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Executive Summary

The methodologicdiramework, which is defined in D1i4 further elaborated in this document,
based on the input from several contacts with the stakeholder groups and the pilot case owners
during the EUCIRCLE Consolidated workshop in Milan. The methodological framewotkef

project is here adapted to the context of the pilot cases th&@IBEOLE will use to test and
validate its R&D results. Furthermore several operational and policy questions, associated to the
potential use of the project tools to address issues agwigten the resilience of the critical
infrastructures against eventual climate chaagmectare considered. The main objective of this
documents isto highlight how the methodological framework shall integrate ghgject results

in order to contribue or support the resilience and strengthen the protection oadalinst

climate clange impacts.

The EUCIRCLE shall provide a number of tools and methods which may improve the adaptive
response and resilience of critical infrastructures against pedjetimate change. The purpose

of this reportis to build on the methodological framework defined in D1.4 and the case studies
of EU-CIRCLE in order to examine a variety of options that may contribute to the protection and
resilience of infrastructuresglaborate relative approachder assessing risks and revise
resilience potentiahnd to determine operational and policy questions that the prajeaid
address

The methodological framework of D1.4 and the context of using it together with the tools that
EU-CIRCLE, as described in this documemtd based on the respective case studies, aims to
deliver will support the related stakeholdets elaboratedesign, planning and retrofitting
suggestions and if possibé®nsiderrevision proposals on existing stiards (CENCENELEC

Guide 4 O6Guide for the inclusion of enwvironme
O0Guide for addressing climate etd),dowaydsclimateapt at i
proof and resilient infrastructures.
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1 Introducti on

This deliverablaeport(D1.5) is based on the EOIRCLE methodological framewoykvhich is
defined in D1.4 appliedin the context ofthe study cases that have been determined by the
project for testing and elaborating th&)-CIRCLE findings and result$-urthermore it includes
the feedbackelativeto the project approach and proposed methodolbich wasgathered by
stakeholders, icontext of several meetings andparticular linked with the discussions during
the ConsolidatedNVorkshop that was held Milan the 18" of May 2016.

During the workshop stakeholders, representing the study chslee project, provided their
experience and expertisnd evaluatedhe proposedEU-CIRCLE approachregarding risk
assessment and resilience strengtheaimg) they have enlighten several aspects that are further
considered and presented in this delivezabhe consortiunhad several debates aexichangd

a numberof relevantideas with representatives of stakeholdesupsin a series of meetings
which areculminated with the Milan Workshog@ hese meetings initiated a process of reflection
on:

the EUCIRCLE conceptual approach

the eventual foresight analysis options

- therisk assessment methodology adopted

- the aspects of the methodological approach
- the scenario building context

- the challengesof assessing the impact to Cls (direct, due to interdepeiedeand
cascading effects)

- the options of resilience strengthening in the envisaged infrastructures
- the Cl and environmental settings of the areas of the study cases

Thus past cases of climate hazawd eventsand their impact to Cls weresed to support
discusgon and analysis whilenformation and data needeat foreparing the study caseSEU-
CIRCLE were determined. Feedback regarding the familiarization of the Cl ovarets
operators with climatehange related hazards and threatsrdteto include these aspects in the
formal Business Continuity (BCP) an@perating Security Plans (OSB}) their organizations
was gathereddiscussedand analyzed based aglative questionnaisefilled by stakeholders
Relative conclusions included inlDt.

EU-CIRCLE has developed a concrete methodological framework aiming to eedysethat a
multi-disciplinary and inteprganizational group ofelevantstakeholders might cooperate to
perceive and assess the impact of clintdi@nge potential. Thexpected result from such
synergy would be the development afiequate and proper adaptation measures, which can
ensure operational, societal, environmental and economic resilience against eventual climate
changes. The envisaged framewhds to support maerous business decisions while complying

to specific policy objectives and considering relevant scientific hypotheses. The methodological
framework proposed aims to ensure the coordinaetdldborationand synergy among tHeU-
CIRCLE stakeholderscomprisng nationalor regionalauthorities physicalsecurity experts and
critical infrastructure operatorss well asresearchers from the climate change and the hazard
modelling communities in order to plan f&rengtheningheresilienceof infrastructuresagainst
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climate change impacts. Representative decisions that may detain the aforementioned
stakeholders groupouldinclude the following:

A Ilncrease the magnitude of design parameters
A Perform for mal r i sk teeclsange ssk memagéemerga nd carr vy

A Review existing practices and consider new
A Develop contingency plans for infrastructur
A ldentify infrastructure that is at risk bec
A Consider increased deterioration rates in
A Consider different climate change scenar.i

A ldentify locations that may be vul naherabl
or modify designs accordingly

The EU-CIRCLE framework suggesta consistenand cooperativ@rocess allowindo address
challenges angupport decisionsstartingfrom adequateclimate change scenariosioving to
relative risk asessment and coming up withesilience metrics that may indicate
countermeasures anddaptation plans required for improving tlpeotection levelof the
envisaged ClsThis process is depicted in Figure 1.
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Figure 1. Cooperativeprocess of implementing the methodological framework GfCIRCLE

EU-CIRCLE projectfocusesto support national authorities to improve the preparedness of the
Member state®f the European Union to addredsnatechangerelatedevents and minimize

the rdative extent of economic loss arstcietal disruption. The EQIRCLE results ainto (1)
contribute to the capabilitgf the authorities and ClI managdos predict and detect climate
change driven eventghich may have impact to the integrity apdrformarce of infrastructures
providing essential services and their key asg@psestablish a relevant context and define
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procedures and activities that wallert the Cl owners and operators to enable mitigating actions
for addressing climate change impacfsd@®janize and coordinate tdevelopment oprotection

and adaptationplans,elaborate mitigation measures gometocols, ancadopt propesstandards
that arerequired to reduce riskand ensureoutstandingresilience performance of exitical
infrastructure prior to and during a climateange driven credible threat, and (4) provide the
ability to respond to and recover from the eventual consequences of climate change.

The EUCIRCLE methodological framework allows all stakeholdergdoperate in context of
well-defined procedures as shown in the next figure (Fig.2).
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|_ccwrem | il planni
Spatial planning Climate change
:
|
Alternative select. Magnitude
-
| insttutions | Elements at risk —
| Criticality ]
| Resourcefulness I
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Risk assessment | Dependency |
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Figure 2. Detailed framework of the EACIRCLE procedures showing the stakeholders involvement (brown:hazard
modelers, blue:climatologists, gnepublic stakeholders, yellow:risk modelgrarple: Cl operato)s

Among the project stakeholders, thabpc services and national authorities will be benefit by
using EUCIRCLE results to coordinate their effortstiepreparéd to addresthe effectdhatthe
global change may have on critical infrastructusad relative servicesn addition the critical
infrastructure managers and operators can be supported to perceiveldiemtiyssues and to
back eventual investments needed to preserve thamparice and reputation of their service.
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2 Deliverable scope and objectives

The present document is formally considered as the Final version of the deliverable D1.4 (Report
on Detailed MethodologicaFramework- initial version). The relation between these two
deliverables (D1.4 and D1.5) is that D1.4 presents the details of th&€IECLE
Methodological Framework while the present docunfectises on how thisiethodology could

be used based on tiptannedprojectresults andechnical outputThe D1.5 includes the final
conclusions concerning the usé the methodological framework by potential end users and
presents use cases of EIJRCLE implementationbased on the DoA description, the particular
study cases #t are considered in context of the projeand the feedback received by the
stakeholdersontacted during the first year of the project and thdse participated in the Milan
workshop of EUCIRCLE.

