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Publishable Summary

The Resiliencelncreasing Strategies for Coastg Toolkit (RISCKIT) FP7 EU project (2013
2017) aims to produce aset of three innovative and Ektoherent opensource and open
access methods, tools and management approaches (the RIST) in support of coastal
managers, decisiormakers and policy makers to reduce risk and increase resilience to lev
frequency, high impat hydro-meteorological events.

The Coastal Risk Assessment Framework (CRAF) is the first element of the risk assessn
suite applied at a regional scale and permits aomprehensive and systematic approach t
undertaking risk assessment at a variety ofelvels of detail. In particular, the approach
reveals potential hotspots along the coastdHotspots are defined in the Toolkitas specific
locations where highresolution modelling and risk assessment are required to assess t
coastal risk and to design ad compare disster risk reduction measuresAs such, hotspots
or groups of hotspots, should be indicative of those areas where risk is highest.

To do so he CRAF consts of a 2phase approach, Phasé is a coastaindex approach to
identifyi ng potential hotspots, whereas Rase 2 utilises a suite of more complex modellin
processes to rank these hotpotsThe coastal INtegrated DisRuption Assessmenimodel
(INDRA has specifically been developed as aspen-source and operaccessmodel for this
purpose.

This document provides guidance to CRAF users on both approaches, as well as explanat
on the proposed methodologies. The CRAF is a prototype and will be trialled on the RIST
case studies (WP5). Limitations in its application, the potential for a full agication and the
needs for further development will be discussed in Deliverable 5.1.
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Executive Summary

The Resiliencelncreasing Strategies for Coastg Toolkit (RISCKIT) EU FP7 project
(2013-2017) aims to produce a set of three innovative and Etloherent open-source
and openaccess methods, tools and management approaches (the RIST) in

support of coastal managers, decisiemakers and policymakers to reduce risk and
increase resilience to lowfrequency, high impact hydremeteorological events.

The Coastal Risk Assessment Framework (CRAF) is the first element of the risk
assessment suiteapplied at a regional scale and permits a&omprehensive and
systematic approach to undertaking risk assessment at a variety of levels of detél.
particular, the approach reveals potential hotspots along the coastdHotspots are
defined in the Toolkit as specific locations where higkresolution modelling and risk
assessment are required to assess the coastal risk and to design and comparastisr
risk reduction measures.As such, hotspotsor groups of hotspots, should be indicative
of those areas where risk is highesiTo do so he CRAF consts of a 2phase approach,
Phasel is a coastalindex approach to identifying potential hotspots, whereas Rase 2
utilises a suite of more complex modelling processes to rank these hotpots.
Deliverable 2.3 comprises two elements

1 This Guidance Documentxplaining the Coastal Risk Assessment Framework
and thedifferent methods and models developed within WP2and;

1 The INDRA madel (INtegrated DisRuption Assessment model): an open
source and openraccessmodel developed in NetLogo to assess direct and
indirect impacts at regional scale following a coastal event.

CRAF Phasel

Phase 1 aims to screethe coastline sector by sector ohbout 1 km lengtls in order to
narrow down the risk analysis to a reducechumber of sectors which are subsequently
geographically grouped into potential hotspots. The approach facilitates the
assessmentof potential exposure through the calculation of a@astal index for each
km considering hazard intensities, utilisingsimple hazard models and the exposure of
land use, population, transport utilities and economic activities.The approach also
allows for reporting on the availability and quality of the data, the indicator valuation,
as well as the rationale and justification foidentifying the hotspots.

CRAF Phase?

Phase 2 improves the regional assessment by increasirige number of transect
considered per sector for the hazard calculation (and thus reducing the over or
underestimation of the hazard); by using 1D innovative modelling techniques; by
including generic vulnerability indicators and the existence of DRR measures in the
impact assessmentand by calculating regional systemic impact indicatorsrelated to
different impacts (i.e. household displacement, household financial recovery, regional
business disruption, business financial recovery, ecosystem recovery, risk to life,
regional utilities service disruption, regional transport service disrupion).

To assist the completion of Rase 2 this document explains how to integrate the
various models and supporting documentsavailable in an opensource and freeware
format (XBeach 1D, a Library of Coastal Vulnerability Indicators the INDRA mode] a
multi -criteria analysis anda visualisation interfacé.
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CRAF Application

The CRAF is a prototype and will be trialled on the RISAT case studies (WP5).
Limitations in its application, the potential for a full application and the needs for
further development will be discussed in another deliverable (5.1).




t 'c)’" RISC-KIT Coastal Risk Assessment Framework Guidance Document

Table of Contents

1

T e Lo Yo [ Lo} £ 1o o DO PPN 1
1.1 RISC-KIT Project ODJECHVES ........ccuuuiiiiiiieeiieeeiee e 1
1.2 PrOJECE SIIUCTUIE .....uuiiiiiiiiiiiiiiiiiiiiti it 2
1.3 Deliverable context and ODJECHVE ...........cccovviiiiiiiiiieeee e, 4
1.4 APPIOBCK ...ttt 5
1.5 Outline Of the rEPOI......uuuiiiiiiiiiiii e 6
Introduction to the CRAF FrameworK .........ccooiiiiiiiiiiiiiiis e 7
2.1 CRAF within the RISC-KIT TOOIKit ........cceeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeee e, 7
2.2 CRAFPhase 1 and Phase 2. 7
Phase 1: Identification of hotspots using a Coastal Index approach.......... 12
3.1 Introduction to Phase L.......ccoooiiiiiiiiiiiii 12
3.1.1 Index, sector and hazard exXteNt........ccoovviviviiiiiiiiieeee e 12
ST V2 S V2= Vo [0 [0 [[or= 1 (o N 14
3.1.3  EXPOSUIe INAICALOIS.......uuvuiriiiiiiiiiiiiiiiiiitinineiesneeineenenesseeeeeeneeeeennnnne 20
0 I S O T- 1S3 = | [T [ G 25
Phase 2: Hotspots risk analysis and selection............cccccvviiiii e, 27
4.1  Introduction t0 Phase 2.........coooiiiiiiiiiii 27
A o V- 1 { o F P 29
421  APPIOACKH ..ot 29
4.2.2  Hazard Modelling...........uuuuuuuuuumiiiiiiiiiiiiiiiiieiieiiieineeeneeeeeeeeeeee 32
4.3 Integrated Disruption Assessment (INDRA) model ...........ccooovveiiiieennenn.. 34
4.3.1  NetLOgO MOUEL ......cuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiie bbb eeeeeeeaeeene 37
4.3.2  Dir€Ct IMPACES......cceiiiiiiiiice e e e 40
I T T L] Q8 (o N = TSR 46
4.3.4  ECOSYSIEM FECOVEIY ..coviiiiiiiieeeeeeeeetiee ettt e e e e 51
4.3.5 Household Displacement............oouiiiiiiiiiiiiiieieee e 56
4.3.6  BUSINESS DiSTUPLION .....uuuiiiiiiiiiiiiiiiiiiiiiiitiiieeieiiebbeeeeeeeeeebeeneeeeeneeeaeee 70
4.3.7  FiNancial RECOVEIY .......uuuiiiii et 86
4.3.8  TranSPOrt DiSTUPLION .......uuuuuueiuiiiiitiiiiiiiieeeereeeesennesnnnenennneenneenenneene 101
4.3.9  ULtility DISTUPLION.....ciieiiiiiiiee e 109
4.4  Multi-Criteria Analysis (MCA) ......coouiiiiiii 116
4.4.1  Classification of MCA techniques ..........ccoooeeiiiiini i 118
442 Selecting an MCA MEthOd ..........uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeenneenn 119
4.4.3  Steps to follow for applying weighted summation.......................... 123
4.4.4  Application of the methodology within the model .......................... 124
FY o] 011 g Lo [ o = PP P PP PPPPPPPPPPP 126
5.1 APPENIX A oo 126
5.2 APPENAIX B oo e 133
5.3 APPENAIX C oo 137

5.4 APPENAIX Do 143



i' 'cﬂ‘ RISC-KIT Coastal Risk Assessment Framework Guidance Document

List of Figures

Figure 1.1: Conceptual drawing of the CRAF (top panel), the EWS (middle panel) and
the DSS (DOttOM PANEL)........cooiiiiiie s eeeeeeee et e mmmmm e e e e e e Baa e

Figure 1.2: Case study sites (stars), RISUT case study site partners (blue solid dots)
and nortcase study partners (red Open CirCleS).....coovvviiiiei e i i i e A

Figure 2.1: CRAF OVEIVIEW..........coiiiiiiiimmememe e e e e ee s mmmmmmmme e e e e e e e e e e s smmmmmmmms e e ee e L0
Figure 3.1: Example of different alongshore CRAF Sectars..............ccceeeeeeemeeenn . 1310

Figure 3.2: CRAF flood hazard extent (top image: flooding, bottom image: erosion and
OVEIWASK) ... ittt mmmme e oo e mmmmmmmmt s e e e e e 222 s s s smmmmmmmms s e s e e e e e e e e e s smmmmmmmms s snseee LiDhs

Figure 3.3:Event return period (Tr) for given probabilities of exceedance (P) within
Lo TAVZ=T AT T =Y 1T L= (T UUPUPRPN  + |

Figure 3.4: Defining the regional boundary............cccceciiiimmmmmeme e e 2L
Figure 3.5: Coastal index for flooding, @if along the Maresme coast (Catalonia, ESP
Figure 4.1 Approach and models in Phase.2................oo i cceeeeeeviccce v . 28,

Figure 4.2: General Storminduced Hazard Assessment Module. Flooding and erosion
are the generic names used to designate a series of related hazards.................... 31..

Figure 4.3: Overview of the impact assessment process in INDRA...................ceee- 36
Figure 4.4: The INDRAINIEITACE) .........cuuvviiiiiiiii i vmeeenD ]
Figure 4.5: The INput FIleS BOXES......ccuviiiiiiiiiiimmmmmeemeiiei ettt emmmmmmmma s e a 3O
Figure 4.6: Visualisation Map...............coouvirimeeemmmmreeeieeeeeee e e s e e e eeeeeesses s eeemmmnn s 3
Figure 4.7: Impact PIots INterface.............oooiiiiiieceeeeeeccees e e eeeeewd D
Figure 4.8: Example of an output text fil@.......ccccoooiiiiiii e eeemmeem L GAQL
Figure 4.9: Impact scales and thresholds.............ccceeiiiiiceee e A2

Figure 4.10: Land Use (dots), Road Networks (white and red lines and cars), shoreline
(yellow line) and flood depth (blue squares) after importation in the model............43.

&ECOOA 18ppgqg ! O1 APOEIT.O.I.E.QEA. _QO#(.4..45]1 O) . $2! 8
Figure 4.12: RiSK tO Life MAtriX..........ueeeiiiiiiiimmmmmmiiiiieeiee e s D8

&ECOOA 18pod 31 ADPOET Ofoi RiBK tOfE..4.....&.1..0).....58! 803006 K
Figure 4.14: Example of the EVI for Sand DUNes.................veeeeemmmeeeeeee e smmeeeene D3

&ECOOA 18pud 31TAPOEI O T £ O# (4, &I1.0)...368! 800006 £
Figure 4.16: A conceptual perspective of flood impacts on businesses.................. 70....

