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Publishable Summary

The Resiliencelncreasing Strategies for Coastg Toolkit (RISCGKIT) FP7 EU project (2013
2017) aims to produce a set of three innovative and Etbherent opensource and open
access methods, tools and management approaches (the RIST) in support of coadal
managers, decisiommakers and policy makers to reduce risk and increase resilience to lov
frequency, high impact hydremeteorological events. Risk is defined within this project as th
product of the probability of a hazard, the exposure of receptorsra their vulnerability.
Representing the vulnerability and the potential role of DRR in their reduction is crucial fo
supporting the decision. As such a specific task of the REBOI project (Task 2.2) is dedicateg
to developing a Library of Vulnerability Indicators to input in the RISEKIT Toolkit and to test
OEA O11T10 11T pp AAOGA OOOAEAO8 4EA AAI EO
composed of a Microsoft Excel database and a guidance document. The deliverable intrody
the necessary conepts and methods, provides a review and a collection of existing indicato
and proposes methodologies for developing new indicatorg:he Library has been constructeg
around four categories: Built Environment, Population, Ecosystem and Systenihe Library
also identifies Disaster Reduction Measures influencing vulnerability and proposes metho
to include within the assessment of vulnerability.
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Executive Summary

The Resiliencelncreasing Strategies for Coastg Toolkit (RISCGKIT) EU FP7 project (2013
2017) aims to produce a set of three innovative and Etoherent opensource and operaccess
methods, tools and management approaches (the RIBCT) in support of coastal managrs,
decisionrmakers and policymakers to reducerisk and increase resilience to lowfrequency,
high impact hydro-meteorological events.Risk is defined within this project as the product of
the probability of a hazard, the exposure of receptors and their vulnerability. Representing the
vulnerability and the potential role of Dsaster-Risk Reduction is crucial for supporting the
decision. As sucha specific task of the RISKIT project (Task 2.2) is dedicated to developing a
Library of Vulnerability Indic ators to input in the RISEKIT Toolkit and to ted thesetools on 11
AAOA OOOAEAO8 4EA AAI EOAOAAT A O#iphsdddAl 601 T AOAAE
1 This Guidance Document, explaining how to use the Library, but also introducing the
necessary concepts and methods to understand and to develop thailnerability
indicators;
1 A Microsoft Excel database, containing existing indicators, methodologies for developing
indicators and links to the Guidance Document.

The Library has been constructedising four categories:the Built Environment, the Population,
the Ecosystem andSystemic. For each of these, e Library provides a review of existing
vulnerability indicators . Astheir availability and quality varies from one country to another, a
standardised series of methods (Method A and B) ar@tions havebeen designed

1 Method A Appropriate vulnerability indicators existsand arethe most suitable for use;

91 Method B: Either an available indicator is not suitable for use or noindicator exists
domestically or internationally. In this instance,an indicator has to be developed by the
user.

Built Environment

The Built Environment category considers the direct damage to tangible assets. These include
damage to buildings and other as®ts, such as vehicles and caravans. However, most
vulnerability indicators have only been developed for buildings and as such the Library
essatially provides existing depth-damages curves as building vulnerability indicators. If not
available, the Library proposes eitheran adaptation of existing curves or thedevelopment of
new ones using an empirical or synthetic approach.

The Library also contains indicators used to assess the collapse of assets due to high depth
velocity flooding or waves in the form of a matrix, and/or due to erosion conditions based on a
distance to the shoreine threshold approach.

Population

The Population category considersthe impacts on peopleTwo main indicators are included: A
Social Vulnerability indicator and a Risk to kfe indicator. A Social Vulnerability indicator
measures the relative vulnerability of the population to long term healthimpacts and their
financial recovery from coastal events The indicator is a composite indicator based on the
population characteristics and can be dveloped using population statistics.
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The Risk to life matrix indicates the potential injury or fatality during an event for a specific
location based on the hazard charaetistics (depth-velocity), the site characteristics (e.qg.
bungalow, lack of shelter¥ and certain characteristics of the population

Ecosystem

The Ecosystem category considers potential impacts of coastal events on various coastal
ecosystems, such as sand dunes, frestiater marshes, agricultural land or woodland. An
Ecosystem Vulnerabiliy Indicator estimates the potential change to an ecosystem which
induces a temporary or permanentloss of ecosystem services. Thdecosystem Vulnerability
Indicator is generic and is based on a-gcale qualitative approach. Although this may be
suitable for a quick introductory assessment, a comprehensive analyseequires an in-depth
field study to understand the complexity and the specificity of a habitat.

Sydemic

A system refers in general to a set of elements interconnected and somehow organized,
providing functions and outputs;, examples include an electricity network, a transport network
but also business or emergency services systems. As sucinect hazard losses might propagate
within and between different systems generating othelosses beyond the hazard area, artius
delaying the recovery.A template is proposed to the end user to assist with identifying which
systems to consider, how to characteriz¢heir assets and networks andfinally, how to analyse
and reveal descriptively the systemic vulnerability. The approach has been developed for
critical infrastructure and for business disruption but could be adapted to other systems where
necessary.

Disaster-Risk Reduction Measures

Certain DisasterRisk Reduction (DRRs) measures mighinfluence different categories of
vulnerability (e.g. property resistance measures, flood warning) The library identifies such
measures andspecifiesthree ways in which the mitigative effects of DRRs can been included
within the assessment of vulneratlity: (1) Modifying the indicator, (2) Reducing the value of
the indicator output (3) Recalculating an input value to an indicator, but without indicator
modification.
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1 | nt roducti on

Recent and historic lowfrequency, highimpact events such as Xynthia fnpacting France in
2010), the 2011 Liguria (ltaly) Flash Floods and the 1953 North Sea storm surge which
inundated parts of the Netherlands, Belgium and the UK have demonstrated the flood risks
faced by exposed coastal areas in Europe. Typhoons in Asiaqsuas Typhoon Haiyan in the
Philippines in November 2013), hurricanes in the Caribbean and Gulf of Mexico, and
Superstorm Sandy, impacting the northeastern U.S.A. in October 2012, have demonstrated how
even larger flooding events pose a significant risk @hcan devastate and immobilize large cities
and countries.

These coastal zone risks are likely to increase in the future (IPPC, AR5) which 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 flood-prone areas; ecesystem based
solutions) and preparedness (e.g. Early Warning Systems, EWS) (PMP) measures. Even without
a change in risk due to climate or soci@conomic changes, a revaluation is necessary in the
light of a growing appreciation of ecological and natural values which drive ecosystebased or
Nature-based flood defense approaches. In addition, as free space is becoming sparse, coastal
DRR plans need to be spatially efficient, alidng for multi -functionality.

1.1 Project objectives

In response to these challenges, the RISAT project aims to deliver a set of opersource and
openaccess methods, tools and management approaches to reduce risk and increase resilience
to low-frequency, hgh-impact hydro-meteorological events in the coastal zorle These products
will enhance forecasting, prediction and early warning capabilities, improve the assessment of
long-term coastal risk and optimise the mix of PM#neasures. Specific objectives are:

1. Review and analysis of currenfpractice coastal risk management plans and lessons
learned of historical largescale events;

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

3. Development of a regionaiscale coastal risk assessment framework (CRAF) to assess
present and fuure risk due to multi-hazards (Figure 1.1), top panel);

4. Development of an impactoriented Early Warning and Decision Support System
(EWS/DSS) for hot spot areas consisting of: i) a fregare system to predict hazard
intensities using coupled hydremeteo and morphological models and ii) a Bayesian
based Decision Support System which integrates hazards and sceeiconomic, cultural
and environmental consequence$(Figure 1.1), centre panel);

5. Development of potential DRR measures and the design of ecosystbased and cost
effective, (non)technological DRR plans in close cooperation with endsers for a

1Van Dongeren, A., Ciavola, Rliavattene, C., De Kleermaeker, S., Martinez, G., HeareD., Costa, C. and
McCall, R. 2014) RISCKIT: Resiliencelncreasing Strategies for Coastg toolkit. In: Green, A.N. and

Cooper, J.A.G. (eds.), Proceedings 13th International Coastal SymposiugrifBn, South Africa), Journal of

Coastal Research, Special Iss(@6). ISSN 07490208. 6 p
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diverse set of case study sites on all European regial 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 ptares f
combination of scenarios of climaterelated hazard and socieeconomic vulnerability
change and demonstration of the operational mode;

7. Development of a webbased management guide for developing integrated DRR plans
Al TTC %OOTI PASG O Alplowdd &symHedls ofAekddris Tedned\im RISAT
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 Nairi
Baltic Sea Region, Atlanti©cean, Black Sea and Mediterranean Sea, and one site in Bangladesh,
see Figure 1.2. These sites constitute diverse geomorphic settings, land use, forcing, hazard
types and socieeconomic, cultural and environmental characteristics. All selected regions are
most frequently affected by storm surges and coastal erosion. A management guide of PMP
measures and management approaches will be developed. The toolkit will beitefbrecasting

and civil protection agencies, coastal managers, local government, community members, NGOs,
the general public and scientists.

1.2 Project structure

4EA POI EAAO EO OOOOAOOOAA ET O OAOGAT 71 OE O0AAEAC
rAOEAx AT A EE OOWRXE Al | creafel tihel dorfpBr@itss of the RISC odlkit

Al 1T OAETEIC AT O)i bOoi 6GAA T AGET A &I O OACEI T Al OAA
Owl EAT AAA AAOI U xAOTET C AT A OAAT AOP3) ash@lhds DAOET 1
6. Ax T ATACAT AT O AT A PI 1 EAU AbpDAI AAE AjColeim] & T ABDAR A4
AA OAOOAA OEOI OCE O! pbpi EAAGETIT AO AAOA OOOAU
O$EOOATI ET AGET T h ETIi xi AACA OANEDARDET AT AT Ao IiAT AGAR
handled in WP7.

