018&rondizio et al., 2019), artthe reader is strongly encouraged to read the IPBES
reports for further insight.

13.2 Risk identification

The IPBES global and regional assessment rep@tsndizio et al., 2019; IPBES, 20p8pvide themost

extensive and up -to-date information (more than 15.000 scieritic publications)on past biodiversity

loss, the direct and indirect drivers of biodiversity decline, and risk of biodiversity loss under

different future scenarios . Importantly, each main finding of the IPBES assessmeritgluding the figures

reproducel in this chapter is associated with a level of uncertainty  (see Appendix 2 in IPBES, 2019;

Figure27 andFigure28). Thepi ~ " mo\ di ot g g ghdnhgjrhaj mhadi _di bnhrd

"nol]gdnc _»"'"fhdio " mh> _d\Vo hadi _di bnh° nolV]gdnc  _H] pol
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are further detailed inchapter13.6. The IPBES reports consider the services that biodiversity provides to

humans throughthelensdi [ nol _%m ] i hnl c {NEPs) refarmmg to all thg comtrjbdtions that
humanity obtains from nature, which conveniently coincide with the SDGsGéagpter 3 inBrondizio et al.,
2019).

13.2.1 Past trends in biodiversity and NCPs

Globally, most of the >50 indicators used to assess past trends in biodiversity since 1970 shet a
deterioration (see Chapter 2 iBrondizio et al., 2010 This holds true fomidicators documenting
ecosystem structure (the distribution of natural ecosystems on Eartbhpmmunity composition
(assemblage of plant, animal and other species that are interacting in a unique halsd}ies
populations (abundance and distribution af Hh n k © A d ° n laMydaignkalprgits o(charact®ristfys of
plant and animal species describing how they uptake, use and allocate resourceg)eantic composition
(diversity in genes within and between species). For instamatjral ecosystems have d eclined by 47%
on average, relative to their earliest estimated statése abundance of naturally -present species has
declined by 23% on average in terrestrial communities; amide global biomass of mammals has fallen
by 82%.

The observed declines in biedrsity have resulted in declining NCPs for 14 out of the 18 categories: while

more food, energy and materials than ever before are now being supplied to people in most places, this

am | p iogthpi " mhdi nhi\opm ¥n fpmand réeghlationofaimend j i omd] pod ]
freshwater quality.

In Europe and Central Asia, including the selgions of Western and Central Europe that encompass all EU
countries, trends in biodiversity between 1950 and 2016 are quite similar to global obiestiversit y is
deteriorating in all ecosystems (IPBES, 201&igure 27). The midterm review assessing pgyess under
the EU biodiversity stratedyand the state and outlook reports from the European Environment Ag¢BEA,
2019, 2015)indicate that, as compared with the EU 2010 biodiversity baselild,continues to lose
biodiversity at an alarming rate . In marine ecosystemshe abundance, range and habitat size of

many species is shrinking under human pressures. Nonetheless, sopusitive trends have been detected
recently, such as increases in some fish stocks in the North Sea and in plankton diversity in the Black Sea.
Such positive trends, du® improved fishing practices, the establishment of marine protected areas and a
reduction in eutrophication, show thabnservation policies work when they are implemented . In
freshwater ecosystemdakes, ponds and streams are altered and disappearing . The extent of wetlands
in Western, Central and Eastern Europe has declined by 50 per cent from 1970, ¥thder cent of fish

and 60 per cent of amphibians with known population trends have been declining over the last
decade. In terrestrial ecosystems, species and habitats have-teng declining trends in population size,

3 https://eurlexeuropa.eu/legatontent/EN/TXT/?uri=CELEX:52015DC0478
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range, habitat intactness and functioning. However, the conservation status of some species and habitats that
benefited from targetedconservation measures (e.g. large felids or bird species listed on the EU Birds
Directive) has improved, providing further evidence that conservation policies can work.

Similarly to the global trends, biodiversity declines in Europe and Central Asisesakied in the alteration of
NCPsKigure 28). Thereardn _a[ ncp_ nl _h”*m " il nb_ g[dilcns-i"> h[nol
material, contributions to people . Impotantly, the population of Europe and Central Asia uses more

natural resources than are produced within the region, and depends on net imports of natural resources.

Some of these importsiegatively affect biodiversity and NCPs in other parts of the world . This is

why the assessment of biodiversity loss at the EU level and within EU countries should not only

consider the EU territories but encompass the entire globe
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Figure 27. Assessment of past (~195®000) and current (~20012017) trends in biodiversity status of marine, inland
surface water and terrestrial ecosystems for the four swbgions and the whole of Europe and Central Asia.

WE = Western Europe, CE = Central Europe, EE = Eastern Europe, CA = Central Asia, ECA = Eentyz Asid. (EU countries belong to
either WE or CE). These trends are based on the expert assessment of available indicators of habitat intactness, speesaich
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recognition of major knowledge gaps.
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13.2.2 Risk drivers, exposure and capacities

Global declines in biodiversity and NCPs are dub toain direct drivers , which are (by order of
importance):

1. Land/sea use change and its consequences, including an increasing fragmentation and thus
decreasing connectivity of natural and sematural areas

2. Direct exploitation (first driver of biodiversity decline for the marine realm) and its
consequences, including land degradatio

3. Climate change associated with global warming and changes in weather patterns

4. Pollution (e.g. plastics, nutrients) and its consequences, including eutrophication (i.e. the
enrichment of water by nutrients resulting in degraded water quality)

5. Invasive al ien species (plants, animals, pathogens and other organisms that are smative to
an ecosystem and which may cause economic or environmental harm or adversely affect human
health).

Such direct drivers result from an array of underlying societal causas feuiman population dynamics, land
demand, consumption patterns, trade) which are calledirect drivers .

The direct drivers of decline in biodiversity and NCPs in Europe and Central Asia are the same than at the
global scale, although their relative inoptance is not as cleal.and-use change is one of the major direct
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drivers of biodiversity and NCPs declines, and, although protected areas have expanded, this alone cannot
prevent biodiversity loss. The impact dimate change on biodiversity and NCPs increasing rapidly and is
likely to be among the most important drivers in the future, in particulacombination with other

drivers . Natural resource extraction , pollution andinvasive alien species continue to negatively

impact biodiversity and NCPs.

Thedrivers (direct and indirect) of biodiversity decline can be interpreted as the hazards

biodiversity is facing . Bowler et al(2020) used the best availale knowledge to comprehensively map

these hazards across the planet, first individually and then cumulativElgyre 29). This study is very

relevant toidentify where biodiversity is highly exposed to one or several hazards at large-scale. For
instance, marine and terrestrial biodiversity in EU countries is highly exposed to multiple hazards, especially
non-climatic hazards such as human use (combining land/sea use gdamd direct exploitation), pollution

and alien potential (a proxy for invasive alien species). This study provides a methodological framework that
can be replicated at finer scalesuch as the national scalewhen finerscale spatially explicit data adut

hazards are available.

Figure 29. Regions of the world exposed to high intensities of multiple drivers. The main map shows the number of the

16 driver variables for which each grid cell was in the highest 10% of values witlaich realm. Regions in the darkest

orange are exposed to high intensities of multiple variables, whereas those #wbfife are exposed to lower intensities

(i.e. within the 90% quantile of values) of all variables. The smaller plots below show the san@aéh of the separate
drivers.
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SourceBowler et al., 2020

Within and among the EU Member States, the currently availablgacities to strengthen biodiversity
resilience and decrease the risk of biodiversity loss mainly target direct drivers of birgliydoss and include
(non-exhaustive list):

1. the establishment of a network gprotected areas well connected and well managed to prevent
further land/sea use change; this has been initiated under the impulsions of the Birds and Habitats
Directives and te Gl Strategy, and the Natura 2000 protected sites network now form the
backbone of Gl for Europe

2. the maintenance or restoration of natural or semi  -natural areas outside protected areas
to prevent further land/sea use change or mitigate it; this has bemtiated by mainstreaming the
EU Biodiversity Strategy and the Gl Strategy within national sectoral policies of agriculture and
forestry, water management and disaster risk reduction, spatial planning and territorial
development including rural, urban aridansport; together with protected areas, natural areas
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form a multifunctional and connected Gl network that provides multiple bené&fiteelp prioritising
conservation and restoration actiomsd can be implemented at European, natiofiand regional
scak (Estreguil et al., 2019)

3. the regulation of natural resource extraction  to limit direct exploitation via the Common
Fisheries Policy and national forest policie’

4. the regulation on wildlife trade after the EU Wildlife trade legislation and the CITES to limit
direct exploitation

5. the regulation restricting the use of three neonicotinoids " to limit the harmful effects of
these pollutants on pollinators

6. the implementation ofcarbon taxes as a mean to incite reducing carbon emissions; the EU
emissions trading systeffi operates in all EU countries to limit emissions from heavy energy
using installations and airlines, and 15 Member States have additionally implemented a national
carbon tax to daté®

7. the use ofpollution taxes as a mean to incite limiting emissions to air or effluents to water (such
as EU Nitrates Directii8, reducing and better recycling wastEEA, 2016)

8. the reward of biodiversity -friendly agricultural practices  through agrienvironment
schemes and other rural development measures from tBemmon Agriculture Policy & (e.g.
sources of funding enabling farmers to protect wildlife bitats on agricultural lanéf), and the
application of penalties for non -compliance to EU standards on good agricultural and
environment condition on land and to sustainable management requirements

9. nature-based solutions promoting biodiversity, and sustditeause of land* within the urban
Nji o soi' \hopmg iy A dod " nh\VNi _hOodiijglodibhrdochil
societies

10. preventive, eradication and management measures to avoid limit and mitigate the effects of
invasive alien speciethrough the EU Regulation on Invasive Alien Species.

13.3 Risk analysis

There are severajualitative and quantitative  methodologies to analyse the risk of biodiversity loss, which
differ in regardingthe drivers they address and thebiodiversity indicator(s) they use to characterize the
impact. To best picturef risk, the methodology should bguantitative , address all the drivers of

biodiversity loss and document the impacts usinget of indicators that comprehensively represent
biodiversity and the servés it provides undemultiple scenarios (UNISDR, 2017However, such
methodology does not exist yet. Best methodologies currently available are quantitative but they address a
limited number of drivers.

For example, the IPBES global assessment report (IPBES, 2019) used multiple models to forecast the
combinedimpacts of land use and climate change on biodiversity and NCPs in the different regions of
the world. Three scenariosehetypes are proposed-{gure 30) and can be described as follows (see chapter
4 in Brondizio et al., 2019

1. global sustainability combines proactive environmental policy and sustainable production and
consumption with low greenhouse gas emissions

4 https://lec.europa.eu/environment/nature/ecosystems/benefits/index_en.htm

S https://biodiversity.europa.eu/countries##overview

78 https://ec.europa.euffisheries/cfp_en

™ https://ec.europa.eu/environment/forests/fpolicies.htm

8 https://ec.europa.eu/food/plant/pesticides/approval_active_substances/approval_renewal/neonicotinoids_en

® https://ec.europa.eu/clima/policies/ets_en

80 https:/itaxfoundation.org/carbetaxesin-europe-2019/

81 https://eurlex.europa.eu/legatontent/EN/TXT/?qid=1561542776070&uri=CELEX:01991L080681211

82 https://ec.europa.eu/environment/nature/rbaps/index_endnch https://e.europa.eu/info/foodarming-fisheries/sustainabilityand-
naturakresources/agricultur@ndenvironment/capand-environment

8 https://ec.europa.eu/environment/nature/rbaps/index_en.htm

84 https://ec.europa.eulinfo/etegionaland-urban development/topicsities-and-urban-development/prioritthemes eu-
cities/sustainableuse-land-and-nature-based solutionscities_en#eulegislation
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2. regional competition combines strong trade and other barriers and a growing gap between rich
and poor with high emissions.

3. economic optimism combines rapid economic growth and low environmental regulation with
very high greenhouse emissions.

They can be interpreted qualitatively or quantitatively in terms of possible futures for drivers of biodiversity

loss(e.g. Kim et al., 2018)The results showtha&t ci *cp_I mcns [ h” h[nol _%m | _aof |
people are projected to decline further in most scenarios  of global change over the coming dades,

rcdg hoc Anpkkgth\Vi _H_"h\yi _HRajmhiVopm %nhh\ o md\ gh~j i
(food, feed, timber and bioenergy) are projected to increase. Howdwemagnitude of the impacts on

biodiversity and NCPs is expected to be sm aller in the scenario of global sustainability

Figure 30. Projections of the impacts of land use and climate change on biodiversity (measured as change in species
richness across a wide range of terrestrial plant and animal spetih \ o f m> bdj i \ghn”*\ g " n$h\i _hi\Vop
timber and bioenergy) and regulating (nitrogen retention, soil protection, crop pollination, crop pest control and ecosystem
carbon storage and sequestration) contributions to people between 201b2050.
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Quantitative forecast modelling can also be conductedsataller spatial scales . For instance, Princé et al.
(2015) modelled the combined impacts of landise and climate change on bird population sizes in France,
and found that landuse scenarios based dihe extensification of agricultural systems had the

potential to mitigate the negative impacts due to clima  te change.

Quantitative approaches can lmmplemented by more qualitative ones using evidence based

literature like for instance, in the IPBES regional assessment for Europe and Central Asia (IPBES, 2018)
where results showed tradeffs between the diffgent biodiversity indicators and related NCPs. The scenarios
for Western and Central Europe, which prioritized an increase in food provision through agricultural expansion
or intensification, led to tradeoffs with regulating contributions to people andduliversity. The scenarios
assuming preactive environmental decisiemaking and cooperation between countries or regions were the
most effective in mitigating these negative tradeffs and could even lead to mostly positive impacts on
biodiversity and NCPs

Importantly, the three above mentioned examples and most scientific studigg consider a few drivers
in scenarios of biodiversity loss (mostly climate change and lasé) so they likelyinderestimate the
projected (negative) impacts .

The most appropate method to carry out risk analysis at the national scale would be to:

1. identify available risk analyses at global (e.g. IPBES, 2019), regional (e.g. IPBES, 2018) and national
(e.g. Princé et al., 2015) scalesheckthe predictions of these existing atyses for the country
and assess th&nowledge gapgseechapterl3.6); if knowledge gaps are important, pursue efforts
to fill these gaps with a new risk analysis by following steps 2 to 6

2. gather existing future scenarios (or create new ones) for the national drivers of biodiversity loss
(seechapter13.2.2for a checklist), including indirect drivers that may impact biodiversity outside
the country (e.g. trade ancdbasumption patterns)

3. gather existing biodiversity data on the current distribution of species and ecosystems in the
country and in countries involved for trade and consumption

4. assess knowledge gaps in existing biodiversity inventories, status and variatéably by groups
(e.g. mammals, birds, invertebrates, plants, microorganisms) and by realms (marine, freshwater,
terrestrial)

5. combine drivers for which quantitative future trends are available (gathered in step 2) with
biodiversity data (gathered in sfe 3) to model and forecast the combined effect of drivers
following and adapting the protocol proposed by Kim et(2018)

6. for drivers for which quantitative future trends are not available (gathered in stép ahd for
groups and realms not comprehensively known (identified in step 4), conduct an expert based
gualitative assessment of future trends in drivers and biodiversity.

Risk analysis of biodiversity loss, especially quantitative modelling of projectgadéts, is very demanding in
terms of technical and analytical skills. It is recommendedriolude experts in biodiversity
conservation.

Two additional aspects are worth consideration when conducting risk analysis. The first one is related to
thematic int erlinkages of risks . Biodiversity loss istrongly related to other major risks , either

because these other major risks are also drivers of biodiversity loss, or because biodiversity loss and these
other major risks share the same underlying driveAs. sich, climate change is one of the main drivers of
biodiversity loss, while biodiversity can mitigate negative effects of climate change (e.g. healthy forests that
reduce atmospheric carbon by fixing it, urban trees helping cities to adapt to higher tempe)atssessing
multiple risks together might therefore yield different results than assessing risk one by one.

Further, as the year 2020 has been profoundly marked by the ca8dpandemic, it is important to recall that
the same human activities that dre biodiversity loss and climate change also drive pandemic risk through
their impact on the environment (IPBES, 2020). This implies $baitions to halt biodiversity loss and

fight climate change would also help preventing further pandemics

The second one is abogeospatial interlinkages . Betweercountry trade linkages should be considered
when assessing the drivers of biodiversity loss and gain across countries. For example, EU countries
acknowledging forest transition, thus likely leaditagreducing the risk of biodiversity loss, displace their land
demand outside their borders particularly in tropical countries (e.g. tropical deforestation, thus biodiversity
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loss, is embodied in the goods and services they consumed in the EU). Theus & tleed tancorporate a
land-balance model (Pendrill et al, 2019)

13.4 Risk Evaluation

Existing risk analyses of biodiversity loss at the global and regional level (see previous section, IPBES 2018,
2019) predictimportant losses in biodiversity and regulatory services in most scenarios . They

highlight thatonly pro-active environmental policies and strong cooperation between countries

and/or regions are able to mitigate those losses . Such outcomes would probably be similar for any new
national risk analysis. This fact further emphasiztb& need to evaluate risk of biodiversity loss within

the country itself and also outside its border

The outcomes of risk analysis of biodiversity loss should be analysed according to the following risk criteria:

1 monetary: how much money will be lost if biodiversity loss is natigated? One attempt to put a
monetary value on goods and services provided by ecosystems estimates the worth of biodiversity
at US$125 trillion per yeafCostanza et al., 2014).e. around twehirds higher than the global
Gross Domestic Product. Such exercise has also been carried out at the EU scale for different
ecosystem servicegvallecillo et al., 2019, 2018)

1 legislation: which policy targets will be missed if biodiversity loss is not mitigated? The IPBES global
report (IPBES, 2019) highlights that most international societad amvironmental goals, such as
the Aichi Targets and the SDGs, will not be achieved based on current trajectories. The last
European environment state and outlo@KEA, 2019)evealsthat this holds true for most targets
of the EU Biodiversity Strategy to 2020 as well.

1 effects on services: which services will deteriorate if biodiversity loss is not mitigated? The IPBES
reports (IPBES, 2018, 2019) predict important losses in regulatory and cultural services unless
pro-active environmental policies and strong cooperation between countries are urgently
undertaken.

1 societal perception: how do the different actors perceive hiedsity loss#igure26 shows that
both business leaders and scientists perceive it as very impacting and very likely, and an
overwhelming majority of Europeans are concerned about the loss of biodiversity and guppor
stronger EU action to protect natuife

To raise awareness of and btip from citizen, industry and political stakeholders, several formats can be

used to communicate about the risk of biodiversity loss, such as risk mappingHigigre 30) and tables to
represent the expected future trends in different risk indices. Furthermore, risk matrix is a good representation
to compare different risks in terms of impact and ékhood (e.gFigure 26).

13.5 Risk treatment

13.5.1 Policy responses to biodiversity loss

The broad framework of EU biodiversity policy, including the capacities list€thapte 13.2.2 remains

highly relevant to tackle the direct drivers of biodiversity loss. However,dpolicies need to be
considerablymore widely and effectively implemented to ensure that the principles included in the policy
frameworks are reflected on the groun(EEA, 2019)According to the miderm review of the Biodiversity
Strategy to 2020, ths could be achieved byompleting the Natura 2000 network for the marine

environment , ensuringeffective management of Natura 2000 sites  andimplementing the Invasive

Alien Species Regulation, and considering the most suitable approach fecognizing our natural

capital throughout the EU. The pcoming final review shoultighlightwhich policies have been effective
and which ones should have been better implemented to halt biodiversity loss.

In addition, and because indirect drivers of biodiversity lasg(the ways we consume, produce and trade

natural resources) are linked to a range of economic sectors and sectoral policies, halting biodiversity loss can
only be achieved by a more effectivategration of biodiversity concerns across sectors . This wold

require a transformation in policies and tax reforms in the region to seherent priorities underpinned by

8 https://ec.europa.eu/commission/presscorner/detail/en/IP_19 2360
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adequate funding (IPBES, 2018)n that line, both EU and Member States could promote developing

incentives and widespread capacity for enviroemal responsibility while eliminating perverse incentives.

Mainstreaming biodiversity concerns and including them in sectoral policies is therefore crucial, especially for

the post®2020 biodiversity agendgdWhitehorn et al., 2019)hese include trade, agriculture, forestry,

fisheries, spatial planning, energy, transport, health, tourism and the financial sector, including insurance (EEA,

2019). Such transformation is in line with the new Green Deal@p mj k ° 5h° <ggh@Phkj gd~d” nhi
km n > mqgdi bAh\Vi _Hm’ noj Mduithim@iesthakall aétiohsiwithin pnoh begnwigen sektdral \ g »
policies should be aligned towards that godlhisis reflected in thenew EU Biodiversity Stratgy to 2030%,

but also in the Climate Actidh the Farm to Fork Strated}; and in the revised circular economy action pfan

13.5.2 Socio-economic responses to biodiversity loss

In addition to policy, societal responses to biodiversity loss also play an importd@t notably regarding
changes in the patterns of consumption (e.g. Crenna et al., 2019; Marques et al., 20B)rther efforts

are needed tdncrease public awareness of the importance of biodiversity and the services it provides for
the wellbeing of Europeans, so that they mée more prepared to make personal efforts. Beyond individual
changes in consumption patterns, this includa8iuencing decision Amaking with the aims of redefining
priorities, achieving more coherent development of policies and stronger policy implementation, to contribute
to sustainability transitions accepted by socigfigEA, 2019)implementinghorizon scanning on

biodiversity conservation (e.g. Sutherland et al., 202@nd foresight processes including participatory
approaches can also contribute actionable knegde to support decisiemaking towardsanticipatory
governance to mitigate risk of biodiversity loss more efficientnally, by encouraging gregobs and
innovation in green technologiesconomic investment in social and human capital for biodiversit vy

may also provide wirwin responses to biodiversity loss.

13.6 Gaps and Challenges/Conclusion

The IPBES global and regional assessments (IPBES, 2018, 2019) also provide a detailed list of knowledge
gaps that need to be filled to improve quantitative risk agsis of biodiversity loss. They include (among
others):

1. Gapsirbiodiversity inventories. Basic data on many taxa are still lacking: 86 per cent of existing
species on Earth and 91 per cent of species in the ocean still await description. Inventories are
particularly lacking for the marine, freshwater and soil ecosystems.

2. Gapsirbiodiversity status. Data on extinction risks and population trends are missing, especially
for insects, parasites and fungal and microbial species. Data from monitoring of ecesyst
condition are also les well represented than ecosystem extent.

3. Gaps inbiodiversity variables. Most data collected allow describing species populations and
community composition while other essential biodiversity variablesich as genetic composition
and ecosystem function are poorly represented.

4. Gaps inintegrated scenarios . There is a need to develop quantitative studies about future
biodiversity scenarios accounting for multiple drivers of biodiversity loss and their interaction
(currently only dmate change and/or land use are considered), which integrate the knowledge of
indigenous peoples and locabmmunities, and which assess NCPs.

5. Gapsin the understanding and assessment of diverse biodiversity values.  Biodiversity is
difficult to value ecaomically and there is still a lackof awareness of biodiversity potential
benefits and its links to economic growttBeyond the sole economic valugere is a need for
better understanding, quantification and integrated monitoringatternative values ébiodiversity
and NCPs. There is limitathderstanding of how these diverse values are endorsed by different

8 https://eurlex.europa.eu/legatontent/EN/TXT/?uri=CELEX%3A52019DC0640

87 https://eurlex.europa.eu/legatontent/EN/TXT/?qid=1590574123338&uri=CELEX:52020DC0380
https://ec.europa.eul/info/strategy/prioriti€®©19-2024/europeangreendeal/actionsbeingtakeneu/eubiodiversitystrategy
2030_en

8 https://ec.europa.euimia/policies/etclimate-action_en

8 https://ec.europa.eulinfo/strategy/prioriti€®19-2024/europeangreendeal/actionsbeing takeneu/farm-fork_en

% https://ec.europa.eu/commission/presscorner/detail/en/fs_20_437
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social groups and genders, which prevents further understanding about people behaviour
regarding biodiversity conservation.

Further funding is neessary to fill those gaps, both in terms of research (in taxonomy, ecology and sociology)
and monitoring infrastructures. In the meantime, qualitative risk analyses can complement quantitative ones
on the gaps identified. Importantly, although these gagemtified at the global and the regional level

constitute a good starting point to inventory gaps at the national scale, they do not replace the recommended
gap analysis at the national scal€€papterl3.3). Indeeda global gap may not be a national gap (if there is
comprehensive information at the national scale but not at the global scale) andversa (if there is
comprehensive information at the global scale but not at a fieeough spatial resolution to be udeat the

national scale).

European crossectoral projects and national initiatives encompassing the risk of biodiversity loss are
expected in the short term. They should closely be monitored to improve knowledge and assessment tools,
and stimulate innovabn at EU and national levels.
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14 Earthquakes
MARIA LUISA SOUSA, GEORGIOS TSIONIS

14.1 Context of National Risk Assessment

Earthquake is among the most common hazards assessed in the national risk assessments prepared in
2015°! and 2018 by the countries participating in the Union Civil Protection Mechanism. Indeed, in 2015 19
countries (Austria, Bulga, Croatia, Cyprus, France, Germany, Greece, Hungary, Iceland, Italy, Malta, Norway,
Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, and Sweden) performed a risk assessment for
earthquake phenomena and more four countries (Belgium, NetherlandshMNéstedonia and United

Kingdom) in 2018.