Figure 4.17: Example of a hotel supply chain..............oiiioicccce e 19,

&ECOOA 18pyd ! OT APOET Q..1.£.OEA...03.0ABP81a ! OOAOD
Figure 4.19 Example of a simple supply Chain............c.oooiiiimceeeemiiieeeecee e . 82

Figure4c mtd 31T APOET O 1T £ A..Q3.#..4A.0)..%2..8080006 A£EI A

Figure 4.21: A snapshot of the Land Use shapefile for business disruption inputs.83



t 'cﬂ" RISC-KIT Coastal Risk Assessment Framework Guidance Document

&ECOOA 18¢cd 31 APOEI O I[.A£.A..0).1.QQ0. . £91). $2! 800

Figure 4.23: Snapshot of the land use shapefile for financial recovery................... 98....
Figure 4.24: Proposed Conceptual drawing of Indirect Impacts of Transport Systems
cerereerrmnnnneal 02
Figure 4.25: Example transprt network in GIS................cccvvviemmeeeee e 07
Figure 4.26: Utility shapefile and table.............ccccooi e 114
Figure 4.27: Inputting MCA preferences in the model...............oocceeeeeemeeeeeeen 125.

Figure 4.28: Impact scores and MCA final result for a hotspot.............cccccceeeeeeee. 125



i' 'cﬂ‘ RISC-KIT Coastal Risk Assessment Framework Guidance Document

List of Tables

Table 2.1: Level of analytical detail performed for CRAF Phase 1, CRAF Phase 2 and

Table 3.1: Recommended mimium lifetime for coastal protection works................. 17..

Table 3.2: Recommended maximum values of failure probability for coastal protection
works as a function of their importance.............cveevvviiccccceee e L

Table 3.3: Proposed methods for assessing the hazard intensities and extent......19

Table 3.4: Transport System Exposure Indicator Values...............oooviceeeeeemennnnnnnnn. 24...
Table 3.5: Utilities Exposure Indicator Values.............cceevvvicccccce v 24
Table 36: Business Settings Exposure Indicator Values................oooimemivvvvnnnnnn. 25...
Table 3.7: Calculating the Coastal INAeX........ccoeeeiiiiiiicccce e ereemmmm . 200
Table 4.1: Direct impact, hazards intensities and vulnerability indicators................ 41..
Table 4.2: Examples of hazard thresholds with their impact levels.........................44
Table 4.3 Scale used for the Environmental Vulnerability Indicator (THESEUS Project)
....D2
Table 4.4: Household displacement impact scale..................vvieeeecccce e eeeeee 28
Table 4.5: Flood damage thresholds..............c.uviiimemmecccee e D200
Table 4.6: Building Collapse thresholds...............oooiiicemeeeemiiiiieceeee s emmmmmeeeeeeee 82
Table 4.7: Erosion threSholdS...........ooiiiiiiiiimmmeeeeeeeeee e smmmmeeen .03

Table 4.8: Household Displacement Indicator Matrix, showing example percentages
for inundation derived from UK insurance data...........ccccccceveviccmcmesennvnvieeeeiecceaae. 66

Table 4.9: Example Household Displacement scores for each flood depth direct impact
category (assuming all types of residential properties are didpced to the same

(o= To LT T UUUURPPPUPPPRTPUOUPRRR - ¥ A
Table 4.10: Average business limitation durations during the 2002 Saxony floods,
Germany (adapted fran Kreibich et al. 2007).........covvveiieiiiiimmeemiiieiieeeee e L2
Table 4.11: A simplified version of the Household Financial Recovery Impact matB8x
Table 4.12: Scales of Financial Recovery IMpact...........ccccoeviemmmmeivvviiieieeesieeenn-88
Table 4.13: Financial recovery mechanisSms.............cc.uuvvieeeecccce e eeeeemme . 89,
Table 4.14: Example of distributing the total of those insured between the fully
insured and partially insured categories.............oovvuuviicemmccccen e 93000
Table 4.15: Exanple input for business properties...........oooo oo iceeeeeeeee 95.

Table 4.16: Highlighting the Recovery impact score values utilised in the exampl86

Table 4.17: Classification oMulti Attribute Decision Making MCA techniques........ 121



i' 'cﬂ‘ RISC-KIT Coastal Risk Assessment Framework Guidance Document

11l ntroducti on

Recent and historic lowfrequency, highimpact events such as Xynthia (impacting
France in 2010), the 2011 Liguria (Italy) Flash Floods and the 1953dkth Sea storm
surge, which inundated parts of the Netherlands, Belgium and the UKhave
demonstrated the flood risks faced by exposed coastal areas in Europe. Typhoons in
Asia (such as Typhoon Haiyan in the Philippines in November 2013), hurricanes in the
Caribbean and Gulf of Mexico, and Superstorm Sandmpacting the northeastern U8

in October 2012, have demonstrated how even larger flooding events pose a
significant risk and can devastate and immobilie large cities and countries.

These coastal zoneisks are likely to increase in the futuréwhich requires a re
evaluation of coastal disaster risk reduction (DRR) strategies and a new mix of
prevention (e.g. dike protection), mitigation (e.g. limiting construction in floodprone
areas; ecesystem basedsolutions) and preparedness (e.g. Early Warning Systems,
EWS) measures. Even without a change in risk due to climate or seeiconomic
changes, a reevaluation is necessary in the light of a growing appreciation of
ecological and natural valueswhich drive ecosystembased or naturebased flood
defencee approaches. In addition, as free space is becoming sparse, coastal DRR plans
need to be spatially efficient, allowing for multifunctionality.

1.1 RI SKI Proj ect objectives

In response to these challenges, thelRCKIT project aims to deliver a set of open
source and operaccess methods, tools and management approaches to reduce risk
and increase resilience to lowfrequency, highimpact hydro-meteorological events in
the coastal zoneé. These products will enhanceforecasting, prediction and early
warning capabilities, improve the assessment of lonterm coastal risk and optimise
the mix of PMPmeasures. Specific objectives are:

1. Review and analysis of currenpractice coastal risk management plans and
lessonslearned of historical largescale events;

2. Collection of local sociecultural-economic and physical data at case study sites
through end-user and stakeholder consultation to be stored in an impaet
oriented coastal risk database;

3. Development of a regional -scale ooastal risk assessment framework
(CRAF) to assess present and future risk due to multi -hazards ((Figure
1.1), top panel);

4. Development of an impacioriented Early Warning and Decision Gpport
System (EWS/DSS) for ¢tspot areas consisting of: i) a freavare system to
predict hazard intensities using coupled hydremeteo and morphological
models and ii) a Bayesiarbased Decision Support System which integrates
hazards and socieeconomic, cultural and environmental consquences

11PCC(2015) Climate Change 2014: Synthesis Repofontribution of Working Groups I, Il and
Il to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. IPCC,
Geneva, Swizerland.

2Van Dongeren, A., Ciavola, P., Viavattene, C., De Kleermaeker, S., Martinez, G., Ferreira, O.,
Costa, C. and McCall, R. (2014) RIKIT: Resiliencelncreasing Strategies for Coastg toolkit.

In: Green, A.N. and Cooper, J.A.G. (eds.), Proceedil3th International Coastal Symposium
(Durban, South Africa), Journal of Coastal Research, Special Issue (66). ISSN-0208. 6 p.
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((Figure 1.1), centre panel);

5. Development of potential DRR measures and the design of ecosysteased
and costeffective, (non)technological DRR plans in close cooperation with
end-users for a diverse sebf case study sites on all European regional seas and
on one tropical coast Figure 1.1: bottom panel);

6. Application of CRAF and EWS/DSS tools at the case study sites to test the DRR
plans for a combination of scearios of climaterelated hazard and socie
economic vulnerability change and demonstration of the operational mode;

7. Development of a webbased management guide for developing integrated DRR
DI ATO AITTC %0O01I PA6O AT AOOO AT lkssoAsAUT T A Al
learned in RISEKIT in the form of policy guidance and recommendations at the
national and EU level.

The tools are to be demonstrated on case study sites on a range of EU coasts in the
North- and Baltic Sea Region, Atlantic Ocean, Black Sea andlieranean Sea, and
one site in Bangladesh, se&igure 1.2. These sites constitute diverse geomorphic
settings, land use, forcing, hazard types and soesxonomic, cultural and
environmental characteristics. Allselected regions are most frequently affected by
storm surges and coastal ersion. A management guide of DRRneasures and
management appoaches will be developed. The RISKIT Toolkit will benefit
forecasting and civil protection agencies, coastal managerdocal government,
community members, NGOs, the general public and scientists.

12 Project structure

4EA DPOTEAAO EO OOOOAOOOAA EIT OI OAOAT 71 0E 0AZ
collecton, AOEAx AT A EE O @PREWIAteateAtheAcOMpanatO @ the

RISGKIT Tookit AT T OAET ET ¢ AT O) i pOI OAA 1 AGET A Al O OA«
OEOE AOOAOOI AT 08 j70¢qh O%l Evaliafioh dapabilkies]l U x AOT E

for hotOBT 008 j700Qq AO xAll AO O. Ax | Aleds€Ai AT O Al
coastal resl EAT AAS ji7i0ItEBO 4l 14 AA OAOOAA OEOT OCE O!
OEOAOGS j70uqQs8 70¢ xEI T AA OAODPITOEAI A A O Of
Aol 1T EOAOCEI T8 AT A O#11 OAET AOCETT AT A - AT ACAIl Al
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Figure 1.1: Conceptual drawing of the CRAF (top panel), the EWS (middle panel)
and the DSS (bottom panel)
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Figure 1.2: Case study sites (stars), RISGKIT case study site partners (blue solid
dots) and non -case study partners (red open circles)
1.3 Del i verable context and object

The current Deliverable (D2.3) is a prototype. The objectives of WP2 are to develop a:

1 Coastal Hazard Assessment module to assess the magndudf hazards
induced by the impact of extreme hydremeteorological events in the
coastal zone at a regional scale (O(100 km));

1 Set of Coastal Vulnerability Indicators for the receptors exposed to coastal

hazards;

1 Coastal

Risk Assessment

Framework (CRAF) rfoextreme hydro-

meteorological events which, integrating hazards and vulnerability inputs,
can be used to assess pential impacts and identify hospots where
detailed models can be applied.

This deliverable is aframework that integrates Deliverable 2.1and Deliverable 2.2 to
calculate expected coastal impacts, by converting hazardsto littoral impacts. The
approach onsiders the potential ripple effects during an event to assess "indirect”
impacts. A visual interface presergtthe results in a comprehesible and efficient way

4EEO AAI EOAOAAI A AAAOAOOAO OEA

DévélohredtE OA 1
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of a regionatscale coastal risk assessment framework (CRAF) to assess present and
future risk due to multi-hazardss6 AU DOT OEAET Cdihdkaidesitofabskss CEA O
coastal impact

Description of Work:
Verbatim Text for Task 2. 3 Coastal Risk Assessment Framework (CRAF)

The CRAF (D2.3 and Milestone 7) will integratéthe Coastal Hazard Assessmer
Module (Deliverable 2.1) and the Coastal Vulnerality Indicators (Deliverable 2.2)
embedded into a data base library to calculate expected coastal impacts. To do this, a
transfer function to convert hazards into real littoral impacts will be developed for the|
different coastal and hinterland typologies. This coupling between hazard and
vulnerability will assess the shock of events by estimating the impact on the direct
receptors at risk (probability and the sums of the consequences for receptors at risk).
In addition to this, the CRAF will also considerhie potential ripple effects during an
event to assess "indirect” impacts. To do so, the CRAF will model the ripple effects an
other services dependencies and the capacity of the system to respond to any drastic
changes after the events, not only in the fifcted area but also outside it. The potential
impacts will be expressed in terms of uniform indicators which independently score,
or scale, economic, social, cultural and environmental aspects. The CRAF will provide
different methods for weighting the indicators according to the preferences of the end
users using a MultiCriteria Analysis. Moreover, a visual interface will be developed tp
present the results in a comprehensible and efficient way.