The document integrates informatigathered and feedbk receivedfrom the owners of the
case studiegnvisaged by the projeend highlights issues thatre or may be considered in
context of the exercisgdanned for the evaluation of the performed R&his could help the
end users that will be involvad the project study casés be familiarized with the potentiake
of EU-CIRCLE to support their planning amtanagement taskandto help them tdoe prepared
to shapeup the methodological framework of ECIRCLE and perform efficiently its validation
during theplannedtrials and proof of concept eveniBherefore the description of the project
issues in this document are rather seen from the end user point of view.

The project study cases are brieflgummarizedin this reportand issues related to thei

adaptation to the conceptuatd methodologicdramework of the ELCIRCLE arepresentedn

order to be considered during the implementation of the respé¢aliletop exercises andemos

(trials). However, { has to be <cl ear trepoat ton thehplasningdamad u me n -
preparation of the case dias of the project. It aims onlp feed the planning process of the
respective demos and related exerciséh the organizational context that refers to the-EU

CIRCLE methodological framewor&s well as with examples and potential options for using

the ClimatelnfrastructureResilience Platforn{CIRP) in context of the planned trials from the

end user viewpointin addition, this deliverablerovides somgolicy and managememn¢lated
optionsconcerning th@roof of concept of ELCIRCLE, in frame of theplannedexercises.

It has to be noticed that this report, together with D1.4, can be considered as support documents
for perceiving and understanding the requirements of end users thasaithe ELCIRCLE
outcome and the CIRP tools for supporting resilience related deciStomslocument provides a
concrete methodology that the users can follow to define key assets protection priorities, assess
potential risks, identify and validate resiice options and elaborate eventual adaptation
measures that may strengthen resilience and improve protection.

The following chapters of thiglocument provide a variety of aspects linking the GRCLE
methodological framework described in D1.4 with @lanate Infrastructure Resiliencéaform
(CIRP)tools through theroject study casesentionedn the DoA. More specifically Chapter 3
presentsthe way that the methodological framework can be implemented usingCiieP.
Chapter 4 briefly introduceseirisks and consequences of climdtizen threats and hazards to
Cls, associated with the specific projetidycases. References to past events and risks relevant
to those considered in tlstudy cases that are considered in the project @i@sprovded in
Chapter 5, while challenges to critical infrastructure protection and lessons learned|éwoant

past events are included in ChapterTée Chapter 7provides ideas and suggestions to be
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considered whemnsingin the futurethe EUCIRCLE methodolgical framework and the CIRP

tools The most concrete ideas that can be considered within the context of the project and which
may allow validating the use of EOIRCLE capabilities as well as the appreciation of the

p r o] mahodblegical andnformatics tools based on theipotentialuse for theenvisaged

case studiesre included in Chapter 8.
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3 EUCI RCLE framework and tools I mpl ement

EU-CIRCLE aim is to provide the stakeholders of CI resilienogith a methodological
framework, wheh is described in D1.4, for assessing risk and addressing potential impact of
climaterelated threats and hazards to the operation and resilience of National Critical
Infrastructures. This methodological framewavkl be supported by the Climate Infragtture
Resilience Platform (CIRPyvhich is developed by ELCIRCLE. CIRP provides ahared
modellingenvironment where multiple scientific disciplines can work together with Cl operators
and relevant National Authoritiesy order to identify climate and amatechange related
stressors to Clslefine their relation and influence isolated or interconnected assets of critical
infrastructures, understand interdependenciemmong CIl networks evaluate alternative
adaptation solutionsnd present findings in anified manner. The platform aims to assess
potential impactso Clsdue to climate hazards, provide monitoring through resilience indicators
and support costfficient adaptation measures.

According to D1.4 the steps of the ELJRCLE methodological franveork include: (a) Scenario
selection, (b) Scenario elaboration, (c) Data collection, (d) Scenario execution and on the spot
analysis, (e) Assessment of results and policy suggestions.

Different methods(Fig.3) comprising brainstormind2], scenario builohg [3,4], general
morphological analysis[5] and future wheel[6] are comprised in the EGIRCLE
methodological approadbr implementing these consecutive methodological steps.

Brainstorming Desktop Research Analysis of historical Data

Scenario Elaboration

Scenario Interaction with Users

Data Collection

Climate Climate

Scenario Execution and on the spot analysis

Morphological Analysis

Assessment of Results and Policy Suggestions
Future Wheel

Figure 3. Flow process model of the ECIRCLE foresight analysis

The methodological process of ELIRCLE is proposed to be organizetlowing the next
procedurabtepd7]:

1. Define the settings i.e. Area of interest, time period, Cl types & network by CI
community

2. ldentify CC drivers to Cl challengeand climate hazard precursors (use@BCLE
results)

3. Compare climate related engineering design standards (e.g. return period) in place with
relevant EUCIRCLE CC assessments (by CC and DRM in cooperation)
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4. Use CCmodellingand project climate data todditify risk periods of climate change
scenarios per Cl type by the CC community (based oifCIRCLE defined scenarios)

5. For each risk period use Giodellingand project climate data to Identify risk areas of
climate change scenarios for all Cl types by@@@community (based on ECIRCLE
defined scenarios)

6. Run disaster management spatmadelling

7. ldentify and define damage/consequence curve per Cl element (sector, service and/or
asset)

8. ldentify and define resilient indicators per Cl element (downtmmaimum performance
level, time to complete recovery, cost of repair ..)

9. Adapt all information in the EACIRCLE risk assessment framework

10.Run CIRP to define for each use case (incl. settings, CC model, time period and area of
influence)

a. Which ClI elementsre at risk to fail (resilient vs non resilient) as individual
assets, interconnected units (network or service) or interdependent services
(cascading effects)

b. What will be the expected impact (population, cost, environment)

c. Foresight of required measuitesensure resilience

11.Simulate and visualize results depicting risk levels, network islanding, resilient/non
resilient Cl elements, adaptation priority areas, engineering standards failure, adaptation
measures ..

The implementation of theU-CIRCLE approat is based on twdasictools. The firstis the
Methodological Framework, which defines the context and the steps for implementing-the EU
CIRCLE process towards the definition tife ClI resilience needsdue to climate hazards,
extreme events and climathange issues. The second is @lenate Infrastructure Resilience
Platform(CIRP), whichallow the integration of the EACIRCLE risk assessment (WP3) and the
resilience (WP4) framework and which suppattie implementation of the Methodological
Framework in concrete casedlowing the end users to customize and apply it to their specific
data and requirements. The methodological framework anticipates the cooperation among the
different stakeholders of EQIRCLE including the CIl owners/operators, the Natlona
Authorities in charge of CIP, the climate and climate change community and specialized hazard
modelers.