Considering the impact of a single event, earthquakes are among the most devastating natural hazards in
history, posing the greatest threat to human life. The effects of earthquakes can vary from localised impacts
to dramatic consequences on communities, the economy and the environment, across large regions. In some
cases, they can cause crodmrder impacts and cascading events, namely tsunamis, landslides, liquefaction
phenomena, fire, industrial accidents, busisenterruption, etc.

Earthquakes may have lonlgsting, and in certain cases mulgienerational, effects depending on the severity
of the event, vulnerability and accumulation of assets in seismic prone areas, individual and societal resilience
to disrugive events.

Besides population exposed to seismic risk, the assets that may be impacted by earthquakes include the built
environment, for instance, buildings, infrastructures (transportation, water, sewage, energy, communication,
etc.), daily life facities (health facilities, emergency services, educational facilities, etc.), cultural heritage,
economic activities, and natural environment.

Earthquake risk analysis has perhaps reached the highest level of maturity among risk analyses for all
natural hazads, in part from the early efforts made by the nuclear industry for taking into account seismic
hazard in power plant design (Hills et al., 2013).

Currently, earthquake risk is usually assessed in a fully probabilistic way, though most seismic risisstiodi

not go further than the determination of the levels of risk for a region, i.e., do not go beyond the risk analysis
stage of the risk management process. In practice, the results of seismic risk analysis are sporadically
compared with risk criteria taetermine whether seismic risks levels are deemed acceptable or tolerable.
Chapterl4.4 presents a few examples of seismic risk evaluation criteria useful to assist decisions about risk
treatment.

14.2 Risk identification

14.2.1 Potential impa ct of earthquakes and its cause

Ground shaking is the most damaging effect of earthquakes. It results from the passage of seismic waves
through the ground, affecting built and natural environments. Ground shaking triggers other hazards, for
example, liquediction and subsidence, which can disrupt lifelines, harbours and originate bridge and building
foundation failures. Examples of earthqualieduced environmental effects are rockfalls and landslides.
Those were observed to cause significant soil erosiotodslock river streams creating quake lakes of major
concern to neighbouring urban regions. Severe shallow earthquakes causing vertical displacements on the
ocean floor may generate tsunami waves able to produce destruction over large areas. Surfacedearidl
ground failure can cause the disruption of tunnels, railroads, powerlines, water supply networks and other
lifelines. Fires following earthquakes, linked for instance to the rupture of gas mains, are important secondary
effects of earthquakes, eventally aggravated by the disruption of water supply systems. Potential disastrous
secondary damage caused by earthquakes can also result in Natech events, i.e., natural hazard triggering
technological disasters, such as the release of hazardous materiatstha destruction of vital transport and
technical infrastructure, industrial buildings and facilities. Other examples of earthquake secondary effects
are air pollution due to the burning of chemicals, demolition of damaged buildings and traffic congestion
after a major earthquake (Gotoh et al., 2002; Lin et al., 2008). In the reconstruction phase, the increased

% Commission Staff Working Document on @view of Natural and Masrmade Disaster Risks the European Union may face, SWD(2017)
176 final, Brussels, 23.5.2017.

92 Commission Staff Working Document @verview of natural and mammade disaster risks the European Union may face, SWD(2020)
330 final, Brwssels, 30.11.2020
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demand for construction materials in a very short time may lead to a shortage of natural building materials
and subsequently to environmental impadike coastal erosion, saline intrusion, and illegal mining (Khazai et
al., 2006).

The occurrence of a major seismic event in an urban area can have a particularly severe impact, resulting in
the complete disruption of economic and social functions ie tommunity . Table 10 lists important

earthquakes that occurred in Europe during the last two decades affecting whole regions and causing
significant losses reaching billions of euros.

Table 10. Earthquakes in Europe since 2002, for which the EU Solidarity Fund intervened

Occurrence Country | Category | >[ gl a_ " g
October 2002, Molise Italy Regional 1558

April 2009, Abruzzo Italy Regional 10212

May 2011, Lorca Spain Regional 843

May 2012,Emilia Romagna Italy Regional 13274

January 2014, Kefalonia Greece | Regional 147

November 2015, Lefkada Greece | Regional 66

August 2016, January 2017, Central Italy Italy Major 21879

June 2017, Lesbos Greece | Regional 54

July 2017, Kos Greece | Regional 101

Source: EU Solidarity Fund, 202tp://ec.europa.eu/regional_policy/index.cfm/en/funding/solidéuitg).

Seismic risk is often expressed in terms of a condiion of the magnitude of the consequences of an
earthquake and the likelihood of these consequences to occur. It is normally obtained considering the seismic
hazard of the site or region, the exposed assets that may be impacted by an earthquake and Itrex afoility

of those elements at risk, i.e. the vulnerability of different types of buildings or constructions.

This section discusses the main drivers of earthquake risk, i.e. hazard, exposure, and vulnerability.

14.2.2 Seismic hazard

Many countries in Europa@exposed to earthquakes, particularly in the Scitastern part, which is
consistent with the main fault lines in Europe located where the Eurasian plate meets the African plate and
runs through the Mediterranean Sea.

Earthquake hazard may be assessesing scenario studies (e.g. Coburn and Spence, 2002), or using
probabilistic methods for seismic hazard analysis (called PSHA). The latter have evolved significantly in the
last decades and are widely used nowadays. Depending on the available data, tHey use of historical and
instrumental seismic records, seismogenic models, geological and geodetic datagépendent trends in
earthquake recurrence, and ground motion prediction equations. Uncertainties in seismic hazard assessment
originate from themodels for the seismogenic source and ground motion, from the parameters used in those
models, and from the random nature of seismic events (Silva et al., 2017).

The European Plate Observing System (EPO&tilitates integrated use of data, data produgtand facilities
from distributed research infrastructures for solid Earth science in Europe. EPOS comprises Thematic Core
Services that are relevant to seismic hazard assessment, namely on seismologyfandaobservatories,
geological data, and modetig. One of the pillars of the EPOS seismology Thematic Core Service is the

% www.eposip.org

121


http://ec.europa.eu/regional_policy/index.cfm/en/funding/solidarity-fund
http://www.epos-ip.org/

network of European Facilities for Earthquake Hazard and Risk (EREMR¢h provides access to interactive
tools, such as seismic hazard models, products and information produgtih European research projects
like SHAREand SERA.

Seismic hazard analysis uses different ground motion prediction equations, leading to results in terms of
different intensity measures, for instance, peak ground acceleration, peak ground displatespentral
acceleration and spectral displacement for the fundamental period of the structure, spectrum intensity, etc.

The analysis is usually carried out for reference rock sites. More reliablespigeific ground motion estimates
require geotechnicalata and microzonation studies for calculating possible site amplifications. Recently,
SERA project has investigated different methods to address soil amplification within seismic risk assessments,
from a local to a regional scale (Crowley et al., 2019).

In probabilistic seismic hazard assessment methods, the reference values of intensity measures are
calculated for prescribed return periods (e.g. 475 years) or for the probability of exceedance of intensity levels
in a period of time (e.g. 10 % in 50 years) hazard curve provides a relationship between intensity and
probability of exceedance. A harmonised seismic hazard model for Europe (Woessner et al., 2015) was
produced within the SHARE projeeigure 31- left), and is currently bimg updated and extended in the
framework of the SERA project.

Hazard studies serve also as a basis to produce maps of seismic zones for design codes, for example, the
Eurocode 8 (CEN, 2004). Within the suite of the EurocBd&sirocode 8 applies to the digin and

construction of buildings and civil engineering works in seismic regions. For this purpose, national territories
are subdivided into seismic zones, depending on the local hazard. By definition, the hazard within each zone is
assumed to be constant@and is most often expressed in values of peak ground acceleration. It is noted that

the seismic zone maps and peak ground acceleration levels given in the National Annexes to Eurocode 8
(Figure 31- right) were producd at different times, with different hazard models and data.

Figure 31: Left: peak ground acceleration from the SHARE project for 475 years return period. Right: reference peak
ground acceleration from the National AnnexesHarocode 8. All countries adopted a reference return period of seismic
action for the necollapse requirement of 475 years, except Romania that adopted 100 years and UK that adopted 2500

years
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14.2.3 Exposure and vulnerability

Exposure databases for seismic risk assessment include data for buildings, infrastructure and population,
often incomplete and geographically disaggregated in a Ammogeneously way. Exposure data for buildings
have been collected specifically for seismisk studies, and with a high level of spatial resolution, in a few

cities around Europe.

Alternative source of information on the building stock, albeit not fully harmonised across countries, are the
cadastres and national housing censuses that may faman exhaustive picture of the housing stock in a
region. In the framework of the Prompt Assessment of Global Earthquakes for Response PAg&EEM, a
global building inventory has been compiled based on harmonised data from various sources (Jadislal e
2010). It provides fractions of building types present in urban and rural regions of each country by their
functional use. The quality of data in the PAGER database for most of the $gjgmicity countries in Europe

is judged medium or high. The RE&® project followed a similar procedure with a focus on European countries
(Crowley et al., 2012), and its outcomes are currently available through the Global Earthquake Model (GEM)
OpenQuake platform. The Global Exposure Dataéseailable at the GEM Fmdation (Gamba, 2014) is
structured at a country, region, local and building level, and distinguishes between urban or rural areas and
residential or norresidential buildings. Within the SERA project, this data is being updated and expanded to
include irdustrial and commercial buildings; the first results are being made available through a number of
interactive map¥’* at the EFEHR EU Earthquake Risk sef¥fice

Exposure data for population is available through the new open and free tool Global Human Setitl€me
that produces global spatial information for assessing human presence on the planet, in the form ofuguilt
maps, population density maps, and settlement maps.
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Figure 32. Seismic vulnerabtly of buildings in Europe.
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earthquakes.

The majority of buildings in the European stock are vulnerable to earthquakes, as they have been designed
without earthquake resistance or with moderatevel seismiccodes Figure 32). This is particularly relevant
for the countries of moderate and high seismicity in the south and east Euréjgute 31).

14.2.4 Scenario-building process

Models of ground shakingulnerability and fragility functions, and the geographical distribution of exposed
assets, are used to evaluate the effects of ground motion, and to compute damage and losses scenarios for a
region. A scenaribuilding process contributes to riskformed decisions, being particularly useful to prepare
emergency plans for civil protection, provide government and insurance companies-afiitst estimate for
planning, and analysing funding requests in the aftermath of a seismic event (De Martino et al7) 26r

evaluating ground acceleration time histories and duration of ground motion to be used in seismic design and
retrofitting (Baker and Lee, 2018; Sousa and Campos Costa, 2009), among others.

An example of an earthquake hazard scenario is the maxinprobable or credible earthquake, i.e., the

largest earthquake that is reasonable to expect in a region. It is often based on the estimation of the
magnitude of the worst historical event reported in the region, and its bgséssed location derived from

known geological faults, or seismic source zones. Probabilistic seismic hazard disaggregation analysis is also
used to determine the most probable earthquake scenario that controls the hazard at a site. The scenario may
be characterized by a pair of magnitedand distance, conditional to a given level of ground motion, or

specified return period. The aleatory variability of the ground motion and the fragility of elements at risk are
taken into consideration to assess the impact of a historical event or a iteal earthquake hazard scenario

in a region.

Probabilistic seismic risk assessment considers all possible earthquakes that may affect a site, together with
the respective probabilities of occurrence, and lead to a probabilistic estimation of damageoardd,
including relevant uncertainties.

In practice, a seismic risk scenario includes the assessment of several Sendai Framework Intfiatioch

as number of deaths, injured people, people whose dwellings were damaged or destroyed, direct economic
lossin relation to the global gross domestic product, direct economic loss in the housing sector, damage to
critical infrastructure, and disruptions to basic services.

Specific regions in Europe are prone to infrequent but extremely severe seismic events; daethquakes

may be identified as a key risk with low probability and high impact in a regional and national context,

causing possible adverse crodmrder impacts. For instance, the 1755 great Lisbon earthquake produced
unusual devastation having a sifficant impact in Portugal, Spain and Morocco. The event was felt in other
western Europe regions, such as the southern part of France and the north of Italy (Solares and Arroyo, 2004).

14.3 Risk analysis

14.3.1 Damage assessment

Damageof physical assets at risk isvaluatedby means of fragility functions describg the probability that,
for a given value of the earthquake intensity, structures of a certain typology will exceed different damage
levels. Empirical fragility functions are based on observed damage flata past earthquakes, while
numerical ones are produced from the results of numerical simulations of varying degrees of sophistication.
Uncertainties in probabilities of damage originate from the variability of the seismic action, geometric and
material parameters of the studied structures, type of structural model and analysis, resistance madéels,
definition of damage states, etc. A collection of fragility curves for buildings, bridges, highway and railway
infrastructure, harbour elements, health cafacilities, electric power stations, gas and oil distribution
networks, water and wastevater systems, may be found in Pitilakis et al. (201%epesEstrada et al. (2016)
and the Global Vulnerability Databa$é Similar methodologies are used to estimatemiage in cultural
heritage, taking intaonsideration the particularities of these structur@ernardini and Lagomarsino, 2018,
Despotakiet al. 2018)

105 www.preventionweb.net/dframework/sendaiframeworkmonitor/indicators
106 https://platform.openguake.org/vulnerability/list
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Different models have been developed to provide decisioakers with moreuseful risk metricgdescribiry
the impact of earthquakegICPD, 2018). Bmodels presented belowtransform earthquakedamage(e.g.
the number ofbuildingscollapsed}o consequencessuch asdirecteconomic lossegjebris estimates,
business interruptioycasualtiesor shelter need.

14.3.2 Damage-to-loss models

Generally, damageo-loss models assess the totaikpair cost for a class of buildings, or building typology,

correlating a given damage threshold to the repair cost, knowing the building replacement cost in the region
(ATC,1985? 2<t \' g\ h  oh\Vg) " A-+,0"H? AH\ modi jh  oh\g)"RH-+,2"H,
Edwards, 2013)Empirical modelsexistto estimate debris resuihg from building collapse (FEMA, 2018,

NVio\m ggdh oh\g) ' RhH-+,3%)h@hkdmd”*\ghhj _~gn"Hh )b)h]tH
bridges, relate the functionality of basic services and infrastructures to structural damage. The lattbeca

obtained for a givenearthquake intensity, by fragility functions. Empirical models are also available for
estimatingbusiness interruption (ATC, 1985, FEMA, 2018) as a function of structural damage.

14.3.3 Estimation of casualties

Injuries and casualtiesuting earthquakes are caused by structural and rstnuctural damage, accidents,

heart attacks, etc. Coburn and Spence (2002) report that more than 75% of deaths in past events were due to
building collapse and propose¥#ethality ratios.e. the ratio bpeople killed to the number of people present

in a building, to estimate casualties for each building class. This ratio depends on the characteristics of the
ground motion, the building type and function, collapse mechanism, occupancy, behaviour chots;ismd
search and rescue effectivenesthe modelgrovide, for each typology of collapsed building, the percentage
of people that are lightly, moderately or seriously injured, or killed. A large number of casualty models with
different degrees of soplsitication have been developed (e.g. ATC, 1985, Balbi et al., 2006, Cavalieri et al.,
2012, Erdik et al., 2011, Jaiswal et al., 2009, Jaiswal and Wald, 2012, Khazai et al., 2014, So and Pomonis,
2012, So and Spence, 2013, Spence et al., 2udccaro and Gaace 2011). Most of them highlight theyreat
uncertaintyassociatedwith casualty estimations.

14.3.4 Estimation of shelter needs

Data from past earthquakes show that the number of displaced people is almost an order of magnitude
higher than the number of collagsl and severely destroyed buildings. Mudtiteria models for estimating
displaced households and shetgrm shelter needs consider the physical habitability of buildings together
with the occupant&tlesirability to evacuate and to seek public shelter &hi et al., 2014, FEMA, 2018). The
habitability of buildings is based on the physical damage, the loss of utiliteeg.(vater and energy supply)

and the weather conditions. The desirability to evacuate depends on a number of social fastolsas
household tenure and size, household type, age of occupants and perception of security in the area. Lastly,
the desirability to seek public shelter is influenced by the fear of aftershocks, residénteme, employment
and education level, as well as by thiistance and ease of access to shelters. Data for these indicators are
available through the national statistical institutes and Eurostat.

14.3.5 Probabilistic seismic risk analysis

Lossexceedanceurves are exampkeof risk metrics that result fromthe probabilstic analysisof seismic risk.
The curves describe tharobability ofvarious levels olossesbeing exceeded. Typically, probabilistic seismic
risk analysis looks at the following losses or consequenéatsiities, injuriesand economidosses derived

from damages. Once the probability distribution of losses is known, other risk metrics can be obtained, for
example average annualized earthquake loss@SELr average annualized earthquake loss ratio, AELR
(FEMA, 2017). AELR is a useful metric to coraghe relative risk across different regions since it is
normalized by the replacement value exposed elements

14.3.6 Tools for seismic risk analysis

In the last decades several opesource tools with high degree of sophistication and capabilities have been
developed for the assessment of loss scenarios, or for the evaluation of earthquake impact on critical
infrastructures. Most of the software include libraries with pdefined hazard and vulnerability modelksnd
also allow the user to input new ones. Exaepinclude:
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1 HAZUY is a standardised methodology for estimating potentiaisaster losses from
earthquakes, floods, and hurricanes. HAZUS uses GIS technology to estimate physical, economic,
and social impacts of disasters. It is used for mitigation andoeery, as well as preparedness and
response.

1 The CAPR®X probabilistic risk assessment platform is an initiative that aims to strengthen the
institutional capacity for assessing, understanding and communicating disaster risk, with the
ultimate goal of integating disaster risk information into development policies and programs.

1 AFAD, RED isthe Turkish national operational tool for seismic risk assessment, prevention,
preparedness and response. In its ré@he operational configuration, the system combines
seismic data with an extensive inventory of buildings, critical facilities and population to provide
damage and fatality loss estimates.

1 The REAK® project produced the Earthquake Qualitative Impact Assessment tool that uses
earthquake data (location and magnitude) and modelling (fault geometry, slip distribution,
directivity effects, wave propagation, site effects, etc.) to produce-t&ak *headsup»alerts for
global earthquakes.

1 The SELENR open risk software is a tool to provide earthquake damage and loss estimates. It
uses a logic tree approach and allows for deterministitd probabilistic analysis.

1 The OpenQuak¥ engine is the Global Earthquake Model Foundation stafi¢he-art, free, open
source and accessible software collaboratively developed for earthquake hazard and risk
modelling.

1 The RASOR project developed a platform to perforra multi-hazard risk analysito support the
full cycle of disaster management, including targeted support to critical infrastructure monitpring
and climate change impact assessment.

1 RapidN®® has been developed by the European Commission for the assessment of Natech risks
at local and regional levels, and has currently been implemented for earthquakes.

Andredakis et al. (2017) provide further details on these tools. Example applications wittbaded exposure
data showed that these tools are able to produce an early impact assesgmathin 515 minutes.

Comparison of predicted losses with data recorded after real earthquakes demonstrated that, in general, the
order of magnitude of economic losses is accurately predicted, but casualties are overestimated.

Nearreal time loss assessent systems provide rapid estimates of ground motion, damage and losses
following a seismic event, as long as its magnitude, time of occurrence and location are known. PAGER
a welkknown neatrealtime loss assessment system, which provides fimterestimates of human and
economic losses on a global scale.

14.3.7 Recent research

The European Union has provided significant funding for collaborative research projects dealing with the
impact of earthquakeswithin the Framework Programmes for research and maton. The projects listed in
Table 11 involvedexperts from across Europe. They produced statehe-art methodologies and models for
hazard, vulnerhility and risk assessment, developed tools that can be deployed in practice for preparedness,
mitigation, planningand risk management activities. The methodologies, models and tools were used for a
large number of illustrative case studies at local {gitor regional level.

Table 11. European research projects related to seismic risk assessment

Project Title Duration Website

107
108
109

www.fema.ge/hazus
https://ecapra.org

www.reaktproject.eu
110 www.norsar.nofd/safe-society/earthquakehazardrisk/the selenaopenrisk-software

111 www.globalguakemodel.org/egetting-started
12 \www.rasorprgject.eu

113 hitp://rapidn.jrc.ec.europa.eu

114 https://earthquake.usgs.gov/data/pager
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http://www.globalquakemodel.org/oq-getting-started
http://www.rasor-project.eu/
http://rapidn.jrc.ec.europa.eu/
https://earthquake.usgs.gov/data/pager

LESSLOSS | Risk mitigation for earthquake| 2004-2007 https://cordis.europa.eu/project/r

and landslides n/74272_en.html
NERIES Network of research 2006-2010 https://cordis.europa.eu/project/n
infrastructures for Europea n/79877_en.html
seismology
SERIES Seismic engineering researq 2009-2013 WWW.series.upatras.gr
infrastructures for Europea
synergies
SHARE Seismic hazard harmonizatio| 2009-2012 www.shareeu.org
in Europe
SYNERG Systemic seismic vulnerabilitf 2009-2013 www.vce.at/SYNER
and risk analysis for buildings
lifeline networks and

infrastructures safety gain

NERA Network of European researd 2010-2014 https://cordis.europa.eu/project/i
infrastructures for earthquakg 262330
risk assessment and mitigation

REAKT Strategies and toolsfor real | 2011-2014 www.reaktproject.eu
time earthquake risk reduction

STREST Harmonized approach to streq 2013-2016 www.stresteu.org
tests for critical infrastructures
against natural hazards

INDUSE2- Component fragility analysi§ 2014-2017 www.induse2safety.unitn.it
SAFETY and seismic safety assessmer
of special risk petrochemicg
plants under design basis an
beyond design basis accidents|

SERA Seismology and earthquak| 2017-2020 WWW.Seraeu.org
engineering researc
infrastructure  alliance  for
Europe

Source: Authors

Furthermore the Global Earthquake Modé&P is engaging with a very diverse community to i) share data,
models, and knowledge through the OpenQuake platform, ii) apply GEM tools and software to inform
decisionmaking for risk mitigation and management, and iii) expahe science and understanding of
earthquakes.

14.3.8 Examples of seismic risk assessment studies

The Italian Civil Protection Department has recently published a comprehensive report (ICPD, 2018)
addressing the national risk assessment of the potential majoadigrs in Italy due to earthquakes, volcanic
eruptions, tsunami, hydrgeological/hydraulic events, extreme weather, droughts, and forest fires. With
regard to seismic risk, the report echoes the staiéthe-art of practice for assessing earthquake risk,
considering the latest advances in the evaluation of probabilistic seismic hazard in Italy, the collection of
detailed damage data from eight recent Italian earthquakes, the update of empirical vulnerability models
derived from earthquake data, and new fydity models for masonry and reinforced concrete buildingsew

115 www.globalguakemodeltg

127


https://cordis.europa.eu/project/rcn/74272_en.html
https://cordis.europa.eu/project/rcn/74272_en.html
https://cordis.europa.eu/project/rcn/79877_en.html
https://cordis.europa.eu/project/rcn/79877_en.html
http://www.series.upatras.gr/
http://www.share-eu.org/
http://www.vce.at/SYNER-G
https://cordis.europa.eu/project/id/262330
https://cordis.europa.eu/project/id/262330
http://www.reaktproject.eu/
http://www.strest-eu.org/
http://www.induse2safety.unitn.it/
http://www.sera-eu.org/
http://www.globalquakemodel.org/

tool called IRMA (Italian Risk MAps) was developed to assess damage scenarios and seismic risk maps for the
Italian territory.

A scenariebased approach was followed for the seismic risksassment in Spain (DGPCE, 2015). This study
used the national seismic hazard maps, census and cadastral data, respectively for population and buildings,
vulnerability classes according to the period of construction of buildings, and empirical modelsfactron
people. The analysis yielded the number of buildings at different damage states, the number of casualties
and injuries, and the number of homeless people in the event of earthquakes with a return period equal to
500 and 1000 years.

A probabilistiimethod was adopted for the assessment of seismic risk in 40 cities in metropolitan France
(AFPS, 2014). The study employed hazard curves for cities in different seismic zones, fragility functions for
buildings belonging to four vulnerability classes, am@bdels that relate structural damage to the number of
victims, and to economic losses. The results are given in terms of probability of collapse of buildings, expected
annual losses, and probability of casualties.

The Portuguese National Authority for Civil Protection with the collaboration of several research institutions
coordinated two projects for assessing the seismic risk in the metropolitan region of Lisbon and in Algarve;
these are the two mainland Portuguesegions most historically impacted by earthquakes (ANPC, 2010,
Campos Costat al, 2010, Costeet al., 2012, Sousa&t al., 2010). The projects aimed at providing scientific
foundations to support decisiemaking concerning regional seismic disaspeevention and preparedness.

The projects included studies on seismotectonic, updating of seismic catalogues, ground motion at the
bedrock and considering site effects, vulnerability to landslides, exposure and vulnerability of buildings, critical
infrastructures, lifelines, and population. A nesgaltime loss assessment GIS system was developed to
evaluate damages and losses considering stremgtion seismic scenarios similar to historical earthquakes
that affected both regions. Particularly in the Algar region, tsunami hazard and the vulnerability of the
littoral coast to tsunami incursion was evaluated.