10



{155 RISC-KIT

Library of Coastal Vulnerability Indicators Guidance Document

mitigation & DRR Plans DSS
preparedne

sy prevention

Receptor Type ... Hazard Type ...
Receptor Type 2:’ Hazard Type 2:
Receptor Type 1: 4 Hazard Type 1:
Attributes: Attributes:
||| - Density || - Intensity
- Sensitivity - Exposed area
L distribution |
- Value distribution

e

Figure 1.1: Conceptual drawing of the CRAF (top panel), the EWS (middle panel) and the
DSS (bottom panel)

11
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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 Deliverable context and objective

The currentdeliverable 2.2is part of WP2. The objectives of WP2 are to develop a:

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

Set of Coastal Vulnerability Indicators for thereceptors exposed to coastal hazards;

Coastal Risk Assessment Framework (CRAF) for extreme hyemeteorological
events which, integrating hazards and vulnerability inputs, can be used to assess
potential impacts and identify hot spot areas wherealetailed models can be applied.

This deliverable constitutes aLibrary of Coastal Mlnerability |ndicators: ecosystems, built
environment, human population, critical infrastructure and the overall characteristics of the
coastal system. The.ibrary includes data atEuropean, national and local leveld available. This

12
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deliverable addresses the objeite of WR; AT A 0 O E A Dévelophdéntohdégions o O
scale coastal risk assessment framework (CRAF) to assess present and future risk due to multi
E A U A O Advidiry thetiddologies and indicators to assess coastal impact

DOW Verbatim Text for Task 2.2 Coastal Vulnerability Indicators

The objective of this task is to develop a library of vulnerability indicators (Milestone 3 and
D2.2). The main categoriesddressed in the library will be the ecosystems, built environment,
human population, critical infrastructure and the overall characteristics of the coastal system.
Current methods to develop vulnerability indicators will be reviewed. Existing indicators
available at European and national level will also be collected to provide generic vulnerability
indicators for these scales. To better consider the regional context and to convert generic
indicators into regional and local indicators when necessary, loc&dnowledge will be derived
from RISCKIT case study sites (Task 1.2). In particular, the question of extreme and unusual
hazard characteristics and vulnerability changes will be addressed in order to account for
irreversible impacts such as building collaps, risk to life, or exceedance of ecological
thresholds. To properly assess how the coastal system will recover from an event, coastal
system vulnerability indicators will be developed following a complex systems approach. This
approach accounts for exteral factors such as the characteristics of the hazard, the nature pf
the surrounding environment, and the existence of prevention, mitigation and preparedness
measures. The objective here is not to limit the vulnerability assessment to the relation between
individual units and the hazard but rather to understand how the coastal system is vulnerable
as a whole due to regional setting and existent DRR measures.

1.4 Approach

The notion of risk is defined within this project as the product of theprobability of a hazard and
its consequencesThese consequences (or impacts) are composed of two factorhetexposure
of receptors and their vulnerability (the receptor value and their sensitivity to experience
harm). Representing the vulnerability of different receptorsand the potential role of DRR is
crucial for assessing such risk and supporting the decisioithe main objective of the Library is
to provide a set ofvulnerability indicators which could be used as inputs to the RISKIT (i.e.
CRAF, DSS) and its applicati to 11 pilot case studies. It was originally considered to address
five categories in the Library: the ecosystems, the built environment, the human population,
critical infrastructure and the overall characteristics of the coastal syem. Three categores
(ecosystems, built environment and the population) have been kept as such within the Library.
(T xAOAO AOEOEAAI ET £OAOOOOAOOOA EAOG AAAT ETAI OF
which also includes a methodology for assessing the vulnerabilityf @conomic activities due to
business disruption. Defining the overall vulnerability of the system remains complex as it
requires considering the vulnerability of individual components of a system and their

2 Bocca Di Magra (IT)Kiel Fjord (DE), Kristianstad Municipality (SE), La Faute Sur Mer (FR)North
Norfolk (GB), Porto Garibaldi (IT), Ria Formosa (PT),ordera Delta (ES),Varna (BG)}Zeebrugge (BE)nd
Sandwip (BD)

13
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interactions; each systemin its nature, is casespecific and depends onthe regional setting
Therefore, it could not be addressed in a simple manner within the Library but will be further
considered within the CRARN Task 2.3 where a complex system approach will be developed to
assesspotential systemic impacts and recovery. Within each category different vulnerability
indicators have been reviewed to assess the main impac{e.g. flood damages, agrictural
losses etc.) but also theirreversible impacts resulting from extreme and unusual hazard
characteristics (e.g. building collapse, risk to life and loss of ecosystem)The objective of the
task was to review existing indicators and the methodologies used to develop therss such a
review of existing indicators has been completed. The Librarincludes these indicators unless
licence restrictions prohibit their publication. In such cases, information on how to access them

is instead provided. For certain countries at a national or lower scale no indicators are available.
In such cases, the Librar provides for each indicator a methodology to develop appropriate
vulnerability indicators such as it would be possible to use the tools developed within the
project at regional scale based on local knowledge gathered in WP1.2 of the RIST project. It

is, therefore, expected that the Library will be populated with new case studgpecific indicators
developed by the partners in WP5 O! bl EAAOET T AO AAOA OOOAU OEOA
or, the Flood Directive taking effect, by other users followig this project. As part of the task the
guestion of how DRR measures may influence vulnerability has also been addressed. Based on
WP4 inputs, the relevant DRR measures were selected and methodologies on how to represent
their effect on vulnerability have been described.

The deliverable is composed of:

9 This Guidance Document explaining how to use the Library but also introducing the
necessary concepts and methods to understand and to develop the vulnerability
indicators;

1 A Microsoft Excel database containig existing indicators, methodologies for developing
indicators and links to the Guidance Document.

15 Outline of the report

The document is structured in eight sections. Section 2 provides general guidance and

definitions to help the reader navigate throudp the deliverable. Section 3 explains how to use

the Excel Library and access the data. Sections 4 to 7 address the different categories (Built
Environment, Population, Ecosystems and Systemic). In each of these, the considered
vulnerabilities and relatedEI DPAAOO AOA A@bi AET AAh 1T AOETATI T CEAQ
DOl AAAA6 EO AAOAEI AA8 3 RékRedudtionynealire® 0T AOAAO OEA ¢
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2 Gener al gui dance and def |

Within the guidance document and the Excdlibrary, users will find conepts and terminology

used for the purpose of this project which may have a different significance depending @n
OO0A0OG60 AEAI A T £ AZPAOOE OAmrary,lthis seCidnfpfovided the AderA O E AU
with some key definitions and indicationsabout what is found in this guidance document. Some

of these definitions will be further explained later in the document within each specific section.

RISCKIT project

The RISE&KIT EU project aims to deliver readyto-use methods, tools and management
approaches to reduce risk and improve resilience to coastal events, partly in the form of an
open-source and freeware RISCKIT toolkit.

CRAF

The CRAF (Coastal Risk Assessment Framework) is one of the tools of the RIBQtoolkit. The
CRAF can quickly agss present and future hotspot areas of coastal risk due to muhiazards

Risk
The risk is defined as the product of th@robability of a hazard and its impacts (consequences)
Impacts

The consequences following a hazaalis event affectingan area are maily considered in the
form of diverse direct and indirect losses, e.g. damages to buildings and loss of stocks, loss of
life, loss of habitat, and disruption to services. The consequencegan be calculated by
considering the intensity of the hazard chracteristics (e.g. flood depth, erosion, overwaghthe
exposure of receptors andtheir associated vulnerability. Ultimately, assessing these different
impacts has the objective of understanding the potential overall consequences for the society.
Following the Brundtland Commissior? the European Commission promotes the sustainable
development of our society. From a natural hazard perspective unsustainable development can
be interpreted as the lack of abilityof a system or a suksystem to return to a state simlar to the
one prevailing prior to disaster as defined by the affected societyAs much as possible,
assessing the impact should reflect this lack of ability.

Exposure of receptors

Receptors within RISEKIT mean the entities potentially at harm. For insdnce a receptor can be

a building, a person, a road, or a town and its population if considered at a different scale. But a
receptor can also be a complex entity such aan economic activity, a community or an
ecosystem. The exposure of receptors can bgmessed by different orders. The loss assessment
approach mainly focuses on the direct losses, i.e. only those receptors directly in contact with
the hazard (e.g. flooded houses). The receptors directly impacted are then defined as being
exposed at the fist order. However they may also be indirectly impacted, i.e. byhigher order

3 World Commission on Environment and Development (1987) Our common future. United Nations.
247p.

4 Birkmann, J. (2006)Measuring vulnerability to natural hazards: towards disaster resilient societies.
United Nation University Press. ISBN 9808-1135-5. 400 p.
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of losses also called indirect losses or induced losses’™8 4 EEO | AAT O OEAO OEI PA
outside of an area directly impacted (e.g. power disruption if an electricitysubstation is

damaged, traffic disruption if a road is blocked) or after the event (e.dong-term health

impacts).