According to theexpectedEU-CIRCLE outcomethe stages oén indicativeforesightscenario
evaluation procesasing the methodological framework and the CIRP ta®ldescribedhere
next

i.  Authorities would like to consider loAgrm climate change impact to the essential
services in a certain region (or at the country level) and for a specific time periodrin orde
to redefine planning and security policies

ii.  Cl owners/operators are asked to participate in such a project integrating their data into
the CIRP.Normally this would have been implemented by the National Authorities as
regards the description and mappofghe assets and network of the national Cls. Thus
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the platform would have integrated default values of damage functions and resilience
indicators for thevariousassets, which can eitedmodifiedupdatedby the operators
in order to be adapted to thpecificinfrastructure.

iii.  Authorities and CIl operators define jointly the extreme weather scenarios and the climate
hazards that the envisaged project has to condidsed mainly on the region and the
type of Cl These scenariowill determine the climatelata requiredfor the specific
region and time period.

iv.  Using the support of the EGIRCLE climate change modelingnd eventual support of
Climatechange expertselevantdatasetswill be retrieved from external (e.g. CORDEX)
or EU-CIRCLE (e.g. for theease studies) repositories to be used by CIRP.

v. There are two basic tasks that National Authoritees perform independentlysing
modelled climate data predictisandconcerning Criticainfrastructure protection:

a. Reconsider the wayuoh aeseéevsiongftheedi f
based on climate change model data and estimdfiond 100y return period is a
representative exampldhcrease of weather and climate extremes in the future
shall contri bute t o teturaperiodeventthat existingof t h
infrastructures were built to withstand (Auld, 2008a).ThéisshissueEU-

CIRCLE should considaran be the revision diie actual levels of protection
relatedto the engineering standarcbrresponding to the return period of specific
climate eventsUsing theavailableglobal and regional climate model datasets the
NAs can redefine theeturn period oextremes of specific climate eveulsring

the plannedifetime of theinfrastructure ad revise eventually the respective
values used for engineeriitg securityand safety planand;

b. Redefine the spatial distribution of risk levels (zoning) related to specific hazards
e.g. forest fires or floods, based on regional climate change modsétiat
Relevantassessment dfazard likelihoodin the wider area and for the specific
time period) based orsuch climatalataprojectionscan be used to delineate areas
suitedeither forplanning thedeploymenbf specificCl asset®r for assessing the
risk related to the presence of such assets in areas where the risk level is expected
to change in the future.

vi. Hazard modelers are provided with the envisaged environmental and climate scenario
and are asked to produce relevant layers of potential cliraed damage drivers.
These layers will be used as input into CIRP for assessing risk and elaborate resilience
and adaptation options. ECIRCLE may also have intrinsic capabildlowing the end
users (National Authorities and CI operatdis)accesslimate changelata repositories
and define related damage layers based orbaged reasoning.

vii.  CIRP will be used then to combine the spatial distribution of the Cl assets, their attributes
and damage curvdegetherwith the climaterelated potentiatlamage layers. The result
will be to identifyand locatefor the specific scenario, whigsarticularassets will be at
risk and which will be the relative consequences (total failure or relative
service/performance los#)e climate damage driver will caeL

viii.  CIRP will allow all stakeholders (NAs, Cl operators and Climate hazard consul@ints)
to assess thelimate consequences to the Cl assets and netamakto visualize the
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relative results at the asset level, the interconnected network level antetidependent
[9] networks level.

ix. The qerators of different Cls will béhus able using CIRP capabilitieso identify
which specific asset and/or network link will be impacted under the specific climate
scenario and which will be the consequences of such impact to the level of the provided
essential service. Impact can be related to a numbeprudreteresilience indicabrs
including time to recovery, to restore an agreed level of service etc.

X. Alternatives to address the aforementioned clirdsiteen damage potentialsing the
respective resilience indicatosupportedoy CIRP, will be offered to the CI opators
This can be achieved by changing damage functions (retrofitting the asset), redesigning
part of the physical network (e.g. repositioning assets) or managing its functional aspects
(changing actual interconnections or interdependencies)

xi. At the endof this cooperative process the National Authorities and the CI operators can
have agood knowledge depicted in a common picture, based on a documented approach
onwhat the risks and the consequences of clirdateen damages may be in the specific
area ad for the envisaged time perio@iherefore they can jointligentify the necessary
countermeasures to be taken and the appropriate policies to be considadztess
resilience challenges of the service provided

A number of policy and operational quests relevant to the potential impact of climate change

to critical infrastructure and the eventual consequences is provided in Annex |, at the end of this
report.Similar questions andoncerns may be addressed usingBbeCIRCLE tools, including

the prgect methodological framework.

The methodological approach of HLIRCLE shouldalso consider addressing the lack of
currently available CI resilience modelling and risk assessment tools (e.g. consequencg curves)
providing relevant editors that may grabp knowledge of the security experts and the operators

of the critical infrastructureghis way, missing knowledge required to perform risk analysis can

be completed by subjeatat t er expertise and expertds opini

The next chapterprovide informatbn concerning thestudy casef EU-CIRCLE and an
indicative context for implementing the methodological framework aswithe CIRP toolas
presentedn D1.4and fitted to each case study.
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4 Climate changEBEUCIoRGleExdd¢c ande ¢ e

The stuy caes of EUCIRCLE are presented in details in D 3.1. In this chapter, based on
experience from past cases or contribution from the project stakeha@demnber of impacts to
different infrastructures and related services are mentioned as well as lessons that stakeholders
have been taught, which can be used in future protection and resilience plans. The document
aims to investigate options and elemernlkst may betesed and validatd in context of the

project demos and triakthat will be performedduring the final stage of the projeict the pre

defined study areas.

Here next a rational concerning the climegéated risk andrelativeconsequences Cls as well
as therelatedcontextconcerninghe specific case studies considerethe project is provided:

- Case study 1: Extreme drought and very large forest fires in South France

The case study area in southern France covers around 31,000 krasaamgopulation of five
million. Inhabitants. Due to the Mediterranean climanel vegetation typthe area is firgorone
causing severe impact to local and regional communltiegcent years, there have been several
fire incidentsduring which many @ellings lost connection to the electricity gricad traffic
was interrupted, transport safety jeopardized etc. Such events occurred in

- May 2005 { event500 000burned area)
- July 2009(1 event200 000burned area)
- December 20092 events100 000burned area)

Therelative case studyf EU-CIRCLE occurs during the summer, when the population highly
increases due to the presence of tourists, leading to ovetlfageof people on the railway and
highways networkMoreover, the presence of tourists during this high firskseason(which
coincides with the touristic period) the areacontributes to increasdule ignition probability.