14.4 Risk evaluation

Risk evaluation is the process obmparingthe level of riskachievedduring the analysistage with the risk
criteria, i.e., thaerms of reference against which the significance of a risk is evaluatRk evaluation aims
to assist the decision about risk treatmeniSO 31000: 2018). A riskinformed decision, rather than a
risk-based decision, allows for adjustments takimjo accaint other relevantfactors like political andegal
requirements, sookeconomic technicaland environmentatonditions

The geographic distribution of risk indicators, for instance, maps of earthquake losses for a given return
period, oraverage annuatied earthquake losseare useful tools for communicating the results of the risk
analysis, and identifying the most atisk areas across a countlyf. Note that the comparison of risk maps
with the spatial distribution of seismic hazard, vulnerability, angesurecan only providea qualitative
indicationon the main drivers of risk,wing tothe complexityof the process for evaluatig earthquake risk

Countries may find helpful to compare their risk assessment with the megnsied out ata world level bythe
GEM Foundation (Silva et al. 2018), particlyldhe profiles for availablecountiies
(https://downloads.openguake.grghhich include maps of seismic hazard, exposure, average annualized
earthquakelosses, average annualized earthquake loss ratio, among other information.

Il jo hocVNofAnj~d ot .nh\ g mndji hoj h g i onh~r\Vk\] g hjah"\q
phenomenacan influence the decision framework. For this reason, the ridlacifig death or injuries may be

addressed in terms of (individual risk or the risk of a person present in a given location, being exposed to

one or more adverse hazardous events, andd@ietal riskor the risk of a group of people being

simultaneausly exposed to an adverse hazardous eveSacietal risk is often assessed using the-salled F

N curves that provide the probability of exceeding a number of fatalities per year (Stojadinovic, 2016) and

di *j mkjm\o  Anj ~d ot Yrafpthmatstondaige poputajiofs: q i onfhkj ndi bfh _°

As regards seismic risk, the literature is scarce to guide decisions on acceptable or tolerable levels of life or
economic losses. Risk bellow the acceptability threshold would not retherenplementation of reduction
measures, whereas risk above the tolerability threshold would require mitigation measanesiuceit to
tolerable levels

116 Commission Notice. Reporting Guidelines on Disaster Risk Management, Art. 6(1)d of Decision No 1313/2013/EU (2019/C 428/07)
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On this subject tiis worth mentioninghe FP7 project STREST(Harmonized approach to stress tests for
critical infrastructures aginst natural hazardsjhat summarised theEuropean practice regardirthe
acceptance criteridor fatality risk (STRESDeliverable D4.55tojadinovic2016). The author suggests that
individual riskshouldbe less than 1@ per year whereassocietal rik shouldbe less than 1 per year for
major accidents with up to 1 fatality, and less than £@or ten times larger accidentsConsidering that the
criteria to evaluate societal earthquake riskas still a controversial issugSousa et al (2010 usedthe
acceptability threshold for individual rigiroposedoy ANCOLD (2003d evaluate theearthquake riskn
Lisbon. Accordinglythe acceptability thresholéidoptedfor individual riskwas between 10° and 108 per year.
When risk reduction is impractic#d or the coststo mitigate it are disproportionate to the benefitgbtainable
(ALARP principleAs Low As Reasonably Practicablie threshold(tolerability threshold in this casejnay
drop, e.g, to 10°® for new structures andto 10 for existingones (Sousa et al, 2010).

The riskinformed guidelines for safety decisions in dam projects (FERC, 2016) may provide an indicative
reference to identify whether earthquake risk in a region should be addressedlag~grobabilityand high
impact risk. In &ct, a sudderunexpected dam failure can simultaneously affect a large numbepebple as

is the case of earthquake disasters. Thaidelines define the attributes of a low probabilityhigh
consequence region in aN chart as follows: incremental lifloss estimated to be equal or exceeddDO

lives with an annual probability of potential life loss less than 1 if@@0 000 (10°®) (seeFigure 33). Howeer,
risk criteria can vary significantly depending on the context and nature of hazards, so the proposed values
should be seen as merely indicative.

Figure 33. Lowprobability and highimpact risk region in a N chart
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14.5 Risk treatment

When a risk evaluation process leads to the decision to undertake risk treatment, the next step is to
implement mitigation measures. It is recognised that it is not possible to avoid the occurrence of earthquakes,
ex@pt in special cases, such as seismicity induced by human activity. However, earthquake effects can be
significantly mitigated by either reducing exposure, the vulnerability of built environment, or by implementing
non-structural prevention and preparednemeasures.

Prevention measures comprise seismic retrofitting of buildings and infrastructure. The application of building
codes can considerably reduce the severity of human, structural and economic impacts of earthquakes. The
provisions of Eurocode 8 atribute to reduce the vulnerability of buildings by ensuring that, in the event of
earthquakes, lives are protected, damage is limited and civil protection structures remain operational. This has
been demonstrated in all major earthquakes that occurredigwide, e.g. the 1995 Kobe, Japan, earthquake

17 http://www.stresteu.org/
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where the large majority of damaged buildings were built with no or {ewvel provisions for earthquake

resistance. The lesson learnt is that building codes have proven to be a valuable mechanism to implement

effective mitigation measures, and significantly reduce the highsts of postdisaster reconstruction in many

developed countries. Moreover, patisaster reconstruction offers an opportunity for introducing or reforming

m - bpgl\ojmthkmj " nn > n'" AV dhdi bhoj ho =pdg_H=\ T Hh=""00" m»" |
and safety of the built environment, to strengthen the resilience ofrgaunities to earthquakes, and to

capitalise longterm earthquake risk reduction efforts.

Besides building codes, state incentives are a useful instrument to upgrade the building stock. For example,
Italy introduced a tax reduction equal to up to 85% ofetlrost for structural interventions that improve the
seismic vulnerability of existing buildings.

Another way to save lives is by implementing netructural prevention measures, like (i) communicating risk
to raise public awareness for earthquake disaster (ii) implementing early warning systems in urban
regions, for instance:

1 The communication of risk aims to engage and educate different target groups, from citizens to
stakeholders (e.g. infrastructure operators or emergency authorities), regulatargavernment.
Oc hbj\\ghdnhojhkmjhjo h Vhomdnf h"pgopm »Hh \]jpc
implementation of prevention and preparedness measures, namely:@eifection measures (e.g.
shakeout earthquake drif®), infrastructure resilience planslamage and safety procedures for
postearthquake usability of buildings (Baggio et al., 2007), aftermath funding plans, regulations,
standards, and policies.

1 Early warning systems rely on the difference of arrival time between warning messages and
destructive shaking waves. The former is transmitted almost instantaneously when triggered by
an earthquake, whereas the latter may take seconds to minutes to arrive to a location. People and
automated systems may use this short time delay to activate maess to protect life and
property. Japan and Mexico are examples of countries where early warning systems are
functioning (Cuéllar, 2014, Fujinawa and Noda, 2013).

14.6 Gaps and challenges

The research community is continuously refining seismic hazard, vulilgyaland damageto-loss models

that will be included in upgraded versions of the software for seismic risk analysis. While most software tools
are userfriendly, their high degree of sophistication requires a level of expertise to be operated. In agditio

for specific risk assessment studies, the software tools may require tsgplied data that is costly and
time-consuming to obtain.

It is worth pointing out the high uncertainty on the estimation of casualties, resulting from the wide variability
of the number of earthquake victims subject to similar ground motion, and from the poor reliability and large
gaps in postearthquake statistics for casualties.

A major gap in seismic risk analysis is the absence of inventories of georeferenced exposureesitmed
specifically for assessing the vulnerability of the built environment at a local scale. Exposure data is mainly
available for residential buildings and aggregated in large regions. Inventories should preferably include as
many as possible asset®(g. industrial, commercial and other buildings, networks, critical infrastructures, etc.)
in order to provide a more accurate and detailed risk assessment.

Other challenges involve the development of miiazard risk assessment procedures on the one haat

coordinated approaches between disaster risk reduction, climate change adaptation strategies and
npno\l\di\]g Ah_"qg gjkh iohkjgdrd n'fhjihoc hjoc mh#Kj ge
relevant contribution to the achievement of tHeuropean Green Deal, the United Nations Agenda for

Sustainable Development, the objectives of the 2015 Paris Agreement, and the priorities of the Sendai

Framework.

118 | egge 27 dicembre 2017, n. 205. Bilancio di previsione dello Stato per I'anno finanziario 2018 e bilancio pluriennalipenio
2018-2020.
119 https://www.shakeout.org/dropcoverholdon/
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The ongoing project REEBUILmdgrated Techniques for the Seismic Strengthening & Eneffigiéncy of

Existing Building$}° is helping to shape the latter mentioned research needs. REEBUILD aims to support a
more effective allocation of financial resources and climate change adaptation, proposing a holistic approach
for the reduction of seismiwulnerability and the increase of energy efficiency of the European existing
building stock.
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15 Volcano eruptions
COSTANZA BONADONNA, CORINE FRESEHKNUSAN C. LOUGHLIN, DOMENICO MANGIONE, SCIRA MENONI

15.1 Context of Risk Assessment

Europe hosts a significant number of active volcanic areas most of which are concentrated in Iceland, Italy,
Spain, Portugal and Greece. Many more are located in autonsmegions, European dependencies and

territories in the Atlantic Ocean (Canary Islands, Azores, Cabo Verde, Tristan da Cunha, Ascension Island), the
Lesser Antilles (Montserrat, Guadeloupe, Martinique, Saba) and the Indian Ocean (La Réunion) (Polgnsek et
2017, Siebert et al. 2011).

Wellknown volcanoes and their historical eruptions and impacts inform much of our knowledge about
volcanic risk. For example, Vesuvio (Italy) with its veélidied eruptions and impacts (e.g. AD79 impacts at
Pompei and Heulaneum) threatens the large metropolitan area of Naples, the frequently active volcano Etna
threatens the large city of Catania and its surroundings on Sicily, Stromboli has recently shown how its
sudden and violent explosive activity (e.g. 2019 explegiroxysms) may impact both the local community
and tourism (one tourist lost his life during the July 3rd event). The ongoing-lomgl eruption of Soufriere

Hills Volcano on Montserrat in the Lesser Antilles that started in 1995 emphasised the chaesfdong

lived eruptions on small islands and the complex and cascading consequences over time for displaced
populations. Europe is also home to potentially devastating volcanoes with significant exposed populations
that have not erupted recently, and ¢ir future behaviour is difficult to anticipate. For example, Campi Flegrei
(Italy) shows significant unrest but no monitoring data is available associated with the last eruption which
occurred in 1538; similarly, Oraefajokull volcano (Iceland) has alswshrecent unrest but has not erupted

for hundreds of years. Such volcanoes present fundamental challenges in risk management. Volcano
monitoring can support decisiemaking and has aided the timely evacuation of many communities
worldwide, especially irecent decades (e.g. Eyjafjallajokull, Fogo, Etna) but prediction of hazardous
phenomena, especially during lotliged eruptions, remains challenging (e.g. Barclay et al. 2019). Since the
2010 eruption of Eyjafjallajokull volcano, more countries in Europgdnbecome aware of volcanic risk, the
potential transboundary consequences of even sarathderate sized eruptions and the potential vulnerability
of tourists. In 2011, European countries were encouraged to include low probability, high impact events in
their National Risk Assessments (NRA).

Despite increasing awareness, and the increasing presence of volcanic scenarios in NRAs, there are
considerable differences in how and at what detail volcanic risks are considered across Europe and there is
much potental to improve the situation. In particular, the seasonal increase in tourism at many volcanic
islands in Europe is not targeted by specific policies as occurs for other risks. In addition, the potential threats
of international volcanoes that may affect &nber States even if they are not physically located in Europe is
rarely considered. Therefore, volcanic risk assessments and related products and services are useful for
decision makers such as national and local civil protection organization authotitgdsre the event (long

term) to build successful mitigation policies, including emergency planning; during the event (short term) to
facilitate emergency management and decision making; and after the event {tenq) for effective build
backbetter polidges. Nonetheless, volcanic risk assessments may be very complex, since multiple hgzards
tephra fallout, lava flowshave to be considered that act over time through different spatial scales, often
generating additional cascading hazards (e.g. larisdi tsunamis, lahars, forest fires), interacting with
dynamic exposure and vulnerability aspects (Bonadonna et al. 2018). It is also interesting to consider how
volcanic eruptions have been shown to significantly impact the climate when have injectesl darantity of

sulfur gases into the stratosphere (e.g. Rampino and Self 1982; Stenchikov et al. 1998); however, global
warming can feedback on volcanic eruptions by reducing the plume height and, therefore, the potential to
have stratospheric injection cfulfur (Aubry et al. 2016). In addition, the melting of glaciers has been seen to
cause an increase in eruption frequency in selected areas (e.g. Iceland) that suggests a potential increase of
eruptions worldwide due to global warming, even though sucliramease might not become apparent for
hundreds of years (Swindles et al. 2018). Given the complexity of volcanic eruptions and of their interaction
with both the anthropogenic and natural environment (e.g. cascading impacts, climatdgsign and ce
production of a risk assessment can help all actors to proactively engage with the evidence, the process and
the results.
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15.2 Risk identification

15.2.1 Volcanic hazards

Volcanic risk is intrinsically multiazard, which is what makes volcanic eruptions and their asgedi

Disaster Risk Management particularly challenging. In fact, volcanic eruptions can be associated with one or
more of the following main primary phenomena: tephra dispersal and fallout, gas emissions, pyroclastic
density currents (PDCs), lava flows.particular, tephra fallout and dispersal refer to the injection of particles
(i.e. fragmented magma) into the atmosphere and the associated sedimentation to the ground. Tephra
particles can range from a few meters down to less than one micron and theynsent at progressively
increasing distance from the vent up to thousands of kilometres from source. As a result, the associated
potential impact also varies significantly with distance from the vent due to the variation in deposits thickness
and particle gainsize (e.g. Jenkins et al. 2015). Large blocks and bombs as well as thick tephra deposits can
cause structural damage to buildings and infrastructures in proximal areas, while the smallest particles (less
than a few tens of microns) can persist in théraosphere for long time posing a serious threat to aviation
transport depending on the associated concentration. Gas emissions represent a persistent hazard at many
volcanoes even in absence of eruptive activity; in fact, volcanic gas can be very toxsoametimes lethal

(e.g. SO2, H2S, CO2) (Williadmes and Rymer 2015). PDCs are hot mixtures of gas and particles of various
sizes that flow away from volcanoes reaching variable distanossstly depending on the associated mass.
Finally, lava flows are lao hot flows that travel down the volcano at variable speeds mostly depending on
their viscosity and topography. BoPDCsand lava flows have an immense destructive power due to the high
temperature and dynamic pressure (e.g. Blong 2000). People caiveuatthe margins of PDCs, or inside
impacted buildings, but they generally suffer serious and complex burn injuries. The slower velocity of lava
flows makes them less dangerous for people, but they are associated with damage and destruction of the
built> i gdmj i h i oh\Vi _HAg b o\lodjih# )b)HRFIg\p \hgjgr\ij"'h
In addition to primary volcanic hazards, the area around active volcanoes can also be affected by secondary
hazards, i.e. hazards that are not directly related to the dynamicthefvolcanic system. Secondary hazards
include lahars, remobilization of pyroclastic deposits by wind, tsunami and landslides. Lahars are flows that
are produced by the mixture of solid or liquid water with pyroclastic material and are associated with a
variable level of impact both to people and properties depending on the associated volume. The most
voluminous lahars are typically those associated with the melting of ice caps (e.g. Nevado del Ruiz 1985,
Colombia; Pierson et al., 1990); however, remoMiliraof pyroclastic material by rainfall can also cause
widespread damage (Pinatubo 1991, Philippines; Vallance and Iverson, 2015). In particular, lahars associated
with the remobilization of pyroclastic deposits by rainfall can occur a long time afterehgption has ended.
Similarly, the wineinduced remobilization of pyroclastic deposits can occur during the eruption as well as a
long time after the eruption has ended and can be associated with similar impacts as primary fallout (e.g.
Cordon Caulle 201,1Chile; Dominguez et al. 2020). Tsunamssociated with volcanic eruptions do not

involve as much mass movement as for those triggered by tectonic earthquakes, nonetheless they can also
be highly destructive both for people and properties (eAmak Kr&atau 2018, IndonesiaWilliams et al.

2019). Finally, landslides associated with flank collapses can occur due to flank deformation and/or alteration
and depending on their location they can also cause devastating tsunamis (e.g. Stromboli; Rosi e®93l. 201

Hazard characterization and assessment is the aspect of volcanic risk that has been the most studied and
published in the literature. In fact, in the last 20 years, significant advances have been made in the
assessment of tephra fallout (e.g. Biass aBdnadonna 2013; Selva et al. 2018), PDCs (e.g. Charbonnier and
Gertisser 2012; Neri et al. 2015), lava flows (e.g. Costa and Macedonio 2005; Cordonnier et al. 2015) and
lahars (e.g. Cordoba et al. 2015; Mead and Magill 2017). The recent eruptions ofdigjakull, Iceland in
2010 and Corddn Caulle, Chile in 2011 have also highlighted two important aspects that have been often
ignored or overlooked in hazard and risk assessment of explosive volcanism: tharfge atmospheric
dispersal of volcanic astrém even moderatesize eruptions (Biass et al. 2014; Kim et al. 2019) and the
resuspension of fine ash by wind erosion even years after the end of an eruption (Leadbetter et al. 2012;
Mingari et al. 2017 Jarvis et al. 202). These phenomena have revealetew facet of global vulnerability of
modern societies through direct and cascading effects.

Most hazard assessments published in literature focus on single hazards (e.g. tephra, PDCs, lahars), and often
on single aspects of individual hazards (e.g. tepbground accumulation, atmospheric tephra dispersal). This

is driven by the fact that single aspects of hazard processes might be particularly useful in specific phases of
emergency management and lorigrm risk management strategies. As an example, thedra assessment

of tephra ground accumulation is important to lortgrm risk management of urban environments and land
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use planning, while hazard assessment of tephra dispersal in the atmosphere is required for bottimeal
forecasting during volcanic @is and longterm planning of air traffic. Nonetheless, specific volcanic hazards
might impact various systems (e.g. environment, economy) simultaneously (e.g. fallout of ash and lapilli from
the plume, gas emissions and sedimentation of ballistic blocks)equentially (e.g. tephra fallout and PDCs),
and some might even trigger secondary hazards (e.g. teghli@ut deposits can serve as the source of
sediments in lahars in cases involving abundant water) and/or worsen the consequences of simultaneous
hazards. As a result of the complexity of volcanic eruptions, local and national authorities are often faced with
the management of multiple or compounding hazards much more often than single hazards (e.g. Liu et al.
2016). Multthazard assessments of activvolcano are, therefore, crucial to effective strategies of risk
reduction. Some muklinazard assessment platforms are available online (e.g. VOLCWORKS, Granados et al.,
2012; VHASS, Takarada 2017), but not many examples of riatiard assessments exigt literature (e.g.

Sandri et al. 2014; Zuccaro et al. 2018). In addition, these studies mostly combine the extent of individual
hazards and only rarely account for the interaction amongst individual volcanic processes, e.g. cascading
hazards (e.g. Tierzal. 2017; Baumann et al. 2019).

Various strategies for volcanic hazard assessment exist and can be categorized in three main groups: i)
deterministic volcanic hazard assessment; ii) scendrésed volcanic hazard assessment; iii) probabilistic
volcanic lazard assessment. In the first case, both eruptive conditions (e.g. plume height, erupted mass,
grainsize distribution, lava flow viscosity, velocity) and renuptive conditions (e.g. wind speed and direction,
rain fall intensity, topography) are fixed) the second case, both eruptive and reruptive conditions are
varied and probabilistically analysed assuming that the selected scenario will occur; finally, in a fully
probabilistic hazard assessment, both eruptive and yemptive conditions are variednd probabilistically
analysed and a given probability of occurrence is assigned to each scenario selected. In fact, with the
exception of specific complex scenarios where deterministic approaches are preferred (e.g. Deligne et al.,
2017), probabilistic mdelling is required to describe the intrinsic uncertainty of the system (i.e. aleatoric
uncertainty) as well as the uncertainty associated with the lack of knowledge (i.e. epistemic uncertainty).

15.2.2 Vulnerability aspects

Vulnerability can be defined as thegpensity of elements at risk (e.g. people, assets and systems) to be
damaged by a given hazard due to their intrinsic characteristics. Vulnerability can be subdivided in a variety of
subcategories, such as physical, functional, social, economic, systiestitjtional and environmental

vulnerability Birkmann 2007)Figure 34 illustrates the variousspatio-temporal scales at which hazards and
vulnerabilties intervene according to the framework developed as part of thefeted project ENSURE
(Enhancing resilience of communities and territories facing natural andeth hazards; 2008011) and

coherently with relevant definitions proposed in literatufeurner et al., 2003).

Figure 34. Framework proposed by ENSURE project to describe the interaction between hazard, vulnerability and
resilience
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The framework displays different axes fone temporal and spatial scales of hazards and vulnerabilities. In
particular, the temporal and spatial development of natural phenomena and human response do not
necessarily coincide. As for the temporal scale, for example, the possibility of new occesrehnsignificant
events within a short period of time, and while recovery is still occurring, must be considered (e.g.,
remobilization of ash following its primary deposition). Concerning vulnerability, the physical fragility of
structures and infrastrutres will determine the size of the consequences at the time of the impact, whilst
during the emergency what is most relevant is the residual functional capacity of services and lifelines that
depends on their systemic vulnerability.

As for the spatial sale, physical vulnerabilities are mainly addressed at the local scale to analyse intrinsic
fragility of structures and infrastructures; systemic vulnerability considers aspects from local to large scale
(municipal to provincial or county level) in orderaccount for aspects of interdependency and redundancy of
critical infrastructures. Resilience is seen here as the capacity to mitigate risk before the occurrence of an
event and as the ability to transform losses into opportunities after an event in otdeémprove the pre

event existing conditions and make the built environment more resistant to future natural hazards. When
considering the capabilities of populations to recover effectively (i.e., to be resilient), the regional, national and
in some case international levels must be considered. In fact, the resources required to reconstruct areas
affected by disaster cut across all levels of society (government,-poofit, for profit, etc.) and depend on the

type and strength of relationships among ttadfected places and a much wider region.

The most studied dimension in volcanology is physical vulnerability and mostly associated with teploa;fall
in particular, various damage scales and fragility curves have been produced that facilitate the catialin

of hazard assessments with vulnerability assessments (e.g. Blake et al. 2017, Jenkins et al. 2014,2015,
Spence et al. 2005, Williams et al. 2017). Nonetheless, a few examples of fragility curvd2d® and lahars
also exist (e.g. Daga et al. 2018uccaro and De Gregorio 2013). Social vulnerability has also been analysed
independently to provide a general understanding of risk perception of population (e.g. Gregg et al. 2004,
Galillard 2008, Haynes et al. 2008, Hicks and Few 2015, Few et al. 20hdgelliand Perry 1993, Perry and
Greene, 1983). When social vulnerability has been used to compile risk assessments, it has been typically
based on census data and expressed in terms of populatiomposition (urban, ruraBnd population
characteristics (gnder, age),education level (ratio of people without a basic level of education on the total
population of the administrative unit), and proportion of people with functional and access needs (hamely
elderly, children and invalids; e.g. Biass et al. 20B)me examples of systemic vulnerability assessments in
areas exposed to active volcanoes can be found, mainly addressing the interconnection, interdependency and
redundancy of lifelines (Galderisi et al. 2013).

15.3 Risk analysis

For volcanic eruptions to proke damage, one or multiple hazardous phenomena must impact exposed
people, buildings, infrastructures and/or natural areas:-pke&nt risk analysis provides a forecast of expected
damage given volcanic hazards, exposure and vulnerability. Risk anabysiseccarried out for various time
scales (Bonadonna et al. 2018). The main objective of iemgn risk assessment before the event is risk
management (e.g. hazard assessment, land use planning, preparedness, implementation of mitigation
measures and edud@n). The main objectives of rapid risk assessment during volcanic unrest include update
of the likelihood of hazard scenarios (e.g. expert elicitation), structure and demography of population, lifelines,
critical infrastructures, and potentially hazardeinfrastructures that can cause cascading technological
disasters; it can be built on the lorgerm risk assessment and is important for all the stakeholders (e.g. Civil
protection at all levels, decisiemakers in national and local level, private segtoommunities). The main
objective of rapid risk assessment during the event is emergency management (e.g. evaluation of new
potential hazard scenarios and their likelihoods, changes in population distribution, population movements,
access, population nesit it should be combined with potential impact assessments/impact scenarios to plan
and coordinate response. The main objective of risk assessment after the event is reconstruction that should
take into account lessons learnt and the potential for builglisack betterhoweversome timeit is required

to fully characterize and assess the overall lotgrm impacts/damage (not only physical, but also economic
and social).

Volcanic risk analysis can be qualitative, semi quantitative or quantitative depgratirhow hazard,
exposure, and vulnerability and their combinatiare assessedKigure35). A complementary distinction is
made between probabilistic @ahdeterministic (or scenaribased) approaches. Probabilistisk assessments
are necessarily quantitative, whilst deterministic ones can be qualitative, semi quantitative or quantitative.
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Figure 35. Generalized sketch for the cgnfation of a volcanic risk assessment for individual volcanic hazards. Multi
hazard risk assessments should result from the combination of individual analysis associated with each individual hazard.
Similarly, individual dimensions of vulnerability needlie treated separately and for each exposed element (e.g.
population, buildingsand infrastructures.