Vulnerability

The vulnerability is at first defined in this document as the product of the sensitivity and the
value of a receptor. The sengivity (sometimes expressed as susceptibility)expresses the
potential level of losses associated with the characteristics of the hazard. It can be expressed in
different ways, e.g. as a percentager as categories (low, medium, high). The sensitivity may
also vary depending on the characteristics of the assets. For instance, a timber frame house may
have a greater sensitivity than a concrete house for a similar flood. How to value the loss is not
always straightforward. If a receptor has an economic vady this is often used as the best
available information to assessvalue the potential loss and is thereby classified as a tangible
loss. If not, the losses are classified as intangible and, then, the question remains for the
stakeholders to decide andhssign to the losses an economic value or an alternativeuch as the
level of disruption. For certain losses it may not be possible to express an economic/monetary
value and, in such cases, only the sensitivity associated with a description of the losseald be
used as the best available information.

The RISEKIT project alsoaims to improve the assessment of the higheorder impacts and the
resilience capacity of the coast exposed to extreme ents. To do sathe current definition of
vulnerability is recognized as useful but limited to the assessment of the impact of the hazard.
The system vulnerability should also be recognise®l This requiresassessing or understanding
how from one or more local impacts at point in time the losses propagate througta system at

a higher scale (meso, macro) and on a time period beyond thiaitial shock of an event.
Expressing the systemic vulnerability cannot then be reduced to a single indicator and requires
a more complex approach.

Indicator

A qualitative or guantitative estimation of vulnerability (state). Each indicator requires the
consideration of both the hazard characteristics (input) and the type ofreceptor impacted
(object).

5 Messner, F.PenningRowsell, E,Green, GMeyer, V, Tunstall, S.and Van der Veen, A. (20Q7Evaluating
flood damages: guidance and recommendations on principles and methods. EU Floodsite project N. GOCE
CT-2004-505420.

6 Penning-Rowsell, E.C., Priest, S., Parker, D., Morris, J., Tunstalljé&vattene, C., Chatterton, dnd Owen,
D. (2013) Flood and CoastaErosion Risk Management: AManual for Economic Appraisal Routledge
London.

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

8 Menoni, S, Molinari, D., Parker, D, Ballio, F.and Tapsell, S. (2010) Assessing multifaceted vulnerability
and resilience in order to design riskmitigation strategies. Natural hazards 541). 28p.
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Built Environment

The section on the Built Bvironment provides methods and indiators to assess the damages
for man-made assets, i.e. buildings and their content and key infrastructure. The physical
vulnerability is mainly expressed in the form of damage curves or in the form of a riskatrix.
The associated repaired or replacement & or the market values are used to quantify the
losses.

Flooddepth-damage curves

A flood depth-damage curve, or damage function, is an indicator of the damage caused to a
building or an asset at different flood depths. Damage curves are either expressed as an
absolute or relative function. The absolute function presents the damage value to arficular
asset in monetary terms either in relation to the building or per unit area. The relative function
provides the susceptibility (sensitivity) expressed as a percentage of the total value of the asset.

Building Mllapse matrix

The Building @llapse matrix indicatesthe potential degree of collapse (none, partial, or total)
based on the characteristics of both the receptor (construction material) and the hazard (flood,
erosion, wave impacts).

Erosion Vulnerability Indicator(ErV1)

Erosion Vulnerabiity indicates the probability of asset collapse and associated costs
considering the distance between the asset and the shoreline during an event.

Population

The Population section provides methods andndicators to assessthe potential impacts on the
population. The section considers the potential threat on human life (Risk to Life) during an
event andthe vulnerability of different groups following an event(e.g. longterm health impact).

Social Vulnerability Indicator (SVI)

The SVI neasures the relative vulnerability of different areas to long-term health and finarcial
recovery from an event. This indicator is developed by consideringthe socioc-economic
characteristics of the areasexposed to certéin hazards Census data are commonly used to
characterize the different populations.

Risk to life Indicator

The Risk to Life indicator describes thgotential injury or fatality during an event for a specific
location based on the hazard, the location and the population characteristics.

Ecosystems

GAn ecosystem is a dynamic complex of plant, animal, and microorganism communities and
their non-living environment interacting as a functional unit®. The Ecosystemscategory
considers a wide range of natural environments e.g. sand dunes, wetlands and crops.

9 Millennium Ecosystems Assessment (2005) Ecosystesi
http://www.greenfacts.org/glossary/tuv/vulnerability -ecosystems.htm(accessed 19.03.2015)
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Ecosystem Vulnerability IndicatofEV1)

The concept of vulnerability for ecosystemdncludes the sensitivity of the ecosystem andits
speciesand their resilience, in terms of their capacity to absorbthe shockswhile maintaining
function20. The EVI estimates this lack of resilience by indicatingthe period of recovery for
certain hazard thresholds

Systemic

The §stemic section provides method for assessing thevulnerability of a system(e.g. road,
electricity and business) The method present a dep-by-step approach to gatheng knowledge
about the network and itsassetsto analyse the potential ripple effects andto, ultimately, define
the systemic vulnerability under different conditions. The system is made up of a series of
nodes, or assets which receive input and/or produce output flows facilitated by anetwork. The
network provides the support to these flowssuch asa railway line, a water distribution pipe, or

a supply chain for business

Disaster risk reduction (DRR) measures

Any measures (or groups of measures) taken to reduce the risk of a disaster. These can be
implemented at many different scales (e.g. national, regional, communities and household) and
by many different stakeholders (e.g. government agencies, businesses, communitgups and
individuals). Furthermore, measures may be implemented before (e.g. structural flood defences,
spatial planning), during (evacuation, emergency response) or after an event (e.g. temporary
alternative accommodation, financial recovery assistanceDRR measures may impact on all
elements of risk; however in the context of the Coastal Vulnerabilitindicator Library we are
primarily concerned withthose DRR measurethat impact directly upon vulnerability.

10 Millennium  Ecosystems  Assessment  (2005)  Vulnerability (in  ecosystems) At
http://www.greenfacts.org/glossary/tuv/vulnerability _-ecosystems.htm(accessed 19.03.2015)
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3 How t o ulsiebnt darey

To start using the Library ZAEOOO | PAT @IB&KIT®BRAAE) AFAEIADATE 8 31 0o
opening i[\troductory page gives access to this guidance document, and the Library by clicking
OEA O3 O0AOOKQuUAZIPOT T | 3AA

31 Library Structure

The Main Menu Figure 3.2) allows the user to select their country of interest.However it

should be stressed that for many countries antbr some indicators no countryspecific data are

available. As sucha generic tab proposing the same approadl used within the Excel Library.

At this stage of the project (end of Task 2.2)ountry-specificindicators are only availablefor a

limited number of countries and for the indicators related to flooddamagescurves (Built
Environment), social impact(Population) and crops (Ecosystems) The development of new

indicators based on the proposed methodologiesither by the case studies partners in WP5

j O! Pl EAAGETT AO AAOA OOOAU OEOAQuiMmaldwettdrl A£EOOOC
population of the Library with country -specificdata.

[ i Click here to load the guidance document] [d’ START ]

et

RISC-KIT

Resilience-Increasing Strategies

for Coasts — Toolkit
www.risckit.eu

Library of Coastal Vulnerability Indicators

Version 1.0
(Click for version details)

D.2.2 - Coastal Vulnerability Indicator Library

Ref.: WP2 - Task 2.2
Date: March 2015

Grant Agreement No. 603458
DG Research -FP7-ENV-2013-two-stage

Figure 3.1: A snapshot of the introduction page

11 Available on the RISEKIT website: http://www.risckit.eu/np4/pub _lic_deliverables.htmi (D2.2)
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Task 2.2: Library of Vulnerability Indicators

Click on your country of interest:

- Bangladesh ][I I Belgium

[ )
CIEm
[- Germany ] [ Italy }
[ J
== ]

@ Portugal ] [ Spain

| (] =

Sweden ] United Kingdom

Figure 3.2: The Library is specifically tailored to each case study country

There are four categories within theLibrary: Built Environment, Population, Ecosystems and
Systemic.There is also a section on DisasteRisk Reduction(DRR) measuresThe example in

Figure 3.3 is for the UK, although all countries have the same structur&éhe four categories are

broken down further into subcategories and these are explained below.

% é Click on a category below:

Built Environment
Flood Damage Curves | Building Collapse | Erasion

A

Population
Social Flood Vulnerability | Risk to Life

Ecosystems

P
i Dunes | Saltmarshes | Biogenic reefs | Grasslands | Seagrasses
Forests | Crops | Rocky Shores | Freshwater Marshas | Mangroves

Systemic

Critical Infrastructure | Business Disruption

A ‘ DRR Measures

Figure 3.3: The main categories of indicators

Navigating around theLibrary is very intuitive, so stepby-step instructions on this aspect are
unnecessaryBut to help the userFigure 3.4 maps the generalLibrary structure.
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Library Main Page
(Link to Guidance

Document)
Built - . DisasterRisk
. Ecosystemq :
Flood Social Flood _ g4nd Dune Critical
— Damage Vulnerability Infrastructure
Curves i .
Risk to Life | Biogenic Business
' Building Reefs Disruption
Collapse
— Woodland
— Erosion
— Saltmarshes
Freshwater
marshes
—  Crops
— Grasslands
Rocky
Shores
— Seagrasses

— Mangroves

Figure 3.4: General Library structure

32 Met hods and Options

The availability and the quality of indicators vary from one country to another. In certain cases
the vulnerability indicators are based on detailed and thorough studies and might be recognized
as official indicators for the specific country. In other cases the indicators result from
international studies and, under certain conditions, might be transferable and applied in most
case studies. But, often, indicators are norexistent in some places,are basal on limited
empirical evidenceor lack validation. Where possible, sich deficiencieshave to be reognized
and eliminated. It is, however, recognized that the required amount of resources and time might
not be available.Within the Library a standardised seriesof methods (Method A and B)and
options have been designed for mostections if available, b respond to such concerns.
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[_ I I Flood Damage Curves ]

Method A
Option 1
Buildings
Water i Industry Industry
Houses | Furniture/Contents
depth (area) (employees)
0.00 0.00 0.00 0.00 0.00
0.25 0.01 0.12 0.10 0.03
0.50 0.03 0.24 0.20 0.05
0.75 0.04 0.35 0.30 0.08
1.00 0.05 0.47 0.40 0.10

1.25 0.06 0.48 0.50 0.12
1.50 0.08 0.45 0.60 0.13
1.75 0.09 0.49 0.70 0.15
2.00 0.11 0.50 0.80 0.16
2.25 0.17 0.54 0.83 0.18
2.50 0.23 0.58 0.85 0.19
2.75 0.25 0.62 0.88 0.21
3.00 0.35 0.66 0.50 0.22
3.25 0.43 0.70 0.93 0.32
3.50 0.52 0.75 0.95 0.42

Figure 3.5: A snapshot of the Methods and Options used for flood depth -damage curves

Method A: Appropriate vulnerability indicators existand arethe most suitable for use.