—

1.4 Approach

Applying a suite of complex models at a full and d&iled regional scale remains
difficult and may not be efficient. Therefore a Zhase approach is adopted for
selecting the hotspos:

1 The OEAAT OE £AEAAOE| & sclegBingEprofeesildniies osevekal
hotspots in alongshore length by assessing thpotential exposure for every
kilometre along the coast for different coastatettings;

T ThA OEIT O0OPT O OA ledfaAnibEel coniplextniodeling prézéss to
analyse and compare the risk between the identified hotspot: order to
select one specific hotspt.

Both phases integrate elements of 8liverable 2.1 Coastal Hazard Assessmenbillile)
and of Deliverable 2.2 ibrary of Coastal Vulnerability Indicators For instance,
various simple empirical hazard modelsare used h Phase 1 whereas the XBeach 1D
model is used in Phase 2 in accordance Wi D2.1 The different impact categories
presented in D2.2 are also analysed in both phases. Phase 1, focusing on exposure,
mainly refers to the Social Vulnerability Indicator andsome parts of the systemic
analysis Phase 2 requires the use of the vulnerability indicators presented in D2.2. In
particular a specific impact assessment modethe INtegrated DisRuption Assessment
model (henceforth INDRA has been developed toassess the shock of evés by
estimating the impact onreceptors, of variable vulnerability, that are directly exposed
to hazards as well aghe potential ripple effects during an evenin order to assesshe
"indirect” impacts. These indirect impacts occur outside the hazard area andor
continue after the event for all categories (households, businesses, ecosgms and
critical infrastructures). The potential impacts are expressed in terms of uniform
indicators, which independently scorethe indirect impacts of these categoriesThe
CRAFalso provides different methods for weighting the indicators according to the
preferences of end users using a MulCriteria Analysis incorporated in the INDRA

5
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model. Moreover, a visual interfacgmap and charts)has beendevelopedwithin the
model to present the results in a comprehensible and efficient wayThe user can also
export the results for improved visualisation and further analysis on a desktop
geographic information system(GIS)and aweb viewer.

The deliverable comprises two elements

I This Guidance Docurant, explaining the Caastal Risk Assessment Framework
and the different methods andmodels developed within WP2 and

1 INDRA a model developed in NetLogo to assess direct and indirect impacts at
regional scale following a coastal event.

150utline offtthe repo

The document is structured in4 sections. Section2 provides an overview of the
Coastal Risk Assessment Framework (CRAFgection 3 explains the different
processes required tocalculate a coastal index for Pase 1 in order to identify the
hotspots. Sedion 4 provides detailed information on the methodologies used to
develop Phase 2 andyuidance on how to use the different tools. Yellow boxes are
provided as apractical overview at the end of some sections to assist the reader in the
application of the methodologies described.

Deliverable 2.3 is part of a suite of documents (D2.1Coastal Hazard Assessment
Module and D2.2 Library of Coastal Vulnerability Indicators(including an Excel
Library and an accompanying Guidance Documejit. It is assumedthat the reader of
this deliverable has & understanding of these aforementioned documents.

Deliverable 2.3does not include information on the CRAF application. The CRAF will
be trialled on the RISEKIT case studies (WPS5). Limitations in its applicationthe
potential for a full application and the needs for further development will be discussed
in another deliverable (5.1).

3Jiménez, J.A., Armaroli, C., Berenguer, M., Bosom, E., Ciavola, P., Ferreira, O., Plomaritis, H.,
Roelvink, D., SanuyM., Sempere, D. (2015) Coastal Hazard Assessment Module. R{SC
Deliverable, D2.1:
http://www.risckit.eu/np4/file/23/RISCKIT_D.2.1_Coastal_Hazard_Asssessment.gd

(accessed 05.11.2015).

4 Viavattene, C., Micou, A.P., Owen, D.J., Priest, S. and Parke(2@L5) Library of Coastal
Vulnerability Indicators. RISC-KIT Project Deliverable, D2.2: http://www.risckit.eu/np4 /8/
(accessed5.11.2015).
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2 1l ntroducth@®@RAR oFr amewor
21 CRAF within-Kt hiekRbBEC

The RISEKIT Toolkit provides a set of innovative methods, dols and management
approaches to reduce coastal risk and increase coastal resilience to hydro
meteorological events of lowfrequency but high-impact.

The Coastal Risk Assessment Framework (CRAF) is the first element of the risk
assessment suiteapplied at a regional scale and permits acomprehensive and
systematic approach to undertaking risk assessment at a variety of levels of det@he
role is the identification and selection of hotspots to bdurther analysed (Figure 1.1).
Hotspots are defined in the projectas specific locations along the coast where high
resolution modelling and risk assessment are required to assess the coastal risk and to
design and compare disaster risk reduction measures. As such, syots, or groups of
hotspots, should be indicative of those areas where risk is highedthe last column in
Table 2.1 indicates the level of detail required at the hotspots scale of analysfthird
column Hotspots EWS/DSS). The Hg Warning and Bayesianbased Decision Support
System (EWS/DSS) is not part of the CRAF and will not be described in this document.
However it needs to be highlighted that the EWS/DSS requires the use of complex
modelling techniques (2DH procesdased, miti-hazard, 2DH flooding model,
Bayesian Network analysis) and the demand in terms of data, time and resources is
very high (e.g. 10m scale resolutions, thousands of simulation runs, detailed
information on receptors, vulnerability and disaster reduction measures) to perform a
strong and robust risk assessment. Therefore, decisieamakers need to better define
and prioritize where to spend their resources. The CRAF supports decisiomakers by
providing them with a framework, combining guidance documents ananodels, with
which to screen the regional coast in the identification and selection of hotspots.
Moreover, the CRAF has been designed in a way which integrates stakeholders
directly into the process by not only taking account of their preferences and expese,

but also by initiating a discussion processThe narrative produced during the CRAF
application is a critical part of the outcome of the framework.

22 CRAF Phlaashed Ph2ase

The CRAF provides two levslof analysis (2 phases) at the regional scalabout 100

km of coastal length. The length is indicative and the termeneric. The regional scale

I £ AOOAOGOI AT O OET 01 A AA AA £E IThe/oundirpdouldd E A
be based on an administrative unit (e.g. a region, a department), oncaastal risk
management unit, ongeographical considerations (e.g. fjords, bay).

Kk
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Table 2.1: Level of analytical detail performed for

and EWS/DSS

CRAF Phase 1, CRAF Phase 2

CRAF Phase 1

CRAF Phase 2

Hotspot
EWS/DSS

Assessment area

Entire regional

374 potential hotspots

within the regional

1 hotspot at

coast (~100 km) coast boundary local scale
. 1D, processbased, 2DHprocess
~EZEE PR Smple (empirical) multi -hazard (XBeach| based, multi
assessment model model
transect-mode) hazard
Multiple hazard
pathway
Uniform hazard computations per At scale of
Hazard pathway sector (between 5 or . .
pathway per numerical grid
assessment scale 10 transects per km,
sector (~1 km) : (~10m)
given the
computational
constraints)
ngard model Simple LISFLOOEype 2DH flooding
(inundation bathtub/ overwash inundation model model (e.qg.
extent) extent model XBeach)
Response
Computation of approach (in the
case of absence off Respmse approach n/a

hazard probability

long time series,
event approach)

Receptor and
vulnerability
information

Exposure only
(receptor types
and associated
ranking values),
can be at coarse
CORINEtype scale

Receptor and
vulnerability data, at
individual or
aggregated

(neighbourhood) scale

Receptor and
vulnerability at
high resolution

. . i uantitative
Calculation of Exposure Indicators of direct Q.
) - o . impacts
impact indicators and indirect impacts
assessment

Phase 1 aims to screethe coastline sector by sector of about 1 km leng#in order to
narrow down the risk analysis to a reducechumber of sectors which are subsequently
geographically grouped into potential hotspots(Figure 2.1). For a regional coast it
would be difficult to complete an in-depth risk assessment analyis. Phase 1 facilitates
the assessmentof potential exposure through the calculation of a coastal index for
each kmutilising simple hazard models The index considerghe potential exposure of
land use, population, transport utilities and economic activiies. Although considered
to be a screening approach, this process is a significant aad important step within
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the CRAF which should not be overlookedVhereas the techniques are simplified and
the details required are few, the analysis supports a firsteview and a discussion
about the level of information available to perform the regional scale assessment.
Phase 1 also allows stakeholdemnput into the assessmentby providing information
on how they value the different &posed elementsApproaching various stakeholders
(at a range of scalegrom the local to the regional) is thereforerecommended for an
exhaustive qualitative assessment of the coashs such,beyond the simplicity of the
Coastal Index calculation (seeSection 3) a report detailing these data and the
associated values, as well as the rationale and justification for thedelection,is a key
component of Phase 1 and an essential part of the screening process used to identify
the potential hotspots.

However, Phase 1 is insufficient on its wn, and isonly the initial step towards the
selection of specific hotspots for a more detailed risk analysisPhase 2 provides the
techniques and methods to fill the gap between the simplicity o& coastal index
technique and the very complex modelling processes required at the hotspot level.
Table 2.1 highlights how Phase 2has been developed as an intermediarybut
necessary process between a coastal indexscreening approach and a detailed and
complex modelling approach (WP3) Phase 2improves the regional assessment by
increasing the number of transecs considered per sector for the hazard calculation
(and thus reducing the over- or underestimation of the hazard) by using 1D
innovative modelling techniques;by including generic vulnerability indicators and the
existence of DRR measures in the impact assessmeand by calculating regional
systemic impact indicators. Toassist the completion ofPhase 2 various models and
supporting documents are availablein an opensource and freeware format Figure
2.1: CRAF Overvielw XBeach 1D, a Library of Coastal Vulnerability Indicators the
INDRA mode]a multi-criteria analysis and a visualisation interface.

The involvement of stakeholders is also essential in CRAF Phase 2. Engaging with
stakeholders will support the collecton of information for evaluating potential direct
and indirect impacts (e.g. land use and network information,development of
vulnerability indicators, presence of DRR measuresptakeholders do not have to be
involved in the modelling component of the CRAFbut their involvement is a
fundamental requirement in the multi-criteria analysis process nly through such a
learning processis a common understandingof the limitations possible and a critical
analysis of the results achievedThe CRAF allows a comprehensive research and
knowledge-based discussion on the selection of hotspots, in which the quantitative
results and stakeholder engagement combine to provide impact outcomes
Furthermore, the CRAF also supports aevaluation of necessary efforts in future data
collection.