Deterministic hazard assessment

or

Semi-probabilistichazard assessment
(i.e. scenario-based)

or

Fully-probabilistichazard assessment

Assessment of individual
Exposure analysis (i.e. distribution of - vulnerability dimensions for each
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—— ——

Exposure-based risk analysis Full risk analysis
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Source: Authors

It is increasingly recognised that both qualitative and quantitative approaches are needed, and each bring
different advantages and diadvantages. Quantitative approaches may be essential to rigorously support
decisioamaking around significant investments in risk reduction, for example, whereas, qualitative
approaches may be better able to capture the wide range of cascading consegsienseenario may lead to.

Volcanic risk assessment requires a combination of hazard assessments with either exposure analysis or
vulnerability assessment or both. In case the hazard assessment is only combined with the exposure analysis
the risk assessmetican be defined as exposurbased and typically provides a quantitative assessment of
number of potentially affected people, assets or value of the lat{Eigure35). Given that all volcanic hazards
are very different in terms of hazard intensity metrics, even in case of mhblizard risk assessments, the
individual hazards have to be treated separately and then be combined with either exposure only or with
exposure ad vulnerability. The most common hazard intensity metrics are (Wilson et al. 2017): thickness or
mass loading (tephra fallout, pyroclastic density current deposits, lahar deposits), dynamic pressure
(pyroclastic density currents, lahar), flow height (Iefl@w, lahar), presence or absence (lava flow, gas
emissions), density per unit area (ballistics), impact energy (ballistics) and concentration (gas emissions,
tephra fallout).

Given the associated complexity and the infancy of vulnerability studies astetiaith a volcanic setting,
examples of comprehensive risk assessments that analyse the full spectrum of potential hazards in
combination with exposure and the full spectrum of vulnerability dimensions does not yet exist. Most methods
model such combinabin using vulnerability or damage curves that have been developed to relate hazards
with exposed elements given their intrinsic fragilities, mainly addressing physical vulnerability. A standardized
method for risk analysis that can be used throughout thenomunity still needs to be developed. Nonetheless,
some examples exist that show various combinations of hazards, exposure and vulnerability associated with
tephra fallout and dispersal (e.g. Biass et al. 2017, Scaini et al. 2014, Spence et al. 2005, Thweipsl.

2016; Alcorn et al. 2013Bonadonna et al. 2021), PD@sg. Alberico et al. 2008), lava flows (e.g. Bonne et al.
2008, Favalli et al. 2009), lahars (e.g. Lavigne 1999, Leung et al. 2003, Mead et al. 2017), and multi hazards
(e.g. Alberico et aR011, Alcorn et al. 2013, Deligne et al, 2017, Matrti et al., 2016, Neri et al. 2008, Pareschi

et al. 2000, Zuccaro and De Gregorio 2013). Even though current EU guidelines consider human life and
health, economic losses and sogiwolitical impacts as suéble impact categories for NRAs (EC, 2010), the
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current state of art in volcanology is not able to cover such a widaging risk analysis encompassing all
societal relevant sectors.

For volcanoes, hazard and risk analyses are developed at the volcane faralsing on the multhazard

nature of the threat and likely impacts. Such analyses are typically forwlaaking where they exist but may

still be grounded in assumptions based on what has happened in the past (geological studies). As noted
above, vulneability data is still largely lacking and for many volcanic hazards (e.g. pyroclastic density
currents, lahars) there are assumptions of total destruction (bimodality) which do not enable planning for the
more complex reality that not all people impactede killed (and many may require urgent specialist burns
treatment) and not all buildings and land are destroyed but their value may be lost.

In the recent past, some of the most devastating volcanic events in historical times arose from poor
responses ta single volcanic hazard arising from a small to moderatzed eruption, e.g. Nevado del Ruiz,
Colombia, in 1985, when a moderatgzed eruption caused melting of the summit ice cap and the generation
of voluminous lahars (Pierson et al., 1990). The feshould, therefore, be on impact scenarios and the
sequence of events that could lead to them. It is advisable to plan for low frequency, high magnitude events
for which there are no historical precedents, and this is particularly important for caldelcamoes (e.g.

Campi Flegrei, Italy). For national planning, it is important to consider impact scenarios at each volcano that
could require a national response or that may exceed national capabilfesvolcanoes it is also critical to
consider transbondary risks, for example disruption to transport, critical infrastructure or supply chains (e.qg.
Eyjafjallajokull, 2010) which may have widenging and cascading consequences. For volcanic islands, it is
particularly important to consider scenarios witagners in neighbouring islands and countries. For example,
a PDCwould cause a particular set of challenges on the island but if it enters the sea it may cause completely
different hazards (e.g. tsunami) on neighbouring islands and coastlines.

15.4 Risk evaluation

Risk evaluation is the process of deciding whether a risk is acceptable or should be reduced considering
multiple criteria aimed at saving human lives and preserving economic activities and goods. In the context of
an NRA, risk evaluation also inckgithe process of comparing risks for various reasons including 1) to
recognise where risk management (emergency planning and preparedness versus risk mitigation) and finance
should be prioritised, 2) to understand potential linkages and interactions betweatural and marmade

hazards, and 3) to recognise where measures and capabilities that are already developed or being developed
for another risk could be adopted or developed for a new risk (QRGLB)

Risk matrices are an attempt to distinguish highopability, high impact events from low probability, low

impact events; in principle, they should be effective to guide planning priorities but in fact it has been shown
that there may be a tendency to undearioritise low probability, high impact eventBlagden 2018), such as
volcanic eruptions. Differently, risk ladders express risk from low to high on a vertical scale (Visschers et al.,
2009) and have been used in volcanology (e.g. Montserrat; Sparks et al. 2013) to compare the societal risk
(loss of Ife) between volcanoes, earthquakes, hurricanes and other risks (e.g. traffic, public health); this
enables stakeholders including the public to place infrequent and unfamiliar hazards in context with more
frequent and familiar hazards.

Di hoc H PR ARC\AUAIM onphnK\ moi " mncdk%hc\ nh] > " i h_"q gj k _hoj
hazards between national institutions involved in the process but in addition, academia, the private sector and

civil society need to be involved. Transparency of pinecess is essential if all stakeholders are to have

confidence in methods, comparison of risks, ownership of risks and emergency planning. In order to achieve
transparency, it is essential that metadata (source data, assumptions, model limitations) ade anailable

and uncertainties unveiled.

As volcanic unrest and eruptions are mfthzardous and last for weeks, months or years, so hazards may
interact with other natural or anthropogenic hazards that are generally considered separately in NRAs but
may actually occur concurrently, in succession or be interconnected especially before, during or after an
eruption affecting a wide variety of sectors at different temporal and spatial scales. Available methods to
consider such mukrisk conditions exist rarigg from the simplest qualitative table listing possible additional
hazards and their interconnections (Gill and Malamud, 2014, 2017) to probabilisticattard methods (e.g.
Marzocchi et al. 2012; Bernal et al, 2017; Tierz et al. 2017).

Not all populaions, sectors, infrastructures and environments are equally resilient. Analysed vulnerabilities
and risk often assume the steadgtate of a given population, building or infrastructure. However, a more
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dynamic consideration of the impact of unrest and etigm over a significant period of time must be taken

into account. As an example, evacuations, loss of livelihoods, separation of families, development of chronic

health problems due to repeated ash fall and gas/aerosol emissions must be considered. THRAJKlots
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separate likelihood versus impact matrix for each type of natural hazard, which may include a reasonable

worst-case, maximum and miniom scenario.

15.5 Risk treatment

National Risk Assessments can help national governments decide how much investment is proportionate to

oc Amdnf' h]l pohbdg i hoc hdhkjnnd]dgdothj afh%u mj hmdnf %
tolerability of the residual risk after mitigation measures have been taken is needed. For volcanoes, the

challenge may vary dramatically depending on situation, so an island government/authority dealing with a

few thousand people or less will likely have a differesqptd * r fj i %\ 2~ ko\ ] g hmdnf %Lhoj f\
managing risk to millions of people. For any nation with a volcano, the highest risk is geographically focused

and although theoretically this enables focus, political decisions on appropriate investnmehthe setting of

realistic and transparent mitigation and planning targets can be challenging. For most countries with

volcanoes, the most difficult challenge is to set goals reflecting what is factually and politically feasible and

to justify these goalshy reference to a risk assessment that does not (and cannot) account for these kinds of

political judgement.

A starting point for effective planning, preparedness, response and recovery from volcanic eruptions at local
to national scales is to have an &fctive and appropriately resourced official volcano monitoring institution
(often supported by other scientific institutions) working closely with civil protection (local to natises)

Box10 on Campi Flegrei as an exampldforemergency response, the roles and responsibilities of each
institution must be clear, leading to the development and implementation of procedures and emergency

plans, as well as provision of appropriate resourcesrigi populations must be able to receitimely alerts

and act appropriately upon them. This requires development of emergency plans at all levels from households
to government, thorough understanding of risk, effective communication systems linked to monitoring and
regular practice. This shalilll be in place before any disaster occurs. An assessment of the vulnerabilities

and exposure of critical institutions needed to respond to volcanic events should be part of any risk
assessment since a breakdown in coordination, communication and/orcigman have devastating
consequences. There have been good examples worldwide of exercises led by scientists working in partnership
with civil protection to raise awareness and participation in communitiesisk (e.g. (e.g. Hicks et al. 2017;
Deligne ¢ al. 2017; Ricci et al. 2013).

Box 10: Campi Flegrei (Italy)

Campi Flegrei is a volcanic field (caldera) located in the Neapolitan area (Italy), extending from Monte di Procidaipo Fosill

created by several past importamxplosive eruptions. The last eruption of Campi Flegrei occurred in 1538 which generated

in few days the Monte Nuovo cone. Since then the volcano is quiescent but has always shown signs of activity including
seismicity, gas emissions and deformations. Tagical continuous uplift/downlift episodes of the caldera floor is known|as

°1Tm\ _tn dnh») G\ nohdhkj mo\ il978 and ig 19821934, kn chsspciatiom vijth stgfificanm™ _  d i A
seismic swarms, which forced people to evacuate the RioneaTierPozzuoli. Since 2012, a new uplift phase is ongojng
(cumulating 61 cm up to 2020) along with changes in the geochemical parameters of the fumarolic gases and some sgismic
swarms.

Longterm civil protection planning in case of reactivation of Campigifé represents a significant challenge due to the
uncertainties related to the possible size, to the location of the vent of the next eruption, to the expected hazards and the
impact and to the very high number of exposed people. Moreover, there isga lrumber of stakeholders involved in the
civil protection planning process, which adds further complexities.

The first important goal achieved was to define a lotgrm scenariebased hazard assessment. This task was performed
by a working group made afcientists coming from volcanic observatories and academia. The scenario includes (1) the
spatial distribution of mediurdiong term probabilities of future vent opening areas, (2) the definition of the eruptive clagses
(from small to very large) with assaated conditional probability of occurrence considering the last 5,000 years of activity,
(3) the expected hazards and (4) specific physical vulnerability studies for earthquakes and tephra fall.

The results of these studies enabled the National Civil Retibe Department, in close connection with the Regione Campgnia

civil protection and the Municipalities, to define suitable risk management policies for the chosen Volcanic Explosixity Inde

4 eruption (i.e. medium size eruption). As aresult, the highfjsuj i ="' i V' h™ _fh°m> _huji  »"'" A\ i _hoc’
They represent the backbone of the National Civil Protection plan for volcanic risk in Campi Flegrei.
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The red zone is the area that includes the Municipalities, or part of them, which coulddse likely invaded by PDCs,
according to the results of the hazard assessment studies. Given the deadly and destructive impact of PDCs on human life,
the only risk mitigation measure considered is the total evacuation of the population (almost 500,000ig@ebgfore the
eruption starts. People could either choose an autonomous place to stay outside the red zone or receive governmental
assistance from the Region twinned with each Municipality. In case cepugtive seismic crises, buildings located along

the evacuation routes may be severely damaged significantly impacting the evacuation process. Therefore, physical
vulnerability studies for seismic hazaid these areas will also be considered in the mobility plan.

Based on dedicated hazard modelling aptysical vulnerability assessment, the yellow zone includes the Municipalities
that could be most likely affected by heavy tephra fall and suffer major disruptions, including roof collapses. The gntire
yellow area counts about 840,000 people, but only peftit will be affected by ash and evacuated depending on the wind
direction. So, each Municipality of the yellow area must update its own civil protection plan to include appropriate
contingency measures.

The National volcanic warning system is based otoar coded alert levels (from green to red) that describe the evolution

of the volcanic activity status towards an eruption, based on monitoring data and observed phenomena. Alert levels are
declared by the National Civil Protection Department based darination provided by ING®sservatorio Vesuvianp
gjg”r\Vid*hj]ln mg\ojmth\i Hjihoc A\ _gd”r Hhjahoc A°>jhhdnndj i’
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the National civil protection system must undertake. The activation of the base and attention operational phases is declared

by the National Civil Protection Department while faarm and alarm phases are declared lthe Prime Minister.

Following the unrest phase started in 2012, the National Civil Protection Department raised the volcanic alert level from
bm™ i hoj ht "ggjrh\Vi Hhoc hHjk m\- odji\lghkc\ n" h-acalg¢exegiSelfookn ~ » Hoj h°
place simulating the response of the entire National civil protection system, which also includes scientists, for each alert
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For longefterm planning there are important opportunities to align with existing risk management activities.
For example, planning for different anthropogenic amatural hazardous events e.g. earthquakes, landslides,
tsunami, poor air quality and flooding may also be appropriate for volcanic risks. Land use, spatial and urban
planning are crucial to reduce in particular volcanic risk associated with some phenosughaas lava and
pyroclastic flows for which measures addressing the physical vulnerability of structures and infrastructures
are not likely to work and do not guarantee human survival. Tools generally adopted by planners, such as
relocation, zoning, defition of acceptable population density, more appropriate urban patterns, organisation
of settlements with respect to accessibility factors, location of critical facilities, are all based on decisions and
design in which damage reduction and exposure agaitk can be mainstreamed as shown by some best
practices (Saunders and Kilvington, 2016).

In Europe both longand shortterm mitigation are crucial, given the high population density of some of the
areas that are exposed to volcanic threat, and the pofahimpact on economic sectors, such as tourism,
particularly in areas that are considered peripheral, such as volcanic islands. Furthermore, thdordes
dimension of volcanic related risks on critical infrastructures should be better understood landgd for. As
discussed by Wilson et al. (2017), lifelines such as power and telecommunication are extremely vulnerable to
some of the volcanic related phenomena and outages in such systems may provoke widespread cascading
effects in Europe on entire ecomic sectors as well as on other critical infrastructures.

15.6 Gaps and challenges/conclusions

Volcanic risk assessment analysis is in its infancy and a variety of critical gaps and challenges still exist and
can be used to guide future research and practia@vdlopments (Bonadonna et al. 2018). Collaborative
research and partnership building across scientific disciplines and stakeholders have to be developed. The
adoption of a common terminology (e.g. UNDRs://www.undrr.org/terminoloyyould also helpa

facilitate collaboration, optimize the research effort across disciplines and enhance uptake of science by
national governments. The development of good practice in volcanic risk analysis would help in the collection
of relevant and useful data (e.g. netnaditional data- social media, internet; citizen science;
communities/authorities), in common formats and the storage and sharing of data (e.g. USHAHIDI;
https://www.ushahidi.com/). There is a need to develop a framework to record and cataloguerpatsbn

damage data that is widely accepted, recognized and used by the volcanic risk community (as it is done, for
example, by the European seismic risk community with the European Macroseismic Scale 98). Such data may
support improved analysis of the keyriders behind eruptive impacts permitting to learn from real events and
identify more clearly what combinations of hazards and vulnerabilities over time are most important in terms
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of casualties, health impacts, building and infrastructure damage, busirzessnetwork disruption, loss of
livelihoods.

Existing approaches for assessing various dimensions of vulnerability (e.g. physical, social, systemic,
economic) should also be refined and better adapted to the volcanic case. More effort should be ini@sted
studying interdependencies and systemic links between hazards and vulnerabilities with impacts
encompassing all societal sectors. A dynamic and comprehensive volcanic risk framework should integrate
multiple hazards and different dimensions of vulndailities at multiple spatial and temporal scales.
Propagation of uncertainty from the assessment of hazard, exposure and vulneratailitye compilation of

risk assessment should be evaluated and incorporated in the final outcomes. The challenges redating
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associated with frequently active volcanoes. This would require further investigation into phased evacuation,
displaced populations and migration ielation to volcanic risk. Critical gaps between knowledge and actions
to increase preparedness should also be identified.

Ideally, communities atisk (or their representatives) should participate in risk assessments because they can
provide knowledge,antext and meaning to data that are collected. Risk assessments and related seience
based services and products should be designed and cgproduced by a variety of stakeholders including

not only scientists, but also representatives of the society be@atigey should be inclusive and answer

specific needs. In particular, volcano observatories need to play a crucial role in the identification of volcanic
hazards and in the cg@roduction of risk assessments together with scientists and civil protection auitiles.

Such approaches can help to build trust (e.g. transparency, impartiality, participation). Nonetheless, there
should be consistent messaging across all entities and with the public and all media. Volcanoes produce
transboundary hazards and risksp,sthere is also the opportunity to collaborate across nations in the analysis
of, planning and preparation for risks. The rapidly increasing number of seasonal visitors to volcanic areas
means that their exposure and vulnerability (and services requitethtinage them in a crisis) must also be
considered in risk assessments, especially on volcanic islands. Working closely with governmental
stakeholders at all levels and with managers of critical infrastructures, a better understanding of the
information ard methods required by risk analysis undertaken for different purposes (e.g. risk to life,
insurance purposes) and at different time scales (before, during and after a hazardous event) should be
investigated. Specific systems should also be assessed irticgldo the different phases of the disaster risk
cycle (e.g. transport system should be especially assessed in the framework of an emerigasey risk
assessment).

Given the complexity of volcanic eruptions and their strong relation with the anthropgogev natural

environment over multiple spatial and temporal scales;dmsign and ceproduction of knowledge and
diajmh\odjihjihgjgr\Vij nhVi _hA mpkodjin%hdhk\”*oh"\i hc
risk assessment products and seces supporting more evidendeased decisions.
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16 Biological disasters
ANNE SOPHIE LEQUARRE

16.1 Introduction

Biological disasters gather all the events linked to thiecontrolled spread of pathogens or pests affecting
humans, animals or even plants. Wthown examples with huge economic costs are the food and mouth

crisis in UK in 2001 with the culling of over 6 million of cows and sheep or, right now, the wipe outllains

of ancient olive trees in ltaly due to the infection by deadly bacteria with no &irén human a number of
epidemics (e.g. cholera or Spanish flu) have had previously devastating consequences on our populations but
thanks to the development ofaccines or appropriate treatments health crisis are now fortunately scarce in
most countries. However this stability can be shaking down as illustrated by the recent outbreak of measles
after a decrease in vaccine coverage, especially in Ukt&ime the threat of the Ebola virus leading to

thousands of deaths in West Africa with a few imported cases reported in Europe in 2014.

Outbreaks, the sudden rise in the incidence of a disease, occur when pathogen agents and target hosts are
present in adequate numbs. It may result from an increase in the amount or in the virulence of the agent,

but also a change in the susceptibility of the host and/or the introduction of the agent into a setting where it
has not been before (emerging pathogen). International trarsation, trade, urbanization, environmental

change, agricultural practices could pave the way to new emerging epidemics in Europe or globally. Accidental
release of an infectious agent from a laboratory or from the importation of goods has also to bendhto
consideration. Potential malicious discharge should not to be discarded either.

Anticipating and managing outbreaks is complicate. In contrast with other disasters, outbreaks have very
different profiles and impact according to the responsilagent and targeted host. Drafting generic risk
assessment is challenging as this exercise strongly depends on the pathogen accountable and its host(s).

An epidemic is the widespread occurrence of an infectious disease in a community or population. A @ndem
is the extension to many populations worldwide, crossing international boundaries and affecting a large
number of people. Zoonosis is any disease or infection that is naturally transmissible from vertebrate animals
to humans.

They can be extremely disptive to lives, livelihoods, and the political and socioeconomic stability of affected
communities so well illustrated by what we are experiencing in 2020 with the C&\Ipandemic.

Epidemics and pandemics have a unique characteristic, the responsititegens continue to circulate,
spread and evolve and thus present ongoing and changing challenges in terms of assessment, impact and
persistence, further complicating risk management, control and recovery.

16.2 Human epidemics

16.2.1 Risk identification and the policy context

The extent of an outbreak depends on pathogen's features (host range, transmission mode, virulence,
pathogenicity, etc.), characteristics of the host (numbers, especially population density, natural or acquired
resistance, possibility of asymptontia carriers, vaccination status, etc.) and the availability of
countermeasures (vaccine, treatment, isolation and quarantie)the first step is the identification and
characterisation of pathogens that could be responsible for outbreaks as well afitis¢ populations that
would be affected.

16.2.1.1 International Public Health policies

After the SARS outbreak (severe acute respiratory syndrome due to a coronavirus) in 2005 the new
International Health Regulations (IHRentered into force binding on 196 counés across the globe. The IHR
define the rights and obligations of countries to report all public health emergencies of international concern

in order to help the international community to prevent and respond to acute health risks having the potential

to cross borders and threaten people worldwide. The diseases under concerns are all epidemic prone diseases,

121 hitps://ec.europa.eu/food/plant/plant_health_biosecurity/legislation/emergency _measuresHattithosa_en

122 hitp://www. euro.who.int/en/countries/ukraine/news/news/2018/05/ukreéstoresimmunization coveragein-momentouseffort-to-
stop-measlesoutbreakthat-has-affected-more-than-12-000-this-year

123 htps:/iwww.who.int/topics/international_health_regulations/en/
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food borne diseases, accidental and deliberate outbreaks, toxic chemical accidents and radio nuclear
accidents as well as environmental disasters.

The IHR also specify procedures for the determination of a Public Health Event of International Concern
(PHEIC) with the corresponding recommendations to prevent or reduce the international spread of disease and
avoid unnecessary interference with internatal traffic. During a PHEIC, countries may request assistance

with the management of the epidemic. However, the overall capacity to control and prevent the occurrence of
epidemics or a pandemic is only as good as the weakest link in the chain and, simtlael effectiveness of

an international alert system will only be as good as its implementation.

16.2.1.2 EU policies controlling human communicable diseases

Within the European Union, the European Centre for Disease Prevention and Control (ECDC) is responsible fo
identifying, assessing and communicating current and emerging threats to human health posed by infectious
diseases. WHO Europe and the ECDC work together to develop a single European reporting and response
system, and the ECDC assists EU Member Statestitain aspects of IHR implementation, via Decision
1082/2013/EU.

Decision 2119/98/E¥* established the network for epidemiological surveillance and control of communicable
diseases, with implementing measures and a reference list of communicable diseawbsase definitions. In

2013 it was replaced by Decision No 1082/2013/Btbn serious crossdorder threats to health. This new

Decision revived the network for the epidemiological surveillance of communicable diseases. It laid down rules
on data and infornation that national competent authorities should communicate and provided for

coordination of the network by the European Centre for Disease Prevention and Control (ECDC). The list of
diseases and case definitions are regularly updated to reflect changefisease incidence and prevalence,

and in light of new scientific information, and evolving laboratory diagnostic criteria and practices.

Apart from communicable diseases, a number of other sources of danger to health, in particular related to
other biobgical or chemical agents or environmental events, which include hazards related to climate change,
could by reason of their scale or severity, also endanger the health of citizens in the entire Union and are
included in the regulation.

Once ayear, allB MS & 3 EEA countries (Iceland, Liechtenstein, Norway) send data from their surveillance
systems to ECDC. All data relate to occurrences of cases of communicable diseases and health issues under
mandatory Ebwide surveillance. A number of conclusions drafnom these data are presented in the ECDC
Annual Epidemiological Report.

List of human priority diseases: To perform a ranking of human pathogens and zoonosis ECDC has developed
a tool based on a multcriteria decision analysis (MCDA), with severapstto follow?® for prioritisation such

as criteria to assess a disease (e.g. probability of exposure, vulnerability of the population, consequences) and
the weighting of criteria according to their importance in the society.

The impact of an epidemic depda on the number of cases, the severity of the disease but also the burden
on society (missed work, hospital capacity, and public services). Unlike disasters such as earthquakes or
floods, basic physical infrastructures will remain intact but the dangea lack of personnel for public

services. For example at the height of a pandemic flu up to 40% of employees could be out of work for a
period of at least two weeks. Key measures to be taken include plans for maintaining a workable level of
staff and ensue the continued health of necessary workers. In consequence national governments have to
build scientific mechanisms to anticipate, identify, and address such threats.

16.2.2 Risk analysis and risk evaluation

Risk assessment terminology is well established foewtical hazards to health (OECD, 20&3) but the
terms used in the areas of diseases differ somewhat as hazard characterisation and consequence
assessment both deal with the effects of exposure.