Option I The indicator has been domestically producedand should be used as the best available
indicator for the assessment Figure 3.5 for an exampk). It is not always possible to include the
datasets within the Library (primarily for licensing reasons), but a link to the source is provided
for users to contact the relevant organisations in order to obtain access.

Option 2 Relevantindicators exist buthave not been developed specifically fothe country in
guestion. The indicator is considered however, to be of sufficient quality, reliability and
appropriatenessto be used.

Method B: Either the available indicator is not suitable for use or no indicator exists
domestically or internationally. In this instance,an indicator has to be developed by the user

Option 1 Usean existing indicator available elsewherein the Library, which has been produced
for another case as a starting pointfor producing a new indicator for the country in question.
Expert adviceand judgment are required to select the most appropriate indicatoravailable. This
option should only be considered as a temporargolution until a new indicator is obtained
following Method A or MethodB - Option 2+. The level of confidence in the indicator should also
to be reported within the assessment.

Option 2t+: Produce a new and relevantindicator using methods obtained from a literature
review. If more than one relevant methodhas been identified, multiple options are then
provided. This may be labour and resource intensiveut is necessary for a robust assessment
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4 Vul nerability | ndi cator s
Environment

The Built Environment category considers the direct damagéeo tangible assets. These include
damage to buildings including building collapse, and other assts, such as vehicles and
caravans.

Damage to the built environment can occur in a variety of ways, such as from floodwaters
entering properties and building structures suffering from wave impacts and erosion. Longer
duration floods will usually lead to higher damages due to increased drying times and a higher
clearrup cost. The presence of saltwater will also increase damage due to corrosion, oxidation
and addtional damage to paintwork and metallic finishe$2.

Most of the indictorshave beenidentified at the national level and are usually an average for the
entire country. For depth-damage curves (see below)his means that a national distribution of
buildings is considered. When applied at the regional or local level, this national (average)
distribution may not accurately represent the built environment where specific types of
buildings may be prevalent. Although this will remain an issue to consider, due @ lack of
region/case study-specific data, following the Methods outlined below should ensure that the
most appropriate information available is applied. These methods predominantly describe
property, but all methods and options are applicable to other asgs, such as cars or caravans.

41 Fl ood Damage Curves
411 I ntrodudtliommd tdmamage curves

The assessment of direct, physical flood losses to the built environment is conducted in several
countries and is commonly expressed as deptlamage functions or curveswhich provide the
anticipated value or percentage of loss at a given flood depth inside the property.should be
mentioned here that a degree of uncertainty is inherent within all damage estimation data, and
this needs to be considerd by all users. Sesral studies'3 14 15 16 17 hgve demonstrated that the
accuracy of models varies between countries and across different flood events. This may be due
to a variety of factors, including uncertainties in the value and susceptibility of damage

12 penningRowsell, E.C., Priest, S., Parker, D., Morris, J., Tunstalljédvattene, C., Chatterton, and Owen,
D. (2013) Flood and Coastal Erosion Risk Management: Manual for Economic Appraisal Routledge
London.

13 Merz, B., Kreibich, H., ThiekerA. and Schmidtke, R. (2004) Estimation uncertainty of direct matary
flood damage to buildings Natural Hazards and Earth System Science 453-163.

14 Merz, B., Kreibich, H., Shwarze, R. andidken, A. (2010) Review articleAssessmemh of economic flood
damage. NaturaHazardsand Earth Sysem Sciences10.1697z1724.

15 Bubeck,P., de Moel, H., Bouwer, L.M. and Aerts, J.C.J. (2011) How reliable are projections of ffiowe
damage? Natural Hazardsral Earth System Sciences 11 (123293-3306.

16 De Moel, H and Aerts, J. (2011) Effect of uncertainty in land use, damage modetsianndation depth
on flood damage estimatedNatural Hazards58 (1). 407-425.

17 Jongman, B., Kreibich, H., Apel, H., Barredo, J. |., Bates, P. D., Feyen, L., Gericke, A,, Aldsa],JJC.J.H.
and Ward, PJ. (2012) Comparative flood damage modedssessmat: towards a European approach.
Natural Hazards and Earth Syster&cience 12 (12). 37333752.
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components, a lack otonsideration for the multitude of hazard characteristics (water velocity,
the presence of contaminants etc.), the availability of historic event data in some countries and
the level of existing knowledge on damage mechanisms.

Two functions are commonlyused: the absolute or the relative function. The absolute function
consists of establishing the damage function for a particular asset in monetary terms either in
relation to the building or per unit area. The relative function provides the susceptibility
(sensitivity) expressed as a percentage of the total value of the assdtiglre 4.1).

In each case the function can be established with a synthetic and/or an empirical approach. The
empirical approach uses actual posevent damage assessment values. The synthetic, anamte

i AOGET Ah ET OT1 OAO AgbAOO EOACIi AT O j A OxEAO E&EO6 Al
further details.
In order to obtain depth-damagefunctions for the case study countries, an extensive literatur
review has been conducted. dademic and priwate institutions have also been contacted, in
addition to the discussions held with case study partners. Approximately half of the case study
countries have nationally or locally produced data available for usfor fluvial flooding, some of
these albeit with restricted access. However, this leaves half of all the case study countries
without national or local data rom which to draw. To address this deficiencyand in order to
ensure that all case studies have access to the most relevant data, a series ethbtds and
Options has been developedt should be stressed that countries rarely develop specific coastal
depth-damage curves for coastal flooding but simply applied an uplift factor to the fluvial
curves.
Method A Method A
Option 1 Option 1
Buildings
Buildings
e - e T Water . Industry Industry
Depth " Djm:gelsFC‘?l‘:\?e[:;prth Depth (Com:ercill::cu:[;epthf by Houses |Furniture/Contents (area) (employees)
(cm) property (€) (cm) Damages Curve per m? (€) 0.00 0.00 0.00 0.00 0.00
0.25 0.01 0.12 0.10 0.03
S Wave i Wave 0.50 0.03 0.2 0.20 0.05
0| 2,047 2,047 0] 64 69 0.75 0.04 0.35 0.30 0.08
60| 54,570 56,449 60 995 1,085 1.00 0.05 0.47 0.40 0.10
90| 59,332 61,197 90| 1,338 1,453 1.25] 0.06 0.48 0.50 0.12
120 65,063 66,608 120 1,747 1,888 1.50 0.08 0.49 0.60 0.13
150 70,526 72,436 150 2,163 2,341 1.75| 0.09] 0.49 0.70 0.15/
180 76,748 78,996 180 2,482 2,637 2.00 0.11 0.50 0.80 0.16
210 82,066 84,682 210 2,776 2,864 2.25) 0.17 0.54 0.83 0.18
240 87,046 89,998 240 2,906 2,973 2.50 0.23 0.58 0.85 0.19
270 98,357 101,749 270 3,077 3,130 2.75 0.29 0.62 0.88 0.21
300 103,556 107,225 300 3,128 3,184 3.00 0.35] 0.66 0.90 0.22
Figure41d !'1T A@AI BI A T &£ AT OAAOIT | -Gendgd cujvé AgEOq AT A O

412 Met hA:dsWU ng exXilsotoidnglamage curves

Met hodOpAt i on 1

Where possible, national or egional indicators for the casestudy in question are provided and
form the primary option when calculating likely flood damages to property. Indicators are
available for Bangladesh, Belgium, France and the United Kingdom and dep@mage or
susceptibility curves for these countries are listed in the Library. Some other cotnes, such as
Germany, Italy and Spain, have produced datasets but due to licensing restrictions or their
limited scope these are not currently provided in the Library. Sources for these data are given,
and it is recommended that users contact the relevdnndividuals or organisations using the
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contact details provided in order to obtain permission for use or to find out if more extensive
outputs are available.

Met hodOpAt i on 2

Where national or regional data remains outstanding (Bulgaria, Portugal and Sweden) or
limited in scope (Italy and Spain), users should revert tdMethod A- Option 2: the damage data
produced for the Joint Research Centre: Institute for Environment and Samability (JRCGIES).