5 See Jiménez, J.A., Armaroli, C., Berenguer, M., Bosom, E., Ciavola, P., Ferreira, O., Plomaritis, H.,
Roelvink, D., Sanuy, M., Sempere, D. (2015) Coastal Hazard Assessment Module-KRTSC
Deliverable, D2.1:
http://www.risckit.eu/np4/file/23/RISCKIT_D.2.1_Coastal_Hazard_Asssessment.pdf

(accessed 05.11.2015)and Viavattene, C., Micou, A.P., Owen, D.J., Priest, S. and Parker, D.J.
(2015) Library of Coastal Vulnerability Indicators. RIS&KIT Project Deliverable D2.2:
http://www.risckit.eu/np4/8 [/ (accessed 05.11.2015).
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Coastal Risk Assessment Framework

Phasel: A coastal-index approach delimiting several hotspots

Index calculated per sectors of one-kilometre average length
1 100 km of coastal length

-

Return Periods
Event or Response approach )

Hazards
Simple models (coastal flooding, overwash, erosion, flash flooding) |

i Exposure
L Land use, social, transport, utilities, economic activities )
Al . B _ ! : C
A - e 55 - S ik :
Phase 2: Impact assessmentland multi-criteria analysis fofeach hotspot
k 4
f Hazards )
L XBeach 1D + inundation model: Hazard maps )
i Impact Assessment (INDRA model) )
L Land use and network maps & vulnerability indicators )
4 Multi-Criteria Analysis Visualisation
Risk to life, household displacement, financial =
recovery, ecosystems, utilities disruption,
transport disruption, business disruption
Scored from 0 to 1 & preference weighting

-

Early Warning System / Decision Support System

Figure 2.1: CRAF Overview
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CRAF overview
1 Define regional scale of analysis;

1 Identify decision makers and stakeholders and discuss current
knowledge on risk;

9 Proceed to Phase;1

1 Collect existing information onstorm events geomorphobgy, land use,
population, transport, utilities,economic activities past events and
existing risk assessmerts

Complete required valuation wittstakeholders;
Report and map Phase Qoastal Indices
Show and discuss results with stakeholders to definet$jots;

Proceed to Phase;2

= =2 2 A -2

Collect existing information omeceptors and vulnerability with the
support of stakeholders where needed pdate Library ofCoastal
Vulnerability Indicators);

1 Run hazard and impact assessment model separately for each hotspqg
and considered return period;

1 Report and map hazard and impact assessment;

9 Show and discuss results with stakeholders: M@#d select one or more
hotspots for further detailed analysis (WP3).

11
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3 Phase: 1l diefmi cati on of
usi ng a QGodaextp®lr olach

311 ntroduot iPhhmse 1

4EA OEAAT OE £E A sGEstrdeninfy focdss \(h@bisdtidydishes geveral
hotspots in alongshore length by assessing the potential exposure for evetykm
coastal sector. Tie approach calculates Coastahtlices (Cl) following an existing and
established methodlogy (the indexbased method). The methodology combines
several indicators into a single index, thereby allowing a rapid comparison of coastal
sedors6 789, However, the type of indicators considered in the index, the way they are
ranked and the formula used to combine these variables may differ between studies.
The following section describes the calculation process, the list of indicators to
consider and their ranking. Two groups of indicators are required in the calculation:
hazard indicators and exposure indicators.

311 | ndex, sector and hazard extent

Coastal areasare exposed to different hazardssuch adlash flooding, coastal flooding,
erosion, overwash and barrier breaching. The spatial extent of the exposure is
primarily hazard and geomorphologs dependent. Therefore, calculating a single
Coastal Index for all hazads might be misleading. It isrecommendedto apply the
approach separately for @ach individual hazard unless a dependency exists between
hazards (e.g. erosion or barrier breaching inducing inundation). It is also
recommended to have a morphologicallybased average case and worst case scenario
(e.g. 2 assessments for each hazard). Fexample, four coastal indices will have to be
calculated for a coast exposed to erosion and coastal flooding.

For reporting, it is proposed to indicate the considered hazardising a subscript (i.e.

h

£l AGE AEITTAEIC O&Ah ATIARDKIA Ol TGTAB CA AGIOEAO |
OAA6q AT A OEA OAAT AOET OUBMA GAE Okd qB8GNERD OC R OMA ®

Coastal Index will be shortened as Gk for coastalflooding averagecase and Gl for
coastalflooding worst case.

3111 Sector

The caastal length (n kmz the length may vary with the Case Study regional settings)
is divided into sectors of onekilometre average length(Figure 3.1). The same sectors
are used for the different hazards and scenar® However a different Coastal Index

6 Gornitz, V.M. (1990) Vulnerability of the East Coast. Journal of Coaskasearch, Special Issue
9, pp. 20%237.

7McLaughlin, S., McKenna, J. and Cooper, J.A.G. (2002) ®goisomic data in coastal
vulnerability indices: constraints and opportunities. Journal of Coastal Research, Special Issue
36, pp. 48497.

8 Ramieri, E.,Hartley, A., Barbanti, A., Duarte Santo§,, Gomes, A., Hilden, M., Laihonen, P.,
Marinova, N., Santini, M. (2011) Methods for assessing coastal vulnerability to climate change.
ETC CCA Technical paper.

9 Balica, S.F., Wright, N. G. and van der Meulen(2B12) A flood vulnerability index for coastal
cities and its use in assessing climate change impacts. Natural Hazards (64), ppl1©S.

12
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value will be obtained for each hazard and scenario.

Kms Kmy Kmn,

Km; Kma

Figure 3.1: Example of different alongshore CRAF Sector s

3112 Hazard Extent

The hazard extent represents the potentiaspatial hazard extent within the hinterland
(Figure 3.2). If possible this hazard extent for flooding is known and clearly defined
(grey shapes). But in some cases, without better information, a simple rectanglele
square) will illustrate the potential extent with, as a result, an overestimation of the
exposure. For erosion and overwash, the extension for the whole sector is represented
by a buffer zone of equal distance along th®@ A A GbaStiihe©

Kmy
Km m
K N 2 K 3

sz ng

Km1

Figure 3.2: CRAF flood hazard extent (top image: flooding, bottom image:
erosion and overwash)

3.1.1.3 Coast al | ndex

The Coastal Index (CI) is calculated by the square root of the geometric mean of the
hazard indicaor and the overall exposure indicator. The hazard indicator is ranked
from O to 5 (None, Very Low, Low, Medium, High, il Very High. The overall
exposure indicator ranks from 1 to 5 and is the resulbf the consideration offive types

of exposure represatative of potential direct and indirect impacts: Land Use §ipLu),
Population (iexppo, Transport (iexprs), Utilities (iexput), @and Business @xpes). Each is
ranked from 1 to 5 (None or Very Low, Low, Medium, High rad Very High and the
overall exposure indicator is then calculated See SectiorB.1.4for the full calculation
method.

13
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312 Hazard indicator

For each sector a specifitazard indicator (None, Very Low, Low, Medium, Highral
Very High) and the exent of the exposure have to be assessed. To do so, following the
approach and the methodologies proposed in D2.1Cpastal Hazard Assessment
Modulg°it is necessary to:

1. Define the extreme event;

2. Select and apply the appropriate hazard formulae or scriptg available to
assess the hazard intensities;

3. Define the hazard extent and the indicator value.

3.1.21 Extreme event

The CRAF aims to identifjnotspots along the coast associated with given probabilities
which have been specified by stakeholders and the relevatarget safety levels. The
number of hotspots will vary depending on the considered return period of the
hazard, with a higher number of hotspots being associated to higher return periods. It
is important therefore to define, for each coastal area, the mbsppropriate hazard
return period(s) representative of an extreme event.

There is no unique way to define what an extreme event is and, usually, the concept of
extremeness strongly depends on the conté®. In a simple way, an extreme event can
be definedas an event having extreme values of hydrmeteorological variables. From

a coastal management perspective, extremes can be defined and/or quantified based
on Beniston andStephenson (2004)2:

1 How rare they are, which involve notions of frequency of occuence;
1 How intense they are, which involves notions of threshold of exceedance;
1 The impacts they exert (e.g. in social, economic and/or environmental terms).

The definition of extreme eventsand associated return periods will, therefoe, vary
between eachregional case Within the context of this work, it is clear that an extreme
event should be able to cause morphological and/or socieconomic and
environmental consequences. However, this initial stejloes not aim to quantify the
socio-economic consequence and uses asimple hazard formulae. Therefore, initial
assumptions have to be made, basaimply on the frequency of occurrence.

Despite this site specificity, one possibility is to analyse common probabilities of
exceedance. This is the approach adopted the EU Floods Directivés, which specifies

10 Jiménez, J.A., Armaroli, C., Berenguer, M., Bosom, E., Ciavola, P., Ferreira, O., Plomaritis, H.,
Roelvink, D., Samy, M., Sempere, [(2015) Coastal Hazard Assessment Module. RICT
Deliverable. D2.1.
http://www.risckit.eu/np4/file/23/RISCKIT_D.2.1_Coastal_Hazard_Asssessma.pdf (accessed
05.11.2015).

11 Stephenson, D.B. (2008) Definition, diagnosis, and origin of extreme weather anlimate
events. In: Diaz, H. F. antlurnane, R.J. (Eds), Climate Extremes and SocieGambridge
University Press, Cambridge.

12 Beniston, M.,Stephenson, D.B. (2004) Extreme climatic events and their evolution under
changing climatic conditions. Global and Planetary Change, 44, pg.1

13EC (2007) Directive 2007/60/EC of the European Parliament and of the Council of 23
October 2007 on the assesment and management of flood risks. Official Journal L 288,
06/11/2007, pp. 27 -34.

14
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that flood hazard maps and flood risk maps will identify areas with a medium
likelihood of flooding (at least 1 in 100 year event) and extremes or low likelihood
events. The application of the Floods Directiveni Catalonia (Spain) to fluvial
inundation risk mapping has been done for 3 return periods (Tr = 10, 100 and 500
years), whereas for coastal inundation risk mapping théncluded Tr are 100 and 500
year!4, It can also be consideredhat any low return period events with associated
high losses will have already occurred andas such,specific measures alreadyhave
been taken to mitigate such risks. Unless recent inappropriate development in
unprotected coastal areas has occurred,rminimum of a 100 year return period should
be considered assufficient for the assessment.For the Belgian coast a similar
approach was used. EWloods Directive reporting has been undertakerfor return
periods of 10, 100 and 1,000 yearsAdditionally, a return period of 4,000 years vas
used because the existing protection level at some locations is alreadgry high.

An alternative approach is at each site, to assess the most used and relevant return
periods for coastal management purposesnd adopt this as the considered return
period for use in the ClFor areas with coastal management plans that consistently
consider a maximum return period of 50 yess, there is little point in defining a
Coastal Index hazard for 1,000 years. The reverse is also true. Therefore, the coastal
manageament life-span of each area should be taken into consideration when choosing
the appropriate return periods for hotspot identification.

Another possible approach to select th@r to be used in the analysis is based on the
use of the concept ofifetime or design lifeof a coastal structure. In this case, the beach
is consideredas a coastal protection measure protecting the hinterland against the
impact of a storm. Here thdifetime is the period over which the beach is expected to
continue providing protection against the "design" condition, which in this case

corresponds to the target storms. With this, the usercan make use of the relationship

predicting the probability of exceedanceP, the lifetime,L, and the return period:

To select appropriateor relevant Tr values,the usercan fixL as the desired minimum
lifetime of the beach andP as the accepted probability of occurrence of the event
within such alifetime as a function of the importance of the site.

14 ACA (Water Agency of Catalonia) (2014) Mapes de perillositat i risc d'inundacié del districte
de conca fluvial de Catalunya. Memoria. Generalitat de Catalunya, Barcalon

15Reeve, D. 2010) Risk and Reliability: Coastal and Hydraulic Engineering. Spon Press,
London, p. 304.

15
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Figure 3.3: Event return period (Tr) for given probabilities of exceedance (P)
within given lifetimes (L)

As a rule-of-thumb the higher the importance (e.g. in economic and/or social
environmental terms) of the hinterland, the lower the accepted probability will be.
This means, for instance, that for high (economic, social and/or environmental)
interest areas where the exceedance of protection capacity provided by the beach
against the storm (inundation and/or erosion) should nduce significant
consequences, relative long lifetime and low probabilities of exceedance should be
adopted.Figure 3.3 shows the corresponding return period,Tr, for events occurring at

a given probability within given lifetimes.

