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Introduction

The purpose of Action C.1 is to create a characterisation framework of standards with respect to
Flood Protection and Safety in the EU project countries. This document comprises a set of contents
that provide a common terminology and may be usedc¢hiave a better understanding of the
implementation of CosBenefit Analysi§CBARNnd Multi-Criteria Analysi@dVICA)methodologies in

the context of flood defence standards appraisal

Terminology of flood protection and safety
standards

¢ KS { S NJs o#ftoad befeRde dfRood protectioand safet) K & | @F NASdie 2F Y
within the European contextHowever in contrast, within CBA ad M@aod protection and safety
standardshave a very specific meaning identified in the blue boxes in FiguetotviHere we

briefly explore thebreadth of meaning@ terms of a typology before focusingon thespecifictype

of standards that are commonly used in CBA and MCA when appraising flood risk management

proposals or options.

Examples

EC Floods Directive, 2007
Amended Water Act 2011, Austria

Legislation

Strategic Flood Risk Assessment, England

Flood risk assessment | — {part of Mational Flanning Policy Framewaork)

Flood prevention strategies at national

- i Flood risk management |  jeyel, Hungary
FIDDd PrDtECtlﬂn strategies and measures fitpsffwww febensministerium.at/wosser/Sout
- z_wor_naturgefohren/hws_in_oe hitmil
standards
Construction & Technical standards for flood

embankment width, stabllity ete

1

maintenance codes and | — British Standards Institute, Kitemark for

standards Flood Protection products

| Hungarian ‘MASZ’ flood protection design
standard of 1% probability of flooding
Duteh 1/10,000 year standard for flood
protection in certain dike rings

Level of protection

Figurel A typology of flood protection standards and safé®purce: Parker)

Output from the EWCeframe projec{Central European Flood Risk Assessment and Management
CENTROPE, 2020http://www.ceframe.eu/) emplog a particularly broad understanding of flood
protection standardsn which safety is implicifFigure 1YCeframe, Undated This project involved
four partner nations workg together to improve flood risk management with a focus on central
European rivers includintpe Danube.Legislation relating to flood risk management is regarded a
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http://www.ceframe.eu/
http://www.central2013.eu/fileadmin/user_upload/Downloads/outputlib/

188 LINI 2F (GKS waidl yRINR&Q ¢ KA OK arpieAthe &EUFlbods
Directiveof 2007 is regarded as setting basic requirements (i.e. standards) for flood risk manage
in EU member states, and national legislation slates these requirements into stdvdinate national
laws such as the Amended Water Act 2011 in Austria (Figutddlyever, G&rame go beyond this an
also regard the requirements for flood risk assessment and the various flood protection strategi
the nations involved in the project as standards (Figure 1).

A common approach to flood protection and safety standards concerns the technical standards
should be applied to the construction and maintenance of flood control structures including(déke
flood embankments) and dams. For example, dagan International Cooperation Agency
(JICA) specifies technical standards for the design of flood control structures. In thecase
of dikes, these standards are set out as a set of requirements and considerations regarding dik
crest level, slope gradient and mechanical stabilisation. A similar kind of approach is sometime
adopted for the standards of repair of floodmaged buildings or infrastructure. For examgiee
UK Construction Industry Research and Information Association (CIRIA) specifies such
standards.

Anothercommonapproach toflood protectionand safety standardsfers to thecertification and
testing services foFlood Protection Products. There is now a wide range of certified products
available on the market for property awersand other organisationt purchase in order to increase
the resilience of their properties to floodinghey include flood door guards and barriers,
waterproofing treatments, pumpstc. and are available in tHgK, Germany, Denmark and other
EU countriesCertificationmeans that the product and therofessional installatioservice assoated
with it has beerindependentiytested and achieves thetandardof being fit for purpose and safeThe
British Standard Institut€BSI) Flood Protection Kitemark is one exampléFigure 1.1)

In the 1ood protection and safety fieldeach of the above uses and interpretations of standatdgs
an important role in ensuring that flood riskanagement is as effective and as safe as possible.
However, within the context of CBAs and MCAs applied to flood risk management, standard of
LINPGSOGA2Y 0{2t0 O06KAOK | faz2 AYLXASA adlyR
terms of the return period of the design flood (e.g. 1/100 years) or its probability of exceedance
termed exceedance probability) (e.g. 1%) (Figure 1, blue boResyressively higher levels of flood
protection are often associated with higher dikekhaugh a higher level of protection may also be
provided by widening or deepening a river channel or in other ways.

Organisation of concepts and terminology

The obijective of this report is to equip those undertaking a CBA or MCA of flood protection to

understand and to be able to select the most appropriate standard of flood protection and safet)
their circumstances. In order to be able to do so users need to be equipped with a satisfactory
understanding of key concepts and ttegminology associatedith them. These are the concepts al
terms that users are likely to encounter when working in this field and when consulting others in
field and related literature and guidance. A further objective is to establish a common framewor|
concepts anddrminology which may be found useful and thus employed within EU member stat

This report should be treated as a companion report to the FLOOD CBA C.1 Repor&@8d@) Toc
No.1Cost SYSTAG ! VI fadd&klAQDD CBA FRofdl whiclspioides complementary
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http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32007L0060
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32007L0060
http://whrm-kamoto.com/assets/files/FinalDesignFC%5b1%5d.pdf
http://whrm-kamoto.com/assets/files/FinalDesignFC%5b1%5d.pdf
http://www.ciria.org/Resources/Free_publications/flood_damaged_buildings.aspx
http://www.ciria.org/Resources/Free_publications/flood_damaged_buildings.aspx
http://www.ciria.org/Resources/Free_publications/flood_damaged_buildings.aspx
http://floodsense.co.uk/
http://www.nationalfloodforum.org.uk/bluepages/
http://www.blobel.de/en/products/flood-protection.html
http://nofloods.com/
http://www.bsigroup.com/en-GB/our-services/product-certification/industry-sector-schemes/construction/flood-protection-and-waterproofing-materials/
http://www.floodcba.eu/main/wp-content/uploads/Cost-Benefit-Analysis-Guidelines.pdf
http://www.floodcba.eu/main/wp-content/uploads/Cost-Benefit-Analysis-Guidelines.pdf
http://www.floodcba.eu/main/?page_id=7340&lang=en

terminology especially that relating to flood losses, benefits and costsx@lareation of these
particularterms may be found in that report and are not repeated here.

In this report, the key concepts and terms and explanations of them, are arramigesixcategoriesas
follows. If required the list of terms may be conseit by clickingpere.

Introductory level

Concepts and terms of a basic type which are likely to be encountered frequently in CBAs and |
and related literature.

Methods of analysis

Terms associated with the range methods of analys@uding CBA and MCA, which are likely to b
encountered in evaluating flood protection and safety standa@iscasionally the reader may need
use the internal hyperlinks provided to one or more of terms in a subsequent section.

Flood probability ancklated terms

Key terms which have precise meanings which must be clearly comprehended b#tmwe @BA or a
MCAmaybe fully understood or undertaken.

Flood protection and safety measures
Terms related to the range of flood protection and safety meas.

Standards of flood protection and safety

Key terms likely to be encountered and which must be comprehended in order to satisfactorily
consider standards of flood protection and satédccasionally the reader may need to use the inte
hyperlinksprovided to one or more of terms in a subsequent section.