When an alert is notified, (when a communicable disease fittvn reference list or another event which could
endanger the health of citizens in the entire Union is reported), the Commission shall make promptly available

124 https:/leurlex.europa.eu/legatontent/FR/ALL/?uri=CEL EX:31998D2119

125 https://ec.europa.eu/health/sites/health/filpseparedness_response/docs/decision_serious_crossborder_threats 22102013_en.pdf
126 hitps://ecdc.europa.eu/sites/portal/files/documentsiifor-diseasepriority-ranking_handbook_0_0.pdf

127 http://Iwww.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/IM/MONO(2003) 15&docL anguage=En
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to the national competent authorities a risk assessment of the potential severity of the thregiublic health,
including possible public health measures. The risk assessment shall be carried out by:

1. ECDC in accordance in the case of communicable diseases
2. European Food Safety Authority (EFSA) in matters of food safety and animal health
3. Other relevant Union agencies.

If the risk assessment needed is totally or partially outside the mandates of the agencies, and it is considered
necessary for the coordination of the response at EU level, the Commission shall, upon request of the Health
Security Comnittee (HSC) or its own initiative, provide an ad hoc risk assessment.

The Commission shall make the risk assessment available to the national competent #igbqgromptly

through the EWR® (Early warning and response system, centralized mechanismhfersecure exchange of
information in the occurrence of events with the potential to endanger public health in the EU). Where the risk
assessment is to be made public, the national competent authorities shall receive it prior to its publication.
The risk asessment shall take into account, if available, information provided by other entities, in particular

by the WHO in the case of a public health emergency (PHE) of international concern. A guide for RRA
methodology of PHE was released in 2012 by WHO

16.2.3 Risk Assessment methodology for human diseases
ECDC technical report "Operational guidance on rapid risk assessment methoéfSlogy"

The risk from a communicable disease is dependent on the likelihood of transmission in the population
(probability) and theseverity of disease (impactRisk may be influenced by the environment in which the
threat occurs, including political, public, media interest and perception of risk. Probability and impact are
based on both the nature of the infectious agent (i.e. inclitma period, mode of transmission, available
interventions, vectors/reservoir species) and details of the incident (e.g. characteristics of the population at
risk including immune status, prevention, treatment and control measures available, and potienmtial
international spread).

Rapid risk assessment, undertaken at the initial stages of an event of public health concern, is a core part of
public health response, widely undertaken by public health professionals. However it is not often done in a
formalised way but based on consensus opinion of experts. There are a limited number of examples of a
more systematic and transparent approach to rapid risk assessment in the literature:

1 A qualitative method for assessing the risk from emerging infections in UKr{én et al.2009)
using algorithms to consider the probability of an infection occurring in the population, its potential
impact, and identifying gaps in knowledge or data

1 A prioritisation approach to rank emerging zoonoses posing the greatest threheilNetherlands,
based on 7 criteria (including probability of introduction, likelihood of transmission, economic
damage, morbidity and mortality) to aid decisionaking®!.

Rapid Risk Assessment methodology (when an outbreak is occurring, produced in a short  time period
with often limited information and circumstances possibly evolving quickly)

1. Collecting event information: who has reported the incident, where, what is the agent, what are
the symptoms, how many cases, what are the specimens taken and tesfeneed, what is the
potential exposure to the agent, what are the protection means, etc.

2. Performing structured literature search/systematically collecting information: Identify basic facts
about the disease and aetiological agent from a reference texe&ftlly less than 5 years old). Basic
disease information/determinants

Occurrence: time, place, person, endemic, routes of introduction, Seasonal/temporal trends
Reservoir (if zoonotic, which species affected)

Susceptibility: are specific risk groups at inesed risk of exposure/infection,

128 https://ewrs.ecdc.europa.eu/

129 hitp://www.who.int/csriresources/publications/HSE_ GAR_ARQ_2012 1/en/

130 https://ecdc.europa.eu/en/publicatietiata/operationalguidancerapid-risk-assessmentmethodology
131 https://iwww.rivm.nl/bibliotheek/rapporten/330214002.html
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W = =2 =2 =2 A

Infectiousness: Mode of transmission, Incubation period

Clinical presentation: Disease severity (morbidity; mortality); Complications, specific risk groups
Laboratory investigation and diagnosis

Treatment and control meaures

Previous outbreaks/incidents

Extracting relevant evidence: Role of the experts: Identify and seek advice from key experts,
including public health, microbiology, infectious disease and other dissaseific experts or
specialists within country anthternationally

Appraising evidence: The quality of evidence is the confidence in the truth of the information or
data. Triangulation of evidence, including specialist expert knowledge, may be important to reach
a consensus. Ensure a minimum of 2 to 3 dataurces and agreement between these.

Estimating the risk: assess the risk posed by the threat using the risk assessment algorithms. Two
approaches are presented, one combines probability and impact into a single algorithm resulting
in a single overall sk level, the second assesses probability and impact separately.

Option 1 (combined approach) , in Figure 36, includes consideration of the following:

=A =4 =4 A -4

Paential for transmission within the Member States:

Potential for transmission within the EU (routes of introduction/spread)
Threat unusual or unexpected,

Availability of interventions (alters the course, influence the outcome)

Severity of disease in thipopulation/risk group

Option 2 (separate algorithms for probability and impact): 3 separate algorithms

1.

Probability of infection in the MS (depends on likelihood of further exposure, infectiousness of the
disease, susceptibility of the population)

Probability of infection in the EU (depends on availability of routes of introduction/spread,
exposure, population susceptibility, infectiousness)

Impact: severity of disease in the population (morbidity, mortality, complications), infectiousness,
mode oftransmission, period of communicability, length of incubation and asymptomatic period,
availability of treatment, prophylaxis and other control measures.

These algorithms ( Figure 37) are gathered in the risk -ranking matrix to produce an overall risk

level .
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Figure 36. Single algorithm combining probability and impact resulting in single overall risk level (combined approach
option 1).

If in doubt (e.g. due to insufficient evidence), select the higher-risk option.

1. Are there specific groups atinaeased risk of infection?
If YES, complete a separate information table and repeat risk assessment for general
populationand each risk group separately.
|

v

2. Rate the potential for transmission within the Member State. Also rate the potential for
transmission in specific groups*.

—_—

3. Is this threat unusual or unexpected™*? 3. Is this threat unusual or unexpected™*?

—

Yes No
No l X d_f_,,d-—J

lvﬁ

f_,_a—:::_
4. What is the probability of further "_frf \ 4. What is the probability of further
spread within the EU*™*2 T spread within the EU***?
ow | o e

5. Is the threat likely to cause severa 5. Is the threat likely to cause severe 5. Is the threat likely to cause severa

disease in this population/group? disease in this population/group? disease in this population/group?

N% \r‘es N:/ \"es Ny \(‘es

6. Are effective treatments and 6. Are effective treatments and 6. Are effective treatments and 6. Are effective treatments and
control measures available? control measures available? control measures available? control measures availkble?

Yes/ \':0 YE:/ wo YE:/ wo ‘l'e:/ \':0

* Depends on exposure, infectiousness, susceptibility of population.

** For example: unusual disease, setting, affected population group, increase in disease above expected threshold, appearance
of a previously unreported disease. Where disease would not occur in population group, ‘No” option should be chosen.

kol Depends on availability of routes of introduction/spread, exposure, population susceptibility, infectiousness.

SourceECDC, 2011

Figure 37. Algorithm for calculating probability and impact (option 2).

At Member State level: At EU level:

Question 1 .,
If there are specific groups at increased risk of infection (question 1 in table 2 answered with YES), please conduct PrODab”Ity

separate risk assessments: one for the general population and one for every risk group.

Question 5 Vi I
ain Are there routes of introduction/ *e—‘ ery low
Probability spread into other Member States?

Question 2
1Is further human exposure likely in the *
Member State? : Question 6
= Is human exposure likely in other 40—’ Very low
Member States?

+
Question 3 o .
1Is the population highly susceptible? Low
| Question 7
Is the population in other Member ‘o—' Low
v:' States highly susceptible?
Question 4
Is the disease highly infectious? o » Moderate
Question 8 o R
\ Isthe disease highly infectious? Moderate

Cam i

Impact
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Question 9 Question4or8 Question 11
Is the disease likely Is the disease highly Are effective Very low
to cause severe _°_. infectious? _°_. treatments and —he»
disease in this See probability control measures
population/group? algorithms. available?
; N\
o Yes [ ’
Question 11
Question10 treatments and — Yes —»
Will a significant ° control [
number of people be avaiable?
affected?
uestion 4 or 8 Question 11
I 15 the iosass hghly MEcfiectie — ves—» Moderate
~ e treatments and
_e_' control measures
avaiable?
X
= . Questiontt
Ave effective £ .
treatments and
control measures
avaiable? \Q\
Matrix

Probability (part A) x impact (part B) = risk (part C)

Probability

Moderate

Low Moderate
Very low risk Low risk Low risk Moderate risk
Low risk Low risk Moderate risk Moderate risk
Low risk Moderate risk Moderate risk High risk
Moderate risk Moderate risk High risk High risk
Moderate risk High risk High risk Very high risk

Source: Author

16.2.4 Risk Treatment

As said drafting a generic riskssessment for communicable diseases is challenging as it strongly depends on
the pathogen accountable, its host(s) and the environmental conditions. Consequently it is highly important to
support extensive surveillance systems in order to react quickly @nbuild national capacities for a proper
response for each disease.

The decision on crossorder threats to health5 lays down rules on epidemiological surveillance, monitoring,

and early warning of serious threats and includes preparedness and response planning, in order to coordinate
and complement national policies. TMS shall, on the basis of the information from their monitoring

systems, inform each other through the EWRS about developments of the threat. The EC collaborates with MS
within the Health Security Committee (HSC), with relevant EU Agencies, in partiCiD&, Bnd international
organizations, such as the World Health Organization (WHO), to organise preparedness planning, alerts and
appropriate assessment of the risks for the EU, and to coordinate the response.
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MS shall provide every 3 years an update o tlatest situation with regard to preparedness and resise
planning at national levé¥? with the following:

Status of the implementation of the core capacity standards for preparedness and response
planning as determined at national level for the health s ector, in accordance with IHR

Measures for ensuring interoperability between the health sector and other sectors including the
veterinary sector, identified as critical in the case of an emergency, in particular:

1 Coordination structures in place for csectoral incidents;
1 Emergency operational centres (crisis centres);

Description of the business continuity plans, measures or arrangements aimed at ensuring the
continuous delivery of critical services and products.

16.3 Animal diseases

16.3.1 Risk identification and the policy context

A distinction is made between epizootimot transmittable to humans (e.g. foedind mouth disease) and
zoonotic, diseases transmittable from vertebrate animals to humans (e.g. avian influenza). Zoonosis are
under higher concerns abey may represent a threat for human health however epizooties can impact

heavily the economy of a country deeply involved in livestock produciibe.amount of animals concerned

by a specific disease, their density, the contamination process and theding system used are all

significant factors to be considered for assessing the risk of an outbré&iknilarly the measures to fight

against a transmissible disease are based on the nature of the agent, its transmission route (direct contact or
indirectly via contaminated equipment), geographical distribution, health impacts and evolution in the
population.

16.3.1.1 International Animal Health policies

Diseases previously classified by the World Organisation for Animal Health (OIE) within the list A represent
fast spreading diseases of major economic importance. Such epidemics can result in substantial losses for
governments, farmers and all stakeholders involved in the livestock production chain. In countries with a
highly industrialised agricultural sector, vidrability to the spread of such diseases is particularly high. Here is
the list:

Foot and mouth disease Vesicular stomatitis

Swine vesicular disease Rinderpest

Peste des petits ruminants Contagious bovine pleuropneumonia
Lumpy skin disease Rift Valley fever

Bluetongue Sheep pox and goat pox

African horse sickness African swine fever

Classical swine fever Highly pathogenic avian influenza

Newcastle disease

The OIE lists A & B have now been replaced by one single list of notifiable terrestrial AlTiagnimal

diseases (117 diseases in totaff counting several severe zoonotic diseases such as anthrax, Crimean Congo
haemorrhagic fever, brucellosis, Rift Valley fever virus, Japanese encephalitis, Q fever, Tularemia and West
Nile fever. OIE standardepresent an international reference with no "legal" power of enforcement if not
transcribed into the national legislation. OIE standards are only "binding" for Members which are Parties to the
WTO (World Trade Organisation) SPS (Sanitary and Phytosakfagures) Agreement.

132 https://eurlex.europa.eu/legatontent/EN/TXT/PDF/2uri=CELEX:32014D0504&from=EN
133 http://www.oie.int/animahealthrin-the-world/oielisted-diseases2018/
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16.3.1.2 EU policies controlling animal diseases

Under Directive 2003/99* MS shall ensure that all data on zoonotic agents and antimicrobial resistance are
collected, analysed and published. These data should allow the identification of haaatiassessment of
exposures. Monitoring must take place at the food chain level. Each MS shall transmit to the EC every year a
report on trends and sources of those hazards. The reports are analysed by the European Food Safety
Authority (EFSA) for the plibation of annual summary Reports.

Since 2016 one single, capnehensive EU animal health 1a#% (AHL: EU2016/429) supports the livestock

sector with early detection and control of animal diseases, including emerging diseases linked to climate
change.The Rgulation lays down general and specific rules for the prevention and control of transmissible
animal diseases (with a risk based approach) and ensures a harmonised approach to animal health across the
Union. Diseases targeted are:

1 Foot and mouth disease

1 Cassical swine fever

1 African swine fever

1 Highly pathogenic avian influenza
1 African horse sickness

As well as around fifties of them listed in the Annex Il

16.3.2 Risk analysis and risk evaluation

As reported, in matters of food safety and animal health, rislksassment shall be carried out by the
European Foo&afety Authority (EFSKS.

EFSA also provides guidance to national authorities on how to carry out monitoring and reporting activities on
zoonoses, fooeborne outbreaks and antimicrobial resistance. btflect data and transmit a yearly report to
EFSA for analysis. EFSA identifies risk factors that contribute to the prevalence of zoonotieargarisms in
animal populations and makes recommendations on prevention and reduction measures for these @ashog

Risk assessment for animal disease is a mdtialysis decisiorsupport system, involving different type of
experts. First the responsible pathogen is identified with a range of adverse events it might cause (e.qg. clinical
disease, death, spread withthe same species or to other species, maybe public health consequences if it is a
zoonotic pathogen or a pathogen carrying antibiotic resistance). A recent understanding of the problem should
be made available (e.g. sources of pathogen, susceptible spenutrition or space required by the species,
import routes, exposure routes, import quantities etc.). Then the epidemiology of the infection should be
described in time and space (modelling). The time component refers to the incidence over time, peloiée s
means the description of the geographical entities of interest with meaningful epidemiological or political
boundaries. The latter often determine the disease control policy and options. Finally the potential
management options must be described. Theglude measures which might control or eradicate the risks,
current policy etc. The wider impact (e.g. economic, welfare) are also defined. Only realistic management
measures merit consideration, it includes practicality (time and cost), and effectivewith respect to

infection, disease, animal welfare, and public health consequences. Risk assessment consequently is strongly
dependent on the responsible pathogen; an illustration of such modelling exercise is given for an epidemic of
classic swine feve(Gamado K et al. 2017). For new/emerging pathogens risk assessment means the
evaluation of the likelihood and the biological and economic consequences of entry, establishment and spread
of a hazard within the territory of an importing country. A risk assment framework for emerging vecter

borne livestock disease is comprehensively explained in a report from Wageningen University (de Vé¥ et Al.)

For zoonosis, the figure hereunder categorizes the evidence of Zaopotential into 4 levelskigure 38) by
considering three key stages in the transmission of zoonoses (Palmer et al, 2005)

134 https://eurlex.europa.eu/legatontent/EN/ALL/2uri=CEL EX%3A32003L0099

135 https://eurlex.europa.eu/legatontent/EN/T XT/2uri=CELEX:32016R0429

136 https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/j.efsa.2007.550

Thttps://www.wur.nl/upload_mm/5/f/8/d77e2eféfe2-4b14-8cca
70bce8d355c5_RiskAssesmentFrameworkEmergingVectorBorneLivestock. pdf
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Figure 38. Categorization of zoonotipotential

Level 0 Animal disease
Pathogen identified?
(If equivocal follow each pathway in turn)
Yesl lNo
Does the microbiology or virology support the Is there an equivalent disease in humans
possibility of the organism causing human infection? (that is, shares pathological processes)?
No Yes | | Yes No
‘ Y
Negative —om Stop Is there a serological or molecular Stop
y test that is valid for humans?
Level 1 Yes No Develop
biomarker
Has there been exposure by subgroup?
Yes l N Identify howland when
Sergsagvey Le \—>° exposure might occur
‘ in future
Continue Would cases in humans be recognised and reported
surveillance (by direct contact, food, other)?
Level 2 Yes No Consider setting up
\ surveillance of
" No exposed groups
Positive Have there been possible cases?
Level 3 Yesl Consider setting up
Has person to person transmission been excluded? i» surveillance of
P P d exposed groups
No Control exposures to
animals and environment
Level 4

Control person to person spread
(such as vaccine development, chemoprophylaxis)

Source: Author

16.3.3 Risk treatment

Risk assessment highly depends on the responsible pathogen, its host(s) and environmental conditions, it is
therefore quite important to support extensive surveillance systems for all potential hosts (livestolckifevi

and pets) in order to respond quickly and to build national capacities for a proper response adapted to each
species and diseases.

The animal health law® is laying down the rules for the prevention and control of animal diseases. These

rules provile for surveillance, early detection, notification and reporting of diseases, as well as for disease
awareness, preparedness and control. The competent authority in MS shall conduct appropriate surveillance to
detect the presence of listed diseases and lglsall submit their surveillance programme to the Commission

with regular reports on the results. MS shall immediately notify the Commission and other MS of any

outbreaks of listed diseases. The competent authority should initiate the first investigatiomesmfirm or rule

out the outbreak, put in place preliminary disease control measures to prevent the spread of the disease, and
should undertake an epidemiological enquiry.

For preparedness MS shall draw up and keep up to date, contingency plans ankdétatruction manuals
laying down the measures to be taken in the event of the occurrence of a listed disease or of an emerging
disease, in order to ensure a high level of disease awareness and preparedness and the ability to launch a
rapid response. Theompetent authority shall ensure that simulation exercises concerning the contingency
plans are carried out regularly.

138 https://eurlex.europa.eu/legatontent/EN/T XT/2uri=CELEX:32016R0429
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As soon as a listed disease is confirmed, the competent authority should take the necessary disease control
measures, if necessary inaing the establishment of restricted zones, to eradicate and prevent the further
spread of that disease. The Commission should adopt immediately measures such as stocking, supply,
storage, delivery of antigen, vaccine and diagnostic reagent banks, spetés on movements for animals,
emergency measures, and the listing of third countries and territories for the purposes of entry into the Union.

The measures taken are based on a risk assessment elaborated on the available scientific evidence and
undertaken in an independent, objective and transparent manner. Due account should also be taken of the
opinions of the European Food Safety Authority (EFSA).

16.4 High-security level biologi cal laboratories

16.4.1 Risk identification and the policy context

The presence of latratories manipulating pathogens, toxins or GMOs needs also to be taken into
consideration for assessing biological risk. The consequences of laboratory acquired SARS infections in Asia
(2004) raised concerns and triggered the improvement of national biesapolicies. WHO has publishad
laboratory biosafety manua{2004) and a bosecurity guidanc€2006). Organisms targeted are pathogens

and toxins but also biological materials such as reference strains, GMOSs, vaccines or other pharmaceutical
products fa the sake of health and biodiversity.

16.4.1.1 International conventions and agreements on biosecurity

The Cartagena Protocol on Biosafety (2003) aims to ensure the safe handling, transport and use of living
modified organisms (LMOs). Under the Biological Weagbmsvention (1972), States Parties have accepted
to provide annual reports on specific activitiagth data on research centres & laboratories, information on
vaccine production facilities, information on national biological defence research, informati@utbreaks of
infectious diseases and occurrences caused by toxins, publication of results and contacts, information on
legislation, regulations and other measures.

16.4.1.2 EU policies on biosafety and biosecurity

The EU Directive 2000/54/H&ys down minimum regirements for the health and safety of workers exposed
to biological agents at work and the Directive 2009/41/86verns the contained use of genetically modified
micro-organisms. Reporting of incidents and/or accidents in laboratories is included imaht&gulations but
there is no common European mechanism. Furthermore facilities and practices in containment level 3
laboratories throughout the EU are not of a comparable standard.

16.4.2 Risk analysis and risk evaluation

The outcome of a pathogen risk assessent is its risk group (see WHO biosafety manualo2¢®), which
helps determining the minimum physical containment requirements, operational practice requirements, and
performance and verification testing requirements for the safe handling and storing ofgh#hogen.

However international standards for biosafety and biosecurity are lacking which could lead to significant risk
of accidental releases of infectious agents. National biosecurity risk management frameworks are often
inconsistent. Several guidanc®cuments are trying to integrate biosafety and biosecurity into a
comprehensive biorisk management framework (Johnson B and Casagrande R. 2016).

At EU level the CWA15798 (CEN Workshop Agreement) was released in 2011, it sets the requirements
necessanyto control the risks associated with handling or storage and disposal of biological agents and toxins
in laboratories and facilities. This standard is voluntary, without the force of regulation. It aims at improving
biorisk management system with adequatesources (Abad 2014with RA proces§Figure 39).

139 https://wwwwho.int/csr/resources/publications/biosafety/WHO _CDS_CSR_LYO 2004 11/en/
140 ftp://ftp.cenorm.be/CEN/Sectors/TCandWorkshops/Workshops/CWA15793_Septembdf2011.p
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Figure 39. Framework to be followed in decisiemaking d all activities carried out in the facility.

I Describe work activities |
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Deternune risks

YES

E3

Revise or close
project or activity

1

Proceed with work and
monitor controls

Prepare risk control
action plant

!

Implement control
measures

|

Review adequacy of the plan

Source: Abad, 2014.

For GMOs a network of inspectotBe European Enforcement Project (EEP) was founded in 1997 with the aim
to exchange knowledge and experience from inspection of GMO contained use laboratories and of field
(deliberate) releases of GMOs and resolve challenges and impasses and promoterthertization of

enforcement practice and strategies across the EU and beyond (de Wildt et al. 2015)
Finally, according to the EU CBRN action plan (2014) each MS should establish:

1 aregistry of facilities possessing any of the substances on the EU listigh risk biological agents

and toxins

1 a process to verify whether security arrangements of these facilities are adequate, including

diagnostic laboratories

1 a mechanism within facilities storing those biological agents and toxins to regularly review the
need of such biological agents and toxins while keeping a good record of stored materials.
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17 Natech accidents
SERKAN GIRGIN, AMOS NECCI, ELISARETEMANN

The impacts of natural hazard events on hazardous industrial facilities, pipelines, offshore platforms and

other infrastructure that handles, stores or transpottazardous substances can cause cascading events such

as fires, explosions, and toxic or radioactive releases (Showalter and Myers, 1994; Cruz and Krausmann, 2009;
Girgin and Krausmann, 201&rausmann et al., 2019 These secalled Natech accidents are &curring but

often overlooked feature in many natural disasters and have often had significant human, environmental and
economic impacts.

Major Natech accidents may involve multiple and simultaneous releases of hazardous substances over

extended areas, daage or destroy safety systems and barriers, and down lifelines often neededhir

prevention and mitigation of the consequences (Krausmann et al., 2010; Girgin, 2011). Emergency responders

are alsooften neither equipped nor trained to handle a high nuentof concurrent hazardous incidents, in

particular as they also have to respond to the natural hazard consequences in parallel. The 2002 river floods

in Europe that resulted in significant hazardous substance releases, including chlorine and dioxins &ddde

Gpf O' h-++/6HABYpo\hAhVi AQVihA_"mARC] " f'"R-++.$" hoc h-+, |
meltdown at a nuclear power plant and raging fires and explosions at oil refineries (Krausmann and Cruz,

2013), and Hurricane Sandy in 2012 that triggetenultiple hydrocarbon spills are just a few examples of

recent major events that highlight the importance of the possible consequences of Natech accidents.

@nk ~"d\ggthoc ROl cjfph  \ moc |-hazartl cCascddmd)risiBeoveente] j j T " s\ h k (
earthquake and the tsunami, numerous Natech accidents were triggered. Wkilearthquake itself caused

only limited damage due to the stringent protection measures in plabe,tsunami and its impact on a

nuclear power plant resulted in the most seeetechnological disaster ever recorded in the region whose

adverse effectsstill persist(Krausmann and Cruz, 2013).

Natech accidents are events that cascabdetweennatural and technological hazards and which feature
complex consequences due to synergistifects between the two different types of hazard. Therefore,

targeted prevention, preparedness and response plans are needed to prevent Natech accidents and mitigate
their consequences. Unfortunately, natural disaster risk reduction frameworks do muattigonsider
technological hazards and technological accident prevention and preparedness programmes often overlook
the specific aspects of Natech risk, resulting in a lack of dedicated methodologies and guidance for risk
assessment and management bothrfindustries and authorities (Krausmann et al., 2017).

Natech risks exist both in developed and developing countries where hazardous industrial sites are located in
natural hazard regions. Natech events are often assumed to occur only during major nateats, e.g.

strong earthquakes or floods. However, it does not necessarily require a natural disaster to cause a Natech
accident; they can be triggered even by more frequent, minor natural hazard events (Necci et al., 2018).
Human development (industrightion, urbanisation) coupled with climate change will increase the risk of
such events in the future. Successfully controlling a Natech accident has often turned out to be a major
challenge where no prior risk assessment and proper preparedness planairggthken place. A
comprehensive muktsectoral and multihazard national Natech risk assessment is therefore crucial to
pinpoint potential risk hotspots and see the overall picture including potential economic and environmental
consequences that requirgpecial attention. A detailed discussion on how and in which setting Natech risks
should be assessed in the NRAs is given by Girgin et al. (2019).