JRCIES,in partnership with HKV Consultants,has produced susceptibility curves and damage
values for residential, commercial and industrial properties, and also for roads and
agriculture8. This enables a damage assessment for \@uss flood depths (between O and 6
metres) for fluvial (riverine) flooding in most European Union States. Data have been collected
from various national studies in Belgium, Czech Republic, Denmark, France, Germany, Hungary,
the Netherlands, Norway, Switzednd and the United Kingdom. An averaged susceptibility
curve was then produced and can be applied for most EU member Statdse(EU was composed

of 27 states at that time). A harmonisation process was also undertaken, based on national GDP
to ensure that maximum damage values were as consistent as possible across the member
states. This dataset thereby provides a good alternative to nationaidicators for those case
studies where data remains unavailable or access is difficult. Due to restrictions on the
publication of these data, the values cannot be stored within the Library. However, data can be
requested bycontactingthe JRAES.

413 Met hB:de el opi oagd damage curves

Where the indicators in Method A are unavailable or considered inappropriate for the case
study site in question, Method B provides guidance on how to adapt existing indicators to reflect
individual circumstances (Method B - Option 1), to create new indicators based on histde
event information (Method B - Option 2) or to produce indicators using expert judgment
(Method Bz Option 3).

Met hodOpBt i onTtansferridnngoimaoineatconuntry to another
Depth-damage or susceptibility curves are available within the Libray for four case study
countries and three others have data available with permitted use. These curves can be used as

a guide to inform the creation of new damage functions for buildings, caravans and vehicles in
another country.

Where only susceptibility information is available (the percentage of maximum damage for each
given flood depth), it will be necessary to identify the maximum value of the asset in question.
These data may be held by local governments, insurers or can be obtained from discussions
with stakeholders. It is common for the market value of assets to be employed for these
purposes and this is often available online from relevant authorities and organisations.

The transferal of damage curves from one country to another is not a simpleqgeess and it is
necessary to consider several aspects, including, but not limited to, the difference in the type,
age and quality of assets between the two countries, the difference in dsehold income and
local prices If there is significant variance bawveen the two countries, for example the average

18 Huizinga, H. J. (2007) Flood damagdanctions for EU member statesHKV Consultants, Implemented in
the framework of the contract #382442-F1SC awarded § the European Commissiory Joint Research
Centre.
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age of vehicles or the quality of construction materials used etc., it is wise to consider Option 2
or 3 below.

Met hodOpBt i onPHo st assessment

The expostor empirical approach uses knowledge and damage information obtained from local
or regional historic flood events. Data are usually gathered from insurance companies, the local
government or from surveys and interviews with flooded residents or businesswners (See
Figure 4.2).

Step i

As a minimum, the following data will need to be gathered: the flood depth and duration at a
range of locations; the danage per household and per business (as separate Uigs, where
possible); the type or size of each property(the ground floor size in m2 for businesses) andheir
location or the total damages and the number of residential and neresidential properties
affected and their location. Where accurate hazard characteristic data are not available (some
local governments may hold this information) it may be necessary to model the flood in order to
ascertain the associated flood depth and duration. This will requé existing knowledge or
expert guidance.

Step ii

When sufficient information has been gathered, for as many separate events as possible, it is
then necessary to make a statistical analis of the data. A damage figurg 0Qq & O AAAE
or per squaremetre for businesses, due to the highariance in their characteistic (see Method

B, Option 3, Step ii for more information)should be plotted alongside the actual or modelled
flood depths. When a range of damage figures and depthas been ascertained, damagecurve

for each property type or sector (residential/non-residential) can be constructed. Studies
provide further guidancet® 20,

19 Prattenthaler, F., Amrusch, Pand HasburgLothringen, C. (2010) Estimation of an absolute flood
damage curve based on an Austrian case study under a dam breach scenario. Natural Hazards and Earth
SystemSciences, 10881-894.

20 Pristrika, A., Tsakiris, G. and Nalbantis, I. (201&Jlood Depth-Damage Functions for Built Environment
Environmental Processes, December 2014, (#). 553-572.

26

POl



t 'gﬁ"- RISC-KIT Library of Coastal Vulnerability Indicators Guidance Document

Table 3. Extract from the forms

SECTION 2: Building features

Aspect Data Notes
Building typology [ Detached house
[ Apartment house/semi-detached house
Number of housing units  |_|_|_[N*®
Presence of attached buildings  |_|_|_[N*®
[ Public building
Specify,
Period of construction [ Before 1945
[11945-1991
[11091-2007
[ After 2007
[ Renovation in the last 20 years
Building structure 1 Masonry
[ Mixed (masonry + concrete)
[ Concrete
[ Steel
1 Wood
1 Other
Surface Width  |_|_|_|_{m
Length |_|_|_|_lm
Number of storeys Il N®

+— building level3
FRONT

+— building level 2

building level 1

Building elevation reference level

Attachment [ Photo of reference level
Description

Figure 4.2: An example of a field survey form used to obtain empirical data from flooded
residents 21

Met hodOpBt ilonfEante assessment

The exante or synthetic approach to develop flood damage curve as used in the UK, Belgium
and Francez takes a number of hazardactors and receptor characteristics into consideration
such as the flood depth inside the property, the number of storeys (floors), the type and quality
of the building and usually the flood duration. Additionaffactors, such as flow velocity, sediment
load and contamination may influence the severity and # extent of flood damage to buildings,
but most flood damage models rarely include all of these additional factd¥s This option
requires existing knowledge or access to expert guidance.

Residential properties can be analysed as three separate componerttge building fabric (walls,
floors, plumbing etc.), the contents or inventory items (furniture, electrical goods, kitchen
appliances etc.) and the cleaning and drying costsor nonresidential (commercial) properties,
the type andvertical positioning of stock should also be considered.

21 Molinari, D., Menoni, S., Aronica, 5, Ballio, F., Berni, NRandolfo, C. Stelluti, M. and Minucci, G2014)
Ex post damage asessment: an ltalian experienceNat. HazardsEarth Syst. Sci., 1410i:10.5194/nhess-
14-901-2014.901-916.

22 Pristrika, A., Tsakiris, G. and Nalbantis, I. (2014#lood Depth-Damage finctions for Built Environment.
Environmental Processes, December 2014(4). 553-572.
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As an example, a very detailed analysis, such as the M@bloured Manual (MCM) approach,
then breaks these three components down further intdndividual damageable items, such as
flooring, a television, a washingmachine etc. A susceptibility curve is then created for every
item (seeTable4.1). The susceptibility curve estimates a percentage of damage to the item for
eachflood depth (in this case-30cm to +300an, where the minus depths take into consideration
damageto flooring from saturated ground). Two items have been highlighted inTable 4.1:
OPOIi D 10606 AAOAI AT 006 hge actuls Grdmediaitlp Ei3a@h; ARAI OP
AT 1 0066h xEAOA TETT O AAIACA jpnmbpbq AACET O A
calculated for each item based on the cost of repair or replacement, using secand data
sources (government statistics, insurance data etc.) and expert guidance. A final damage
function (as contained within the Library) for each property or per square metre (for
businesses)is then arrived at by building up a series of matrices forlhof the items within the
three damage components.

A
¢)

Table 4.1: A snapshot of a susceptibility curve for building fabric items (not all flood
depths (in cm) shown)24

Description|  -30 0 5 10 20 60 90 150 210 240 300

TIMBER GARAGE 0.00 0.00 0.00 0.02 0.05 0.15 0.18 0.50 0.95 1.00 1.00

PUMP OUT BASEMENT 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
CLEAN DRY TREAT SUB FLOOR 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
EXTERNAL RENDER PAINT 0.00 0.00 0.00 0.00 0.05 0.12 0.14 0.18 0.24 0.26 0.35
REPAIR EXT DOOR & FRAME 0.00 0.00 0.00 0.00 0.02 0.12 0.14 0.20 0.40 0.60 0.00
REPLACE GLASS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.12 0.20

PAINT DOORS 0.00 0.00 0.00 0.00 0.00 0.10 0.15 0.20 0.30 0.40 0.80

In order to produce the flooddepth-damage indicator, several steps should be followei:

Step i

This is a complicated task which requires expert guidance. Contact professionals, such as
building and quantity surveyors, builders, cleaning specialists and insurance loss adjustors etc.

Step i

Consider the type of property (semidetached houg, flat, retail premises etc.)the age, number
of storeys/floors and rooms and then obtain or create a groundloor plan for each property
type. Plans may be available from regional government aes, building surveyors or architects.
This will make it easier to work out where inventory items are likely to be located (vertical
height) and how many of each item is likely to be included (it can be expected that more rooms
will equate to a higher nunber of damageable items). Nomesidential properties have a larger
variance than residential properties - consider, for example, the variance between a
supermarket, factory, and hospital and it is sensible to group them into similar types, such as
offices, retail premises etc.Due to this variance, theground floor size of nonresidential

23 Penning-Rowsell, E.C., Priest, S., Parker, D., Morris, J., Tunstalljs&&attene, C., Chatterton, dnd Owen,
D. (2013) Flood and Coastal Erosion Risk Managememt: Manud for Economic Appraisal Routledge
London.

24 |bid.

25 PenningRowsell, EC. and Chatterton, J. B. (1977Jhe Benefits of Flood Alleviation: A Manual of
Assessment Techniques. Saxon House, Farnborough, England.
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properties should be ascertained so that a final damage figure per square metre can be
estimated (in Step v).