From a practicalstandpoint, the selection of the lifetime and the accepted probability
of exceedance determines the return periods fothe events to be analysedThe first
one, thelifetime, will make reference in the context of the olaictive of CRAF to the
expected time horizon of the analysis. In other words, the risk of coastal storms ora
given coastis analysed how long canit be assumal that the coast will provide the
current level of protection? A conservative answer should bdhat the analysis
considersa very long ime period. However, recognisinghat sedimentary coasts are
usually subjected to coastal processes affecting their stability and, in consequence, the
current beach configuration (and the corresponding level of preided protection) will
not be necessarilystatic (in fact, the most probable situation is that the coastal
configuration will change). Ifit is assumel that the beach isfunctioning as a coastal
protection measure, an analogyan be madewith the usual lifetimes for such works.
As an example, the Spanish Ministry of Public Works, in their recommendations for
procedures of design maritime structures Puertos del Estado (20019, proposes some
values that could be used in this application, which have been seled as a function of
the importance of expected consequencgd able 3.1).

16 Pyertos del Estado (2001) ROM 0.0. General procedure and requirements in the design of
harbor and maritime structures. Spanish Ministry of PublidVorks, Madrid.
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Table 3.1: Recommended minimum lifetime for coastal protection works 17

Type of work Importance sl
(years)
Defence against big floods* High 50
Margins protection and defence Medium 25
Beach nourishment and protection Low 15

* |t refers to defence works that in the case of failure may cause an important inundation of the
hinterland.

The second one, thgrobability of exceedances also dependent on the importance of
the implications of the hazard. Table 3.2 shows some recommended values of
maximum allowable probabilities of failure for coasal protection works as a function
of the (social, economic and/or environmental) consequences.

Table 3.2: Recommended maximum values of failure probability for coastal
protection works as a function of their importance 18

Importance Maximum probability
Very High 0.0001
High 0.01
Medium 0.10
Low 0.20
3122 Select and apply the Hazard Modul e

When assessing the magnitude of the hazards associated with the impact of an event
of a given probability of occurrence, onef the points introducing uncertainty to the
analysis is the assignment of the probability of occurrence. In hazard analysis in
general and, in coastal flooding in particular, two main approaches exist, commonly
known as the event and response methods The event approach(or deterministic
approach) is a deterministic methodology, where the starting point is determined by
the extreme probability distribution of wave heights and storm surges, plus some
empirical relationships between other storm parametersof interest, such as wave
period and storm duration vs. significant wave height. This method is mainly
employed when the existing information for hazard analysis consists of pranalysed
forcing (wave and water level) information.

Once the probability ofoccurrence of the event is selected, wave height and storm
surge are obtained from the corresponding extreme distributions, and the remaining
parameters required to fully characterize the event are calculated by using the

17 |bid.
18 |bid.

19 Garrity, N.J., Battalio, R., Hawkes, P.J., Roupe, D. (2006) Evaluation of the event and response
approaches to estimate the 106/ear coastal flood for Pacific coast sheltered waters. Proc. 30th
Int. Conf. on Coastal Engireging, ASCE, pp. 1651663.

17
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available deterministic relations. However, with this approach, each wave height is
associated with just one value of other storm parameters, such as wave period and
storm duration, which implies the loss of significant information about the natural
variability of the process0. Once the egnt associated to a given probability has been
defined, the different hazard parameters (to characterize flooding and/or erosion) are
calculated and associated with the corresponding probability of occurrence.

In the response approach{or probabilistic approach), the entire original wave and
water level time series are used to establish the hazard (flooding and/or erosion)
parameters of interest, such as rurup, total water level, overtopping and eroded
volume?t. Due to the nature of the analysed problem,ifferent combinations of wave
conditions (events) will result in similar hazard conditions, and in order to properly
assign a probability to such a response, it is necessary to jointly consider all possible
options. A probability distribution of extremes is then fitted to the obtained dataset.
From here, the hazard parameter of interest (associated with a given probability) will
be directly calculated from its probability distribution. This method is especially
recommended when wave variables during storms(e.g.,Hs, Tp and duration), which
are determining the magnitude of the hazard of interest arepoorly or partially
correlated, asrecommended by the FEMA guidelines for flooding studies?23,

In this approach, users shouldmainly follow the response approat to assess the
magnitude of hazards at regional scale. The probability distribution of relevant storm
induced hazards (e.g. inundation, erosion) at selected locations along the coast will be
obtained by building hazard time series to be later subjected textreme analysis.

In order to assess the intensities and the extent of the hazard, the methods indicated
in Table3.3 can be used. Detailed information onhtese methods is availablén D2.124,

20 SanchezArcilla, A., Jiménez, J.A. and Pefa, C. (2009) Wadeiced morphodynamic risks.
Characterization of extremes. Coastal Dynamics 2009, World Scientific (CD), paper 127.

21 As defined in Deliverable 2.1. Available at:
http://www.risckit.eu/np4/file/23/RISCKIT_D.2.1_Coastal_Hazard_Asssessment.pdfaccessed
05.11.2015).

22 Divoky, D., McDougal, W.G. (2006) Resporsased coastal food analysis. Proc. 30th Int.
Conf. on Coastal Engineering, ASCE, pp. 52801.

23 FEMA (2007) Guidelines and Specifications for Flood Hazard Mapping: Atlantic Ocean and
Gulf of Mexico coastal guidelines update. Federal Emergency Management Agency.

24 Jimérez, J.A., Armaroli, C., Berenguer, M., Bosom, E., Ciavola, P., Ferreira, O., Plomaritis, H.,
Roelvink, D., Sanuy, M., Sempere, D. (2015) Coastal Hazard Assessment Module-KRTSC
Deliverable. D2.1:
http://www.risckit.eu/np4/file/23/RISCKIT_D.2.1_Coastal Hazard Asssessment.pdfaccessed
05.11.2015).
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Table 3.3: Proposed methods for assessing the hazard intensities and extent

Hazard Method Outputs Description

Overwash Stockdon model Run-up level For Beadiesz
(2006)25, Holman formulae
model (1986)26, or
Nielsen and
Hanslow model
(1991)%

Overtopping EurOtop (Pullen et | Run-up level and For Artificial
al.2007)28 discharge Slopesz formulae
NNOvertopping

Overtopping Hedges and Reis Discharge For artificial
(1998)29 slopesz formulae

Coastal inundation | Bathtub approach Flood depth

Flash flooding FFPI Index

Erosion Mendoza and Eroded volume, Formulae
Jimenez (200630 shoreline retreat

and depth

Erosion Kriebel and Dean Eroded volume, Model/formulae
(1993)31 shoreline retreat

Barrier Breaching SeeD2.1, Section 82 | Breachingindex Methodology

Overwash extent Simplified Water depth Formulae
Donnelly(2008)33

25 Stockdon, H.F., Holman, R.A., Howd, P.A., Sallenger, AlH. (2006) Empirical
parameterization of setup, swash ad run-up. Coastal Engineering, 56, pp. 57388.

26 Holman, R.A. (1986)Extreme value statistics for wave ruaup on a natural beachCoastl
Engdneering 9, pp. 527%544.

27 Nielsen, P. and Hanslow, D.J. (1991) Wave runup distributions on natural beaches. Jaliaf

#1 AOOAT 2AOAAOAE xh th DPP8 ppowZppucs

28 Pullen, T., Allsop, N.W.H., Bruce, T., Kortenhaus, A., Schiittrumpf, H., van der Meer, J.W. (2007)
EurOtop. Wave overtopping of sea defences and related structures: Assessment manual.
www.overtopping -manual.com(accessed)5.11.2015).

29Hedges, T., and Reis, M. (1998) Random wave overtopping of simple seawalls: a new
regression model. Water, Maritime and Energy Journal, 1(130), pp-1D

30 Mendoza, E.T. and Jiméned.A. (2006) Storminduced Beach Erosion Potential on the
Catalonian Coast. Journal of Coastal Research. Sl 48, pBB&1

31 Kriebel, D. and Dean, R.G. (1993) Convolution model for tirdependent beachprofile
response. Journal of Waterway, Port, Coastahé Ocean Engineering, 119, pp. 20226.

32 Jiménez, J.A., Armaroli, C., Berenguer, M., Bosom, E., Ciavola, P., Ferreira, O., Plomaritis, H.,
Roelvink, D., Sanuy, M., Sempere, D. (2015) Coastal Hazard Assessment Module-KRTSC
Deliverable. D2.1:
http://www.risckit.eu/np4/file/23/RISCKIT_D.2.1_Coastal_Hazard_Asssessment.pdfaccessed
05.11.2015.

33 Donnelly, C. (2008) Coastal Overwash: Processes and Modelling. P Besis, University of
Lund, p. 53.
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3.1.23 Hazard extent and indicator val ue
Hazard extent

The hazard extent might be defined based on the best available information ranging
from local knowledge, historic data orexisting maps of potential hazard extent (see
WP1 deliverables4 for data collection). In the absence of information, an indicative
length can be used as a proxy. The extent is then represented by a simple rectangle
(indicative length by sector length). Ifit is possible, simple models can also be used to
assess this extent. For erosion, buffer zones should be added (considering the Erosion
Vulnerability Indicator described in D2.25).

Indicator value

A hazard indicator will be ranked from O to 5 None, VeryLow, Low, Medium, High
and Very High. A null value is used in the absence of hazard. The ranking of the
indicator value from 1 to 5 will depend upon the hazard intensities. The hazard extent
is already considered within the sector definition and should nbbe considered in this
ranking to avoid double counting. The following intensities might be considered:

1 Flooding: depth, velocity, duration;

T Overwash: depth and velocity;

9 Erosion: a value of 5 for the shoreline retreat and lower values for buffer
zones.

The user should define and report specifically how the ranking of thendicator has
been undertaken.A simple process might be to define the maximum value of the
hazard intensity for the whole coast and to categorize in 5 equal interva(ghis should
be dore for the worst case scenarios to obtain the highest possible intensity valge
the same intervals should then be used for other scenarios allowing a comparison
between them). Thus, if the flood depth is considered as a main characteristic and the
maximum potential value is 5 metres in depth, the following ranking could beased:

1 No flood: None (0);

Flood depth less than 1m¥Very Low (1);
Flood depth 1 to 2m: Low (2);

Flood depth 2 to 3m: Medium (3);

Flood depth 3 to 4m: High (4);

1 Flooddepth greater than 5m: Very High(5).

= =4 -4 A

However, such a simple ranking approach could be improved hysing natural breaks
classification which considers the distribution of the intensities or could be
approached from an impact perspective by establishingiser defined intervals (for
example, any depth aboved is Very High and below 0.3m is Low)

313 Exposure Indicators

The exposure indicators (i) measure the relative exposure for different receptor
types. Five types are considered:

34The WP1 [2liverables on data collection, review and historical analysis arall available at:
http://www.risckit.eu/np4/public_deliverables.html (accesed 05.112015).

35 Viavattene, C., Micou, A.P., Owen, D.J., Priest, S. and Parker, D.J. (2015) Library of Coastal
Vulnerability Indicators. RISCGKIT Project Deliverable, D2.2: http://www.risckit.eu/np4/8/
(accessed 05.11.2015).
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Land Use;

Social Vulnerability,
Transport systems;
Utilities;;

I Business settings.