Decisiormaking rules

Key rules which it is suggested should be employed in order to identify the most appropriate ste
of flood protection and safety for a flood protection scheme

It is impotant to note that CBAs and MCAs should be undertaken with reference to legal and otl
requirements which may differ between member states of the EU. This extends to deunsskamg
rules which have the status of no more than recommended rules in ttusrdent.

Introductory level
Flood

The temporary covering of normally dry land when water escapes from the normal confines of ¢
or other body of water.

TheEuropean Floods Directive (2007/60/EC) (Chapter 1, Article 2) offers the following
definition:

Ci22RQ YSIkya (GKS GSYLRZNINE O2@0SNAyYy3a o6& gl i
include floods from rivers, mountain torrents, Mediterranean ephemeral veaigrses, and floods frc
the sea in coastal areas, and may exclude floods from sewerage systems.

Flooding from storm sewer drainage systems is a very common cause of surface water flooding
urban areas.Table 2 liststte main sources anypes of flood.


http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32007L0060
http://www.ambiental.co.uk/types-of-flood-and-flooding-impact/

Tablel Sources and types of flood

Source Type of flood

Rivers, streams or watercourses Fluvial flood

Intense and/or prolonged precipitation Pluvial @ surface water flood

Groundwater Groundwater flood

Sewers Sewer flood

Canals Canal breach flood

Sea, ocean Coastal or tidal surge flood; ocean swell flooo
Dams and reservoirs Dambreak or spillway flood

Glacial lakes Glacial lake outburst floodr J° k u |l h | a

Floods occur in all types afiver and stream channels, from the smallest ephemeral water course
Mediterranean areas tmormally dry channels in arid climates to the2 NI iRe3trivetsWhen
overland flow occurs on tilled fields, it can result imaddy floodwhere sediments are picked up by
runoff and carried as suspended matter. Localized flooding may be caused or exacerbated by «
obstructions such asndslidesjce or debris dams.

Slowrising floods most commonly occur in large rivers with large catchment areas. The increas:
flow may be caused by sustained rainfall, rapid snow melt, monsoons or tropical cyclonesristag
floods are calledlash floods. They usually occur on smaller rivers or ones with steep gradient
valleys, rivers that flow for much of their length over impermeable terrain, or norrdajiychannels.
Cause may includecalized convective storms and precipitation (i.e. thunderstorms) or sudden r
of water from an upstream impoundment created behind a dam, landslide or glacier.

Estuarine flooding is commonly caused lgombination of tidal surgegenerated by wind and low
barometric pressure. Such floods may be exacerbated by high river discharges flowing into an
creating a combined flood event (i.e. tidal surge flood coupled with a fluvial flood). Coastal aree
be flooded by storms at sea, resultimgwaves ovetopping defences or in severe casesdynami
or tropical cyclonesStorm surges may be generated by tropical cycloneseatratropical cyclones.
Storm surge should not be confused with storm tide, which is defined as the water level rise due
combination of storm surge and the astronomical tide. Thisiriseater level can cause extreme
flooding in coastal areas particularly when storm surge coincides with normal high tide, resulting
unusually high storm tides.

Urban flooding is the inundation of land or property in a built environment, especially in more
densely populated areas, caused by rainfall overwhelming the capacity of drainage systems, su
storm sewers. Although sometimes triggdrby events sutas flash flooding or snowmeltrban
flooding is a condition, characterized by its repetitive and systemic impaateramunities thaican
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http://www.groundwateruk.org/FAQ_groundwater_flooding.aspx
http://floodvictoria.vic.gov.au/centric/learn_about_flooding/flood_types/dambreak.jsp
http://geology.about.com/od/flooding/a/aa_041397jokul.htm
http://weather.about.com/od/flooding/fl/flood-flash-flood.htm
http://www.metoffice.gov.uk/learning/rain/flash-floods
https://toolkit.climate.gov/topics/coastal-flood-risk/tsunami
http://www.metoffice.gov.uk/learning/learn-about-the-weather/weather-phenomena/storm-surge
http://www.floodsite.net/juniorfloodsite/html/en/student/thingstoknow/hydrology/urbanfloods.html

occur regardless of whether or not affected communities are located within designated floodplal
near any body of water. These floods are considerably exacerbated and even caused by the
transformation of natural land surfaces into humarade ones such as paving and roofing that is
ubiquitous in urban areas.

Flood Hydrograph

A flood hydrograph (owujst hydrograph) is a plot of the variation of river discharge with respect to
(it can also be the variation of stage (i.e. height) or other water property with respect to time).
Discharge is the volume of water flowing past a location per unit tirmedlly in cubic metres per
second, or cumecs).

Thegraph below (Figure 2) [ots both river discharge and rainfall amounts against time to show t
lag time that occurs betweethe rainfall peak and the peak discharge of the river. Some rivers ot
streams have a very short lag time of maybe one or two hours only and floods on such waterco
I NB GSNX¥YSR FflakK Ft22Rao® ¢KS ! YQ&a imhénelaNheld
24 to 36 hours, whereas on a river such as the Rhine or Danube, lag time may be several days
one week or more.

The lag time is important because it is associated with the amount of time available to formulate
communicate a flod warning in order to safeguard life and property.

River )
discharge A0 Peak discharge
(cumecs) i
[
- 30 Rising /f : Falling
X . :
imb \‘u'l | .(’ limb
Peak [ : Storm
-2 rainfall I,' | flow
Lag | I
60 _ time | h:
_ 50+ I 7 "
&= 404 / ! -
£t E 1 i -
SE 30" i
@ 204 = 1l I Base flow
10+ I
|
Time ——»

Figure2 Flood hydrograph

Sourcehttp://www.s -cool.co.uk/gcse/geography/rivers/revisghydrology
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http://www.s-cool.co.uk/gcse/geography/rivers/revise-it/hydrology

Floodplain

Afloodplain(or flood plain) is a generally flat area of land bordering a rorestreamwhich is partly
or wholly covered with water during flood# stretches from thdoanks of the river to the outer
edges of thevalleyFigure 3)

A flood plain consists of two part$he first is the mainhannelof the river itself, sometimes called

the floodwayin the USAFloodways can sometimes be seasonal, meaning the channel is dry for part
of the year. Beyond the floodway is tfieod fringe. The flood fringe extends from the outer banks

of the floodway to where the valley floor begins to rise into valley sides. Floodplains can be narrow
or very extensiveSome rivers, or parts of rivers, sa¢o have no floodplain at all. These rivers

usually have a steegtream gradient with aery deep, fastmoving flow.

Related terms

Reference is often made tood riskl NJ These are areas where there is a risk of flooding. They

include fluvial flodplains and also coastal zones which are at riglooflingfrom the sea. The term
WoodriskzoneQ A& | faz2z 02YYz2yfteé dz&ASR FyR 2FiSy NBFSNa
which sea flooding can occur, which are designated according to whether the risk of flooding is high,
medium or low.

FigureBATNveN) Ff 22 RLI F Ay aK2gAy3d GKS Ff22Rgl & Ay
floodplain to the floodplain fringe beyond which some houses are located above the
floodplain(SourceParker)

Catchment area

Acatchment areds an extat or an area of land tere all the surface watdrom rain, melting snow
or iceconverges to a single point at a lower elevation, usually the exit oftba orbasin, where
the waters join aother body of water, such as a river, lake, estuary, reservoir, wetland or sea.
Theweforeif a tributary stream joinsrotherthat in turn joins a small river which is a tributary of a

12


http://www.msdlouky.org/programs/crssite/fpglossary.html
http://il.water.usgs.gov/proj/feq/fequtl/chap4html/fequtl.chap4_9.html
http://planningguidance.communities.gov.uk/blog/guidance/flood-risk-and-coastal-change/flood-zone-and-flood-risk-tables/table-1-flood-zones/

larger river, there is a series of successively larger I@mer elevation) catchment areas or drainage
basins.