Step iii

Make a list of the items likely to be contained ithin each room or property type and the
quantity of each. An example for the building fabric and inventory is provided ifiable 4.2, and
these shouldbe adjusted to reflect the specific property characteristics. Depending on the time
and resources available, a susceptibility curve can be created for each damageable item (as for
the MCM approacks, above) or an average curve for the building fabric andwentory. Both
methods will require the assistance of experts in the field. A maximum damage value must then
be obtained for each component based on their replacement or repair/refurbishment costs.
Secondary data sources, such as store catalogues, or ftuné websites can be employed here.
The average charge for repairing or refurbishing items can be estimated by obtaining the
average hourly charge for local contractors. Specialist items (such as antique furniture) will
attract a higher damage value and s may need to be estimated where sources of data are
absent. The average cost for drying and cleaning the property once floodwaters have subsided
should also be calculated. This can be obtained from specialists and will usually be estimated
per square mete of floor space. The estimate should include the cost of manpower (wages), the
hiring of drying equipment (dehumidifiers) and the power required to operate this (cost of
electricity per hour/day).

Stepiv

Select a series of flood depths (metres) to ange potential damages. These should reflect the
local built environment, including the presence of any basements or cellars. The ground floor
height should betreated as 0 cm and the use dfOcm increments is advised. To determine the
maximum flood depth,consider the likely flood scenarios for the location, based on past events
and future hazard predictions, and the how the built environment might be impacted. The
maximum depth used in existing depthkdamage curves ranges from -Z metres depending on
the cauntry.2?

Step v

The final step is to compile the susceptibility curvesinto a matrix for all items/damage
components/complete properties and the maximum damage figures in order to produce a
series of depthdamage curves. It is then possible to produce avega curves for each residential
property type (semi-detached, flat etc.) or norresidential type (retail, office etc.) and then for
the residential and retail sectors as a whole. The average curve shouldweighted based on the
local distribution of property types. For example, if 65% of local nonesidential properties are
retail establishments, this should be reflected in the final averagecurve.

26 PenningRowsell, E.C., Priest,S., Parker, D., Morris, J., Tunstall, Biavattene, C., Chatterton, &nd
Owen, D. (2013) Flood and Coastal Erosion Risk Management: A Mahuar Economic Appraisal
Routledge London.

27 JongmanpB., Krebich,H., ApelH., BarredoJI., BatesP.D., Feyen,L., Gricke,A., Neal,)., Aerts,]).C.H.,
and Ward,P.J. (2012) Comparative flood damage model assessrmeowards a European approachNat.
Hazards Earth Syst. Sqj12). 3733-3752.
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Due to the wide variance in norresidential properties (discussed above) it is useful to create
damage valus per square metre, which can then be applied regardless of the ground floor size
of the building by multiplying the figure accordingly.Further guidance is availables.

Table 4.2: Example components for building fabric and inventory items 29

Building fabric

Fabric of building, main and outbuildings (e.g. garage, she(
including decorations

Electric light and power fittings but not appliances

Fitted kitchens

Plumbing installation and normal fittings

Heating installation, including firing unit

Power/gas supply to cooker but not the unit

Boundary walls, gates and fences, landscape constructions b
not horticultural layout

Inventory
Domestic appliances, heating equipment and electricg
appliances(e.g. hifi equipment, microwave oven)

Furniture and soft furnishings
Personal effects (including books, clothes, etc.)

28 Messner, F., PenningRowsell, E., Green, C., Meyer, V., Tulis®. and van der Veen,.£2006)

Guidelines for SocieEconomic Flood Damage Evaluatiorkloodsite Project Report T306-01. Available:
http://www.floodsite.net/html/partner_area/project_docs/T9_06_01_Flood_damage_guidelines D9 1 vl
_0_pO01.pdfaccessed 01.05.2015).

29 Penning-Rowsell, E.C., Priest, S., Parker, D., Morris, J., TunstallV&yattene, C., Chatterton, &nd
Owen, D. (2013) Flood and Coastal Erosion Risk Management: A Mdném Economic Appraisal
Routledge London.
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4.2 Buil ding Coll apse

421 I ntrodudtuiiddithg col |l apse

In addition to the direct damages discussed previously, there will be some instances

particularly during coastal events involving wave forces where the structural integrity of a

building will be compromised, leading to a partial or total collapseTable 4.3 provides an

extensive list of flood actions. Of thesehéere are three main types of forces which floodwaters
exert on a building: hydrostatic faces - associated with pressures of still water which increase
with depth (outside of the property, in contrast to the depthdamage curves); hydrodynamic
forces - associated with pressures due to the energy of moving water; and impact forces
associated wth floating debris moved by watei30, including from inside the property where

heavy furniture may start to float and crash into walls because of wave actiotis

Waves may impact significantlyon the structure of certain assets particularly dueto their
repetitive loading32. Inspections to buildings in the aftermath of relatively recent hurricanes in
the US found that wave loads had destroyed virtually all wood framed and unreinforced
masonry walls below the wave crest elevation and only highly engineerestructures were able
to withstand the pressures created by breaking waves. It was found that these pressures can
even be caused by wave heights of less than 0.8nThe peak dynamic pressure can be as much
as 15 to 18 times those calculated for nobreaking waves*4. Overwash may also bring
sediments and debris generating minor repairs and major cleaning operations to seafront
structures in addition to an increase in the risk to life. Overtopping dischargesmay impact
upon various coastal structures. Informaibn, in the form of a quaitative estimation of impacts
to traffic and structural safety (m3/s per metre of structure), is available from USACE 2031

Several studieds 37 38 39 40 have been consulted in order to obtain indicators for use in the
Library. There is a relative lack of data in this area of research and therefore options are

30 Hawkesbury-Nepean Floodplain Managment Steering Committee (HNFMSC) & New South Wales
Department of Natural Resource (2006) Reducing Vulnerability of Buildings to Flood Damage: Guidance
on Building in Flood Prone AreasHawkesbury-Nepean Floodplain Management Steering Committee,
Sydney.

31 Roos, W., Waats, P. and Vrouwenvelder, A. (2003) Damage to Buildings. Delft Cluster Publication DE1
233-9.

32 FEMA (2009) Recommended Residential Construction for Coastal Areas: Buildiog Strong and Safe
Foundations. FEMA R550, Second Edition, December 2009. Available dtttp://www.fema.gov/media -
Library /assets/documents/3972?id=1853 (accesse 15.012014).

33 |bid.

34 USACE(1984) in Kelman, I. and Spence,R. (2004) An overview of flood actions on buildings.
Engineering Gology, 73297-309.

35 USACH?2011) Coastal Engineering Manual (CEM) Part MCoastal Project Planning and Designh@pter
5 Fundamentals of DesignSee:http://chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES;10laccessed
23.03.2015).

36 Clausen L.K. (1989) Potential dam failure: estimation of consequences, and implications for plaing.
Unpublished Master of Philosophy thesis at the School of Geography and Planning, Middlesex Polytechnic
collaborating with Binnie and Partners. Redhill

37 Karvonen, T., Hepojoki, A., Huhta, #£. and Louhio, A. (2000)The use of physical models in da-break
analysis RESCDAM Final Report, Helsinki University, 11 December 2000.
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somewhat limited. Two of these studies (Karvonen et al., 2080and Kelman, 20022) were of
particular interest to this project due to their scope and the type of built environmen
considered.

Table 4.3: Flood actions on buildings (Foerster et al., 2009 after Kelman and Spence,
2004) 43

1. Hydrostatic actions: actions resulting from the water’s presence
¢ Lateral pressure from flood depth differential between the inside and outside of a building;
s Capillaryrise.
2. Hydrodynamic actions: actions resulting from the water’'s motion
+  Velocity: moving water flowing around a building imparting a hydrodynamic pressure|
+ Velocity's localised effects, such as at corners;
s Velocity: turbulence;
* Waves changing hydrostatic pressure;
+ Waves breaking
3. Erosion actions: water moving soil, the water’s boundary becomes dynamic and moves into
adjacent solids
4. Buoyancy action: the buoyancy force
5. Debris actions: Actions from solids in the water
e  Static actions;
*  Dynamic actions;
+  Erosion actions;
6. Non-physical actions:
* Chemical actions;
* Nuclear actions;
* Biological actions.

Kelman (2002) focussed on the physical vulnerability to flooding of coastal residences
Kingston-Upon-Hull and Canvey IslandUK. Surveys and empiricalreserchidentified the failure
modes of most concern were caused by: the rate of rise of flood water inside a residence
(establishing pressure differentials that could damage the residenceanalysis of glass failure
(focussing on large, low units in doors) and analysis of wall failure (focussing on cavity walls of
unreinforced masonry)#4.

38 Kelman, | (2002) Physical Flood Vulnerability of Residential Propeiies in Coastal, Eastern England
PhD thesis, Cambridge University, UK. Segtp://www.ilankelman.org/phd.html#downloads (accessed
23.03.2015).

39 Kelman, l.and SpenceR. (2004).An overview of flood actions on buildingsEngineering Geology, 73.
297-309.

40 Pristika, A. Kand Jonkman, N(2009) Damage to Residential Buildings due to Flooding of Ne@rleans
after Hurricane Katrina.Nat. Hazards, 54DOI 10.1007/s11069-009-9476-y. 413-434.

41 Karvonen, T., Hepojoki, A., Huhta, #{. and Louhio, A. (2000)rhe use of physical models in darbreak
analysis RESCDAM Final Report, Helsinki University, 11 December 2000.

42 Kelman, 1 (2002) Physical Flood Vulnerability of Residential Propelies in Coastal, Eastern England
PhD thesis, Cambridge University, UK. Sdetp://www.ilankelman.org/phd.html#downloads (accessed
23.03.2015).