= =4 —a -

For each hazard and for each scenario (average and worst), five exposure indicators
have to be considered For each sector, a scoreetween 1 and5 (None orVery Low,
Low, Medium, High and Very Higlexposure) should be asgned to each indicator.
Note that not every score will necessarily be represented for each regional case (for
example, if a regional coast lacks Very High exposure a score of 5 should not be
assigned). The exposure will vary depending on the hazard extentTherefore, the
value will have to be calculated for each Coastal Index separately.

The data quality for assessing the exposure indicators may vary between types of
indicators and betweencoastal regions It is important to report this level of quality to
the stakeholders. Therefore for each type it is required to clearly describe the data and
the process used to assess the indicator. It is also recommended to highlight limits and
insufficiencies in the current assessment and to indicate how this assessnieould be
enhanced.

A crucial task is to define the regional boundary In order to do this, aspects such as
administrative boundaries, coastal management plans, the presence and quantity of
important assets or critical infrastructure etc. should be conslered. A regional
administrative area will often be too large for the purposes of the studyFigure 3.4),
and users should select a group of municipalities which sufficiently represent the
regional casei.e. consiering its systemic characteristics (transport and utility
networks, economic activities and dependencies between localities). As such, the
knock-on or ripple effeds (traffic disruption, rail closures, loss of power, loss of supply
chains etc.) can be condered in the impact assessment.

j)\ /u\f{
SRR
= Y g

Figure 3.4: Defining the regional boundary
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3131 Land Use

The Land Use Exposure Indicator i,Lu) measures the relative exposure of land uses
along the coast. Importantly, theindicator does not consider the vulnerabiity of the
different land uses The indicator reflects two components for each sector: the
exposed surface and an associated importance value for each land use.

Q Yz G

Where:

n = number of land use classes

S = Surface in th

V = Importance Value €.9.0 to 10)

To harmonize and simplify the process the indicatocan becalculated using the land
use classificationin the Corine Land Cover datasét. It is first necessary to identif the
Corine Land Cover land use classes within the regional boundary. Then a
representative value for each land use class should be defined based on their relative
importance (see below). For instance, the different land use classes could be scored on
a <cale from 0 to 10 (or as deemed appropriate to differentiate the land use value),
where a score of 10 might be attributed to continuous urban fabric, a score of 6 to
permanently irrigated land and a score of 3 to pastures (a suggested approach of how
this can be done is proposed iBox 3.1).

The approach does not allow for a different score to be given to the same land use
class (e.g. all urban areas will have the same scoregen thoughcertain urban areas
may be more important than others for specific reasons). But in very specific
situations the user might want to reflect an important land use (e.g. Ramsar site a
heritage site). In such case a different value might be attributed to the CLC points
representing the considered site (with caution as it should not also be considered
within th e other exposure indicators thus creatinga situation of double counting). In
other circumstances, the representativeness of CLC might be questioneéhr instance

in the case & erosion where the scale of analysis is often limited to a narrovbuffer
zone along the coastlineln such cases alternativeptions are:

1 To extract land use information from better georeferenced data (e.g. cadastral
maps);

1 To extract land use informatian from satellite or aerial imagery;

1 To acquire land use information by field surveys.

There are many approaches twaluing land use These include:

9 Existing valuation: Valuations of land use may already exist for some regions,
and these can be assessedrftheir suitability. An example is the approach
undertaken in the EmilizRomagna region of Italy as part of the EU Flood
Directive implementation process, where land use has been scored based,
primarily, on the level of human occupation/activity (i.e. urba areas,

36 http://www.eea.europa.eu/publications/CORO0 -landcover (accessed 05.1122015); for Case
Studies not coveredan alternative approach will have to be developed.
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industrial zones and ports have a high score, whereas beaches and dunes are
scored low)3”. Other approaches may be based on the market value of the land
(agricultural yields etc.). Users should consider if existing valuations reflect
the actual "vdue" of the land use, and a judgement made on their suitability
for this Phase 1 task.

1 Stakeholder involvement: The identification of hotspots should reflect the
views of a range of stakeholders. However, reaching a consensus on values at
the regional scaé will require time, skills and resources beyond the scope of
the project as stakeholders are likely to value landise based on their area of
interest, knowledge and location.

I Userjudgement: In the first approach,the most suitable method for valuing
land use is likely to be the best judgement of thaiser based on the
information gathered from the engagement process. Furthermore,
stakeholders and/or end-users have the option to discuss these values where
they feel it is necessary to do so. It is importarib produce a brief report on
how and why the values have been chosen.

Box 3.1 Proposed approach with C orine Land Cover data

If using Corine land Cover (CLC), the following steps are proposed order to
select and rank theland use.These instructionsare written for (competent) ArcGIS
users, but other GIS software is likely to function similarly.

1. Clipthe CLC (study areayaster file by expating the data (extent: current
data frame)

Convert into ashapefile (points) (Arctool box)
Join the CLC legeridin a table format to the shapefile

Remove shapefile pointsuch as water bodies (editing)

a > WD

Attribute a value (0 to 10) to each point based on #ir land uselabel (using

Labellevel 1, 2 or 3)

6. 3DAOEAI EITET O xEOE OEA EAU~Adhe skidd
for all points)

7. Rank thesum of @ A 1 oA @ to 5 (hazard extent shapefile)

*See:http://www.eea.europa.eu/data -and-maps/data/corine -land-cover-2000-
clc2000-100-m-version-9-2007/corine -land-cover-2000-classesand-rgb-color-
codes/clc2000legend.xIs(accessed 05.12015)

3.1.32 Soci al Vul nerability
The presence of a populations already quantified to a certainextent in the Land Use

37 Perini, L., Calabrese, L., Salerno, G., Ciavola, P., Armaroli, C. (2015) Evaluation of coastal
vulnerability to flooding: comparison of two different methodologies adopted by the Emilia
Romagna Region (ltaly), NHESSD, 3, 432352, do0i:10.5194/nhessd-3-4315-2015, 2015.
Available at: http://www.nat -hazardsearth-syst-sci-discuss.net/3/4315/2015/nhessd -3-
4315-2015.html (accessed 05.112015).
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Exposure Indicator (i.e. through the inclusion of the urban land use areas)}j.u) and
as suchdoes not need to be addressed within th&ocial Vulnerability Indicator. The
Social Vulnerability Indicator (iexp-sv) Only measures tre relative exposure of diffeent
communities along the coast by consideringheir relative vulnerability to long-term
health and financial recovery from an event. Such an indicator is developed by
considering the socieeconomic characteristics of the expasd areas Census data are
commonly used to characterize the different populations. The methodologies to
calculate a SVI using census data are detailed in Deliverable 2l2bfary of Coastal
Vulnerability Indicators). Census data are oftetthe best availabe information. It is
highly recommended therefore,to use them for calculating the indicator. However, in
specific circumstances, the characteristics of the population exposed to the hazard
might be different from the average characteristics obtained fronthe Census Data,
often due to differences in the scale of analysis (coastal zone versus municipality
level). It is thus important, in a second step, to review these results and to decide if
further refinements are necessaryHowever, such refinements mighrequire intensive
field survey and/or data collection.

3.1.333 Transport Ssystems

One of the Land Use Classof the Corine Land Cover classification refers to road and
rail networks. However, the class is often a nedominant one and the transport
system does not appear inthe LU exposure assessmentTo analyse the transport
system it is recommended to follow the Sstep approach proposed in Deliverable 2.2
(Library of Coastal Vulnerability Indicators For this phase collecting information for
each transportnetwork about the location and relative importance (capacity and use)
of their assets(links and nodes)is essentialfor mapping and valuingthe system. The
Transport System Exposure Indicator @x1s) can then be derived for eaclikm sector
following the rules inTable 3.4.

Table 3.4: Transport System Exposure Indicator Values

Value Rank Description
1 None or No significant transport network
Very Low

2 Low Mainly local and small transport network

3 Moderate | Presenceof transport network with local or regional importance

4 High High density and multiple networks (train, road airport) of local
importance or regional importance

5 Very High | High density and multiple networks (train road airport) of
national or international importance

3134 Utilities

For utilities providing essential services (e.g. water, electricity, telecom, emergency) a
Utilities Exposure Indicator should be derived for eaclikm sector following the sarre
approach as described for the transport system and the rules ifable 3.5.

Table 3.5: Utilities Exposure Indicator Values

Value Rank Description
1 None or No significant utilities network
Very Low
2 Low Mainly local and smallutilities network
Presence of utilities networkswith local or regional
3 Moderate .
importance
4 High High density and multiple utility networks of local or
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regional importance

High density and multiple utility networks of national or
international importance

5 Very Hgh

3.135 Business Settings

For Business Settings amdicator should be derived for each sector following the 6
step approach proposed in the Deliverable 2.ALibrary of Coastal Vuherability
Indicators). Forthis phase,collecting information and mapping the location of assets
and their relative importance (input, output, number of businesses) is essential for the
different business settings. The Business Settings Exposure Indicai@gpss) can then
be derived for each sector following the rules imable 3.6.

Table 3.6: Business Settings Exposure Indicator Values

Value Rank Description
1 Elé)vr\wleor very No significant economic activities
2 Low Mainly local small economic activities
3 Moderate Local or regional economic activities
4 High Regional importance
5 Very Hgh National or international importance
314 Coast al | ndex

The Coastal IndeXCl) (Table 3.7) is calculatedusing the square root of the geometric
mean of the hazard indicator (i) and the overall exposure indicator (ixp):

60 Qz'Q

The hazard indicator is ranked from 0 to 5 None, Very Low, Low, Medium, High and
Very High).

The overall exposure indicator is ranked from 1 to 5 and is theesult of the
consideration of five types of exposure represatative of the potential direct and
indirect impacts: Land Use @pLu), Social Vulnerability (iexpsv), Transport (iexpts),
Utilities (iexput), and Business @xs9). Each is ranked from 1 to 5None orVery Low,
Low, Medium, High and Very Highand the overall exposure indicator is calculated as:

‘Q q 0 . 2o 20 7

As the geometric meanis used a null value should never be used for an exposure
indicator.

The ranking iscasespecific and, therefore, will notsupport any cross casestudies or
cross-hazard comparison.
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Table 3.7: Calculating the Coastal Index

Sector Kmg Km. Kms
Land Use (ixpLu) 3 2 3
Social Vulnerability (i exp-sv) 3 2 1
Transport systems(iexp9) 2 3 1
Utilities (i exput) 4 2 1
Business Settinggi exps9 3 1 2
Exposure Indicator 2.93 1.89 1.43
Hazard (i) 2 3 1
Coastal Index (Clct-a) 2.42 2.38 1.20

The coastal indicesshould be mapped and discussed with stakeholdergigure 3.5). A
hotspot may be a single sector or a combination of sectors with the highest CI (¢be
red circles in Figure 3.5). In consultation with stakeholders, the final shortlist of
hotspots should be defined anda more detailed risk analysisundertaken in Phase 2.
This continued engagementwith stakeholders is also important in order to improve

the quality and accuracy of theoutcomes of the screening process.

Figure 3.5: Coastal index for flooding, CI -cf along th e Maresme coast (Catalonia,

ES)
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4 Phase HDPt spati sknal yand
sel ection

4.1 1 ntr oduot iPhmse 2

Following the completion of Phasel the user should tave identified several hotspots
along the coast As already explained irfection 3, although the Coastal Index approach
is relevant for a first screening is insufficient to fully assess the risk andselect the
hotspot(s) for even more detailed analysis (WP3)Phase 2 provides the techniques
and the methods toundertake this intermediate risk assessmentby analysing the
impacts comparatively. In addition, Phase 2uilds on the approach adopted in Phase 1
as it considers vulneralility and recovery. To do so(see Figure 4.1), for each hotspot
the user has to:

1 Model the consideredhazards for the selected returaperiod storm using a
1D, processbased, multrthazard model (XBeach 1D) and, if recessary, a
simple 2D flood model &ection 4.2);

Assess the storm impacts at the regional scalesing INDRA(Section 4.3);

Score the hotspots using a MukCriteria Analysis(Section 4.4),

Rank the hotspots scores

In consultation with stakeholders, selecthe hotspot(s) usingcomplementary
information provided through CRAF Rase 2 (e.g. visualisation maps, data
quality, limits in methodology etc).