Other terms used to describeatchment aeas arecatchment drainage basinand river basins. he
term watershedmay also baised to mean a drainage basin, thoughrinst Englishspeaking
countriesother than the United Statest is used only in its original sense, to meairainage divide:
the former meaning an area arilde latter the high elevation perimeter of that area.

Catchment boundaries are often considered to be the most advantageous spatial units for the flood
riskmanagement leading to the production otchment flood management plamich are
strategic level plan for managing flood risk.

Hazard

A threatemanating from a nattal or human (or combined) sourtieat has the potential to cause
loss of life, injury, property damage, so@oonomic disruption or environmental degradation.
Flood hazard is such a threat presented by the threat of flooding.

Aflood event is theoccurence (i.e. realisation) of a flood hazard, the effects of which change
demographic, economic and/or environmental conditiodshazard doesot automatically lead to a
harmful outcome, but identification of a hazard does mean that there is a possilfiligrm

occurring, with the actual harm depending upon the exposure to the hazard and the characteristics
of the receptor(i.e. the exposed buildings, people or natural environmental assets).

Further information is available in tHeNEP glossary of terms

Exposure

Thepeople, property, systems, or other elemeiisg®metimes termed receptors) @sent in hazard
zones that are thereby subject to pattal losses. Measures 8bHod exposurecan include the
number of people or types of assets found in hazard zones.

Vulnerability

The characteristics and circumstances of a communitgtem or asset that make it susceptible to

the damaging effects of a hazard. Vulnerability is the result of the whole range of economic, social,

Odzf GdzNI £ 2 AyadAddziAzyl > LREAGAOIE |yR S@Sy Llaeéc
the environment that they live in. In other words, defining vulnerability also means understanding

the underlying factors or root causes of vulnerability.

Further information is available at the websitesIdfe International Red Cross and Red Crescent
Societiesand theUnited Nations Office for Disaster Reduction

Risk

The combinabn of the probability of an event and its negative consequences i.e. Risk = Probability x
Consequences.

CKS #iadRKKE (62 RAAGAYOIAODS O2yy2il GAdagedioh Ay LRL
GKS O2yOSLJi 2F OKIFIyOS 2NJ LRRaaroAtAader &adzOK I &
aSidAy3a GKS SYLKFI&aAAA A& dzadzfte LIXIFOSR 2y GKS (
particular cause, place and period. People dommtessarily share the same perceptions of the

significance and underlying causes of different risks.
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http://www.georgesriver.org.au/What-is-a-Catchment.html
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http://www.unisdr.org/we/inform/terminology
http://www.unisdr.org/we/inform/terminology

Flood risk maps are now widely available in some countries.

Flood risk assessment

A methodology to determine the nature and extentflafod risk by analysing potential hazards and
evaluating existing conditions ofiinerabilitythat together could potentially harm exposed people,
property, services, livelihoods and the environmentwhich they depend.

Flood risk assessments (and associated risk mapping) include: a review of the technical
characteristics ofioodssuch as their location, intensity, frequency and probability; the analysis of
exposure and vulnerability including the physical social, healtn@uic and environmental
dimensions; and the evaluation of the effectiveness of prevailing and alterrfédve mitigation
strategiesin respect to likelflood risk scenarios.

Flood risk management

A systematic approach and practice of managing flceated uncertaintyin order to minimize
potential harm and loss.ldod risk management has also been defined by théEQOODsite project
I & dlisticxald continuous sietal analysis, assessment and reduction of flood rigk

Flood risk management comprisiésod risk assessmernd analysis, and the implementation of
strategies and specific actions to control, reduce and transfer fladd fihis process of flood risk
management comprises and combines:

9 flood risk assessment, to determine risk objectively by analysing and combining probabilities
and negative consequences of floaatsdto understand perception of risk, to assist societal
weighing of costs and benefits of risk and to support decisions

91 flood risk analysis, teeview the technical character of floods, to analyse exposure and
vulnerability and evaluation of the effectiveness of different flood mitigation strategied; an

1 desigh and implementation of physical measures and policy instruments for flood risk
management.

Flood risk management is widely practicedfljpd managemenorganizationgo minimise risk in
investment decisions and to address operational risks such as those of business disruption,
production failure, environmental damage, social impacts and damage arising from floods. Flood
risk management is important loause all strategies are affected iy uncertainties oextremes of
weather and climate.

Flood risk management involves employing the full range of flood measures including both structural
and nonstructural measures. The World Meteorological Orgarase¢éimphasises the importance

of Integrated Flood Managemehbecause of the need to move away from narrow engineering
approaches which have characterised flood risk management in manyrigsuin the past.

Climate change

Climate is usually defined as the "average weather" in a place. It includes patterns of temperature,
precipitation (rain or snow), humidity, wind and seaso@fimate changés a change ithe

statistical distribution of wather patterns when thehange lasts forraextended period of time (i.e.
decades to millions of years). Climate change may refer to a change in average weather conditions,
or in the time variation of weather around longierm average conditions (i.enore or fewer
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extreme weather Climate chage is caused by factors suchvasiations insolar radiatiorreceived
by Earthplate tectonics ad volcanic eruptions.

Some shorterm climate variation is normal, but longégrm trends now indicate a changing
climate Certain human activities have also been identified as significant causesait climate
changeoften referred to agylobal warmingRsing levels of carbon dioxide anther heattrapping
gases in the atmosphere have warmed the Earth and are causingandeg impats, including
rising sea levels, melting snow and ic@re extremeheat events, fires and drougland more
extreme storms, rainfall and floodScientistgproject that these trends will continue and in some
cases accelerate, posing significant risks to human health, our forests, agriculture, freshwater
supplies, coastlines, and other natueadd human made assets particularly urban areas.

What is the relevance of climate change to flood CBA and MCAs?

Hydrologists and flood engineers use records of past floods in order to calculate estimates of the
probability of future fbodsof varying size and frequency i.e. to produdioad frequency

magnitude relationship This relationship is a key input to floeéBAand MCAsand affects

estimates of benefits. Alstased on past flood records, flood engineers select a design flood for
flood protectionand so the standard of protection provided by a flood scheme or project can be
fundamentally affected by the estimated flood frequsrmagnitude relationship.

Predicting future floods on the basis of past floods makes an assumption that the climate is
stationary. However, if the climate is changing (i.e. it is-skationary) then past flood records are
no longer a reliable basis festimating futureflood frequencymagnitude relationships There a
number of implications for the design of flood protection projects and for standards of protection
and safety:

9 standards of protectiorare likely to be eroded over time. For example, a flood protection
scheme that provided an estimated 1§@ar standard of protection fifty years ago may now
provide a significantly lower standard of protection today e.g. sayea2 standard.

1 thedesign of new flood protection projecshould take into acount the projected
impact of climate change on river flows and/or storm surge levels so that the standard of
LINRGSOGA2Y A& (2 &a2YS SEGSy W¥ dz(i dZNB LINR 2 S|
flood protection measures is required to assumettfi@aod discharges will increase by up to
20%.