In order to limit the fire extension, the following measurescaresidereaften
- Specific plans against natural hazards, especially cleafinggetation

- Operational procedures to limit fire evolution along the railways, highways and electric
networks(vegetation management)

- Fire detectiorand early warningystems
- Sprinkler systemsand watemist lines

- Conventions to cut very high voltage lines (up to 60% of 400 kV lines) in order to ensure
the functioning of critical infrastructures as hospitals, nuclear plants, airport, railway,
safety services

- Operationabrocedures for electricity network to prepare for unbalanced loads in case of
line-cuts, put in operation the secondary hydroelectric power plants

The policy objective is to maintain tlmerability of theinfrastructure during the evenat an
adequate Mel. A focus will be on prevention processes such as clearing tlengighway and
railway networkor high voltage linsto limit the propagation potential and tipewer of the fire
front. Another important aspect are protocols to restore to operdi@okto normalty in a safe
way for public and rescue services. The case study will elaborate on the following:
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- Analysis of current prevention plans, interconnections between Cl;sémnaces
collaboration, alert systems, legacy tools

- What arehe weak points of the actual organization processes?
- How can we take into account the climate change impact in prevention plans?

- Identification and evaluation of measures to increase resilience of CIl, avoid activity
disruption and domino effects.

A meaningful time hoizon for planningis 20 years. Relevant kewprds related to resilience
raisedduring the ©@nsolidation workshojn Milan were: save lives, save valuables and: return
to service.

The climate change related issues to this case study aresiradhere next.

The IPCC reports (200440],b [11] and c[12]) mention that major impact of climate change is
guite | ikely to occur Avia changes in the
trigger a natur al d i separts s mentioned thanthe sp\enitycoy the I
impact of the climate change in the coming years will be associated to the frequency of extreme
weather events rather than the overall change in the so called average dlimaatize ofdrest

fires andtheir frequency is expected to increase in South EU, which fact may lead to very large
conflagrations or megdéires with high probability and potential to have significant impact and
conseqguences to the national critical infrastructures and their operation.

- Casestudy 2: Storm and Sea Surge in the Baltic Sea Port of Gdynia, Poland
This case study foresees two distinctive scenarios:

The first scenario refers t@il Transport in Port. The oil piping transportation system is
operating at one of the Baltic Terminaleat is designated fasil reception from ships, storage

and sending by carriages and cafghe oil products. It is also designated for receiving from
carriages and cars, stoand load the tankers with oil products swadpetrol and oil. On the
basis @ the piping system operation and safety statistical data coming from its operators its
safety will be modelled, identified armkssessedThe examination of the climatdhangeand
extreme weathanfluence on the port oil transportation system safetybelperformed within:

- The area in the neighbourhood of the port ginmg transportation system and
- The port oil pipindines which have length of 25 km.

Under the assumption of the increasing stress of weather influence on the operation conditions i
the form of maritime storm and/or otheeveresea conditions, the piping system safety will be
examined and the results will be compared with safety uth@eactualconditions. The piping
system safety and operat®optimization will be performed angractical suggestions and
procedures improving its safety will be worked out. Within the focus of the examination are the
following aspects:

- piping safety structure and its parameters,

- number of piping and its components safety states,

- piping componets safety states changing and

- number of piping components leaving the safety state.
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The second scenario is relatedieemical Spill Due to Extreme Sea Surged he sea transport

of dangerous chemicals is pretty safe in normal environmental conditianseuvdr, the
transported goods may be swept overboard as a result of bad weather and hard sea conditions.
The released chemicals mhg athreat for the crew and the shihile it is alsoa threat to

pollute the seawater and the coaista The Baltic Searad nearby ecosystems are vulnerable to
pollution and contaminationnd therefore to relevansea accidens the transportationof
dangerous goodsNowadays one major accident happersd the Baltic Seaevery year
approximately. There are more than 50,00Qsknteing and leaing the Baltic Sean ayeaty

basis and about 2,000 vessels aspotted inthe Baltic Sea at any given moment. The
experimenal areathat will be considered for the trials includes

- The area in the neighbourhood of the maritimeyfevute.
- The approximate length of the maritime ferry sea water youhieehis equal to 250 km.

On the basis of the statistical data coming from reports on chemical accidents at sea, the risk of
dangerous chemical accidents at sea and their dangerous consequences will be modelled,
identified and predicted. Under the assumption ottimatestresson the operatiasin the form

of maritime storm and/or other hard sea conditions, the risk of chemical spills at sea will be
examined and the results will be compared wifistresults. The risk of chemical spills at sea

and the management of thesnvironmatal degradation will be performed and practical
suggestions and procedures decreasing the risk of the environment degradation will be
worked out. Within the focus of thisxamination are the following aspects:

Ferry safety states changing process ¢garameterscludes

- ferry technical system safety structure and its parameters identification

- number of ferry technical system and its components safety states and their definitions
- numbers of ferry technical system components leaving the s&déty s

Consequencesf anaccidento the citical infrastructure will be considered lbyplementing the
following three interacting and interdependent processes:

- the process of initiating events
- the process of environment threats and
- the process of efronment degradation

The time horizon forconsidering resilienc@lanning isup to 100 years. Relevant key words
related to resiliencéhat wereraisedduringthe consolidation workshoare strength, elasticity,
insight (awareness).

This specific case igather associated to potential environmental problems of marine pollution
due to extreme weather ever(&®orm surge)rather than to its relevant impact to critical
infrastructures. Issues relateddonate changehat may be associateéd this case sty are
summarized here next.

The effects of climate change on storm surge areftlebi.e. a. changing storm frequency and
severity in a given | ocation and b. sea | evel
if storm frequency and severitgmain constant.
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Storm surges and falls are defined as steyrh, extreme variations in the sea le&ich &ort

term variationgefer tochanges of the sea level recorded within several minutes to a few days.
They include sea level oscillations intemwirege between wind generated waves and seasonal sea
level changes. The coastal protection services describe a storm surge as a dynamic rise of the sea
level above the alarm or warning level, induced by the action of wind and atmospheric pressure
on the sesurface.

Situations are linked with a lowered atmospheric pressure system (a tropical cyclone or a
concentric baric low) which overlies a sea water cushion, thealed baric wave, moving
together with the pressur e haghtdépenas on the prebsare s e a

decrease in the centre of the system. A pres:s
ri se of @&@&Hs = arylovw (Figuee t4, Forinuda 1) When theolaw moves over the
sea surface, the latter becomesndymi cal |y def or med (eeHd) . The

associated with the baric wave shows positive wave elevations in the centre and negative
elevations on the fliks of the deformation (Figurdo4Formula 2). During the passage of a deep
low, the sea levelise may be P4 times higher than the rise produced by static conditions. The
fluid level deformation moves according to the laws of forced long wave propagation. When the
wave propagation velocity is close to that of a baric system passage, the waiadanvall

reach large values under the dynamic parameters of the system.
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Figure 4. Diagram of sea surface deformation caused by a low pressure system: static (a) and dynamic (b) sea
surface deformatiofSource: B.Wisniewskand T.Wolski- 2011)

Besides, an additional disturbance taking the form of diverging transverse waves is propagated
perpendicularly to the passage trajectory of the baric system. The waves look like those
generated by a shipds msevadditienal tdisturb@nces shaudpbe i t u d
expected to be lower than that of the basic sea level deformation caused by the baric wave. In
addition to the major forced wave, i.e. the wave propagating at the speed of the baric system,
there can be additional #dong waves associated with the rapid change in the baric low velocity

or direction.