= =4 -4 -

However to rank and compare the hotspots it isiecessary to frame consistenyl the
analysis by:

1 Consideringthe same return periods);
1 Considering the same regional scale, receptors and vulnerability datagsy;
1 Considering the same weighting in the MCA.

Through maintaining this consistency within the regional assessment boundaryhe
approach moderates the [as introduced by the uncertainty and the lack of data by
being comparative in nature. Any deviation from this consistent approactwill
invalidate the comparison.

Phase 2 requires each shortlistethotspot to be assessedeparately (one eventfor one
hotspot) and an MCA scoregenerated for each. Howeverit could also be relevantto
assess all shortlisted hotspots affected at the same time by tsame event (i.e. one
storm multiple hotspots). This is because theombination of multiple direct impacts
alongthe regional coastmay lead to greater disruption

It is important for the user to keep in mind that Phase 2 is nastrictly a quantitative
assessment of the risk and cannotéused as such for codbenefit analyses without
further development. The MCAscoores shoul also not be compared with thosescores
obtained for other regional cass (i.e. it is only valid for intraregional comparison).

38 |n CRAFRan event is defned by a deterministic approach or response approach

27



l ;gj’ RISC-KIT Coastal Risk Assessment Framework Guidance Document

Stakeholders inputs on
available information

] R 2 Vulnerability
Shortlisted hotspots eceptors Indicator Library
Hazard process-based
modelling (XBeach 1D)
oo I > Impact assessment model
Whole regional coast
Sea 8 .
2]
“3
| > Web Visualisation
Hotspot 2 MCA ranking

Stakeholders
preferences

Stakeholders hotspot selection

Figure 4.1 Approach and models in Phase 2
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4.2 Hazar d

The CRA for storm-induced hazards has been designed to be generally applied in two
phases or steps Figure 4.2), to optimise the hazard assessment at large spatial scales
(regional, in the order of 100 km):

1 Phase 1(identification of hotspots): in which the magnitude of the induced
hazards (erosion and inundation related) is calculated using simple models at
aregional scale. This will permit a first identification of sensitive areas along
the coast to the impact of extreme events. Thiselection will be based on the
frequency and intensity of the indiced impacts in geomorphic terms;

1 Phase 2(hotspot selection): where the XBeach advanced model is applied
shortlisted sensitive stretches to better (more accurately) quantify the
magnitude of stormrinduced hazards.

421 Approach

In order to further analyse the hazards at theseshortlisted hotspots, the adopted
response approachsee Sectior3.1.2.2 is maintained but usesmore advancedmodels
to quantify the associded magnitude.

The following information is used in Phase 2:

1 A number of hotspots along the coast which have been identified as sensitive,
identified in Phase 1;

1 Each hotspot will be characterized by a sediment grain size and a set of beach
profiles. The beach profiles should be selected (number and location) to
properly represent the spatial coastal variability at the hotspot scale and thus
the potential variability in the morphodynamic response to the considered
hazards. A spacing in the order of 200 s recommended;

1 The full set of storms identified in Phase 1 from the existing wave and/or
water level (long) time series;

1 A digital terrain model of the hinterland.

The following sections describe the approach and procedure to be applied for the
different hazards.

42.1.1 FI| oo drienlgalt e@zar ds

Where inundation is the dominant hazard (i.e. coastal erosion is not an issue), such as
for protected/sheltered estuaries and/or protected coastlines, the following steps
should be used:

A. Compile for each of the idertfied stretches, the resultsobtained from Phase 1:
which are the extreme probability distributions of total water level,

B. Select the target water levels associatesith the return periods of interest (e.g. 10,
50, 100, 500 years);

39 |In addition, this has either been used in, or compliments, Phase 1
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C. Assess fotarget water levels the magnitude of the inundation in the analysed
hotspot by using an inundation model. This must include (at least) the extent of the
flood prone area and the water depth.

4212 Erosirehated hazards

For cases where coastal erosion is the dominant bard, such as foopen sedimentary

coastsaffected by stormsand where the extent of the storm impact is restricted to a
narrow fringe without significantly affecting the hinterland, the following steps should

be used:

I 6Compile for each of the identied stretches, the storm dataet used inPhase 1
(Retained variables defining the storm: Hs, Tp, direction, duration, water level).

" OApply the XBeacHLD model to selected beach profiles for analysed hotspots to
compute storm-induced erosion for each i@ntified/selected storm (! )3 The following
variables will be retained: (i) shoreline retreat; (ii) eroded volume in the beach {nner
part of the beach profilg; (iii) overwash (sediment) volume - if applicable-; (iv)
volume of waterz overtopping - entering the hinterland. The last two variables are not
strictly erosion-related parameters, but they are included here because thegre
usually induced under erosive conditions and they are calculated using the
morphodynamic model.

# .&Fit calculated magnitues of storminduced erosion ( 6 h  OAT AAOA e AAPAT AET
interest to the casg to an extreme probability distribution (e.g. G.P.D. when using POT
to identify storms or G.E.V. when using annual maxima).

$ OCalculatethe associated erosion magnitudé€e.g shoreline retreat)for each selected
probability (return period of interest) (e.g. 10, 50, 100, 500years).

4213 Combined er osiroenl/datleod dhanzgar d s

This section describes the process for coasts which experience both erosion and
inundation. It can beconsideredto be the mosttypical situation. For example, it may
correspond to an open sedimentary coast which whesubjected to the impact of a
storm the beach erosion induces a change in beach morphology which increases the
volume of water entering the hinterland. In this case, we repeat the steps & Of $0
previously described to assess erosiomelated hazards. Themain variable to be
retained is the volume of water-overtopping- entering the hinterland (iv) associated
with selected return periods. Then it is also necessary to assess for target water levels
the magnitude of the inundation in the analysed hotspot by using an inundation
model. This must include (at least) the extent of the flood prone area and the water
depth (equivalent to step C for flod-related hazards)

It should also be noted that, in the case of overwasthiominated situations where the
hinterland is not inundated and is concentrated in a narrow fringe just behind the
beach, the assessment of the magnitude of the affected area isedity solved by
applying the XBeach model.
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Figure 4.2: General Storm-induced Hazard Assessment Module. Flooding and
erosion are the generic names used to designate a series of related hazards
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422 Hazard model ling

With respect to stormrinduced changes in beach morphology, in RISAT XBeachlD
model has been selected and idescribed in detailin deliverables D3.2%0 and D2.141.
This 1D profile-mode version of XBeach has beeselected because, although being a
processoriented model able to fully characterse the coastal response to the storm
impact, it is not too time-consuming. This permits the adopted response approach to
be maintained by applying it to a relatively large dtaset of storms. Readers are
referred to deliverable D.2.1for details on model application.

For storm-induced inundation, there is not a specific model adopted and/or developed
within RISCGKIT, and so the existing.ISFLOOEFP modelis recommended This & a
raster-based inundation model, which has been successfully employed to simulate
inundations in fluvial and coastal area$? 43 44 45,

In LISFLOOBFP, flooding is calculatedby using a volumefilling process based on
hydraulic principles and by embodying tte key physical notions of mass conservation
and hydraulic connectivity. It treats floodplain flows using a storage cell approach first
developed by Cunge et al. (1980%, and which is implemented for a raster grid to
allow an approximation for 2D diffusive wave and momentum equations for each
AEOAAOGEI T8 )1 OEEO IiTAAIh &E1x AAOxAAI

p>2

40 Roelvink, D., Dastgheib, A., Spencer, T. Mdller, I., Christie, E., Berenguer, M., Seifipess,

D., van der Meer, J., Mehvar,, Nederhoff, K., Vermin, W. (2015) Improvement of physical
processes XBeach improvement & validation; wave dissipation over vegetated marshes and
flash flood module. RIS&KIT Deliverable D3.2:
http://www.risckit.eu/np4/file/23/RISCKIT_D.3.2_Improvement_of Physical Pr.pdf (accessed
05.11.2015).

41 Jiménez, J.A., Armaroli, C., Berenguer, M., Bosom, E., Ciavola, P., Ferreira, O., Plomaritis, H.,
Roelvink, D., SanuyM., Sempere, D. (2015) Coastal Hazard Assessment Module. fISC
Deliverable, D2.1:

http://www.risckit.eu/np4/file/23/RISCKIT_D.2.1_Coastal _Hazard_Asssessmemdf (accessed
05.11.2015).

42 Bates, P.D. and De Roo, A.P.J. (20B03imple rasterbased model for floodplain inundation.
Journal of Hydrology 236,54-77.

43 Bates, P.D., Dawson, R.J., Hall, J.W., Horritt, M.S., Nicholls, R.J., Witlkssdn, M.A.A.M
(2005) Simplified two-dimensional numerical modeling of coastal flooding and example
applications. Coastal Engineering 52, 79810.

44 Purvis, M., Bates, P.D. and Hayes, C.M. (2008) A probabilistic methodology to estimate future
coastal flood risk due tosea level rise. Coastal Eng.; 55:1082073.

45 Dawson, R. J., Dickson, M. E., Nicholls, R. J., Hall, J. W., Walkden, M. J. A., Stansby, P. K.,
Mokrech, M., Richards, J., Zhou, J., Milligan, J., Jordan, A., Pearson, S., Rees, J., Bates, P.D.,
Koukoulas, S.Watkinson, A. (2009) Integrated analysis of risks of coastal flooding and cliff

erosion under scenarios of long term changé&limatic Change 95: 249z288.

46 Cunge, J.A., Holly, F.M., Verwey, A. (1980) Practical aspects of computational river hydraulics.
Pitman Advanced Publishing Program, Boston, p.420.
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formula. The model predicts water depths in each grid cell at each time step,
simulating the dynamic propagation of flood waves over thfloodplain.

In the analysis the data inputs are specified asa time series of water flow at the
shoreline bordering the coastal plain (calculated through the overtopping rates). The
input data for the LISFLOOEFP correspond to the calculated overtopping \alues
associated with the selected return period for different points of discharge. These
points are selected as a function of the beach morphology: ideally, a potential hotspot
is described by a series of beach profilegach one being representative of aoastal
stretch of similar morphology and, in consequence, overtopping volumes calculated
for a given profile are extended for the represented stretch. The final result of the
model is data about the extent, depth, time, and mass flow of the flood.

For each shortlisted hotspot the outcomes of the XBeach 1D and inundation modsl

on its own insufficient to undertake a hotspot selection. Indeed, the information about
storm-induced coastal hazard intensities is a fundamental, but only a partial element
of risk assessment. To select the hotspot the hazard needs to be translated into coastal
impacts. This process and its application within the CRAF are described in the next
section.
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43 I ntegrated Disruption Assessment

The INDRA mode is developed to align with current considerations of societal

resilience.The Sendai Framework for Disaster Risk Reduction (2018030) warns that

disastersare OOECT EAEAAT 01 U Ei PAAET ¢ DOI COADO O1 xAO
and of the necessity to beter anticipate such risk for community and busines. From a

natural hazard perspective unsustainable development can be interpreted as the lack

of ability for a system or a subsystem to return to a state similar to the one prevailing

system is often evaluated in terms of the amount of change a given system can

01 AAOCcT AT A OOGEI1T OAi AET xEOEET OEA OAO 1T &£ 1
Sendai Framework resilierce definition is similar OOEA AAEI EOU 1T £ A OUOOA
or society to resist, absorb, accommodate to and recover from the effects of a hazard

in a timely and efficient manner including through the preservation and restoration of

(system) is the region, the objective being to provide anodel able to compare its

resilience under the threat of coastal hazards on various hotspots along the coast.