17.1 Risk Assessment Context

Hazardous industrial installations are inherent vulnerabilities for the s@gonomic systems in which they

are nested. Therefore, Natech risk assessment and management requires a comprehensive understanding of
the interdependencies dhe related natura) technological and societal systems. The risk assessment can be
challenging even for the impact of a single natural hazard on a single industrial installation. Consideration of
multiple natural hazards and multiple installations at the same time while beg in mind possible secondary
hazardous events that can be triggered by the primary Natech events (i.e. domino events) requires a regional,
multi-hazard and multivulnerability risk assessment involving a complex chain of risk scenarios with multiple
cascading events.

Some hazardous industries with Natech potential, especially the ones in the energy sector such as refineries,
power plants, and oil and gas pipelines, are usually considered as critical infrastructure. It is common practice
to analyse critial infrastructure as a separate pillar in national risk assessment (NRA) by focusing on natural
hazard related interdependency and business continuity aspects. However, it is also important to consider
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Natech scenarios for such critical infrastructure digethe large quantities of hazardous substances that they
contain, so that they can be protected effectively to ensure service continuity. Therefore, in some cases
national Natech risk assessments should also be maéctoral.

Due to these complexitie®yatech risk assessment requires a multidisciplinary approach involving
stakeholders from both the natural and mamade hazards fields. It concerns on the one hand industry
operators and authorities in charge of chemical accident management and on the bideat the public and

civil protection. Occasionally, natural hazard conditions may result in hazardous consequences that might
cross country boundaries. Especially flood hazards have a high potential to create looosslary Natech
accidents (UNEP/OCHAQR). When countries share environmental resources or critical infrastructure,
commerce and supply chains which might be affected by such accidents, they can face significant economic
and social disruptions (Lindell and Perry, 1997). Therefore, in somesaaaonal Natech risk assessment

may also need multinational involvement.

Although recognised and even highlighted as an important emerging issue, Natech risk is currently not
considered in a systematic way in NRAs. Usually Natech scenarios are onlyitdkieatcount for some

hazards, but not for others. This heterogeneity becomes a problem in the national risk evaluation when
hazards that include the Natech risk in their assessment are ranked alongside the hazards that do not include
the Natech risk. Thkey point for a proper Natech NRA is to consider all natural hazards and their interactions
when assessing the potential for Natech accidents due to the presence of technological hazards. For this
purpose, Natech risk can be calculated as part of the eskessment for each natural hazard separately, or
they can be considered as part of the risk due to technological hazards. In the first case, the Natech
contribution to the overall naturahazard risk is better represented which is useful for hazard ragki

purposes, whereas in the second case the importance of different Natech scenarios can be better spotted. In
fact, consideration of both aspects can be beneficial, but it is important not to count the overall Natech risk
contribution both under naturalrad technological hazards, as this leads to dougleunting of the same risk

and the related impacts that could mislead the final evaluation. Good documentation and keeging

practices would allow Nateckelated contributions to be recorded properly, that they can be easily

separated from the overall analysis if necessary.

As many natural hazards have regional extent, the EU NRA guidelines suggest localised risk assessment only
for advanced risk assessment. However, industrial installations are yspaiht assets at national or regional
level. They are also not uniformly distributed but concentrated in certain regions for operational or logistic
purposes. Therefore, technological hazards are usually localised and this aspect needs to be consitleged in
NRA. Consequently, it is necessary that Nateslated assessments are performed at local or regional level,

and then subsequently combined at higher levels.

In order to assess Natech risk, industrial installations located in natural hazard zonesdshe identified and

the expected orsite severity and impact potential of each natural hazard should be determined separately.

This requires not only naturdlazard specific information, but also detailed technical data on the installations.
Informationthat is already gathered through related regulations, but more specifically in the other sections of
the NRA framework (e.g. natural hazard risk maps, industrial equipment data), should be utilized as much as
possible in a time and costeffective manner Considering Natech aspects during hazapkcific data

collection and effective coordination of data collection and analysis activities may prevent repetition and
duplication of work for Natectspecific needs. For this reason, the authority designated tmage the NRA

should open communication channels with each actor and involve them in the Natech risk assessment process
in an effective way.

Natech risk assessment methodologies are mainly based on industrial risk assessment methodologies that
vary from qualitative to fully quantitative approaches. For Natech risk assessment, these methodologies need
to consider equipment damage models for natui@dzard impacts, the possibility of multiple events at

several equipment units or installations simultaneousiglease and consequence scenarios considering

natural hazard conditions, and the unavailability or malfunctioning of accident control and mitigation
measures including lifelines due to natural hazard impact. Some technological risk control regulatiorthée.g
EU Seveso Il Directive) require that hazardous installations assess accident scenarios triggered by natural
hazards and document the results in safety reports. Besides their original purpose, such information can also
be utilized for NRA purposeséeguently, however, industries carry out the assessment of natural hazards
autonomously for these studies and although providing valuable information for the Natech hazard at the
facility level, some of the naturahazard related assumptions and scenariggy not be compatible with

those used in the NRA. A better approach for assessing the Natech hazard in the NRA is one in which the
authority provides the information about the risk scenarios used in the framework of the NRA for each natural
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hazard to indufry. In turn, industry can identify and build relevant Natech risk scenarios that are coherent
with all the other risk scenarios chosen for the NRA. Following a systematic selection approach, possible
Natech scenarios can be reduced into a manageable $eeasonablyto-be-expected or worstase

scenarios which should be analysed in detail for each installation separately. For consistency at the regional
or national level, the Natech scenario building and analysis methods should be standardized throtig@out
NRA study and use of significantly different methods for different installations should be avoided.

The systematic evaluation of Natech risks in the NRA framework will not only result in informed decision
making, but also in a better identification argfioritization of protection measures which can be implemented
to reduce and control Natech risks in a cosind time-effective manner.

17.2 Risk Identification

The first step in national Natech risk assessment should be the identification of the industsielliations

which might be affected by natural hazards. Natural disasters can impact large areas and Natechs can occur
at any hazardous installation in the affected area, meaning that potentially multiple and simultaneous
releases of hazardous substancearcbe triggered at various locations. Natural hazards having such an
impact potential are normally covered in their own hazaspecific sections under the NRA. Therefore, the
available natural hazard and natural risk information including maps can bezatilifor Natech risk

assessment. However, not only natural disasters but also high frequéowyimpact natural hazards can

result in cascading effects at individual installations if vulnerabilities exist and risks are not handled property
(Pescaroli and Akander, 2015). Therefore, such hazards should also be considered whenever possible.

Industrial risk control and prevention regulations usually focus on industrial production and storage facilities
that are located onshore. In addition to these facilitiesher industrial installations such as offshore

platforms, onshore and offshore pipeline systems, and onshore transportation systems handling or storing
hazardous substances should also be included in national Natech risk assessment. Consideratiorrdbbsiza
military installations, mining activities, and polluted sites which are usually excluded from the conventional
industrial risk management process, is also recommended for the sake of completeness of the assessment.

Because each natural hazard has tpetential to affect different geographic areas with different intensities,
some industrial installations are not vulnerable to specific natural hazards simply because they are not
located within their impact area. However, the national Natech risk assessishould always start with the
complete inventory and exclude installations on a cdsecase basis depending on location. Linear and
networked infrastructure, such as pipeline and transportation systems, which usually cross long distances
through a widerange of climatic and geographical zones, require special consideration. Especially pipelines
are usually located in the countryside where the detection of releases can be delayed, leading to major spills
and significant economic damage particularly atespal locations such as river crossings (Girgin and
Krausmann, 2016). Timeariant operational characteristics should be further assessed for transportation
systems.

If the number of industrial installations that should be analysed is large, a hazard ranpkf the installations

by using a preliminary but systematic methodology that considers Natspécific constraints is suggested to
select the most critical installations. For major natural hazards, which have a potential of multiple and
simultaneous Nateh events, not only major but also mediusized installations should be included in the
ranking, as they may result in a significant overall impact although their individual impacts may not be
extensive. The list of upper and lowéer industrial establisments covered by the Seveso Ill Directive
(2012/18/EC) can be utilized as a baseline industrial facility inventory, which should be complemented with
other industrial installations (e.g. pipelines, offshore platforms). As the tiers are determined acgdodine
hazard characteristics and qualifying quantities of hazardous substances potentially present at the
installations, the list can also be used for ranking purposes. In order to simplify the analysis, industrial parks
or industrial zones where multi installations are located in close proximity can be handled as single
entities.

Following the identification of the Nateeprone installations, potential Natech scenarios should be developed
for each installation. The main hazard scenarios in case dfelda accidents are fires, explosions and releases
of toxic or radioactive materials. These hazards are obviously linked with the hazardous properties of the
substances involved, but also with other factors such as, the substance inventory, the energy, thettime
factor, the intensitydistance relations, exposure and intensiigmage/injury relationships (Lees, 2012). All
the methods available for hazard identification for conventional industrial accidents (e.g. checklists, hazard
surveys, hazard and @pability studies, and safety reviews) can be used for building Natech scenarios,
provided that they take into account Natedpecific conditions:
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1 For a complete Natech analysis all the release events resulting from each possible damage mode
should be addessed.

1 Performance variations due to natural hazard impact should be introduced in the hazard
identification and each release event should be fully developed

1 Experts should carefully assess the potential unavailability or malfunctioning of industrial
equipment and components, in particular barriers and protection layers

1 Scenarios should consider not only the Nataelated release events but also their evolution given
the potential contemporary unavailability of protection barriers and resources.

A damagedpiece of equipment is very likely to produce uncontrolled performance variations, but impacts on
performance can be expected in undamaged items, as well. Examples of such scenarios are explosions of
chemical reactors due to loss of reaction control or tledease of substances into the environment, instead of
being captured or thermally degraded. Complex industrial processes may result in a large number of
hazardous situations given the same operational deviations. Therefore, such scenarios should bdéycarefu
analysed when considering natural hazard conditions.

Naturakhazard specific mitigation measures (e.g. flexible connections, anchorage) may increase the resilience
of equipment to certain natural hazards. It should be noted, however, that there istiseonception that
structural and organizational protection measures in place to prevent and mitigate conventional industrial
accidents would be sufficient to also protect against Natech events (Krausmann et al., 2017). In contrast, the
natural event thatdamages or destroys industrial buildings and equipment can also render unavailable safety
instrumentation (e.g. sensors, alarms), engineered safety barriers (e.g. containment dikes, deluge systems)
and lifelines (e.g. power, water, communication) neededfeventing an accident or mitigating its
consequences and avoiding its further escalation. Generally, for conventional technological accidents,
emergency management systems consider that all safety systems are available, while for Natech events
many of these could actually be unavailable at the same time. Assumptions on the availability of safety
measures and personnel drastically affect the Natech scenarios. Therefore, care should be taken in scenario
development when considering Natesbecific conditios.

Electricity is critical for the proper operation of an industrial installation and it is a lifeline that might be
unavailable due to natural hazard conditions. This includes the primary power grid, but alseupack
generators. Cable snapping, shortctiits and floods are frequent causes of onsite power loss at industrial
installations. As documented in past events, power loss alone can trigger a Natech accident (ARIA, 2009). In
addition, safety systems and barriers implemented to prevent or mitigateidents may be unserviceable due

to lack of electricity. Water supply, both external and internal, might also be unavailable in case of a natural
disaster. Underground pipes and connections, as well as water reservoirs, tanks, and pumping systems, are
frequently damaged in earthquake, tsunami and flood events (Girgin, 2011). The natural disaster may either
damage the equipment directly or cut the power supply required for its operation. Besides acting as the
primary firefighting agent, water also serves faooling purposes to control dangerous exothermic reactions.
Therefore, a lack of water may not only hamper effective response activities, but may also result in adverse
cascading events. Safety barriers play an important role in the prevention and nibigaf accidents. Due to
natural hazard impacts, some or all of these systems may become unavailable or unserviceable. Affected
barriers can be structural (e.g. containment dikes, deluge systems) or organizational (e.g. communication). For
example, contaiment bunds lose their capacity to retain accidental spills during flood events. Similarly,
firefighting equipment, such as sprinkler systems, can fail to activate after being damaged in earthquakes.

With respect to crisis response, onsite response teamy tmahampered by natural hazard conditions. For
instance, the industrial site may be flooded and may hence only be accessible by boat. In some cases,
response personnel may be adversely affected by hazardous substance releases, rendering them unable to
combat the consequences of the Natech accident. Fear and worry for their own lives and the lives of their
families possibly affected by the natural hazard, can result in underperformance, as well. Offsite response
teams may not always be available as they nhigbe overwhelmed by having to respond to requests related

to naturaldisaster impacts on the population. In some cases, even if they are available they may not be able
to reach the accident site as access routes can be blocked or otherwise rendered lm(iacci et al., 2018).

17.3 Risk analysis

Once the risk scenarios have been determined, the impacts of each scenario can be analysed by using
available conventional methods that calculate the relations between natural hazard impact, physical or
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operational danage, release of hazardous substance, consequences of the incident, and the impact area.
Analysis priority can be given to the scenarios which are expected to result in the highest impact. Natech risks
should be considered in all impact categories, i.enhn, economic and socipolitical impacts. A Natech

accident may not only result in sheterm harm to public health and the environment, but also cause

significant business interruption.

The severity of the hazardous consequences (i.e. fire, explosigig, dspersion) following the physical

damage depends on several factors. The quantity of hazardous material and the rate at which it is released
are probably the two most important factors. In conventional industrial risk assessment, different top events
are often grouped into release categories having certain scenarios. This is because different top events, even
though they originate from different mechanisms, could indeed release a similar amount of substance. This
principle is at the basis of the bosie approach for industrial risk analysis and Natech accidents are no
exception. Christou (1998) provides a generic but concise overview of the most common consequence
phenomena and the associated models used in the analysis. TNO (2005) give a more defedlerption of
available models and the conditions under which they should be used.

The nature and extent of the consequences also highly depend on the environmental conditions. For this

reason, conventional industrial accident scenarios are generally uiassumptions regarding the typical

conditions at the facility and its surroundings. For Natech scenarios, environmental conditions might be

significantly different from such typical conditions. For example, in case of weathkted events (e.g. sta,

hurricane) the atmospheric conditions are usually close to extreme and unstable conditions rather than typical

stable conditions. Similarly, the release environment might be different from the normal environment (e.g.
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environmental conditions should be property considered in the analysis. For a coherent analysis,

environmental data from natural hazard scenarios that are part of the same NRA shmilgsed by the

experts performing the Natech risk analysis, when possible.

Natech accidents may result in exposed areas in all environmental compartments (i.e. air, soil, groundwater,
and surface waters) that are much greater than for conventional industrial accidents. For example, if a flood
causes an overflow of containment dik at an installation, any released substance that would normally be
captured within the containment dikes can easily be dispersed by the flood waters and contaminate the
environment up to hundreds of kilometres through a river system (UNEP/OCHA, 200@®) dase of
earthquakes, cracks that occur in containment dike floors due to ground movement may leak liquid
substances that can eventually lead to significant groundwater pollution (Girgin, 2011). When the
vulnerabilities due to the natural hazard are mifold, potential multiple releases from different parts of an
installation and also from multiple installations simultaneously should be taken into account when assessing
exposure. The possibility of eand off-site secondary cascading events (i.e. dom#ffects) should be
considered as well. In case of multiple simultaneous or cascading toxic releases, the overall extent of the toxic
cloud can be significantly larger compared to a conventional chemical accident with a release from a single
source.

Theexposure and vulnerability of the population may also significantly vary during Natech conditions. For
instance, when there is toxic atmospheric dispersion caused by an earthquake, shetiacamight not be
possible because of structural damage to hiiiigs. Also, evacuation from the location of a Natech accident
might not be feasible because of the blockage of escape routes by debris or flooding. In addition, people
might be reluctant to evacuate a hazardous area if relatives are still trapped underdibris (Girgin, 2011,
Steinberg et al., 2008). Such factors should be considered in undertaking exposure and vulnerability analysis.

In order to identify the Natech likelihood, the entire ensemble of industrial equipment at risk of damage (i.e.
targets)should be assessed. Targets may sustain physical damage if the intensity of the natural hazard is
sufficiently high or simply malfunction in case of lower impact severities. Damaged targets may directly
release hazardous substances or trigger events thed to loss of containment, while others can create an
uncontrolled deviation in the system that can eventually result in a release. Some targets may have the
function to control or mitigate undesirable events; hence, their failure can contribute toemsel or amplify

the consequences.

The Natech likelihood depends strongly on the vulnerability of equipment to the natural hazards at each site.
The vulnerability to different natural hazards varies for a given equipment type. Atmospheric storage tanks,
especially those with floating roofs, appear to be particularly vulnerable to natural hazards. This is critical
from a risk point of view, as these units usually contain the largest amount of hazardous substances. In
addition, in case of flammable releasebe likelihood of ignition is high in earthquake and lightning triggered
Natech accidents, which may escalate into major fires or explosions and result in cascading (domino)
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accidents (Krausmann et al., 2011). Tanks can be subject to many different fathar@es, for example:

buckling of the tank shell, displacement of the tank (e.g. by floating or shifting), external impact (e.g. collision
with other equipment items), or collapse of tanks supports (e.g. foundation or legs) (GDL Natech, 2016). Other
equipmern (e.g. reactors, columns, separators, pumps, heat exchangers) also retain significant amounts of
hazardous substances and can be affected by natural hazards similar to storage tanks. Onsite pipes and
pipework are also frequently damaged by the displacemehequipment or by external impact such as

collision with moving (e.g. floating, falling) objects usually launched by the natural hakraeddetailed

Natech risk assessment, besides direct physical damage, indirect effects such as uncontrolled oratio
variations can also be assessed.

The damage from the natural hazard is directly linked to the failure modes that produced the damage. It
should also be noted that the same unit may be affected in many different ways and, as a consequence,
experience dierent types of damage due to the same natural hazard. In principle, all failure modes should be
analyzed for every vulnerable unit. This kind of assessment utilizes detailed numerical methods that describe
the mechanisms that produce the damage with gtescuracy. However, the information required for such a
detailed Natech risk assessment is usually not available. In addition, the associated time and resource
demand can be prohibitive for large projects. One solution is to perform the analysis ontiidamnost critical

units. The analyst would typically select the units with the biggest potential for harm in case of an accident
(extent of damage), although the ranking could incorporate additional information (e.g., known vulnerability of
units, occurreoe of Natech accidents in the past). The drawback of this approach is that potentially relevant
Natech information of the excluded units is not captured.

Unless detailed numerical methods are used, the conventional approach for the damage assessmesgds ba
on damage states (DS) which group different and possibly numerous damage conditions under a set of
gualitative damage categories ranging from no damage (DS1) to total collapse (DS5). For most industrial
equipment, historical Natech accident and neaaiss data is used to deduce reliable damage probabilities for
each damage state. Simplified fragility functions in the form of fragility curves are available for storage tanks
for earthquakes (Fabbrocino et al., 2005), floods (Landucci et al., 2012), anthiigy (Necci et al., 2013).
However, these curves cover only specific conditions (e.g. equipment characteristics, operational conditions)
and for other conditions and also for other equipment some expert judgement is usually necessary in the
assessment pocess. The actual damage that may happen in case of a certain natural hazard impact depends
on a humber of factors such as construction characteristics (e.g. design criteria, material), current physical
state (e.g. corrosion, aging, fatigue), and operatieaditions (e.qg. filling level, pressure). For this reason, it is
hard to establish a priori what damage state is to be expected for a given equipment for a given natural
hazard scenario. Therefore, in most cases all plausible damage states should bgzadaBecause the

damage states are usually defined in qualitative terms (e.g. minor, moderate, extensive), it is difficult to
associate a damage state to a wetlefined release event and current practice is limited to the use of very
generic scenarios thaare based on expert judgement.

Each Natech scenario has a conditional probability of occurrence given a natural hazard trigger. The overall
Natech event probability can be calculated by summing a set of conditional event probabilities including
damage, elease, and consequenaelated events (e.g. ignition, explosion), which can be calculated by various
methods (Lees, 2012). For estimating the conditional probability of release following a damage, the most
simplified assumption is to select a single relascenario for each damage state considered. While it can be
straightforward to assign a single release scenario and a single probability to a damage state, some analysts
may consider multiple release scenarios for some damage states. In that case,ereliff probability of
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scenario) should be regarded as mutually exclusive. Unfortunately, there is no established method to
determine conditional releasprobabilities for Natech accidents. Therefore, in case of multiple release
scenarios for each damage state, conditional release probabilities are either taken as equal to one or
assigned by expert judgment. It is usually recognised that the vulneralufign asset changes if two
independent hazards occur in a short time lapse. However, intermittent natural hazards, even if they are not
major events may also affect the vulnerability of industrial equipment. For example, high flow conditions
during mediumsized floods may increase riverbed scouring which reduces the cover on pipelines at river
crossings, eventually leading to pipe breaks due to excess external forces or debris impacts (Girgin and
Krausmann, 2016). Whenever it is feasible, such factors sthdugl considered while estimating the probability
of possible damage.
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17.4 Risk evaluation

Being an inherent cascading mutiazard risk, the adequate evaluation of Natech risk requires proper
handling and ranking of cascading risks in the NRA process. Natgchan be evaluated:

1 as a part of the risk assessment of a natural hazard in the-salled multihazard risk analysis;
9 as part of the risk assessment of technological hazards;
1 as a separate dedicated risk assessment.

In the process of ranking the risks,dhould be clearly stated if Natech risks are included for each risk, and
how they are assessed. As a general rule, risks that include Natech risk assessment should not be directly
compared with risks that do not include this assessment. Comparison caillldes carried out, provided that

the contribution of Natech risk was fully explicated. Keeping track of Natech risk contributions also allows the
comparison of the level of Natech risk with the risk of the other natural and rmaade hazards.

Consequencebeyond the local extent are quite common especially if critical infrastructure is directly involved
or affected by the Natech events, or if the impacts areas are extended, e.g. during floods. This results in
amplified economic impacts, which can sometisnge as big as or much bigger that the impact of the natural
hazard itself. For example, the March 5, 1987 earthquake in Ecuador (Ms 6.9) caused the destruction of more
than 40 km of the Trans Ecuadorian Oil Pipeline due to massive debris flows followagarthquake.
Approximately 100,000 bbl of oil spilled into the environment and the loss of revenue during the five months
required for repair was 800 million USD, equal to 80% of the total earthquake losses (NRC, 1991). Therefore,
it is important to quanify Natech damage not only considering the cost of direct physical damage, but also
considering all cascading consequences. Similar to industrial and nuclear risks, theetomgdverse effects

of released environmentally persistent and carcinogenic sabses on human health and the environment
should be evaluated for Natech risk while evaluating seeimnomic impacts.

Besides ecological damage, large areas may become unfit for human use (e.g. agriculture, drinking water,
living), and comprehensive @e-up and restoration may be needed. Especially groundwater and surface
water cleanup operations are very costly and may require long time periods. Similar to other hazards, the
sociaeconomic implications of Natech accidents are difficult to quantifyvBigheless, historically all major
Natech accidents have had a strong impact on both the EU's and member states' policies. Therefore, this
aspect is important for overall evaluation.

The potential impacts of Natech accidents are numerous and tasgptcifc. On top of this, the perception

and acceptance of decision makers and the public to different types of technological consequence scenarios
are usually very different. This makes difficult the quantification and evaluation of consequences, especially if
they are originating from multihazard cascading events. Usually shared decision making by all stakeholders
is required similar to the other hazards considered by the NRA. Specific to Natech risk, the stakeholder group
should include both natural and mamade hazard related actors. The following guidelines may be useful for
the evaluation of the impacts:

1 Toxic vapour clouds may have the largest impact on the population, but lower impact on the
environment and almost no impact on the asset.

1 Fires and expldens may have the largest impact on the asset, but lower impact on the people
and very low impact on the environment.

9 Liquid spills of chemicals, solvents or fuels may have the largest impact on the environment, but
lower impact on the asset and almost nmpact on the population.

1 Nuclear accidents with loss of radioactive material may have high impact on both the population
and the environment and lower impact on the asset.

Figure40 summarizesthe expected maximum impa of some of the most common major accident
typologies in case of Natech accidents.
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Figure 40. The maximum potential levels of soeieconomic impacts as ranked for different types of consequences.
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The EU NRguidelines emphasise the importance of a periodic review of NRAs to keep them updated as risks
emerge and evolve. For Natech risks, such reviews need to consider two aspects: 1) changes in natural hazard
risks (e.g. due to new or improved models, or chanigenatural hazard frequency/severity caused by climate
change), and 2) changes in the industrial installations due to process or capacity modifications and upgrades
which are quite common during the operational lifeline of an installation.

Risk analysisnethodologies for both natural and technological hazards have inherent uncertainties that need
to be stated explicitly in the analysis phase and considered in the decisiaking process. Because Natech

risk assessment unites methods from both fields, Isa compounds and amplifies uncertainties. Therefore

the results should be evaluated with care. Documentation of the Natech scenarios and the analysis methods
utilized to estimate the probable extent and impact of hazardous consequences is importantnhofar

keeping track of uncertainties, but also for being able to merge and compare the results properly, especially if

local or regional assessments are conducted as part of national assessment.