Sea level rise

An increase in the level of the ocean's surface relative to the land surface, especially the level
halfway between mean high and low tide i.e. mean sea level.

Sealevel rise (SLR) is caudsdthermal expansion of the oceans (the increase in ocean volume due
to rising ocean water temperature) amacreasel inflow of meltwater from glaciers and iegheets

(in particular the Greenland and west Antarctic ice sheets). SLR is it is an important indicator of
climate change, with great relevance in Europe for flooding, coastal erosion and the lossyhipw
coastal regionsRising sea leveiacrease the probabilitpf storm surges, cause landward incursion
of salt water and endanger coastal ecosystems and wetlaboastal areas in Européten contain
important natural ecosystems, productive economic sectors, and major urban centres. A higher
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flood risk increases the threat of losslibé and property as well as damage to skes and
infrastructure, and could lead to an increased loss of tourism, recreatioparicindtransportation
functions Lowlying coastlines with high population densities and small tidal ranges will be most
vulnerable to SLROoastal floodingelated to SLR could affect a large populasidBecause of the
slow reaction of the climate systemljmate changamitigation will not reduce these risks over the
coming decades to any significant degree, but various options for adaptation exist.

Methods of analysis

Source-pathway-receptor-consequence (SPRC)
model

The sourcepathwayreceptorgconsequence mdel isa conceptual modedhich describeghe link
betweenhazardandrisk (Figure 4) It is sometimes also called ts®urcepathwayreceptor
modelwhich may then be extended to include consequentee model may be employed as an
analytical method.

Flood risk is dependent on there beingaurceof flooding, such as aver, a route for the flood

water to take pathway), and something that is affected by the floaddeptol, such asmindustrial
area or a residential neighbourhood. The impact on receptorschasequencessually in the form

of damages or losse¥Vithout a pathway linking the source to the receptor, a flood may be a hazard,
but not a risk.

Source | » | Pathway | e | Receptorl [~ 2 |Consequenr.e

River ®  floodplain c» Residents mh Stress
Houses Physical damage
Factories Business disruption
Storm =) QOvertopping = Campers o Stress
surge of shingle Campsite Loss of tourist
beach Coastal roads income

Traffic disruption

Figure4 SourcePathwayReceptorConsequence model with two exampl&ourceParker)

The SPRC model is used to investigatelamitbrstand the linkages between sources and pathways

of flooding and their impacts upon receptors and the consequenéasexample is thepplication

of the model to flooding in the Teign estuaryEnglandThis kind of model helps analysts
understand and estimate damage and loss which are equivalent to benefits when they are avoided
by implementation of dlood protectionmeasure.
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Economic Appraisal

An appraisathat takes into account a wide range of costs and benefits to society, including those
that cannot readily be valued in monetary terms

Project appraisal

Aproject usually relates to the implementation of works or a risk management intervention of some
kind on the ground. It is normally the case that a project is identified as a consequence of a broad
based investigation and has quite specific objectives. Stages of project development may include
feasibility studies, detailed appraisal, delivery, and gwsfect evaluationAppraisal is about

gathering information and comparing optionsa consistent way in order to support good decision
making and tavoidmakingbad decisions; as well as maximising the likelihood that in time the
chosen approach with hdsight turns out to have been the right choice. Appraisdesrable and

may benecessary to justify Government investment in flood risk management.

Cost-benefit analysis (CBA)

CBA is the traditional method for organising information to aid decisionstahe allocation of
resources: most usually public or government investment resources. Its power as an analytical tool
rests in two main features. Firstly, costs and benefits are expressed as far as possible in monetary
terms so that they arelirectly comparablavith one another. Secondly, costs and benefits are

valued in terms of the claims they make on and the gains they provide to the community as a whole,
a2 GKS LISNRLISOGAGS Aa | w3at ziadvidual odinfefest rdup. K S NI G K|y
CBA requires a holistic analysis of all benefits and costs involved in order to assess a risk reducing
activity in comparison to its net benefit. A distinguishing feature of this approach is that it may result
in recommend#ons to implement different safety standards for different risk situations, depending
on the specific risk and the costs involved to reduce it. The major and often criticised shortcoming of
this approach concerns the fact that all benefits and costs aentfied in monetary terms and
aggregated to a single number without the possibility of giving some risks a larger weight.

CBA is often attributed to the work the Iateﬁ@entury economist Alfred Marshall, but the first use

of CBA in the world was madtethe flood risk management sector in the United States in

compliance with the United States Flood Control Act of 1936. This Act specified that participation of
the United States Federal Government in projects to control flooding on major rivers would be
justifiable if the benefits to whomsoever they accrue are in excess of the estimated costs.
Thereafter, authorities developed procedures to measure these benefits and costs. CBA is now
widely used across sectors and countries and the methodology has beem nefined.

The major strength of CBA that it is based onwetlerstood theoretical foundations, derived from

more than a century of research in welfare economics. This gives CBA a high degree of internal
consistency. Because all cdmnefit studies shre a common methodology, lessons learned in one
project appraisal can be transferred to other studies, allowing the accumulation of expertise.

Economic analysis is practiced to determ@m®nomic efficiencyEfficiencys measured without

regard to who would get the benefits and who would incur the costs. Questions related to
distribution of income are not taken up for considerati@ne way in which distributional aspects

can be integrated into CBA is by assigning isitp benefits received and costs borne by different
socioeconomic groups, e.g. giving higher weight to the poorer categories. Another way of handling
the distributional aspect is to establish distributional constraint as an additional criterion.
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Furtherinformation about CBA may be found at the OOD CBA website

Local economic (financial) cost-benefit analysis

Conventioal CBAseeks to estimate the costs atenefits of flood protection proposals to the
national economyHowever, in cases where funding for flood protection proposals comes either
wholly or in part from within a local economy (say from a local municipal authority or from funds
raised from lochresidents and businesses) there is usually a strong local interest in estimating the
local economic costs and benefits rather than the ones accruing to the nation. It may be argued,
therefore, that a local economic (financial) analysis of costs andfit®stould be undertaken as an
aid to local decisioimaking about funding.

When potential flood losses (i.e. benefits whavpided) ae estimated locally thesksses are still
economic losses but they are valued using financial costing principleuoene in monetary
terms is usually quite different from the outcome when benefits are measusaty national,
economicvaluation principles Typically, flood losses estimated in financial terms are significantly
higher than when the same losses are measl in national economic terms. There are a number of
reasons for this

Market prices are used to value goods (e.g. in household inventories) in the case of a financial
analysis whereas depreciated values are the correct measure of loss in an econdyscsatie

former may be approximately double the latter if we assume that, on average, goods are half way
through their lives.

Taxes such as Value Added Tax (VAT) are normally not counted in the costs of repairing or replacing
flood damaged property andogds in the case of an economic analysis, whereas such taxes are
counted in a financial estimation of flood losses. If VAT is 20%, then financial loss estimates will be
onefifth higher than economic loss estimates. Other forms of tax, such as fue| teaseated

similarly.

In an economic analysis, businesses which are disrupted by flooding and loss production and sales as
a consequence are usually counterbalanced in the national economy by businesses which increase
production and sales as a consequerso that the net economic effect is close to zero. However, in

a local economic (financial) analysis, such counterbalancing is less likely because businesses are likely
to lose to other businesses beyond the boundaries of the local economy. In tejslvafore, the

financial value of the business loss is counted as a loss (or potential benefit if avoided).