Thus, storrgenerated surges and falls of sea level are a net effect of wind action and a baric
wave resulting from the baric field characteristics. Wind and a baric eaav@roduce the same
effect, i.e. both factors cause the sea level on the coast to rise or fall; they can also produce
opposite effects, when one factor raises the sea level and the other lowers it. The effects of a
baric wave may be several times gredlem those of the wind action. When the storm (baric
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wave, wind) abates, the sea levelknocked out of balancé will undergo free damped
oscillations until equilibrium is restored (seielile variations).

Owing to the complexity of the phenomenon, aeg level forecast during a storm surge will be
problematic. An additional difficulty is that sea level changes are greatly affected by local
conditions on the coast and the seafloor relief in the inshore zone and in a port. Therefore, it is
necessary thiahe sea surface deformation factor by the rapidly moving baric low be included in
future models developed to forecast storm surges and falls.

Since storm surges are related to the sea level it has to be consideredethi#icsfindings
summarized byhe Intergovernmental Panel on Climate Change (IPCC), Fourth Assessment
Report (AR4) (Intergovernmental Panel on Climate Change, 2007) indicate that global warming,
due in large part to human releases of GHGs, will accelerate global mean sea level rise. In
particular: Projected warming due to the emission of GHGs during the 21st Century will
contribute to sea level rise for many centuries; Sea level rise due to thermal expansion and the
melting of ice sheets could continue for centuries or millennia, evgreeéhhouse gas emissions

were to be stabilised; Sea level rise was not geographically uniform in the past and will not be in
the future; and There is a great uncertainty associated with the magnitude of global warming. If
sustained, it could lead to théneination of the Greenland Ice Sheet. In recognition of this
uncertainty, IPCC AR4 sea level rise projections do not account for the accelerated outflow of
ice sheets. Climate scenarios examined by the IPCC project a global mean temperature increase
of 1.1°C to 6.4°C by 2100. The corresponding sea level rise, excluding future rapid dynamical
changes in ice flow, is 18 cm to 59 cm by 21GMbbal sea level is projected to rise another 1 to

4 feet by 2100(Fig.5). Relative sea level rise will be greater gosome coasts because of
subsidence (e.g., in Torbay area), which will have a significant effect olyilogvtransportation
infrastructure near the coast.

7
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Figure 5. Observed and possible future amounts of global sea levdiaisel 800 to 2100, relative to the year 2000

In the Atlantic, the frequency of the strongest tropical storms (Category 4 and 5 hurricanes) is
expected to continue increasing.

At the same time, a slight decrease in the total number of tropical stgonageisted by climate

models; however, these projections are subject to considerable uncertainty. And these projections
do not specify if the risk for lanthlling storms will change. Regardless, rising sea levels will
enhance the potential damage of futshi@ms.
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Sea Level Rise Only Sea Level Rise with Storm Surge

Figure 6. Effect of incorporating storm surge in economic impact estimates for Tampa, Florida

In an awaredvinning Environmental Research Lettgyaper[13], Tebaldi et al.projected the

future effects of sea level rise on storm sur@eég. 6). By combining future global sea level rise

with historic tide gauge water levels at 55 sites, the authors found that for about 1/3 of the areas
considered, todaydorifinorsaug giers anage tewcroyne A oncC e
future.

- Case study 3: Coastal flooding across Torbay, UK

Torbay Borough is located in the South West of England and caven®a of approximately 62

km2. The main settlements within Torbay are Torqu&&aignton and Brixham. The main
economic driver for Torbay is the tourism industmhich has developed around the coast line.
The region has suffered flooding over many years, from different sources including surface
water runoff, highway flooding, sewdéooding, main river and ordinary watercourse flooding
during intense rainfall events. Coastal areas of Torbay suffer coastal flooding due to overtopping
of sea defences during high tides that coincide with easterly winds. All sources of flooding in the
low lying areas of Torbay are exacerbated during high tides and heavy rainfall when capacity of
outfalls discharging to coastal waters are reduced.

The climate change related issues to this case study are summarized here next.

Most of the important citiesfdarge islands or islandic countries are located by the coast.
Likewise, much of industrial and critical infrastructure is coastal, notably power stations,
communications and transport hubs. All relevant assets are therefore at risk from coastal floods
and storm surges and, in the letggm, from rising sea levels and coastal eroslanthese
situationsa flood risk assessment should be carried out formally for each critical infrastructure
asset. The assessment should identify its frequency of exposurecaocretehazard, its
resilience to exposure and the consequences of its failuus. dequatadapation measures

can be identifiedand, by subjecting each to technical, economic, social and environmental
analysis, prioritise them.

This is the context ahddressing the relative requirementdha third case study of the project
related to coastaldbding risk across Torbay in U.K. The consortium shall cooperate with local
stakeholderso implementhe EUCIRCLE methodological framework and the CIRP tools
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- Case study 4: International Event

The international event exercise has the objective toltesdplicability and compliance of the
EU-CIRCLE methodology and the compatibility of CIRP in countries outside EU and i non
European operational context.

The international studgasehas two elements. One is the exploratory study phase that is targeted
at learning of the case study context and the current capacity requirements and capacity
development gaps in terms of critical infrastructure resilience. The other phase is the
dissemination phase where learning from the EU context is disseminated as Vaviels as an
international dissemination.

- Case 5: Rapid winter ice meltirmdfloods around Dresden, Germany

Warmer weather can bring flooding because of rapidly melting snows and ice jams on local
rivers. Melting snow piledip along roadways may alsause the water to pool on the highway
creating a driving hazard. Additionally, colder temperatures at night will create ice on the
highways.

As temperatures rise, snow and ice melt and increase the risk of flash flooding. Significant snow
accumulation ah freezing can often make conditions ideal for flooding as temperatures warm
particularly rapid risesA deep snowpack increases runoff produced by melting snow. Heavy
spring rains falling on melting snowpack can produce disastrous flash flooding. Tyeck

ice often form on streams and rivers during the winter. Melting snow and/or warm rain running
into the streams may lift and break this ice, allowing large chunks of ice to jam against bridges or
other structures. This causes the water to rapidé/ehind the ice jam. If the water is suddenly
released, serious flash flooding could occur downstream. Huge chunks of ice can be pushed onto
the shore and through houses and buildings.