43 Foerster, E,, Krien, Y., Dandoulaki M., Priest S, Tapsell S, Delmonaco G, Margottini, C. and Bonadonna,
C. (2009) Methodologies to assess vulnerability of structural systems. Del. 1.1.1., EU FP7 ENSURE Project

44 Foerster, E., Krien, Y., Dandoulaki M., Priest S, Tapsell S, DelmonacqG, Margottini, C.and Bonadonna,
C. (2009) Methodologies to assess vulnerabilt of structural systems. Del. 1.1.1., EU FP7 ENSURE Project
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Further analysis of the Kelman matrices raised concerns; total building collapse (which Kelman
OAOI O, séeFigued.3) is assumed at all flood depths above 2 metres with zero velocity
regardless of the property type or the number of floors. This is tonsistent with other literature
reviewed (cited above) so the decision was taken to apply the Karvonen et al. (2000) indicator
in the Library.

Table 12.3.12: Vulnerability Profile for Residences with A = 84 m? and j = 4
Maximum Maximum Flood Depth Differential /7~ N
Flood 1 5 1y 0.5m 1.0m 15m 20:/ 25m+
Veloeity
0.0 m/s DS2
Ds2 Even if glass doors,
DSO0 | Even if glass doors, DS3 unlikely DS4 | Ds4 DSs
DS3 unlikel DS4 if weak wall
Y panels v
0.5 m/s Ds2
DS2 Even if glass doors,
DSO0 | Even if glass doors, DS3 unlikely DS4 DS4 DS5
DS3 unlikely D4 if weak wall
panels
1.0 m/s DSs2
Ds2 Even if glass doors,
DSO0 | Even if glass doors, DS3 unlikely Ds4 | Ds4 DSs
D53 unlikely DS4 if weak wall
panels
1.5 m/s Ds2
DSs2 Even if glass doors,
DSO0 | Even if glass doors, DS3 unlikely DS4 DSs4 DS5
D83 unlikely Ds4 if weak wall
panels

Figure 4.3: An example of a matrix frpm Kelman (2002, 244), showing total building
AT1T1APOA jO0%$30v8q AO ogkswdlocity®s T T A AAPOE AT A

The Karvonen et al.(2000) method is based on several previous studiés 47 48 49 50 51 gnd

provides an assessment of flood vulnerability for the types of buildingsocnmon in Finland

under various depths and velocities Table 4.4). The work also uses physical models to

ET OAOOECAOA - ATTETC60O an OHC mipdkt® Of thel flaw Wetiden AE OAA

45 Kelman, | (2002) Physical Flood Vulnerability of Residential Propeiies in Coastal, Eastern England
PhD thesis, Cambridge University, UK. Sdwetp://www.ilankelman.org/phd.html#downloads

% Black, R.D(1975) Flood Proofing Rural Residencesa ©0 OOEA KT AOG8 2 ADT Othal
Report prepared for the United States Depart@nt of Commerce, Ecanmic Development Administration,
Springfield, Virginia: National Technical Information Service, May 1975.

0AT T OU

47 Clausen, L. and Clark, P.BL990) The development of criteria for predicting dambreak flood damages
using modelling of histaical dam failures. In: White, W.R. (ed.) International Confereecon River Flood
Hydraulics, 1, John Wiley & Sons Ltd. Hydraulics Research Limite259-380.

48 | ardieri, A. C. (1975) Flood proofing regulations for building codes. Journal of the HydrauliBsvision,
September 1975. 11561169.

49 L orenzen, R.T., Black, R.D. and Nieber, J.L. (1975) Design aspects of buildings for floodplain locations.
ASAE Paper, 68th Annu Meet, Davis, ASAE St. Joseph, Mich PapdO3a 19p.

50 Sangrey D.A., Murphy, P.J. and Nieber, J.K. (1975) Evaluating the Impact of Structuraligrrupted
Flood Plain Flows.Technical Report No. 98, Project No.-859-NY, AnnualAllotment No. 14-31-0001-
5032, submitted to The Office of Water Research and Technologyashington, D.C., U.S.A:U.S.
Department of the Interior.

51 Smith, D.I. (1994) Flood Damage Estimation A Review of Urban Stag®amage Curves and Loss
Functions. Water South Africa, 20 (3)
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structures 52 Although this study was focused on Finland, the dataset is applicable to other
countries as the methodology focuses on building materials present at all case study sites (i.e.
timber-framed, concrete, masonryand brick buildings) and represents the best available data.
However, the dataset may not be appropriate for other building types. For example, in
Bangladesh it will be necessary to develop a new dataset using Method B fé&utcha houses,
constructed of straw, wood and bamboo, and fopuccahousesmade from bamboo, corrugated
iron sheets, mud and brick3. This type of housing can sometimes be moved from an area at risk
where sufficient warning permits such actions;this is discussed in the DisasteRisk Reluction
section of the Library.

Table 4.4: The Karvonen et al. (2000) damage matrix will form Method A for the Building
Collapse section of the Library. 54

Partial Total
House Type | Damage | Damage
WoodFramed:| OA | OA |
Unanchored m2/s m2/s
WoodFramed:| OA | OA |
Anchored m2/s m2/s
o | O I ¢
conerete and | ™sand | and
brick OA | OA |
m2/s m2/s
Damage parameter vd (m2/s) = flow
velocity (v) multiplied by water depth (d)

A study on residential damages in New Orleans po#tatrinass adapts the Clausen (1989)
damage criteriorf® and is based on an empirical analysis of damages to a region of the city. This
new approach Figure 4.4) is very similar to the findings of Karvonen et al. (2000), discussed
above, and provides further confidencén the choice of indicator to be used within the Library.

52 Foerster, E., Krien, Y., Dandoulaki M., Priest S, Tapsell S, DelmonacqG, Margottini, C.and Bonadonna,

C. (2009) Methodologies to assess vulnerability of structural systems. Del. 1.1.1., EU FP7 ENSURE Project
53 |slam, K.MN. (2006) Impacts of Flood in Urban Bangladesh: Micro and Macro Level Analysis. A.H.
Development Publishing House, Dhaka, Bangladesh.

54 Karvonen, T., Hepojoki, A., Huhta, #{. and Louhio, A. (2000)The use of physical models in darbreak
analysis RESCDAM iRal Report, Helsinki University, 11 December 2000.

55 Pristika, A. Kand Jonkman, N(2009) Damage to Residential Buildings due to Flooding of New Orleans
after Hurricane Katrina. Nat. Hazardsc4, DOI 10.1007/s11069-009-9476-y. 413-434.

56 Clausen LK. (1989) Potential dam failure: estimation of consequences, and implications for planning.
Unpublished Master of Philosophy thesis at the School of Geography and Planning, Middlesex Polytechnic
collaborating with Binnie and Partners Redhill, England.
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e dv <3 m%/s yields only “inundation damage”
e 3m’s < dv <7 m%s yields “partial damage”
e dv>7ms yields “total destruction”

Figure 4.4: The adjusted curve used for New Orleans 57

422 Met hAfdor buil ding coll apse

For the Building Collapse category, Method A is based on Karvonen et al. (2680)alidated by
Pristika et al.(2010)* z which is suitable for all case stug sites as it considers timbetframed
and brick/concrete buildings. The dataset has been adapted to make it comparable with other
categories within the Library, using green for no collapse; orange for paai and red br total
collapse Figure 4.5).

Method A

Depth-Velocity Product - vd [m?/s)

House Type 0 | 1 2
Wood-Framed:
Unanchored
Wood-Framed:
Anchored
Masonry,
concrete and No Collapse Partial Collapse (if vis also = 2 m?/s)

brick

No Collapse Partial Collapse

No Collapse Partial Collapse

After: Karvonen, T, Hepojoki, A, Huhtg, H.-K. and Louhio, A. (2000) The use of physicalmodelsindam-break analysis RESCDAM Final Report,
Helsinki University, 11 December 2000.

Figure 4.5: A snapshot of Method A for Building Collapse 6from the Library showing the
adapted Karvonen et al. (2000) dataset.

Where partial damage occurs, refer to the flood deptldamage curves provided in the Library
and also consider the additional costs incurred due to windows or doors being damaged.
Consult local eperts to obtain information on the likely costs involved.

For total collapse it will be more relevant to use rebuild costs as a proxy for the damage
estimation. Insurance companies are likely to hold information on the average cost of rebuilding
a property. An alternative approach is to use the local or regional market value of property as a
guide. The average rebuild cost is likely to be slightly different than the market value, due to the
fact that the value of the land on which the property rests is natonsidered in the rebuild costs.

57 Pristika, A. Kand Jonkman, N(2009) Damage to Residential Buildings due to Flooding of Ne@rleans
after Hurricane Katrina.Nat. Hazards54, DOI 10.1007/s11069-009-9476-y. 413-434.

58 Karvonen, T., Hepojoki, A., Huhta, #{. and Louhio, A. (2000)rhe useof physical models in dambreak
analysis RESCDAM Final Report, Helsinki University, 11 December 2000.

59 Pristika, A. Kand Jonkman, N(2009) Damage to Residential Buildings due to Flooding of Ne@rleans
after Hurricane Katrina.Nat. Hazards54, DOl 101007/s11069-009-9476-y.413-434.
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In the UK case, rebuild costs are approximately 25% lower, on average, than the market value.
Rebuild costs are the preferable option, where available.

Advancing coastal erosion may necessitate building relocation, andishoption is discussed as a
Disaster-Risk Reduction measure in relation to land use change (see Section 8).