In addition local @onomies may gain through local economic regenerafotiowing the
implementation of flood protection schemes as a consequence of flood risk being reduced.
Estimating these local benefits of economic regeneration may be important because such benefits
may tip the balance in terms of local interests making a decision not to invest or to invest in flood
protection.

Multi-criteria analysis (MCA)

MCA s similar toCBAregarding the overall aim of undertaking a holistic analysis in order to identify

and, if possible, quantify all benefits and costs of-regkucing activities. Relative to CBA, the main

merit of MCAiis that it provides an explicit method of taking account of project impacts that are not

easily given monetary values (oftencd R WAy Gl y3IA0f SaQ Ay /.1 0d |1 26S0
opportunity of measuring the consequences of an activity in terms of different units while leaving

the final weighting of criteria to the decisianakers or to a stakeholder group. Mathematical
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algorithms are then used to determine the most favourable risk reducing activity in the context of
different risk perceptions, risk attitudes and preferences of decision makers and stakeholders. The
results are then passed back and discussed within the politioakps in order to support the

finding of the most appropriate riskeducing activitiesCBA and MCA may be integrated into a
linkedanalysis.

The disciplinary origins of MCAM({iltiple Criteria DecisioiViaking (MCDMare in decisiormaking
theory, operational research and management science. MCA had itssoinghe 1960s in the
application of linear programming to management and industry. Goal programming since has
become a mainstay of management science and operations research.

Multi criteria techniques, such as weighting and scoring, should be used tbeagystematic
comparison of options where all of the impacts have not been captured in monetary terms. This is
not an alternative taCBAbut an extension of it, to ensure that nenonetised impacts are

adequately considered in the appraisal proces¥dsere it is not practical to provide a monetary
value for the full range of benefits, it may still be possible to value the difference between options
for a particular benefit category. This will provide useful information in the decisigking process.
The process should also provide an opportunity for decision makers to consider whether the
additional costs of delivering outcomes, which are not valued in monetary terms, are proportionate
to the costs involved.

Environmental impact assessment

A process byhich the environmental consequences of a proposed project or programme are
evaluated and form an integral part of planning and decisiwking processes with a view to
limiting or reducing the adverse impacts ofl@d protection project.

Environmental impact assessmeiAs)s a policy tool that provides evidence and analysis of
environmental impacts of activities from conception to decisioaking. It is utilized extensively in
national programming and project appral processes and for international development assistance
projects. Environmental impact assessments should include detailed risk assessments and provide
alternatives, solutions or options to deal with identified problenfsn example of the legislation
regarding EIAs and flood protection is availableSootland

Uncertainty and uncertainty analysis
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in conjunction with these concepts by clicking étiood probability and related termdJncertainty

is an expression of the degree to which a valueaationship isunknown. Uncertainty can result
from lack of information or frondlisagreement about what is known or even knowable. Uncertainty
mayoriginate from many sources, such as quantifiable errors in the datapling errorsflood
frequency analysjiambiguously defined concepts or terminology, or uncertain projectafrikood
probability orbehaviourakresponse to flood risdncertainty can therefore be represented by
guantitative measures, for example, a range of values calculateditiyus models, or by qualitative
statements, for example, ridcting thejudgement of a team of experts

Uncertainty analysisnvolves identification and measurement of all sources of uncertainty
pertaining to a particular objective, such as the choice @ésign floodr a particularstandard of
flood protection It may also be applied to a CBA, for example to determine the principal sources of
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uncertainty surrounding estimates of benefiof flood protection. Sources of uncertainty are a
key consideration inlesigning safe protection from flooding

Sometimes thei S NafisitWigy analys®@ A & dzaSR o6dzi AG Aa SaaSydalffe
Both areusedin CBAs and MCAs of flood protection propogatsrder totest the sensitivity of

results to changed assumptions, therdabgntifying an envelope bbenefit values or B ratios

within which more extreme and middle range values are positioned. Such information is valuable to
decisionmakers.

Flood probability and related terms
Return period

Areturn period also known as gecurrence intervalis an estimate of the likelihood gorobability of

an event, such as a flood or river discharge, occurring. It is a statistical measurement typically based
on past data records denoting the average recurrence interval over andedigoeriod of time.The
concept is based on thmagnitudefrequencyprinciple, where large magnitude events (such as

floods) are comparatively less frequent than smaller magnitude events

Return period or the Average Recurrence tagd (ARI) may be calculated using the following
equation:

n—+1

Return period = 11
n number of years on record;
m is the number of recorded occurrences of the event being considered

The inverse of probability (generally expressed in %), the return period éstimeated time interval
between events of a similar size or intensity. For example, the return period of a flood might be 100
years; otherwise expressed as its probability of occurring being 1/100, or 1% in any one year. This
does not mean that if a flabwith such a return period occurs, then the next will occur in about one
hundred years' time instead, it means that, in any given year, there is a 1% chance that it will
happen, regardless of when the last similar event was. Or, put differently,dttisgs less likely to
occur than a flood with a return period of 10 years (or a probability of 1T&#)le 3)

Table2 Return periods and probability of occurrences

Return period Probability of occurrence in | Chanceof occurrence in any
any given year given year (%)
100 1in 100 1
50 1in 50 2
25 1lin 25 4
10 1in 10 10
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How the return period concept is used

The return periocr Average Bcurrencelnterval (ARI)concept is used in estimating the bdtis of

flood mitigationprojects More generally it is widely used by policy makers and planners to assess
the risks associated with extreme events and to develop suitable management strategies. We can
use the calculateg@robabilities to engineer our environment in such a way as to reduce the impacts
of these events. For example, we can use historical records of flood frequency and maximum stage
(height) to develop appropriate flood defences (such as levees or barragesjstre that we do

not develop the land too close to flogatone areas, and to ensure that our bridges are of sufficient
height to withstand flood events.

[ SG Qa ThanjeS Bairki®London, UK as an example. This is one of the largest flood barrages

in the world. It comprises 10 steel gates, spanning 520 m across the River Thames, and has been

built to protect 125 krmiof central London from potential tidal surges. The barrier willy built
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lifespan of the barrage has been calculated based on past records of flood events on the River

Thames, and also takes into account potigns of rising sea level, using a maximum estimate of 8

mm sea level rise per year. The barrier is tested regularly, on a monthly basis, to asseg®itgyon

suitability to protect London from rising sea level and associated flooding.

Exceedance probability

More properly known as the Annual Exceedance Probability (AEP), this is the chance or probability of
a natural event, in this case a flood, occurring annually and is usually expressed as a perééiRage.

is theinverse of the annual maximuneturn period. For example, the 10@earflood can be

expressed as the 1% AH®bH, which has a 1% chance of being exceeded in any year. This is
recommended when presenting results to nepecialists who may associate the conceptedfirn
periodwith a regularoccurrence rather than an average recurrence interkatger floods occur (i.e.

are exceeded) less often and will therefore have a lower annual exceedance probability.

Example

1 A 2% annual exceedance probability flood event has a 2% chance of oceugingar, so
once on average every 50 years.

1 A 20% annual exceedance probability flood event has a 20% chance of occurring in a year, so
once on average every 5 years.

1 Aone hundred year floos aflood event that has a 1% probability of occurring in any given
year. ThelOO-year floodis also referred to as the 1% flood, since its annual exceedance
probability is 1%.