17.5 Good Practices

Being an emerging risk, even in developediatries Natech risk is hardly assessed by national competent
authorities in a comprehensive manner. Although there are no detailed NRAs, there are national and
international programs and regulations that require the assessment of Natechs in safety docsnoént
hazardous installations and adoption of measures necessary to reduce the related risks. Usually these rules
have been implemented in the aftermath of one or several major Natech accidents (Lindell and Perry, 1997).

In the European Union, Directive 2Z2/18/EC on the control of majeaccident hazards involving dangerous
substances (Seveso Il Directive) that regulates chemical accident risks at fixed industrial installations
explicitly addresses Natech risks and requires the installations to routimiegtify environmental hazards,

such as floods and earthquakes, and to evaluate them in safety reports. With its latest amendment, the
directive also requires an assessment of accident scenarios triggered by natural hazard impact. In France, the
new zoningegulation for industrial installations in seismic areas divides industrial establishments into two

risk groups to identify Natechs risks and to facilitate emergency planning: normal risk and special risk
(Decrees 21012541 and 2010-1255'2). Installations the second category have to guarantee the
containment of hazardous materials under seismic loading by complying with specific mechanical resistance
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accordance with the seismic zone it is in (Planseisme, 2016). In Germany, the rule TRAS 310 requires
industrial establishments with major chemical accident potential to assess the risk of fiviggered

accidents at their installations, to take necesgaisk reduction measures, and to consider the possibility of an
increase of flood risk due to climate change (TRAS 310, 2012). They also introduce the innovative concept of

141 hitps://lwww.legifrance.gouv.fr/eli/decret/2010/10/22/201@54/jo/texte
142 hitps:/iwww.legifrance.gouv.fr/eli/decret/2010/10/22/201R55/jo/texte
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"accident despite precautions”, which requires the inclusion of Natech scefaigosmergency plans, even if
their risk has been mitigated.

The Natech Addendum to the OECD Guiding Principles on Chemical Accident Prevention, Preparedness and
Response contains amendments to the guiding principles for guidance on Natech accidents P0E5)Din

Japan, the Law on the Prevention of Disasters in Petroleum Industrial Complexes and Other Petroleum
Facilities was updated after the Tokaiebki earthquake triggered several fires at a refinery in 2003 (CAO,

2012). Moreover, the amended Japarelligh Pressure Gas Safety (HPGS) Law requires companies to take
any additional measure necessary to reduce the risk of accidents, to protect its workers and the public from
any accidental releases caused by earthquake and tsunami (Cruz and Okada, 20@8).US, the state of
California released the Accidental Release Prevention (CalARP) program, which calls for a risk assessment of
potential hazardous materials releases due to an earthquake (CalARP, 2014).

No risk assessment tool that is currently avdila can capture all aspects of Natech risk. However, recently,
risk assessment tools and methodologies capable of estimating regional Natech risk have become available.
The JRC's Rapid Natech Risk Assessment and Mapping System-(RARHICh is publiclavailable at
http://rapidn.jrc.ec.europa.eallows quick local, regional and national Natech risk assessment including
natural hazard damage assessment and accident consequence analysis with minimum data requirement
(Girgin and Krausmann, 2012; Girgin akchusmann, 2013). Other available tools are ARIPAR for a
guantitative treatment of the problem (Antonioni et al., 2009), and PANR for a qualitative assessment
methodology (Cruz and Okada, 2008). Although currently limited to selected natural hazardeeathdypes

of installations, the tools are in active development to cover additional hazards and industries, and they can
significantly facilitate NRA studies.

17.6 Gaps and Challenges

A number of research and policy challenges and gaps exist that can pteféactive Natech risk

management. These include a lack of data on equipment vulnerability against natural hazards, and the
unavailability of a consolidated methodology and guidance for Natech risk assessment, which has, for
instance, resulted in a lackf &Natech risk mapgKrausmann and Baranzini, 2012)he few existing Natech

risk maps are usually only overlays of natural hazards with industrial site locations and are therefore only
Natech hazards maps. Proper Natech risk maps must also include an &stiaf the potential consequences,
which may differ significantly from site to site. Attention should be paid to the inherent limitations of existing
equipment vulnerability models originating from ndsatech applications if these are used to substituter fo
Natechspecific models.

By analysing past Natech accidents, conclusions can be drawn concerning the vulnerability of industrial
equipment to different natural hazards, common damage and failure modes, and the hazardous substances
mostly involved in the ecidents. Incident databases are important tools for this purpose. The JRC's Natech
accident database (eNatech) is such a database specifically designed for the systematic collection, analysis,
and dissemination of worldwide Natech accident data. It islmhp available athttp://enatech.jrc.ec.europa.eu
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18 Chemical Accidents
MAUREEN WOSIRICHARD GOWLAND

18.1 Overview

Chemical incidents are significantly different from natural hazards and even distinctly apart from other kinds

of well-known technological disasters, notgtin the nuclear industry and aviatioklnlike these technological
~dn\no mhotk n' hoc Ao mhheerc  hd"\ ghRatHedsighificant> hdnhi j ofh)
chemical accident risks are present in a wide variety of industries charaee@iiy vast differences in the

substances, processes, technology and equipment that cre@eisk(Figure 41). Chemical accident ris#

consists of seveal components and therefore, understanding accident causality, i.e., why chemical accidents

happen in the first place, is critical to effective risk management and finding dependable means to measure

risk management performance.

Chemical accident risk ikighly dependent on the activity of the site, the processes it operates and the types

of dangerous substances it useghere are hundreds of processes in oil and gas or chemicals processing

industries aloneThey may be present in lardased establishmemt f #\ gnj hf i jri A\ nh°oads _ ha
transport by rail, road and water, and offshore oil exploration platforms. Explosives industries, involving

manufacture and/or storage oéxplosives, fireworks and other pyrotechnic articles, are also promtine

sources of chemical accident riskhe high use of dangerous substances, such as cyanide and arsenic, in

metals processing also has elevated the mining industry into the high risk category.

Figure 41. Distribution of the~10,000 Seveso Directive sites (high hazard fixed facilities) in the European Union as
reported by countries in 2014. In addition, numerous other industries that are not part of these hazardous chemicals
industries also can be sources of chemical accidesi.
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Source: EQJRC eSPIRS database, 2018.

18.2 Prevention and mitigation of chemical releases

The bow tie diagramme is commonly used for illustrating the dynamics of a chemical accident and for
focusing attention on prevention and mitigation opportunities. As notefigure 42, the Loss of

Containment is the point that distinguishes between measures that are prevention (measures implemented
before the loss of containment) and measures that are part of mitigation (measures taken after the loss of

143 In this section, we will refer to chemical accident risk for the sake of simplicity, but the principles can equally applied toigrzagls
management of chemical incidents from intentional acts (e.g., sabotage, terrorlthile the causality may require differéprevention
and mitigation solutions, the potential consequences (fire, explosion or toxic release) are the same and the analysisazthgo to
make decisions about how to prevent, control or respond to it, is the same.
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containment).That is, once the substance has escaped from its pipe or vessel, prevention measures have
failed and mitigation measures must be launched to keep the event from turning into a dangerous
phenomenon, that is, a fire, explosion or toxic release.

The main factors that directly contribute to chemical accident risk are usually defined as
b The dangerous substance(s) involved (flammable, toxic, or explosive and any combination thereof).

b Process and equipment, that is, their properties and conditiong.,(gressure, temperature,
reactions involved, pipes and vessel, safety controls, equipment age and mechanical condition,
etc.).

b Safety management systems, including operations, hazard assessment, maintenance, inspections,
resource planning, personnel setion and training, performance monitoring, and emergency
preparedness

b The dangerous phenomena produced (fire, explosion, toxic release) as a result of substances,
involved, process, equipment and various site conditions.

Figure 42. Box tie illustration of chemical accident sequence of events.
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To illustrate Figure 43 shows a typical scenario associated with the storage of anhydrous ammonia from
Gyenesetal.,,201%.0c " h°o *mdod”*\gh g i o»h”rjgphi hdi _d Vo nhoc\loh
that can occur in connection with this proce3fiey are 1) an insintaneous release (rupture of the tank, e.g.

from an external shock, or excess of pressure or temperature), 2) a leak on the tank, and-8yeol(rapid

release of vapours caused by stratification of the liquid into different layers of densltiging his scenario,

an operator will implement a number of risk management measures, to prevent and mitigate a potential
release, and to control any dangerous phenomenon that may regulirst set of measures, typically

embedded in equipment design, maintenanoutines, and operating practices, will be intended to prevent the
loss of containmentThese are measures represented on the lbfind side of the bow tie. In the event that

these measures fail, and a rupture, leak or roller event occur, measures wiolbe in place to detect that a
release has occurred, e.g., ammonia sensors, maintenance and inspection practices, at which point some
automated mitigation measures, such as pressure relief valves and ventilation systems may be activated.
These measures aron the righthand side of the bow tieTrained emergency responders may initiate further
actions to prevent the release from turning into a major emergency, and precautionary measures, such as site
evacuation, may be launched. At the very far right eddte bow tie, that is, the very last element of
preparedness in the potential sequence of events, are emergency response measures to combat the toxic

144 Gyenes, Z., M. Wood andSttuckl. 2017. Handbook of Scenarios for Assessing Major Chemical Accident Risks. European Commission
Joint Research Centre. EUR 28518 EN https://minerva.jrc.ec.europa.eu/en/shorturl/minerva/publications
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release, contain secondary impacts from any explosion, and to limit damages to workers, the community and

the environment.

Figure 43. Scenarios for anhydrous ammonia atmospheric pressure refrigerated storage tank.
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Controlling and eliminating all causes of chemical accidents is theoretically possibl@gigtically difficult.

Such control requires perfect understanding of process and equipment conditions at any point in time and
how process substances will behave under these conditiirsdso means controlling all the decisions that
govern any particulaprocess and ensuring that they too are perfect at all times. Given this reality, most
experts are skeptical that chemical accident risks can be reduced sufficiently such that they are no longer a
concern for societyTherefore, mitigation of chemical aittent risks to reduce impacts as well as lande
planning and emergency response are equally important elements of risk management strategy.

18.3 Principles of effective risk assessment and management

The likelihood of an accident occurring depends signifigaan how well the risks are managed (the safety
management system) and by decisions of the organisation(s) that affect the functional effectiveness of the
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times, there is considerable agreement on the fundamental principles of process safety management which, if
understood and properly applied, would prevent a large majority of chemical accidents that still occur today.

Risk assessment for chemicatcident risk follows a similar simple structure that is generally applicable to all
technological risksThis structure is composed of three simple questions, often called the risk triplet:

1 What can go wrong?

1 How likely is it that it will happen?

1 Ifit does happen, what are the consequences?

18.4 Performing a risk assessment

The scope of this section is to describe different decision pathways bridging the risk analysis tatnand
emergency planning for chemical accident ri€kiteria for decisions may vary depending on the national
context, but generally depend on various social and economic conditions, cultural attitudes towards industrial
risk and historical events that may have shaped these attitudes.

The core of risk asssment is the consequence analysis, that is, the fire, explosion or toxic release that could
result from an unplanned release of a dangerous substantee core of the consequence analysis is the
accident scenario (or scenarios), that is, the specific sgupe of events that could lead to a major fire,

explosion or toxic release.
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All approaches require a consequence analysis. The consequence analysis has numerous and very specific
data requirementsTypical inputs include data on substance properties (bgipoint, vapour pressure, etc.),

the source term (how the substance was released, e.g., whether a leak or a rupture, how big was the size of
the hole, etc.), process conditions (pressure, temperature, etc.), the surrounding environment (outside
temperature, open space versus a building, etc.), human health thresholds in relation to certain impact
thresholds (toxicity, thermal and explosive effects), population in the surrounding area, and other data of
specific relevance to the accident scenario select@tith the exception of substance properties, the data
cannot be generalized but must be based on actual conditions at the site in question. The Seveso Directive
requires operators of upper tier sites (highest hazard sites) to produce risk estimates irafbg/geport. The

site operators are generally responsible for providing risk estimates but regulators may run their own
calculations using the data provided by the site.

Risk managers have several options in terms of risk assessment methodology

The optons for risk assessment approaches are divided into two categories and then divided further into two
subcategories. The main difference between the two categories is whether or not numeric frequencies of
accident events are taken into accouiithe categogs and subcategories are as follows:

Probabilistic approaches

b Quantitative approach producing a numeric risk estimate

b Semiquantitative approach producing a numeric risk estimate
Deterministic approaches

b Deterministic approach that estimates spatial diktution and severity of effects and implicitly
takes account of frequencies

b Distance approach that uses table of fixed distances based on generalized estimates of the results
of the deterministic approach

The decision to choose a particular method dependsational attitudes to chemical risk. Years of

experiencing in implementing the Seveso Directive in the European Union has proved that the decision on risk
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social conditions. In addition, the decision to use a probabilistic approach may require a consideration as to

whether adequate data on frequency for certain types of chemical processes are readily avaitaile.

example, it may be important tenow how many times a pressure relief valve did not function as expected

under certain process conditiori§these data are not available, it may be necessary to choose a

deterministic approach.

The probabilistic approach (sometimes called the quantitatapproach) is characterized by a final decision
based on a numerical risk figure, that is, an estimate of the probability of an event, e.g., 1 X 10 5. The numeric
estimate of frequency is combined with a numeric estimate of severity to produce a riskdiglt is very

important to understand that this risk estimate represents a relative risk, rather than an absolute risk. Data
inputs to produce this figure are usually generalized from datasets that are not necessarily representative of
the universe of pssibilities Therefore, these inputs carry with them a high degree of uncertairtisg.

resulting estimates of probability are characterized by uncertainty as vigdked on these results, risks are
classified in terms of ranges of probability, with the pralbility estimates considered as indicative rather than
absolute measures.

In contrast, the deterministic approach does not select scenarios on the basis of a numeric likelihood, nor does
it produce a numeric estimate of riskhe selection of data inputée.g., the volume of hazardous substance
released, threshold of harmful effects, etc.) are selected on the assumption that they represent higher
frequency eventsThe output is generally framed in terms of the distribution of certain effects across a

certain area, usually divided into spatial zones within a certain distance from the source relative to higher
likelihood of death or level of injuryThe fixed distance approach simply calculates a fixed distance on the

basis of scenarios involving specific sstances based on calculations of these spatial zones.

18.5 Selecting accident scenarios for the risk assessment

The selection of accident scenarios follows the risk triplet, by first identifying what can go wrong and then
subsequently determining how likelyig to happen and how serious the impacts will be.
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18.5.1 Hazard identification (what can go wrong)

The consequence analysis relies on the selection of an accident scenario or sceAamagor hazard site
may have one or many accident scenarios, with differakélihood of occurrence or severitfhe number of
scenarios dependsrothe complexity of the sitel-or example, a large petroleum refinery could have 50 or
100 process units and each one of them may have one or more scenafingheother end of the spectrum,
an LPG storage facility may have only a few scenarios.

Figure 44. Layers of Prote@n Model for a Chemical Plant
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The selection of scenarios generally starts with the hazard iderdtibn that has been conducted by the

operator. There are numerous hazard evaluation methods, of which the most common include, checklists,
relative ranking systems (e.g., the Dow Index, the Substance Hazard Index), preliminary hazard analysis, What
, If Analysis, What If & Checklist Analysis, Hazard & Operability Analysis (Hazop), Failure Modes and Effects
Analysis (FMEA), Fault Tree Analysis, Event Tree Analysis, C@ossequence Analysis, Human Reliability
Analysis, and Layer of Protection Analydi©PA) as shown Irigure44 from CCP$2001).

These methods each help the operator to make a systematic assessment of potential hazards associated with
a particular process involving dangerous substandgse output of the process often relies substantially on
expert judgementOften methods may be used in combination to produce independent outcomes that can

then be comparedSome methods, such as HazopdiLOPA, require substantial input from a multidisciplinary
team of experts.The operator will ideally choose hazard identification methods that are suited for the
processes and substances present on the site.

A hazard identification produces a list of pgible undesirable scenarios. From these scenarios, a subset of
scenarios will be selected as the subject of the risk assessment.

18.5.2 Selecting the accident scenarios (How likely is it that it will happen and if it does
happen, what are the consequences?)

Theselection of the accident scenario(s) for the risk assessment depends on the risk assessment approach
selected.

Deterministic approach

The selection of scenarios may be based on a qualitative estimate of the consequences only, which means an
expert judgmeat of the expected damage (severe, medium, low). But the main problem is the definition of the
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scenarios before this step. The selectin is not based on a numeric evaluation of the risk, but selects incidents
judged by experts to be undesirable evenBlection criteria often include one or more of the following:

1 An assumption of a release, or loss of containment (LOC) of all the contents of the equipment
(vessel or pipe)

Assumption of a specific type of LOC (e.g., leak from a pipe of 25cm diameter)

Expecétion that preventive measuresould avoid the LOC (so that the scenario is no longer
considered for the risk assessment)

1 Qualitative criteria to accept or exclude certain preventive measures for a scenario (e.g., based on
the expected reliability of a mesure) For example, automated protections, such as pressure relief
valves, are often considered more reliable than prevention measures that rely solely on human
intervention

Applying the criteria will generally result on some accident scenarios ranked higteeverity than others and
on the basis of this ranking, the operator will select scenarios for the risk assessment.

Probabilistic approach
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to the top event, on the lefhand sde of the bow tie, or to the performance of any preventive measures {left

hand side) or mitigation measures (rigiiand side). Despite the fact that specific data referring to the

individual case is always the most favourable option, generic data are widséd in order to avoid extensive

research to identify numbers, especially when complete datasets from past events occurring on the site may

not be available.
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analysis.An example of the values for a pipe leak is showriliable 12. Example of pipe failure frequencies
below.
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Table 12. Example of pipe failure frequencies

Small leak Leak (effective Leak (effective diameter| Full boe
(effective diameter | diameter of 22% | of 44% of the nominal | rupture
of 10% of the of the nominal diameter)

nominal diameter diameter (Large leak)

Nominal diameter | 1.18.10° 7.93.10° 3.3.10° 1.22.10°
<75 mm

20hhhRyfkil25.10 1.11.10° 4.62.107 3.5.107
~d\ h” o mh

Nominal diameter | 1.75.10° 6.5.107 2.7.107 1.18.107
> 150 mm

SourceBasta et al, 2008

145 Committee for the Prevention Disasters (CPR), 19%uideline for Quantitative Risk AssessmeénK p mk g > f=j j f » h>KM, 3 @ H N? |
Hague

146 UK Health and Safety Executive. 1999. Failure rate and event data for use in risk assessment (FRED). Issue 1. Nov 99QRAS/99/

147 UK Health and Safety Executive. 2003Wfailure rates for land use planning QRA Update. Chapter 6K: Failure rate and event data
for use within risk assessments. 2/09/2003. RAS/00/22.

148 Taylor, J. R. 2006. Hazardous Materials Release and Accident Frequencies for Process Plant. Volume WiRltiRelease
Frequencies. Version 1 Issue 7. http://efcog.org/wp
content/uploads/Wgs/Safety%20Working%20Group/_Nuclear%20and%20Facility%20Safety%20Subgroup/Documents/Reldat%20ll
%207.pdf

149 Handboek<anscijfersvoor het opstellenvan een Veiligheidsrappor/10/2004, AMINAL Afdeling Algemeen Milieten Natuurbeleid.
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The secondnain element of the scenario selection in probabilistic assessment is the application of reliability
figures for control measures that may prevent the accident from occurring or reduce its severity. Similar to

the deterministic approach, measures may begped into the following categories:

b ©° < qHi d\ n pthe'scemabowill not occur(exampleburyinga vesselwill preventa BLEVE)
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prevent overfilling)

b ©° >j i b 'm\ rgpthesineysérerityor extentof the scenariois reduced(examplegas detectors
operating block valves)
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necessary steps at this stage are
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It is up to the individual user or the national system to determine which types of measures are taken into
account and what and how the efficiency is assessed. Some approaches may only consider passive measures

(no human intervention or measurement of parameterscessary).
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set of numerical values that are fixed and indicate the threshold of selection, that is, which scenarios have
likelihood thatis too low for the risk assessment.

18.6 Evaluating the consequence analysis

The outcome of the risk assessment, regardless of approach is an estimate of the risk in terms of likelihood

and severity The likelihood measure may be expressed either numericallg,, yearly occurrence of an

undesirable event in the range of 18, 10-9, or qualitatively (e. g. very likely to very unlikely). The severity
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18.6.1 Evaluating impacts and severity

Dangerous phenomena produced by a chemical accident scenario

The risk assessment will identify phenomena that can be produced from the accident sceflagianain
types of potential dangerous phenomena that may be gested by a chemical accident are shownTiable
13. The consequence analysis will identify which phenomena are produced by the accident scenario.

Table 13. Effects related to different kind of scenarios

Dangerous Scenario types

phenomenon Thermal Radiation | Overpressure Toxic Effects
Fireball X X

Flashfire X

Jetfire X

Poolfire X

VCE X X

Toxic Clouds X

Solids Fire X

SourceBasta et al, 2008
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18.6.2 Human health effect evaluation

The risk assessment will identify potential human health effects from dangerous phenomenon, mainly a fire
(thermal radiation), explosionoyerpressure) or toxic releas@.able 14 below is an example of severity
classifications for human health effects.

Table 14. Consequence classification for human and environmental impacts

Consequence Classiéition

Effectsonhumanhealth Effectsonthe environment
Noinjury or slightinjurieswithout sickleave Noactionneededbut surveillance
Injuriesleadingto an hospitalization Seriouseffects onthe environmentinsidethe

establishment

Irreversibleinjuriesor deathinside the Reversibleeffects onthe environmentoutsidethe
establishmentreversibleinjuries outsidethe establishment
establishment

Irreversibleinjuriesor deathoutside the Irreversibleeffects onthe environmentoutsidethe
establishment establishment

Source: JRC, 2018

The severity level is determined by reviewing the expected intensity of the impact (heat, overpressure,
lethality and concentration of the toxic substance) and the spatial area over which each level of intéssit
sustainedImpacts of consequences are usually expressed in terms of spatial distribution and nhumber of
people affected, often played as a map as ifkigure 45.

Figure 45. Toxicdispersionfrom a catastrophic rupture of a tank wgon containing sulphur dioxide
—

Source: JRC, 2018

Physical effects of fire and explosions

The definition of physical hazards is comparatively eablge divergence of accepted thresholds is not wide
and the main difference lies in the decision which levels of effects should be taken into account. For thermal
radiation and overpressure thealues inTable 15 and Table 16 may serve as default figures.
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Table 15. Endpoints values of fires and explosions for different severity levels

Level Stationary Radiation gggi,atsi(t)ar:tionary Overpressure
No effect 1,6 kW/m2

Small effects <3, <5kW/m2 <125 kJd/m2 < 30 mbar
Reversible effects <3, <5kW/m2 125, <200 kJ/m2 30 - < 50 mbar
Irreversible effects 5, 7 kW/m2 200 - 350 kd/m2 50, 140 mbar
Lethality > 7 kW/m2 > 350 kJ/m2 > 140 mbar

SourceBasta et al, 2008

Another distinction concerns the duration of the effect, as showitamble 16:

Table 16. Stationary, nosstationary and fixed efects

Effect type
Dangerous
phenomenon Stationary Radiation Non, stationary Overpressure (fixed
radiation value)
Fireball X X
Flashfire X
Jetfire X
Poolfire X
VCE X X
SolidsFire X

°lj,ng\odji\mt»hh " \Vinhoc\l\ohoc h aa "ofhdnhr\g”rpglo  _hji hewhidn] \ ndnhj af
may be very short in the case of certain scenarios.

SourceBasta et al, 2008

Toxic effects

For toxic effectghe situation is more complex than for physical hazards, taking into account the following
limitations:

b Countries with existing concepts only agree one threshold, which is the level corresponding to the
start of the certain effects (for example irreversibhealth effect).

b There are various exposure guidelines; the selection of one of them based on scientific expertise
is difficult (finding evidence of the effects of a given toxic substange humans is often
unmanageable, so the experimentation is usuatlpne in animals and the values obtained
extrapolated to humans).

b Each source guideline (e.g., American Institute of Industrial Hygienists Emergency Response
Planning Guidelines ERPGSs) covers only a limited number of substances.

b The effects of toxic subsnces on humans are in some cases related to the dose and not to a
given concentration.
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b The dose may depend not only on the concentration value and the exposure time but also on other
parameters which depend on the substance and may be unknown.

b The effecs on exposed persons is greatly affected by their health condition, age etc, Currently
three databases for toxic effects are widely used: IDLH, ERPG and AEGL

Immediately Dangerous for Life and Health (IDLH) Threshold L&els
Emergency Response Planningd&lines (ERPG) Threshold Let®ls

18.6.3 Consequence and risk assessment modelling tools

Given the complex nature of consequence and risk assessment of chemical accidents, various organisations
have developed toolslhe following tools are the most weknown, butother tools are also available:

b The JRC ADAM (Accident Damage Assessment Model) TheolJRC created this versatile
application for competent authorities implementing the EU Seveso Directivemodels
consequences for a wide range of substances and sc&s and also can incorporate frequency
data and produce a risk assessment figutteis available for free to competent authoritiesor
more information, go to the website https://adam.jrc.ec.europa.eu/en/adam/content

b The ALOHA software tool created the U.S. Environmental Protection Agency is is used widely to
plan for and respond to chemical emergencidd. OHA allows users to enter details about a real
or potential chemical release, and then it will generate threat zone estimates for various types o
hazards. ALOHA can model toxic gas clouds, flammable gas clouds, BLEVEs (Boiling Liquid
Expanding Vapor Explosions), jet fires, pool fires, and vapor cloud expldsigreszailable for free
at https://lwww.epa.gov/cameo/alofsaftware

b EFFECTS is a camrcial software developed by TNO and available at cost for safety professionals
to calculate and analyse the effects of accident scenariddore information is available at:
https://lwww.tno.nl/en/foccuareas/circulareconomyenvironment/roadmaps/environemt-
sustainability/publiesafety/effects advancedeasyto-use-consequencenalysis/
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of pool spreading and evaporation, and flammable and toxic effebtere information is available
at: https://www.dnvgl.com/services/procdsazard analysis software-phast 1675

18.7 Presenting the risk assessment outcome for decision -making

Thefinal result of the risk assessment combines the impact analysis with likelihood of the event for each
accident scenario. This product gives the necessary information for deemikers. Some common
mechanisms for communicating the results of the risk assment are as follows:

A risk matrix, representing the compatibility between defined level of risk and urban/environmental
development (sed-igure46 below)

A spatial distribution of the consequences expressed on a geographic map of the areaKagie 45).