423 Met hBfdor buil ding coll apse

It may be possible to improve upon the generiBuilding Collapse indicator in Method A with
local information from previous events or empirical research using modelling software and
laboratory/field experiments. Data sources are limited, so existing knowledge or expert advice
will be required for this.

Some studie&® 61 62 have been based on postvent analyses of the actual damage experienced
by structures following flood events. The availability of historical hazard information is
obviously crucial, as is evidence of structural collapse and also the absence of collapse, which
will provide useful information about the resilience of the local built environment.

Previous event data is often held by regional governments, academic institutions and
engineering companies. It may also be worth consulting local media sources, libraries and the
internet. The following information should be obtained:

1 Information on the hazard characteristics, such as water depth (m) and velocityn(s). In
addition, the presence of any contaminats (saltwater, sewage, pollutants, heavy metals
etc.) or debris (trees, vehicles, boatetc) should be ascertained, where possible. If
information on the hazard characteristics is not available, it may be necessary to conduct
a modelling exercise to determine this eypost. In recent times it has become common for
members of the public to reord flood events with cameras and mobile phones, and this
footage may have been uploaded to photo or video sharing website such as Flickr and
YouTube. This is becoming a useful resource for researchers, and can be consulted to
assist with the calibration d past events. A cautious approach must be taken when
validating the authenticity and location of the material;

1 Information on the receptor characteristics: building type (residential or nonresidential,
semi-detached house, flat etc.); building size (thground floor size m?); the type of
construction materials used (timber, brick, concrete etc.); number of storeys/floors;
distance between structures; the building threshold (the height at which water will enter
the property); and presence of any resistane or resilience measures (flood proofing,
flood barriers etc.)z see also Section 8

Once this information has been collected, it should be possible to validate or improve the
existing building collapse indicator by changing the deptivelocity product to reflect observed

60 Lorenzen, R.T., Black, R.D. aieber, J.L. (1975) Design aspects of buildings for floodplain locations.
ASAE Paper, 68th Annu Meet, Davis, ASAE St. Joseph, Mich PapdO3a 19 p.

61 Sangrey, D.A., Murphy, P.J. ahdeber, J.K. (1975) Evaluating the Impact of Structurally Interrupted
Flood Plain Flows. Technical Report No. 98, Project No-0OB9-NY, Annual Allotment No. 1431-0001-

5032, submitted to The Office of Water Research and Technology, Washington, D.C. AlUS.
Department of the Interior.

62 Clausen, L. and Clark, P.BL990) The development of criteria for predicting dambreak flood damages
using modelling of historical dam failures. In: White, W.R. (ed.) International Conference on River Flood
Hydraulics,John Wiley & Sons LtdHydraulics Research Limited369-380.
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impacts to the local built environment. This new indicator will then effectively revert to Method
A to be used at the case study site.

With existing knowledge or expert guidance and access to specialist facilities, it is possible to

conduct laboratory experiments in wave tanks, flumesKigure 4.6) or with field -based studies

(Figure 4.7) using sensors and statistical analysis software in order to analyse how forces
impact upon different types of structures and materials. Replica models of buildings are used for

this at a much reducedscale. Limited guidance is availabfé 64 €5 so advice from experts is a

crucial requirement. Again, once gathered this information should be used to improve the

existing depth-velocity product within the indicator to better represent the local built
environment.

Figure 4.6: 66

Figure 4.7: Controlled outdoor testing conditions 67

63 Black, R.D(1975) Flood Proofing Rural Residencesa 00 OOEALET AOGS 2 ADi Ornal
Report prepared for the United States Department of Commerce, Economic Development Administoati
Springdfield, Virginia: National Technical Information Service, May 1975.

64 Duarte, R.B. (1998), The Design of Unreinforced Brickwork Panels with Openings under
Lateral Pressure Masonry International, 11 (3).97-101.

65 Escarameia, M., Karanxha, A. afiégg, A(2007) Quantifying the flood resilience properties of walls in
typical UK dwellings. Building Services Engineering Bsearch and Technology, 28 (3R49-263.

66 HR Wallingford Tsunami simulator (first generation):
http://www.hrwallingford.com/facilities/tsunami _-simulator-1st-generation (Accessed 23.02.15)

67 Aglan, H., Wendt, R., Livengood, @004) Field testing of energyefficient flood-damage resistant
residential envelope systems Summary Report, ORNL/TM2005/34 Oak Ridge National Laboratories
Report, Oak Ridge, Tennessee, USA: ORNL. Available frotim://www.osti.gov/scitech/biblio/885989
(accessed P.02.15).
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4.3 Erosion Vulnerability I ndicator

431 Il ntroduction to Erosi on

The management of coastal erosion, especially lontgrm erosion, is described in many manuals,
including methodologies for assessing the potential coastal vulnerability to erosion. The
assessment is mainly based on combining two cgmonents: the potential shoreline change over

a long period of time and the distance of natural island barriers, protection (e.g. dikes, seawalls
etc) and assets to tlat shorelinetg 62 70 71 72 73 Economic valuation of such risk exists for long
term planning and involves assessing the annual value and the lifespan of the asset at HsK;

the lifespan being the function of the yearly erosion rate. However, sheterm shoreline
fluctuations following extreme storm impacts of duration of as little as a couple ofdurs?s 77
may be equivalent to decades of lonterm erosion and can suddenly endanger land usand
associated activities (beach use, road, train services). In some cases the impact is directly
related to the erosion process as the foundations of assets mayg lindermined leading to
instability or structural collapse. In such cases the loss of the asset is consideredtatsl and as
irremediable. The question is, often, to define the value of the asset and, eventually, the impact
on associated activities. If available, the market value of the asset represents the loss. If the asset
has an associated business value arnhis is not included in the market value, it should also be
included in the loss. In certain cases exceptional measures might be taken to rebuild both the
asset and the founddon and, therefore, in these situations nly the costs of repairassociated
with the disruption should be casidered. If the asset is of sufficient importance,ral defined as
such through the §stemic vulnerability assessment, the potential knoclon effect on the short

changez assessing infrastructure vulnerability to rising sealevels. AUSGEO news 101. 9p.

69 Contreras, D. and Kienberger, S. (201Deliverable D4.2: handbook of vulnerability assessment in
Europe. MOVE Collaborative Projegt GRANT AGREEMENT No. 211590. 129p.

70 Ciavola, P., Ferreira, O., Haerens, P., Van Koningsveld, M. and Armaroli, C. (2011) Storm isnalactg
the European coastlires - Part2: lessons learned from the MICORE project. Environmental Science and
Policy 14. 924933.

71 Universitat Autonoma de Barcelona and Geographic Information Management N¥002) Coastal
Erosion z evaluation of the needs for action. EUROSIONDirectorate General Bvironment European
Commissionproject. 49 p.

72 PenningRowsell, E.C., Priest, S., Parker,JDMorris, J., Tunstall, S., Viavattene, C. and Owen, D. (2013)
Flood and coastal erosion risk management: A manual for economic appraisal. Routledigendon.

73 The Heinz Center (2000). Evaluation of erosion hazards. Federal Emergency Management Agency.

74 PenningRowsell, E.C., Priest, S., ParkerJDMorris, J., Tunstall, S., Viavattene, C. and Owen, D. (2013)
Flood and coastal erosion risk managenm: A manual for economic appraisal. Routledge, London.

75 The Heinz Center (2000). Evaluation of erosion hazards. Federal Emergency Management Agency.

6 Ferreira, O., Garcia, T., Matias, A., Taborda, R. and Dias, J.A. (2006) Integrated method for repaéisent
of setback lines for coastal erosion hazards at sandy shores. Continental Shelf Research®6 1030-
1044.

77 Federal Emergency Management Agency (2011) Coastal Construction Manual: Principles and Practices
of Planning, Siting, Designing, Constructy, and Maintaining Residential Buildings in Coastal Areas (4th
ed.).
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and longterm should be considered §ee ®ction 7: Systemic Vulnerability Indicators). The
sudden change of the shoreline may also have an impact on the value of assets situated nearby.
For instance the Heinz Center (2000} indicates that the property value may change as a
function of the expected number of years the shoreline will take to reach ¢hproperty, but that
such change may be variable from one region to another. Such studies remain outside thepsc

of this project. In some instancespuilding relocation may be a necessary mitigation measure
and this is considered in terms of land use @nge in Section 8: DisasterRisk Reduction
measures

The destruction of natural island barriers or protection often leads to an increased exposure to
other hazards such as floods, wave impacts, sedimentation and salinizatienConsequently, it is
essentid not only to consider the distance between the assets and the shoreline but also the
presence of natural barriers and protectionas well as the elevation of the assets behind them.
The potential vulnerability of areas to flooding which are suddenly unpragcted by eroded
barriers is however not considered here. The reader should instead refer to the other sections
of this guidance document on flood vulnerabilityln addition, the progression of the waterline,
the run-up level accompanying the shoreline reteat needs also to be considered as an indirect
impact of the erosion (i.e. direct impact of waves and of overwash by reup to assets).This
guestion is discussed in &ction 4.2: Building Collapse.

Figure 4.8: Evacuation of a building threatened by erosion 80

78 The Heinz Center (2000). Evaluation of erosion hazards. Federal Emergency Management Agency.

79 Federal Emergency Management Agency (2011). Coastal Construction Manual: Principles arattces
of Planning, Siting, Designing, Constructing, and Maintaining Residential Buildings in Coastal Areas (4th
ed.).

80 |mage source: Laurent TheilletSud-Ouest (2014).Soulac(33): evacuation imminente des habitants de
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