It can also be noted that sstainable development alsorequires OEA OOAEAET 1 AAOC
perspective should be captured to better understand the desirable stat&s This

remains an important challenge and adds complexity to the characterization of a

regional system as different stakeholdersnay have different perspectives, needs and

purposes and, therefore, approach systemic sustainability different¥y. The use of a

Multi -Criteria Analysis, as a way to convey various preferences, was favoured in the

model to compare the resilience and, as cerquences, in valuing the model outcomes

and expressing the risk

Risk is defined in the CRAFas the product of theprobability of a hazard and its

47 UNISDR (2015)Sendai Frameworkfor Disaster Risk Reduction 2015 2030. March 2015.
Geneva, SwitzerlandP10. Available at:
http://www.un isdr.org/we/inform/publications/43291  (accessed 05.11.2015).

48 Birkmann, J. (2006)Measuring vulnerability to natural hazards: towards disaster resilient
societies. United Nation University Press. ISB82-808-1135-5. p400.

49 Turner, BL.,Kasperson,R.E, Matson, P.A., McCarthy, JCbrell, RW., Christensen, LEckley,
N., Kasperson, X., Luers, A.Martello, M.L., Polsky, C., Pulsipher, A., Schiller, A2@03) A
framework for vulnerability analysis in sustainability science. Proceedings of the Nathal
Academy of Sciences of the USA 100(14) (8 July): 808a879.

50 United Nations Office for Disaster RisReduction (UNISDR) (2009)JUNISDR Terminabgy on
Disaster Risk  Reduction. May 2009, Geneva, Switzerland. Available at:
(http://www.unisdr.org/we/inform/terminology  (accessed 05.11.2015).

51Fiksel, J. (2006)Sustainability and resilience: toward a systems approach. Sustainability:
science, practice & policy Vol 2 Issue 2.pp 121.

52 Green, C., Mvattene, C. and Thompson, P. (2011Guidance for assessinglood losses.
Deliverable 6.1. FP7 EU Project CONHAZ 244159. Available at:
http://www.mdx.ac.u k/__data/assets/pdf file/0006/58794/floodsWP_FINALREPORTseptl1.p
df (accessedd5.11.2015).
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consequencesThese consequences (or impacts) are composed of two factorgiet
direct exposure (the densityof receptors, e.g. number of people and buildings in an
affected area) andvulnerability (receptor value and their sensitivity to experience
harm). The current definition takes its origin in the SourcePathway-Receptor (SPR)
model3. TheSPR approach focuseon assessing direct losses and attempts to measure
the first order of losses (e.g. business disruptionf flooded business) and is commonly
employed in the field of economic loss assessmenapplied to natural hazards. The
approach has its advantages buheglects higher order losses, also called indirect
losses or induced losse® 5556, Rose (2010%7 proposes to change radically the current
assessment approach by considering flows rather than stocks and by better
integrating the time dimension. In the RIS&KIT project, this problem is also
recognizedand has been addressed iNDRA

Figure 4.3 provides an overview of the impact assessment procestevelopedin Phase

2. Overall theprocessprovides a regional assessment of various imas on different
categories (population, bisiness, ecosystems, transportand utilities). Regional
assessment means that the final indicators are aggregated at the regional scale in
order to reveal the relative impact and to compare hotspots. To do so, thmpact is
first calculated at the receptorlevels (direct exposure) and, then, converted intghe
wider disruption impacts (indirect and systemid. As suchfor:

1 Population : Impacts on population ae addressedby three different impact
indicators. The i1isk to life impact is calculated for all land uses and indicates
the potential risk to the population during an event.The potential damages to
household property are also calculated considering thempacts of flood and
erosion and, from there, displacement time and financial recovery is derived
to indicate the indirect impacts on households

I Business: similarly damages to business property areestimated. Such
damages result intwo indirect impacts: differences in financial recovery and
the systemic consequences obusiness disruption at a regional scale for
supply chains;

1 Ecosystems: the direct impacts are converted into an ecosystem recovery

53 Gouldby, B., Samuels, P., Klijn, F., Van OS, A., Sayers, P., Schanze, J.4200&pe of Risk
Project definitions. EU Floodsite projectAvailable at:
http://www.floodsite.net/html/partner_area/project_docs/FLOODsite_Language_of Risk v4 0
_P1.pdf(accessed 05.11.2015).

54 Messner, F.; Pennindrowsell, E. Green, C.; Meyer, V.; Tunstall, S., Van der Veen, A., (2007)
Evaluating flood damages: guidance and recommendations on principles and methods. EU
Floodsite project N. GOGET-2004-505420.

5 PenningRowsell, E.C., Priest, S., Parker, D., Morris, J., Talh$., Viavattene, C., Chatterton, J.,
Owen, DJ. (2013) Flood and Coastal Erosion Risk Management: A Manual for Economic
Appraisal, London, Routledge.

56 Rose, A. (2010) Economic principles, issues, and research priorities in hazard loss
estimation. In modelling spatial and economic impacts of disasterg Springer edition. Pp 13
36.

57 Ibid.

35


http://www.floodsite.net/html/partner_area/project_docs/FLOODsite_Language_of_Risk_v4_0_P1.pdf
http://www.floodsite.net/html/partner_area/project_docs/FLOODsite_Language_of_Risk_v4_0_P1.pdf

t 'c)’f RISC-KIT Coastal Risk Assessment Framework Guidance Document

indicator by assessing potential changes in specific egogtems;

1 Others: the direct impacts can be assessed for other land uses. However if not
included in one of theprevious categories they are not inorporated in the
final regional indicators. If relevant for certain stakeholders, these impacts
can be expoted and further analysed byusers;

1 Transport : The direct impactsto specific assets (roadstail lines or stations)
are assessed considering their importance and location in the regional
network in order to indicate the overall transport disruption;

I Utiliti es: The direct impactsto specific assets (water plans, power grids or
substations) are assessed considering their importance and location in the
regional network in order to indicate the overall loss of service

Vulnerability indicator Direct impact Indirect assessment
Time in Alternative Household
Accommodation Displacement
. H hold Fi ial
Households Flood depth damage Households Insurance Matrix ~ |— ous; o' Financia
Building collapse / ecovery
Businesses LI \ Reinstatement time & ! .
. Businesses k———>{ Business Supply Chain —> Reglc}nal Bl._lsmess
Erosion X Disruption
Analysis
Others
Others i i i
Insurance Matrix : Business Financial
Recovery
Ecosystems Ecosystem
Ecosystem Recovery
Risk to Life Risk to Life
Reinstatement t.ime & Regional Utilities
Utilities Flood depth damage Utilities > Loss of service > Service Disruption
Building collapse network analysis
T . . Reinstatement time & Resional Transport
ranspor Erosion Transport f———>| Travel time network [—> B e p
analysis Service Disruption

Figure 4.3: Overview of the impact assessment process in INDRA

Such assessment requires combininghformation on hazards, receptorlocation and
their characteristics, vulnerability information and also on networks. To facilitate the
process and toprovide a structured assessment an opesource model has speifically
been developed in RISKIT (INDRA). The model allows the assessment of direct and
indirect impacts on receptors, the scoring and normalization of each indicator &t
regional scale andthe calculation of an MCA score considering preferencesof
stakeholders The model is introduced in the next section. The different approaches
calculate each impact are then fully described as well as how to import the datatén
the model.
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431 Net L dvipd e |

The INDRA model has been developed using the Netlogo free software
version 5.2. The software can be downloaded from
https://ccl.northwestern.edu/netlogo/ .

INDRA (zip file), developed by FHRE&MU, is available from the RISCKIT website
(http://www.risckit.eu/np4/8/ ) with examples of data. The file can be unzipped as

preferred by the end user but it is recommended toO1 UED EO ET OEA O 1 AA
assodated with the NetLogo software.

The model file INDRA.nlogp AAT AA 1T PAT AA OOET ¢ OEA T POEITC

1 EAOAOUG EIT (Figueld.4)mAmeé Metlogodcbndists ofa menu, three aibs
(Interface, Info ard Code),a command centre window and an observer bar.

All the commands to run the impact assessment model are available on the interfalte.
is possible for theuser to access the codehowever it is not necessary to change in
order to run the model.

The interface contains 4 majoiinteractive components

T Input files;

1 A map (a world) andassociated menu;
1 Plots for viewing results;

1 A Multi-Criteria Analysis.

File Edit Tools Zoom Tabs Help
Interface | 1nfo | Code|

/B + i Button I [] view updates I -
Edit Delete Add _u m

normal speed

Input Files:

i'aadsz i iutltvl ii Utility2 iﬁ Utility3 i

Csboundary

-

Figure 4.4: The INDRA (interface)
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4311 I nput®files

A number of boxes are available at the top of the interfadg-igure 4.5). The boxes
allow the user to provide the names of the required files andspecify if they are
available or not. A Land Use fildRegionalBoundary file and one hazard mag(i.e. type
of hazard, e.g. flooding, overwash etcgre necessary requirementsto run the model.
The user has the opportunity to consider one or more hazard maps by turning turn on

OEA OAI AGAT 6 EAUAOAO OBOEOEET | AB&L 8 AIOEI 0T DRAB @

The GimulationDurationDayslets the userdefine the length ofthe simulation in days.
This has consequencesor the calculation of the disruption indicators.

The user can then press th&etupd button to load the data. Please sethe next sub-
section on how to prepare the files.

Input Files:
ReceptarsFileName TO" floodmap TOH erosionmap O gyerwashma SimulationDurationDa
Off Off OFF P "
FloodFileName ErosionFileName OvenwashFileName
| flood2 | | sea | | owash |
CSboundaryFileName
CSboundary
On On il On il On i On i
TOFF TransportNetworlk: TOFF Ukility 1 EOFF Utility2 EOFF Utility3 TOFF SupplyChain |
TransportFileName Utility1FileName Utility2FileMame | Utility3FileName
||'0ad52 | |Utility1 | ‘Utilityl | |Utility1 |

Figure 4.5: The Input Files Boxes

4312 A map (a waskdoriabmeéd menu

A simple map is available fowisualising hazards, receptors and impacts (see Figure
4.6). Map functionality is limited in NetLogo. Howeverthe user can change the impact
and hazard display with some menu buttons. Byight clicking on an object within the
map the user can also inspect it. To run the simulatigrsimply click the Ompact
Assessmenbbutton.

58 See Appendix C for a full description of the Input files.
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Figure 4.6: Visualisation Map

43.1.3 Pl ots forresewi g
The user can view their results on the visualisation map but also on different plots
provided under the map(Figure 4.7).

Figure 4.7: Impact Plots Interface

4314 A MuCrniitAmalysis I nterface
The user can perform a MultiCriteria Analysis within the model by inputting their
preferences for the different indicators(see Section 4.4.4).

43.15 Out puts of resul ts
The model automatically generates four output text files:

1 irectimpactsLU.txi&r outcomes for each land use receptdFigure 4.8);
1 irectimpactsTransport.txtd outcomes for each transport receptor
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