HowAERsused in CBA

In a BCA of a flooditigation proposals we wish testimate the benefitshat will be generated if
the proposed project is implemented. To do this we firstly need to identify a rani@odf having
short to long return periods for which we calculate the AERese are showin Table 4Column 2)
Secondly, we estimate the amount of flood damage poteitial potential benefitjn each of these
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floods. Since our objective is to esaite the benefits of the flood mitigation proposal, we treat

these potential flood damages as ones which may be avoided by the proposal: they are therefore
the potential benefits (se€olumn 3 irthe table below). Because we do not have data on floods on
all the return periods between those that we have tabulated, next we calculate the average
probability of the flood between eaahthe probability of flood in interval (in thiwurth column).
Similarly, the average benefit is calculated (in fin colunn). Then we calculate the annual

interval benefit (thesixth column) and finally we calculate these annual benefits insiineenth

column.

Table3 Extract from a tabulation of probabildlyenefit relationships

1 2 3 4 5 6 7
Retum Annual Benefit Probability | Average Interval Cumulative
period exceedance In of flood in | benefit benefit benefit
probability interval (annual) in| (annual) in
In years Euros In Euros ELTOS ELTOS
12 0.8333 0
0.04333 242667 10516 10516
25 0.04000
485375 0.01500 779478 11692 22208
40 0.02300 1073581 | 0.00938
1941890 | 18205 40413
64 0.01363 2810199

The 100 year flood

A 100 year flood is a flood that has occurred and/or is expected to occur once in one hundred years
on average. Such a flobds a 1% chance probability of occurring in any given year. Sometimes
the 100 year flood is referred to as the 1% flood since the probability ehiisal exceedancis 1%.

The 100 year or 1%nodplainin the city of Exeter, England is shoimrFigureb. The locations of
weirs and gates (black triangles), linear flood defences (red lines) and of a proposed flood relief
channel (green) are also shown together with thete of the river (dark blue) and a canal (black
squares).

In the same way as we refer to the 100 year flood as having a 1% probability of occurring in any year,
we refer to the 10 year flood as having a 10% probability of occurring in any year and Boron
example, a 50 year flood has a 2% probability of flooding in any year.
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A common misunderstanding

Acommon misunderstanding is thatl®0 year flood is likely to occur only once in @Gyear
period.

Explanation of why this is a misunderstanding

Floods occur irregularly. For exampfeye had 1,000 years of river or stream flow data, we would
expect to see about 10 flats of equal or greater magnitude than the 100 year flood. These floods
would not occur at 100 year intervals. In one part of the 1,000 year record we might find 15 or fewer
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Figure5 100 year floodplain of the Rivé&xe at Exeter, UKSdurce:
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years betwea 100 year floods, whereas in other parts, we might find 150 or more years between
100 year floods.n fact, there is approximately a 63.4% chance of one or more 100 year floods
occurring in any 100 year period.

The variability in time between 10 year dids ranges from 4 to as many as 28 years. The magnitude
of the 10year flood has been determined through statistical analysis to be approximately 31,100
cubic feet per second (ft3/s).

You can see from the graph that although the actual interval betweemd$lgreater than this
magnitude ranged from 4 to 28 years, the average of these intervals is about 10 years.

On the River Danube #te city of Passau, Bavaria, in Germany, the actual intervals between 100
year floods during 1501 to 2013 ranged from 37182 years.

Note that in Europe we now measure stream flow in terms of cubic metres per sewdfs), @lso
known as cumecs.

Can two 100 year floods occur in succeysiaes?

Yes, although the probability of this happening is low.

Expected annual damages

The most frequently used indicator of the impact of flooding at a location is expected annual
damage which is best understood as the average of flood damages computed over many years.

One way of calculating expected annual flood damage is simply to adtbng time series of

annual damages (i.e. the amount of damage caused by flooding in each of a series of years) and then
divide the total by the number of years. Unfortunately, this is rarely possible in practice, not least
because a very long record would required because damage would be zero in most years. So in
practiceexpected annual damagase calculated by using the following steps showthia

diagram below produced by the US Army Corps of Engineers.

1. t NP RdzOS | 3INILIKAOFIET NBfIFIIA2YyAKALl 0SG6SSy Tt 2:
magnitude measured in terms of river discharge. ihealled a stagdischarge curve.

2. Then produce a frequency distribution of flood magnitudes: sometimes cafled&
frequencymaagnitude relationship This is often done by graphing the relationship between
discharge (i.e. magnitle) and exceedance probability to produce a dischaxgmedance
probability curve.

3. Next, graph the relationship between flood height (i.e. stage) and dam#gestage
damage curve.

4. The final step is to produce a curve which summarises the relatiobsiigeen damage and
exceedancdrequency.

The area under the damagixceedance frequency curve, in the bottom right quadrant of the
diagram, is the expected annual damage that exists under the conditions described in the three
input relationships.
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Figure7 Fourstep procedure to create damageequency curve

SourceUS Army Corps of Engineers

Loss-probability curve

A lossprobability curve is the graphical representation of the relationship between flood damages
(i.e. losses) anflood probability Damageare usually measured in monetary units and probability
by flood return periodor annual exceedance probabilityThe relationship will be unique to each
situation or location.

Figure &elow isthe classic foupart diagranmsummarising the interelation of hydrology,
hydraulics and economics as the basis of calculating the benefits of flood alleviatiomniizd a
average flood damage is the area under the graph of flood losses plotted against exceedance
probability (the reciprocal of the return period in years), often termed the-fmsdbability curve.
This is the curve in the bottom right hand corner of thagram.
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before flood alleviation _ __ ___ __ after flood alleviation
annual damages overted .
- residual annucl damages
by the scheme

Figure8 Fourstep procedure to create probabiligamage curve (Source: PenniRgwsell et al.
(2005) The Benefits of Flood and Coastal Risk Management: A Manual of Assessment Tec
London: Middlesex UnivergitPress)
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http://www.floodcba.eu/main/wp-content/uploads/Cost-Benefit-Analysis-Guidelines.pdf

Becausestructural flood protection measureare designed to atandard (of protectionthere will
always be someesidual flood damagg@svhich are annualised in the diagram above i.e. show as

residual annual damages). For example, a flood protection project may protect up to the 1/200 year

standard but if a flood with a higher return period occurs (e.g. 1/250 year flood) it will exceed the
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damages.

Flood protection and safety measures
Flood protection

Provision of a degree of security from floods for people, propenfrastructure and the
environment by either large or small scale structural measures.

Flood protection may take many forms including botteaje scaé engineering workée.g. river

regulating dams, flood embankments, flood relief or diversion channels, sea walls, flood barriers and

pumping systems) anseimaltsale physical protection for individual propertieften termed
property level protection measures (e.g. flood doors, sump pumps, waterproofing treatments).

A number of further terms are commonly used. Although these terms have similarities to the term

flood protection, there are subtle but important differences in meaning. These terms are as follows:

Flood alleviation

The lessening of flood risk usually by structural, engineering measures.
The meaning is almost the same as flood protection.

Flood control

The reduction of the magnitude and impact of flood events for a given frequency, wigmbiaely
preventing floodingby employing predominantly structural engineering approaches.

The US Army Corps of Engineers is perhaps most closely associated Wi the2 2 R 02 y (i N2 f
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MississippiHowever this approach was only partly successful. This philosophy, which reke

mainly upon levees (i.e. dikes) and similar engineering structures, is now generally accepted to be far

too narrow to be sufficiently effectiven its own The philosophy @&lsocriticised for seeking to
control naure rather than working with it angithe opposite of approacheghich seek tanake
room for the river (Netherlands) or tanake space for water (UK) and Wichseek to accommodate
floods.