A chart that shows different zones of risk of any individuzing harmed by an accident scenariche

individual risk curves are associated with impact areas with different frequency endpoints. The numeric
frequencies irFigure 46 can only be produced through a probabilistiskriassessmentdowever, similar

charts can also be produced from a deterministic risk assessment, with the zones described qualitatively (e.g.,
likelihood of fatalities or irreversible injury, likelihood of reversible injury, eBugh charts may be uset

create landuse planning zones or emergency response intervention zdrasexample, 165 irreversible

damage area where only limited residential developments are allowida societal risk graph (F/burve), is a
single measure of the chance that arccident (or accidents) could harm a number of peofiean only be
produced through a probabilistic risk assessment.

150 National Institute for Occupational Safety and Health, USA. Online: http://www.cdc.gov/niosh
151 Online: http://www.aiha.org
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Figure 46. Example of an individual risk curve.

sidential area

SourceBasta et al, 2008

These outputs can be usatirectly by decision makers to determine whether the site has achieved an
acceptable level of riskThe risk assessment of each accident scenario must be within the range of acceptable
risk. When probabilistic risk assessment is used, acceptable riskfiael asa numeric riske.g., 1,

established by the operator, or sometimes by national legisla{ieigure 47). The F/N curve usually

represents thecollective risk of the entire range of critical accident scenarios at a sttean generally only be
producedhrough a probabilistic approach.

Figure 47. Example of an F/N diagramme
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SourceBasta et al, 2008

These outputs can also be used by governments to create standardised distancesiatiees shown in
Figure 48 and Table 17 are examples of tools that can be used to evaluate risks for decisimaking in this
regard.
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Figure 48. Example of risk matrix

RISK ASSESSMENT MATRIX
S Catastrophic Critical Marginal Negligible
PROBABILITY M 2 (4)
Frequent .
(A} ] ¢ Medium
Probable .
(B) g Medium
Occasional
() : Medium
Remote . .
(D) Medium Medium
"“"’{‘é‘;“"" Medium Medium Medium
Eliminated
(F)
Source: Department of Defens2012
Table 17. Example of a risk matrix witlguantified likelihood
Frequency/ Single 2-10 fatalities | 11-50 50-100 100+
Likelihood fatality fatalities fatalities fatalities
Likely >10-2/yr | Intolerable | Intolerable Intolerable | Intolerable | Intolerable
Unlikely 10-4/yr, | Tolerable Intolerable Intolerable | Intolerable | Intolerable
10-2/yr | (Intolerable | (Intolerable if
if individual | individual risk
risk of of fatality
fatality >10-3/yr)
>10-3/yr)
Very 10-6/yr, | Tolerable Tolerable Tolerable Tolerable Intolerable
unlikely 10-4/yr
Remote 10-8/yr, | Broadly Broadly Tolerable Tolerable Tolerable
10-6/yr | Acceptable | Acceptable

Source Derivedirom findings presented in HSE (2001) and HSE (2009)

18.8 Making decisions based on the risk assessment

The output of any risk assessment provides an indicator of thegnitude of the risk associated with the
hazard.Organisations can use this output in numerous ways, depending on their role in the pr@Esstors
will use the risk assessment to make decisions about strengthening risk management and where to invest
resources in a way that reduces risk most effectivdlyspectors may make decisions about whether the site
is safe and can continue operations without significant chandesduse planners will use the outputs to

make rules about where certain uses can theveloped, and also to impose restrictions on certain

development when necessarfgmergency planners will use the information to determine the types of
equipment, knowledge, and training that emergency personnel will reqlirey may make decisions about
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when and how to evacuate certain populations, setting up medical services around the site, and other
intervention components.

The outputs of risk assessment of chemical incidents have a high degree of uncertainty that can make them
difficult to communicde to politicians and the public. They are complicated to explain and the fact that they
are not entirely certain, may undermine their importance. In the case of numeric estimates, there can be
tendency to underestimate the need to prevent and preparelfov frequency high severity events On the

other hand, the public may see these numbers as frightening. Nonetheless, the advantage of having more
knowledge about chemical accident risk far exceeds some of the challenges it creates.
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19 Nuclear accidents

MIGUEL ANGEL HERNANDEZ CEBALLOS, CRISTINATRIFEBMAAGROS MONTERO PRIETO, GIORGIA
IURLARO, MARCO SANGIORGI, BLANCA GARCIA PUERTA,

The djective of this contribution is to present the steps to follow in order to carry an analysis of a single
hazard (nuclear accident), stressing the limitationstloé methods and the opportunities to link them with

other hazards. Focus is made on the methodologies and tools existing to assess the hazards, exposure and
vulnerability to ionising radiation, pointing out the requirements of data and expertise, the ggsons made

and the limitations of the results.

19.1 Context

It is generally recognized the dichotomy between the advantages and disadvantages provided by facilities
and activities dealing with ionising radiation. Among the benefits, they range from power gdoeito

medicine, industry and agriculture uses. In addition, nuclear power can make an important contribution to the
problems of climate change, and play a key role in the transition to a clean energy future (IAEA, 2018; NEA,
1998), as a dispatchable lowarbon source of electricity. On the contrary, the radiation risks to workers,

public and environment that may arise from a potential accident generate its rejection.

The radioactive material once released, dispersed and deposited on different enviragnecanses a situation

of exposure to the population through different pathways that can lead to doses and health risks. It creates

that ionising radiation have to assessed and, if necessary, controlled. The EU has radiation protection
legislation in placeao protect human health against the dangers arising from ionising radiation. This includes

the Basic Safety Standards (Council Directive 2013/59/EURATOM), which is supplemented by a number of acts
ensuring a high level of protection for the public, workeand patientsln addition, the EU requires member

states to monitor radioactivity in the air, water, soil and foodstuffsfull text of all EUlevel provisions

currently valid in radiation protection can be consultedtie following link®2.

19.2 Risk identification

A nuclear accident is when the accident occurs in a nuclear power plant or in any other establishment using

nucleartechnologyDi Afn\'a ot Vi Vgt n " nh\Vi HRoc AD<@<hn\la ot hnoli _

hj m> b i m\ g grinferdgdetent\incliidhgopdraktjing errors, equipment failures or other
mishaps, the consequences or potential consequences of which are not negligible from the point of view of
kmj o ~ odj(ECGRAGVIABEA, 2018petcificfjly, in the context of threporting and analysis of events,

it is the event that has led to significant consequences to people, the environment or the facility (IAEA, 2009).
In this last context, the International Nuclear and Radiological Event Scale (INES) (IAEA, 2009efacilita
consistent communication on the safety significance of nuclear and radiological events. Based on a humerical
rating, from one to seven, the scale rates events into incidents (leve® ar accidents (levels-#), while

events without safety significace are rated as level 0.

Events are considered in terms of their impact on three different areas:

1. People and the Environment: It considers the radiation doses to people close to the location of
the event and the widespread, and unplanned release of radlive material from an installation;

2. Radiological Barriers and Control: It covers events without any direct impact on people or the
environment and only applies inside major facilities. It covers unplanned high radiation levels and
spread of significanjuantities of radioactive materials confined within the installation;

3. Defence-in-Depth: It also covers events without any direct impact on people or the environment,
but for which the range of measures put in place to prevent accidents did not functiont@nded.

The event is rating against each impact area and the highest level is selected as the actual rating of the
event.

As an example of the INES scale application, nuclear power plant (NPPs) accidents at Chernobyl and
Fukushima Daiichi were rateddue the highest impact on the People and the Environment area. On the
contrary, the event in the Three Mile Island NPP was categorized as level 5 attending the maximum impact on
the Radiological Barriers and Control areac&ssfully response arrangemehas often turned out to be a

152 https://ec.europa.eu/energy/en/overviewradiation protectiorrlegislation
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major challenge, if not impossible, where no prior risk assessment and proper preparedness planning had
taken place. The main target of nuclear risk assessment is to improve safety and minimize risks related to
nuclear energyRisk assessment denotes the total process, and the results, of assessing the radiation risks
and other risks associated with normal operation and possible accidents involving facilities and activities,
from which a release of radioactive material occussis likely to occur (IAEA, 2016). This process normally
includes consequence assessment, together with some assessment of the probability of those consequences
arising.

Box 11: The NERIS platform

The NERIS platform (European Platfioron Preparedness for Nuclear and Radiological EmergencydrRes and
Recoveryj?, was established in 2010to be a forumwhere joint European arrangements for nuclear and radiologijcal
emergencies can be developed and improvEde Platform addresses all notable trends, arrangements and capabilities in
the area of response to and recovery from nuclear and radiological emergenbes®ctivities supported and developegd
under the umbrella of the NERIS platforimcludetraining couses, workshops, working grougad user groups of <-RODOS
NERIS is also linked to research projeatsder the European Research Programmssch NERISTP (Towards a seff
sustaining European technology platform (NERFS on preparedness for nuclear aratliological emergency response and
recovery, 20112014), PREPARME(ovative integrative tools and platforms to be prepared for radiological emergenciesjand
postaccident response in Europ2013-2016), OPERRAroject CATHyMara (Child and Adult Thyroid iMang after
Reactor Accidenf015-2017), OPERRproject HARMONE (Harmonising Modelling Strategies of European Decision Support
Systems for Nuclear Emergencies, 202517), OPERRAroject SHAMISEN (Nuclear energy situatiorimprovement of
medical healh surveillance2015-2017), and more recently, th€ ONCEREuropean Joint Programme for the Integration
of Radiation Protection Resear¢d015-2020), structure for the research initiatives jointly launched by the radiatipn
protection research platformsand their associated projecisas CONFIDENGEoping with uncertainties for improved
modelling and decision making in nuclear emergencies, 22020), TERRITORIES (To Enhance unceRtainties Reductipn and
stakeholders Involvement TOwards integrated and grad@idk management of humans and wildlife In lotesting
radiological Exposure Situations, 202919), ENGAGE (ENhancinG stAkeholder participation in the GovernarncE of
radiological risks for improved radiation protection and informed decisimaking, 20172019) and SHAMISERINGS|
(Stakeholder INvolvement in Generating Science after Nuclear Emerger28d45-2019)'%*. Through these projects,
methodological aspects and computational models have been developed to be consistent with recommendations from
internatioral bodies such as the ICRP (International Commission for Radiological Protection), and can be coupling to [decision
support systems, improvements in atmospheric and aquatic modellia¢a dhining, information gathering and providing
information to stakeholdrs and mass media stakeholder engagemenand dialogueand social media/networking
technologystudies For instance, th€ONFIDENCE Projéd17-2019) improvel decision making for the protection of the
population affected by nuclear emergencies and toniniize disruption of normal living conditions. A multidisciplinary
approach dealing with all aspects regarding the radiological situation following an accidental release has been followed,
from the prognosis of dispersion and its spatisdmporal evolutionto the offsite consequences and the decision making| to
select, implement and evaluate recovery strategies, including the viewpoints of stakeholtieeg goals have been to
understand, reduce and cope with the uncertainty, including social and ethggacts, in both the threat and early release
and transition phase of an acciderangagement of all relevant stakeholders from lay people to decision makers in planhing
and recovery strategy development and final decision makihg

19.3 Risk Analysis

Targets d risk assessment are the people and the ecological systems close to the location of the event, as
well as those potentially under the influence of the radioactive material released due to its transport. With
this in mind, the final product should be theformation to determine appropriate defensa-depth

strategies, to develop policies by decision makers and public information at global, regional and national
levels, as well as list of corrective measures that are feasible, rational anchawith envionmental, social
and economic objectives.

In general, risk assessment is included within the scope of safety assessment, which covers all aspects of
facilities and activities that are relevant to protection and safety of technological systems (IAEA, 20h6)
evaluation of safety can be addressed by a botteap approach, i.e., it starts with postulated failures and
proceeds to identify their consequences, or by a-tigvn approach, i.e. it starts with postulated end states
(adverse consequences) and preds to identify a set of disturbances to normal operation which can lead to
the end state (initiating events) (Apostolakis, 2003). While the Probabilistic Safety Assessment (PSA) follows
the bottom-up approach, the Quantitative Risk Assessment (QRA) aphletop down approach.

153 https://www. euneris.net/
154 https://www. edneris.net/projects/concert.html
1%5 https://portal.iket.kit.edu/CONFIDENCE/index.php
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The evaluation of the nuclear infrastructure vulnerability against, for example, human errors, terrorist attacks
and natural disasters, as well as preparation of emergency response plans is vital to assurance safety nuclear
operations ad national security (Kostading2011). The international community has agreed to strengthen

the Convention on the Physical Protection of Nuclear Material, and in establishing nuclear security guidance
(IAEA, 2011). In this line, to preventyansk growth beyond acceptable levels, the climate change effects

must be also accounted for into risk assessment (Vagnoli, 2017). The majority of nuclear facilities
commenced operation between thirty and forgight years ago, before climate change wasnsidered in

plant design or construction, and hence, the impact of, for instance, intensifying storms, droughts, extreme
precipitation, wildfires, higher temperatures, and sleael rise, should be considered and analysed on already
existing and/or the dsign of planned nuclear facilities (Jordaan et al., 2019).

The role and importance of PSA as a technigue to humerically quantify risk measures in NPP is defined and
emphasised in many national and international safety standards.(édA, 2010a, 20102012). PSAis a
comprehensive and structured approach to identifying failure scenarios, constituting a conceptual and
mathematical tool for deriving numerical estimates of risk (IAEA, 2016). PSA makes possible to examine a
complex system's potential riskra to study the new design features and evaluate which of the safety
improvements brings the required safety upgrading in NPP. Therefore, PSA provides insights into the strengths
and weaknesses of the design and operation of a NPP. In all European caymB8& methodology is used to
confirm and enhance the safety of NPPs in complement to the deterministic approach. As an example of this
pn> " hoc Al jm_d~ "Hhkmje " oh2010)(Beaptsspd et a.o201f)jhad thblainato ot H Bj \ g |
provide a gemrral description of the issue of probabilistic safety goals for NPPs, of important concepts related

to the definition and application of safety goals in Finland and Sweden.

PSA estimates the final measure of risk by combining the consequences with gegective frequencies. To
ocdnhkpmkjn 'l KK¥%n i KN thosf that stag ipside thecpfwerdplard orthe élegtifg™ q ~ i on |
system it serves and "external events" such as earthquakes, tsunamis, floods, hurricanes, fires and malicious
events.The technique in this kind of probabilistic studies is to work with many hypothetical events covering a

large range of possible outcomes. This allows assessing the probabilities and severity of loss. PSA combines
estimations of three levels of risk®:

1 Lewl 1 PSA estimates the frequency of accidents that causes damage to the nuclear reactor core,
commonly called core damage frequency (CDF). This Level models from the various plant
m nkjin n"Hhr\Vgg  _hoeNv~r~rd_" i ohn hgethe ptantoperatibm j h\ i f©
Oc m ajm '"hocdnhg q ghhj _“~gnh\lgghjahlhm \ *oj m¥n

Box 12: The ASAMPSA _E project

The ASAMPSA _E project (262816)!°7, aims at promoting googbractices for the identifiation of initiating events (e.g
earthquakes, tsunamisetc) and external hazards with the help of PSAs and for the definition of appropriate criterig
decisionmaking in the European context. The project gathered experts from 28 organisations in dfdzur countries and
tried to cover the consequences associated with extreme external events, in particular flooding, that went beyond what
those considered in the initial NPP design.

—

or

1 Level 2 PSA, which starts with the Level 1 core damage accidents, ewsrthe frequency of
accidents that release radioactivity from the nuclear power plant. Such core damage sequences
are typically referred to as severe accidents. This Level analyses the progression of an accident by
considering how the containment struceg and systems respond to it. Once the containment
response is characterized (timing and location parameters, thermal energy release rate and
quantities of radionuclides releases), the analyst can determine the amount and type of
radioactivity released frm the containment.

Box 13: SOURCE TERM

SOURCE TERM is an international research programme carried out by IRSN (L'Institut de Radioprotection et de Sireté

I prg¥Y\dm $A\i _A>@<fh#>j hhdnn\ md\ o f Oth eda@iuncenhirdies fvkeo gvaiuating ~ $) h Oc
the environmental release of radioactive products such as iodine or ruthenium following a core meltdown accident in a
pressurised water reactor (PWR). The experimental data gained from this programme are used kopdaneé validate
numerical simulation tools needed to assess the consequences of such an accident and to evaluate the efficiency| of the
prevention means.
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1 Level 3 PSA, which starts with the Level 2 radioactivity release accidents, estimates the
consequenceshat might result in terms of health effects resulting from the radiation doses to
the population around the plant such as shddrm injuries or longterm cancers and economic
losses that may result when radioactive material reaches the environment. €prences are
estimated based on the characteristics of the radioactivity release calculated previously,
conditioned by several factors such as the dispersion of the plume, the deposition pattern, the land
contamination and land use, the exposure of popidatand the early countermeasures applied.

Therefore, only the Level 3 PSA estimates the health and economic impact in terms of different offsite
consequence measures. U.S. NRC 2013 provides guidance to develop a technical analysis approach plan for
Level3 PSA to be used in performing the ftgtope site Level 3 PSA. However, integrated assessments of the
risk emanating from the operation of facilities from which a release of radioactive material occurs (e.g. NPPSs)
is scarce, and there is not a statef-the-art guidance material to address this Level 3 PSA. Performance of

the full-scope site Level 3 PSA study involves an extensive number of technical tasks, and, consequently, the
need to obtain or develop numerous models and substantial data. The leveffarit to accomplish this work

is a function of the amount of information and models. In general, it is required careful selection of suitable
models for description of natural phenomena and effects of pollution exposure.

19.4 Risk Evaluation

Two examples of gproaches to the Level 3 PSA are tHexRisk (Arnold et al., 2012; Seibert et al., 2013) and
the ANURE proje¢ANURE, 201Y)Both activities are performed with the purpose of estimating the
contamination risk from the atmospheric dispersion of radionde$i released by NPPs accidents. The common
characteristic of this kind of analysis is the consideration of many events to cover a large range of possible
outcomes, and to assess the probabilities and to create a distribution of exceedance probability.

TheflexRISK project studies the geographical distribution of the risk due to severe accidents in nuclear
facilities, especially NPP in Europe. Starting with source terms and accident frequencies, thedalge

dispersion of radionuclides in the atmospherere simulated for about 2800 meteorological situations (ten

years period). The transport and dispersion model FLEXPART simulated the dispersion in the atmosphere and
produce the contamination patterns of the ground and nesarrface concentrations of rel@nt radionuclides.
Radiation doses derived from the dispersion calculation are calcdltdeassess the consequences of severe
accidents. Maps and diagrams indicate, e.g., where in Europe the risk to be affected by a severe accident is
especially high, owhich contribution is incurred by the NPPs of a specific country.

The ANURE project aims at developing a methodology to elaborate nuclear risk maps, considering local
factors, to be used by decisiemakers in the preparedness and management of a nucleastgccident

exposure situation. The Almaraz NPP in Spain is taken as reference in this feasibility study. The methodology
\'i _hoc A<l PM@¥%nhAhm npgonh\m Al \n"  _Rjih,3-0hHi ph  md"\ gh_
(2012-2016) using the Lagrangiamesoscale atmospheric dispersion model RIMPUFF, which is implemented
in the JRODOS Decision Support System. For this period, the dispersion of two different source terms has
been simulated, 1) severe accident with relative large release and 2) severdatoivith small release. The
outputs of each dispersion calculation, among others, consist of ground contamination on an irregular
geographical grid. This information is useful to establish the affected area and the probability of exceedance
of thresholdsof contamination. This deposit probability combined with detailed information of soil

vulnerability and the food chain impact provides an estimation of the risk distribution associated with both
kinds of nuclear releases.

The global climate change is anerhent to consider in the analysis of this results and its medium and long
term application. The possibility to increase the occurrence of extreme climate and weather events (Schar et
al., 2004), could have impact on atmospheric circulation and regional watterns, which can lead large
changes in net precipitation. Beniston et al., 2007, for instance, found that intensity and frequency of heat
waves will increase in Europe, and extreme wind speeds will increase between 45N and 55N by the end of
2100. Chages in wind and precipitation patterns influence the transport, dispersion and deposition patterns
of the radioactive material, and hence, the risk evaluation results. This fact suggests that it is important to
understand how atmospheric phenomenon wilkalge in the future if we are ever to accurately predict how
winds and precipitation in different regions will respond to climate change (Yan 2016).
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19.5 Risk Treatment

Here, and as case studif,is explained the elaboration of a risk map for rainfed cereals af€Cs deposit

based on offsite radionuclide release from the Almaraz NPP. Rainfed cereals is one of the most widely
produced crops in Spain, and therefore, it has large health, social andamic impact. The methodology
applied to achieve this purpose is the one suggested under the ANURE piIORE, 2017) which is deeply
developed in Garcia Puerta, 2020he methodology combines the predicted deposition patterns of the release
obtainedfrom a large amount of numerical dispersion simulations (deposition map) with the knowledge of
factors that influence the behavior of radionuclides in soils and its transfer to food chain (vulnerability map).

Following the general recommendation for thisd of analysis of working with many hypothetical

meteorological scenarios, the base of this case study is YHE€s ground contamination predicted on a
geographical grid spacing by 13&umerical dispersion calculations (2012016 period) for 35 hours b

offsite radionuclide release. The simulat®were carried out by the Lagrangian mesoscale atmospheric
dispersion puff model RIMPUFF of JRODOS System (in the below box is explained the needed steps to carry
out a JRodos emergency model chain simulation).

Once performed the set of simulations, the predicted values in each grid cell were groupesbinto
contamination levels taken as reference tleentamination levelgpredefined in the Nordic Guidelines and
Recommendations (NGR, 2014rcording to the adtity concentration deposited on the groundhe

probability of occurrence of each categoiryeach cell is obtainednd they are weighted by their
corresponding factor. The contamination levels and the weight factor associated are sholiabia 18. The
results of each weighted contamination level are added in each output grid cell. The 8056 resulting values
(one per cell) are used to calculate the percentiles Po, Prs and Rs which are used as the thresholds of the
i\ h> _fho°?"° kj.Whkddejisj hgrida, distrisuted in five classes ranging from 1, represegithe
minimum probability of having a high activity concentratiateposition(less thanP:s, to 5,which represents

the maximumweighted probability (more thaRs). The Deposition Index is assigned to each cell of the
calculation grid by using a GIS to obtain the deposition map which, in this case study, is limited to the Iberian
PeninsulaThe spatialvariability of this index identifies those areas largely and continuously affected by high
depositons of 1¥’Csamong the 1383 deposition simulations

Table 18. Contamination levels modified from NGR, 2014, referred to the actigd@gicentration deposited on the ground
for gamma and beta emmitersContribution of the'*’Csto the total activity concentration and Deposition weighting
factor corresponding to each level.

Activity concentration ¥Cs Activity concentratiol

Contamination level deposited deposited kBgm2) Deposition Weighting Factol
(kBgm?)
No affected area* 0 0 1
Non-contaminated <10* 0.01 110
Slightly contaminated 10-100* 0.01-0.1 11
Contaminated 100-1000 0.1-1.0 1-1¢
Heavily contaminated 1000-10000 1.0-10.0 110
Extremely contaminated >10000 >10.0 110
BM' f-+,/h_"adi hoc hgjr Mmhtjohddhdiol o>»hlR) M\ Bjonyghl GByf® A LORBY
m2ocm ncjg_hc\nh] " ifhdirgp_"_"AVnhr ggh\nh\ijoc > mh~ji okehschd

deposition at all, from the cases affected with the considered lower activity concentration.
SourceNGR, 2014

Having tke deposition map, theadiologicalvulnerability map, is obtainedt represents thecapacityof the
soil-plant systemto transfer the*’Cs contaminatiorirom the soilto the cereal cropsThe factors taken into
account areempirical values othe soil properties and the sotlype distribution, the land usend the soitto-
plant transfer factors

The potassium and the clay contents are used to create @sesium Bioavailability IndgseeTable 19).
Both parameters are key in the radiocaesium transfer from soil to plant, since they reflechtiteent holding
capacity of the soil Therefore, this index reflects the potential capacity of the soil to store*fi€s which
may become bioavailable for crops over time and, therefore, contaminate the foodstuff.
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