The effect of snowmelt on potential flooding, mainly during the gpii;isomething that causes
concern for many people around EU. Besides flooding, rapid snowmelt can trigger landslides
and debris flows. In alpine regions like Switzerland, snowmelt is a major component of runoff.
In combination with specific weather cotidns, such as excessive rainfall on melting snow for
example, it may even be a major cause of floods. In Switzerland, snowmelt forecasting is being
used as a floe@varning tool to predict snowmelt runoff and potential flooding.
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5 Referemacadnd oamt evases

5.1 Case study 1: Extreme drought and very large forest fires in South France

France,30-31% July 2014

30" July 2014 a forest fire ignites near Narbonne town, South of France, leading to the cutting
of the main motorway (A9) linking France to Spain during 5 hours. Moreover, the electric
networks was cut as the high tension line crossed the fire. 6000 homes were &fghtridity
during several hours.

31th July 201460 kilometres far from the fire of the day before, a new fire ignition occurred
near the same motorway. The traffic was cut in both ways, leadingilimn@tresof traffic jam.
Specific road accesses wavpened by the motorway operator, but the secondary networks were
quickly saturated.

The consequences of those fires did not lead to dramatic problems. Even if people were angry as
they had to wait during hours on the road, the crisis management odouaredfe way.

No specific data were used to establish the link between weather and consequences for
motorway and electricity network.

France/Spain frontier, 22" July 2012

A forest fire ignites near the Fren8panish frontie(Fig. 7), leading to thenterruption of the
highway on both directions during several hours. The railway was stoppdebto@eople died,

thirty were injured. Thre@eople died as they were blocked on the road, surrounded by smoke.
Crossborder problems occurred during thestrsituation
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Figure 7. FrenchSpanish border forest fire of 2012

No specific data were used to establish the link between weather and consequences for
motorway and railway network.
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Pelopomesus Megdfires in Greece,24-28" August 2007

A relevant example of very large wildfire in order to investigate the impact of a clnelated

hazard to critical infrastructure and to the economic and societal resilience is the case of the
Greek megdires of 2007.The 2007 Greek fore$ires were a series of massive forest fires that
broke out in several areas across Greece throughout the summer of 2007. The most destructive
and lethal infernos broke out od August, expanded rapidly and raged out of control until 27
August, until theywere put out in early September. The fires mainly affected western and
southern Peloponnese as well as southern Eublaeal The death toll in August alone stoat

67 peopleln total 84 people lost their lives because of the fires, including severéighters

One of the most critical impacts to essential services during the 2007 firestorm was the
consequences of the fire to the road transport network of Peloponnese. While fires mostly
destroyed forests and farmland areas, they significantly irdaceriraffic circulation due to
various link closures and affected the operability and functionality of the national and local road
network.

Shortly after the fires broke out, gradual closures of parts of the road network that were
characterized as unsafeere observedDuring August 25, the fires rendered 1,054 km of road
network out of use, with the events and their impacts on the road network gradually declining
afterward. Closures of specific parts of the network occurred eitbbowing police orders,
based on information about the proximity of the fires to inhabited villages, or due to the fires
themselves that affected parts of the road network (KagKs) [14]. Traffic management
measures were also applied, in order for people to be able toatxaathile the authorities
ordered the detouring of trips destined to unsafe locations. The temporal character of all
measures applied during theddy summer period depended on the severity of the event in the
respective arealhe length of the closed rds during the August 2007 fires Rleoponnese is
shown in Figure 8
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Figure 8. Length of closed road network (in kilometers) per hour between 24 and 27/8/2007 in Peloponnese

The hourly link closures between add 27 Aigust 2007 are shown in Figude
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Link closures
(in hours)
—— 315
16-26
27-38
- 39-51
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Figure 9. Fire activity[15] and tourly link closureg16] for the period between the 24 and 27 of August 2007

As shown in Table 1,uingthe late August of th2007fire season55 people were killedy the

fires. The health system addressed an increase of the normal patient flow andaswddiy
situations betweenthe 24/8 and 31/8/20017Another 2,094 people weraccepted by the
hospitals of the regional health systelme to thefires within less one month (Statheropoulos
2008 [17]. Between the 24 and 27 of August, the event peaked in terms of severity and seriously
affectedalsothe capability, sufficiency angerformance of theescue services.

Table 1. Health impacts in the Peloponnese region during the summer of 2007 (Stather@p66los

Date Respiratory  Ocular Burnings  Cardiopulmonary Number of patients Death:
problems problems problems
17/08 20 2 3 6 50 0
18/08 19 4 1 13 45 0
19/08 17 4 2 16 59 2
20/08 26 5 1 19 74 0
21/08 29 3 2 18 70 0
22/08 18 2 3 25 72 0
23/08 28 3 3 15 92 0
24/08 52 9 14 14 115 0
25/08 149 68 28 8 285 45
26/08 79 64 15 14 199 1
27/08 76 21 14 18 159 7
28/08 50 15 8 18 115 0
29/08 21 4 6 18 70 1
30/08 34 4 6 18 81 0

Grand Agreement 653824 Public Page23



~ D1.5Report On Detailed Methodological Framewerk/2

31/08 30 5 5 11 80 1
1/09 17 6 9 14 67 0
2/09 14 4 0 14 38 0
3/09 21 1 4 12 63 0
4/09 18 5 4 11 60 1
5/09 26 2 5 20 72 1
6/09 16 3 1 13 50 0
7/09 10 0 2 13 35 0
8/09 10 1 2 9 38 1
9/09 17 0 1 16 45 1
10/09 18 5 0 14 60 0

Apart from thehealth sector, the impacts on residences and other infrastructure were also severe.

Concerning the economic impacts of the fitles estimation for the cost of the damages for the
500,000 people affected was close to 3 billion euros according to Europgaess(Davidson
2007)[18], while other moderate estimations have found it to be close to 2.2 billion US dollars
(USAID 2007)[19]. The overall operational costs were estimated as 600,000 asr@® % of

the countryds ol i ve taffeetedsPelapennese régior; with ¢hé areai t h i
representing 4.5 % of the nationds annual GDP
the events, the cultural tourism sector was also hit, since the blazes reached the proximity of the
Ancient Olympa and affected a series of accommodation units.

5.2 Case study 2: Storm and Sea Surge the Baltic Sea Portof Gdynia, Poland

Extreme sea levels stormgenerated surges and fallson the Polish coast are usually the
effects of three components: the volurok water in the southern Baltic (the initial level
preceding a given extreme situation), the action of tangential wind stresses in the area (wind
directions: whether shore@r seaward; wind velocities; and wind action duration), and the sea
surface deformt#on produced by deep, mesoscale baric lows moving rapidly over the southern
and central Baltic that generate thecatled baric wave.

Storms and the associated surges have been described and analysed in numerous publications;
the most comprehensive ddaptions in the Polish literature are those of Majewski et al. (1983),

Maj ews ki (1986, 1989, 1997, 1998a, b) , Sztobry
(2009). The relevant literature emphasizes the contribution of the wind field to sea level
variations, particularly during storm situatior3n the other hand, tidal effects are irrelevant for

sea | evel changes in the Baltic (SuuThess ar et
publications and annual records have served as a basis for aryuofrhetorical datd20] on

extreme sea levels along the Polish coast (TablEh2)table shows that in the case study area of
EU-CIRCLE (Gdynia) a maximum sea level rise observed (132cm above the zero tide level) in
November 2004.
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Table 2. Extreme sea levels (cm) along the Polish coast (tide gauge Femow™N.N.)