Flood defencéalso sea defence)

A similar approach to flood contrahd used in the UK, but now usually used in conjunction with
non-structural measures Itrelies predominantly on engineering structures (e.g. sea walls, flood

SYolrylYS8Syidao G2 WRSTSYRQ LIS2LX S | yR LINRLSNI &

In the UK he flood defence approach was replaced by a flood risk management approach
RdzNA y 3 i K SFlo8dripkimdénaaemensm@ompletely different philosophy which relies
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address floods.
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Flood prevention

The outright avoidance of adverse impactdlobd hazards ad related disasters.

Prevention (i.eflood prevention) expresses the concept and intien to completely avoid potential
adverse impacts through action taken in advanbBevelopment agencies in ledsveloped societies
often refer to the need to move more towards a preventative approach because ofreNance in
these societies on respesive, flood relief policies. Howevdigod prevention isften associated
with one-dimensional engineering approaches althougha broader approach is &sible. Examples
includeland management and treatment which holds back and slows ramaffand-useplanning
that doesnot permitor limitsany settlement in high risk zonegery often the comfete avoidance
of losses is ifieasible and the task transfors to that of mitigation. Partly for this reason, the terms
prevention and mitigation are sometimes used interchangeably in casualliseigh they do not
mean the same thing

Fbodmitigation

The lessening or limitation of the adverse impacts of hazandsrelated disasters.

The adverse impacts of hazards often cannot be prevented fully, but their scale or severity can be
substantially lessened by various strategies and actidigiation measures encompass engineering

techniques and hazarksistant construction as well as improved environmental policies and public

g NBySaad LG akKz2dzZ R 6S y20SR GKIFIG Ay OfAYF(GS OF
the term used for thee@duction of greenhouse gas emissions that are the source of climate change.

Natural flood management

Natural flood managememnay be defineds the alterationrestoration or use of landscape
featuresin order to modify flood risk in order to reduce flood losses.

This approach has recently received new interest in the UK especialtyiiand.

Structural and non-structural measures

Structural measures are largeale engineering options for reducing flood risk. {swactural
Measures (NSMsgre a s¢ of flood risk management and/or flood adaptation options that di n
make use of traditional structurdllbod defence measure§igure 9)They include ways of reducing
flood risk which are not based on largeale engineering and thegduce damagevithout
influencingflood event characteristics.

Nonstructural flood risk management measuras proven methods and techniques for
reducing flood risk and flood damagesurred within flood risk areas and some circumstances
they may be used instead of or in combinatiaith structural measures.
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raduction projects

Flood forecasting, warning &
raspanseincl, contingancy
planning

Spatial planning

Property scquisition/relocation

Flood insurance/tompansation

Awarenass raising & pubic risk
Mmanagement angagement

Water
oontral
MEasures

Land use
contral
measuras

Financial
= ralief & loss
raduction

Figure9 Categorisation of structural and nestructural flood measureéSource: Parker)

It is difficult to apply the concept altandard of protectiorto NSMs because theydot protect
from flooding to a particular level although they capable of either avoiding flood risk almost

completely (as in land use planning which prohibits building on floodplains) or reducing flood loss

potential.

Do-nothing option

The doenothing opfon is to simply accept existing and future flood risks and the problems associated

with it without intervening in any way to reduce these risks.
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y 2 (0 K A ibraviicheptaliides a baseline for comparison with other options. A typical range of
options that may be considered in a flood CBA is as follows:

a)
b)
c)

Do-nothing

Do-minimum (i.e. continue with existing maintenance regime)
Minor river system improvements (i.modify hydraulic structures to improve the
performance of the existing flood defences)
Structural defences to provide 1/100 standard of protection
Structural defences to provide 1/200 standard of protection

Upstream flood storage
Combinations of ¢ and d
Conbinations of ¢ and e

Propertylevel protection combined with flood warning system

Combinations of g and i
Combinations of h and i
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Under the denothing option flood damages will occur but costs of intervention will be.z&nder

the rest of theoptions, some flood damages will be avoided and there will be some residual flood
damages as well as the costs of intervention. By considering t#meftiiing option the CBA is

dzy RSNI | { S¥ind# & ( K 2 826 ® (i Ky knbtiding apsion ji.ed BithoutitakiGanyr 2
action) is compared with each other option to determine the net effect of each option. The net
effect of options is then compared with one another to determine which is the economically most
efficient and optimal option.

Standards of flood protection and safety
Flood protection standard

Aflood protectionstandard specifies the protection offered to a specific area from flooding from the
sea or rivers. It is usually associated withusnanmademade defencealongrivers,on the coast
or in estuariesvherelandht & 0SSy WOfFAYSRQ FTNRY GKS aSI 627F0S

There are also cases where natyvadtection ordefence, such as a sand dune or shingle bank, is
managed to provide an increased standard oftpotion to the hinterland.

Flood protection iprovided to reduce the risk of flooding from the sea or river atahdards are
usually described in terms of a flood event return period. For example, a flood embankment could
be described as providing arL100 year standard of protection. This, in its simplistic form, means
that over time, theprotectionwill be defeatedon averageonce every one hundred years.

Design standard

The observed or hypothetical flood chosen as the standard for the desagfioofd protection
structure.

A design flood is defined by its probability of occurrence. It represents a flood which has a particular
probability of occurring in any one year. For example, theAtfwal Exceedanc®robability (AER)r

1 in 100Return Periowr Average Recurrence Interval (Affopd isthe best estimate of a flood

which has 1 chance in 100 of occurring in any one year.

Apart frombeing described in terms of return period, ARI or AEP, in the fluvial case the design flood
will normally be described in terms of its discharge measured in terrasroécs However, storm
surge heights will often be used in theseeof tidal or coastal flood cases.

Standard of protection (SoP)

The standard of protection provided by flood protection measures specifies the level of security
provided to a specific area from flooding from the sea or rivers or any other source.

Standard of flood protectim are usually associated witharrmade protection measures or

structural, engineered defencedongrivers, on the coast or in estuaries. There are also cases where
a natural defence, such as a sand dune or shingle bank, is managedigepan increased standard

of protection to an inland area.

Flood walls, levees, flood barriers etc. are designed and constructed to provide a certain standard of
protection. Such structural measures reduce the risk of flooding and standards of protace
usually described in terms of a flood return period. For example, a flood embankment could be
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described as providing a 1 in 100 year standard of protection. This, in its simplistic form, means that
over time, the embankment will be overtopped oneegery one hundred years. The concept of the
annual probability of flooding may also be referred 1%exceedance probabilitis equivalent to

1in 100 year return period.

In cases where the standard of protection of fladefences arevertopped damage to the area

protected by the defences may not necessarily be high. This is because structural flood defences still
protect say to the 1 in 100 year standard by holding back floodwater, althtwutijte extent that the

design standard is exceeded, some floodwater will flow over the top of the flood possibly causing
shallow flooding behind the defences depending on the duration of the defence overtopping. For
example, where sea flooding takes plaogertopping may only occur at or near the peak of a tide so
that the duration ofovertoppingis limited.

Indicative or appropriate standards of flood
protection

These ardlood protection standards employed ihe UKwhich are based upon historical precedent
(e.g. a particularly large and devastating flood) and expert judgefffaitie5). In this case the SoP

is given as a range of @d return periods (RP)Thesendicativestandards act as guidance on the
standard of protection which central government expects to be applied in different land use bands
but are not enshrined in any law.