Tide-pange Maximum sea Drate of Minimum sea Date of
level [em] oCcurrence level [em] OCCUTTEE
f:i\x'imm_i:fn'iv GG 10 Feb. 1874 366 18 Oct. 1967
Drziwndw 615 1y Feb. 1874 410 4 Feb. 1960
Kolobreeg 722 13 Nov. 1872 370 4 Now. 1979
Drar lowo G50 O Jan. 1914 393 10 Feb. 15897
Ustka GGE 15 Dec. 1898 306 10 Feb. 1897
FEeba GGE 15 Dee. 1808 403 31 Dec. 1890
Wiadvyslawowo 644 23 Nov. 2004 412 4 Nowv. 1979
Hel 622 14 Jan. 1993 405 Jan. 1904
Cidynia 632 23 Now. 2004 414 Feb. 1937
Cidansk 664 16 Dee. 1843 3095 20 Jan. 18387
Swibno T02 5 Dec. 1899 413 10 Feb. 1897

Three relevant past cases are presented here next in oddawtoonclusions and extract lessons
that may be integrated into the ELIRCLE conceptudramework.

5.2.1 The storm of 16 18 January 1955

A very active low pressure system which advected over the southern Baltic produced a rapid sea
level rise. This system passed from the south of England via the North Sea coast to the southern
Baltic coast, from \were it moved on to the Gulf of Finland. The high horizontal pressure
gradient component in the western part of the system was accompanied by a strong, gusty, north
westerly wind. The entire Polish coast experienced a rapid sea level rise (maximum of,617 c

i . e. 117 above zero N.N., at S$winouj Scie on t
and 615 cm at Gda®EGsk on the eastern part of t
over the Pomeranian Bay towards the eastern part of the withst mean velocity of 50 km

htil and passed over the Polish coast in the s
affected not only the magnitude of the sea level rise, but also its intensity. All the gauges showed
only the positive phase dhe sea surface deformation. On 17 January 1955, the wind at
$§winouj Scie changed direction from S to SW ar
the surge.

5.2.2 The storm of 17 19 October 1967

A deep and active low pressure system from over thesBrisles was moving at a velocity of 70

km hil over Denmark and southern S w-eabtanto, t he
the White Sea. The storm wind and baric wave generated by the system induced extremely large
variations in the Baltic sea lell The rapid passage of the low over the Baltic resulted in a
characteristic sea | evel fall on the Polish ¢
absolute 19462 006 mi ni mum of 366 c¢cm was recorded. T
t h Aland Archipelago. For some hours the southern Baltic, left in the rear of the baric system,
experienced severe nonvesterly and northerly winds. The return to equilibrium proceeded
through windinduced seichék i ke changes in the aerd Keebr z é\
sea level changes during 8 h had an amplitude of about 2 m.
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5.2.3 The storm of 13 14 January 1993

On 14 January, an active low pressure system, thea&ad | ed 0 uinaloogrwith pass
atmospheric fronts from over the North Sea vieheé Danish Straits into the Baltic. The
atmospheric low was as deep as 972 hPa. Typical of the sea level changes during that storm was
the large amplitude of variations in the eastern and western parts of the coast. The sea level rises
and falls, moved eastirds in parallel with the low centre passage. The storm surge involved a

sea level deformation by the baric wave with its positive and negative phase. Significant here
was the high velocity (about 115 km hthel ) of
waveds dynamic component involving a ratio be
area(VLI &8 gHm). An i mportant feature of the stor
and fall of the sea level, which is of significant practical am@nce for forecasting the uneer

keel clearance when a ship enters or leaves a port. The storm lasted for scarcely 5 hours, but in
that time caused severe damage on the coast and triggered the Jan Heweliusz ferry disaster at
sea.

5.3 Case study 3: Coastal floding across Torbay, UK

The area of case study 3 is sited in Torbay borough in UK (Fig-Hi§tprically flooding events

have resulted in many residential and commercial properties being flooded throughout Torbay.
In addition, numerous roads are affecteding the flooding incidents and the main coast road
linking Torquay to Paignton and Brixham has to be closed on a regular basis due to overtopping
of the sea walls. The most severe flooding event over the last 20 years occurred on the 24th
October 1999 wén over 200 properties were flooded, many roads had to be closed to traffic and
critical infrastructure was disrupted. As Torbay relies on tourism for its economy, flooding has a
very significant economic impact.

Figure 10. Areaof casestudy3 - Torbayborough.

Another example of damage to critical infrastructure as a result of storms was in 2013 when
during a severe storm the sea wall at Livermead in Torquay was breached. As a result of this
breach, the main highway linking Topray to Paignton had to be closed and the sewage system
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that transfers all/l of Torquayo6s sewage to the
gas main was damaged however failure of the main was averted by the installation of sheet
piling to protect the main from further damage. If this had not been successful, all residents and
businesses within a larger radius would have had to be evacuated.

Other cases in the past

During spring 2013, severe flooding affected several central European countries such as Austria,
the Czech Republic and Germany. Transport and supply chains were severely disrupted in many
areas, sometimes for a long time:

- The main railway bridge acrosket River Elbe in Germany, servicing all trains to and
from Berlin via Hannover, including the important higjpeed services Berlikrankfurt
and Berlin Cologne/Dusseldorf, was affected and remained closed until early November
2013. This led to disturbancesthe whole network.

- In Austria, rail service was heavily impacted on the Brenner crossing, which had to be
closed for more than a week. This closure led to disruption fordestgnce trains from
Germany to lItaly via Austria.

- Due to high water, sevalrwaterways including sections of the Rhine, Neckar, Main and
Danube and the RhiAdaini Danube Canal had to be closed for merchant ships, leading
to disruption in some supply chains.

Figure 11. Damage to the railway &awlish in DevonU.K. (within the UK Case study of EGIRCLE)

The winter of 2013/2014 saw exceptional weather affect the United Kingdom, with a run of
winter storms culminating in serious coastal damage and widespread, persistent flooding
(Fig.11). During this period of exceptional weather, the transport system was among the most
severely affected elements of infrastructure, with flooding and other damage to rail and road
infrastructure, closures of railway lines and suspension of services for comroatee]ation of

flights and ferries, and other consequences. Perhaps the most iconic event was the severe damage
to a coastal section of the sotfest main line railway at Dawlish, Devon during the storms in
February 2014. This event saw the railway i@ southwest of the United Kingdom cut off from

the rest of the railway network for two months. In general, it is not yet possible to attribute to
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climate change the occurrence of particular higpact weather events, though progress is being
made in thisarea (IPCC, 2013). However, it is clear that the projected increase in the frequency
and intensity of some extreme events increases the need to properly prepare for such situations.
During the winter floods in February 2014 in the UK, the coastal seatithre southwest main

line railway was destroyed in Dawlish, Devon, in the south west of England. The railway in the
southwest of the UK was cut off from the rest of the network for two months.

A recent storm in UK, | ab edoautketd ledto thensespendiorof b o m
many ferry services in Scotland and Northern Ireland as a result of waves over 10 metres high.
Rises in sedevels is also an increasing threat to harbours and other transport infrastructure and
services at the coast.

Aside from storms and floods, transport networks are likely to face increasing threats from rising
temperatures. Unusually high temperatures and extended heatwaves can increase the problems of
rail buckling, pavement deterioration and passenger discomfort.

Since a railway infrastructure is present in the area of Devon (UK case study area of EU
CIRCLE) Table 321] shows the relations between climate effects and railway infrastructure.

Table 3. Relationship between climate effects and railway infrastructure

Climate Factor Expected Climate Change Impact on Impact on
Railway Assets Railway
Performance
Temperature High temperatures and heat Signal failures
WEYES Track buckling
Sudden temperature changes Slope fires
Intense sunlight Bndge deformations
Overheating of tunnels Decrease of
Preciprtation Intense ranfall Dramage to embankments safety
Extended rain penods Failure of drainage systems
Drought Flooding in tunnels and over bridges
Scour at bridges
Earthworks failures Diecrease of
Faster plant growths, new plants availability
‘Wind Higher wind forces Damage to installations, catenary
Coastal storms and sea level Restrictions | disruption of train
raise operation {dewirng)
Damage to embankments and Increase of
earthworks maintenance
Deterioration of structures — bridges and costs
funnels {comrosion, wind forces)
Lightning stnkes Increased number of Damage to catenary and signaling
and thunderstorms thunderstorms

5.4 Case study 4: International Event

Bangladesh is highly vulnerable to climateluced hazards and disasters and its coastal part are
mostly threatened for the impacts of climate change.ré@d terms Cyclone Aila, which hit
Bangladesh in May 2009 is selected as the case studygntext of the ELCIRCLE project
Torrential rains from Aila resulted in 190 fatalities and at least 7,000 injuries across the Khulna
and Satkhira Districts. Acroskl of the nation's 64 districts, approximately 600,000 thatched
homes, 8,800 km (5,500 mi) of roads, 1,000 km (620 mi) of embankments, and 123,000 hectares
(300,000 acres) of land were damaged or destroyed. Approximately 9.3 million people were
affected bythe cyclone, of which 1 million were rendered homeless. One year after the storm,
200,000 people remained homeless. Total damage amounted to 18.85 billion taka (US$269.28
million).
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5.5 Case 5:Rapid winter ice melting floodsaround Dresden, Germany

Dresden s the largest city in the Eastern part of Germany, Saxony, near the Czech border. It is
crossed by the large river Elbe (its width is around 110m in Dresden) which comes from the
Czech Republic and flows through Magdeburg and Hamburg into the North Seaedibn
between Dresden and the Czech border, but also iBakieand SouthVesem surroundings of
Dresden are occupied by hills ambuntainshigh up to ca. 1200 m. In the recent pashumber

of significant flood events occurred (particularly notade the floods in 2002 and 2018)the

Central Europewhich werecaused by intense and letagtingrains leading to extremefloods.

The June 2013 floods in Germany damaged the main railway bridge across the River Elbe, used
by all trains to and from B&n via Hannover, including highpeed services from Berlin to
Frankfurt, Cologne and Dusseldorf.

According to the Floods directive (2007/60/EC), flood hazard and risk maps, which are
considered as input layer to HLIRCLE, refer to three major scenaressfollows:

1 Floods with low probability, or extreme event scenarios (e.g. 500 years return period)
1 Floods with a medium probability (return periods of 100 years or more)
1 Floods with a high probability (e.g. 20 years return period)

Flood extent, water depth and water flow pegametergxpected to be displayed in such maps.

The mapsmay help tozoning the exposure oflood-sensitive infrastructure elements and
thereforeidentify which existing infrastructure is under risk or whiclgiht be at risk if it would

be built within an area of potential significdtdod risk. An assessment of the
risk exposure and vulnerability to climate change impact shall guarantee itgetaong
sustainability.
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Figure 12. Map depicting the geographic extent of the 2013 floods in Central Europe

It has to be underlined that the floods of the years 2002 were related to flash floods while the
floods of 2013 correspond to plain flood. Critical infrastructure iwérrcities experience
important damages during plain floods. Shipping is halted, great part of the road network is out
of use while emergency services such as fire statarsbe submerged under water.
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In the second week &ugust 2002unusually intense rain and violent thunderstorms (a situation
later become know as Cyclone llsefausedhigh waters and floods in many partsEirope,

killing dozens, dispossessing thousands, and causing damage of billions of euros in the Czech
Republic, Upper Austria, Bavarig Slovakia, Poland, Hungary, Romania and Croéfig.12).

The cyclone arrived in the mountains of Dresden on th& df0August 2002. More than 100

litres per square metre rain at night caused small mountain streams to collapse and wate
reservoirs to be overfilled. The rain recordeetvieen the 12 and 13 dfugust 2002(24h)
equalled a third of the yearly average andftbed profile hasa magnitude expected to occur
roughly once a centuryseveral rivers in these Centaliropean regions, including the Vlitava,

Elbe and Danube reached record highs.

Figure 14. Prague metrp stations during the 2002 floods

Figure 13. Impact of 200&loods in Budapest roads (left) and Prague metro (right)

Flash flaods are originated high in the mountains where the capacity of the network of small
streams can transport efficiently the precipitation watdy duringthe normal rain days. In case
thoughof heavy raifall these streams are rapidly overwhelmed, thepimecquite larger due to

the water quantity that they receive and they change their usual course causing damages to
assets sited along their patfillages in Northern Bohemia, Thuringia and Saxony were heavily
damaged by rivers changing their courses assively overflowing the river bankBue to the
guantity of water and the speed of the-afhthe tivers changeheir courses in unexpected ways
andtheir water ravaged transpamnfrastructure andetworks in several citie§he Prague Metro
subway systm, suffered significant damagesd great part of it was completely flooded
(Fig.13) Dresderexperiencedignificant damageas soon ahe Elbe River reached an-éilne

high of 9.4 metersThe huge amount of water caused destruction all the way betieen
mountain villages at the summit of the Erzgebirge (Ore Mountain) to the cities located in the
valley of the River Elbe. The usually small River Muiglitz caused many villages to be isolated for
hours and to destroyed to a very large extend most of tNere than 30,000 people were
evacuated from various neighbourhoods throughout the city and some of the city's cultural
landmarks were considered to be at risk.

A more severe problem was presented by the ev
major hospitals in Dresden are located at the close reaches of the Rieaang8l were affected

by the fboding. On the morning of 13th, a complete electric power and communication failure

cut off the hospital complex Dresdé&mniedrichstadt from the cityWithin a few hours, the
evacuation of about 950 patients had to be organised without the help of computers and
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