Table4 Indicative standrds of flood protection employed in the UK

Land use Description Indicative protection
bands standard (RP in yrs)

Coastal Fluvial

A Intensively developed urban areas 100-300 50-200

B Less intensively developed urban areas 50-200 25-100

and/or environmental assets of
international importance
C Large areas of high-grade agricultural land, 10-100 5-50
environmental assets of national
significance and caravan sites

D Mixed agricultural land and environmental 2.5-20 1.25-10
assets of local significance

E Low-grade agricultural land with isolated =5 =25
properties

UK FCDPAG 3 (1999)

Statutory standards of flood protection

In some cases standards of flood protection have a legal basis, as in the case of the Netherlands and
the United States. The Duttlave adoptedstatutory standardgFigire 10)based on a) codbenefit
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analysid) historical precedent and c) risk assessment of loss dltlfeughrecent research shows
that these legal standards of flood protemti are not the moseconomically efficienstandards.

In 2015 the United States federal government updated flood protection standards that federal
agencies are required to use when deciding where to build, how to lantdiwhat projects should
receive federal funding. THeederal Flood Risk Management Standard is an executive order
signed by thaJS President. It establishes an improved miarof safety and calfor agencies to
evaluate how sea level rise and other climate impacts that increase future floodhrisk.
implementing the Standard, federal agencies will be given the flexibility to select one of three
approaches for establishinge flood elevation and hazard area they use in siting, design, and
construction:

9 utilizing bestavailable, actionable data and methods that integrate current and future
changes in flooding based on science;

1 two or three feet of elevation, depending on tleeiticality of the building, above the 100
year, or 1% annual chance, flood elevation; or

1 500year, or 0.2% annual chance, flood elevation.

FORMAL SASETY LEVILS ary BETURN PEROOS
™ THE NETHMERLANDS

Formal flood safety
levels in return periods
in The Netherlands

1:10,000 years or 0.0001 probability

1:4,000 years or 0.00025 probability

1:2,000 years or 0.0005 probability

1:1,250 years or 0.0008 probability

Rijkswaterstaat Flood Risk and Water
Management in the Netherlands A 2012 update

FigurelO Statutory flood protection standards for different dike rings in the Netheaa
(afterKind et al. 201%

Freeboard

Freeboard is an allowance in the height of flgudtection above thedesign floodo take account of
adverseuncertainty that may affect safetfFigure 11)

Freeboard tends to compensate for factasach asincertaintiesand physical factors afééing the
performance of flood protection structure such as a flood embankment as shown belésthods
are availabldor calculating approprie freeboard allowances.
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Uncertainties Physical parameters affecting performance
+ Design flood level * Wave run up (wind, boat generated)

* Conseguences of overtopping * Foundation settlement, cracks

* Conseguences of breaching * Wear and degradation over time

Freeboard providing a Design defence level
margin of safety }

50 year design I ______________________
flood level —*

&
(s}

Figurell ¢ KS ¥ N

Residual risk

The risk that remains in unmanaged form, even when effective disaster risk reductiGurasare
in place, and for which emergency response and recovery capaciisisia maintainedThe
residual risk gives rise tesidual flood losses

The presence of residual risk implies a continuing need to develop and $@hfgative capacities
for emergency services, preparedness, response and recovery together withesociomic policies
such as safety nets and risk transfer mechanisms

Examples of residual floatsk include:

w hdfailure ofstructural flood defencesaused by &reach of a raiseflood defence, blockage of a
surface waterchannel or drainage system, failure di@od gate or barrier orlap valve, overtopping
of an upstream storagarea, or failure of a pumped drainage systeand

w severe flood egnt that exceeds a floodesign standard such as, but not limited to, a flood that
overtops a raised flood defence

Overtopping of flood defences

This is when flood waters reach a height which is greater than the height to which flood defences are
designedand constructed, so that flood water flows over the top of the crest of the flood defences
and floods the area behind the defencebhe lower thedesign standaradf defences, the higher the
probability of overtopping.

All flood defences are designed and constructed to a chosen design standard e.g. the 1 in 100 year
(return period) standard. A flood which has a higher return period (e.g. 120 years) will ¢xeeed
design standard and overtop defences such as flood embankn(ientslikes).

Although overtopping of defences is termgdf dzy O (i A 2, gvertoppifg-alorie doesSnot
necessarilynean that flood defences hawompletelyfailed because, as long as the integrity (e.qg.
strength) of he defences is maintained, the defences will hold back floodwaters thereby reducing
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flood losses unless a sufficient volume of overtopping takes place to equalise flood levels on either
side of the defences. In the case of coastal, tidal defences, tinidikely because of the peaking of
flood tides.

Flood defence failure

This is the failure of flood protection to provide the level of protection and safety directly associated
with its design standard i.e. the standard is not achievétiree failure mehanisms are shown
below in Figure 2.

(1)

(@)

(3)

Potential erosion of inward
face and crest due to
overflow

L —

N

Figurel2 (1) Movement ofdike cover layeunder wave actior§2) Erosion of core by wave

overtoppingand (3)Eosion of cover oinner slope by overfloWSource FLOODsi)e

Thee arenumerousmechanismdby which flood defences may failheyhave beerclassifiecby the
FLOODsite piectand are as follows:

9 Erosion of cover of inner slojpd dikesby overflow
1 Erosion of seawardikeface of sand by waves

i Erosion oflike sand core

9 Erosion ofdike core by wave overtopping
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Erosion ofa natural or artificially replenisheshinglebeach

Movement ofdike cover layer elemets under wave action

Erosion oembankment surface by overflow

Deep slip irdike slope (inner or outer)

Cap or slip failure in dikes / emilaments

Sliding of clagike cover on inner slope of ki

Piping under dikes (pipg isthe loss of integrity and strength of soil caused by water
seepage (at a hydraulic gradient greater than unity) that results in movement of the soil
particlesandwater flowing through channels within clay or other material used to construct
dikes)

Fiping directly underneath sheet pile coff

Uplifting of impermeable ers behind earth embankment

Seepage through sardike core

Internal erosion or suffusion and/or filter stability undeeady flows

Infiltration into a dike

Overflow of dke (functioral failure)

Erosion of grasdike cover by wave attack

Wave driven erosion of clay layer of dike

Wave impact

Erosion of grasdike cover on inner slope due to wave overtopgin

Erosion ofdikecrest (rubble mound structurgs

Erosion of clay inner slope yave overtopping (Turf set gff

Erosion oflike core by wave overtopping

Excessive wave overtopping of @iunctional failure)

Erosion ofliketoe of protection

Sliding of embankmen

Non circular deep slip (uplift pssures from foundation)

Non circuladeep slip (composite embankmes)

Clay uplift ainner slope of sea dikes

Erosion of cover of inner slope by oftew

Cover layer uplift (falling watdevel), asphalt revetments

Erosion of subsoil through filter or cover layer (block revetments, block arad concrete
mattresses, gabions, geosystems)

Dike pe erosion to rubble mound slopes

Erosion of revetment (grass cover) seaward face byusp velocity; and/oby ship wave
Erosion of revetmenarmour (rock) on seaward face

Uplift of revetment blocksplaced block revetments, block mats and concrete mattresses,
gabions, geosystems) by wind or ship waves

Failure ofdike cover layer by wave impact (asphalt revetments)

Erosion of revetment / cover layer (bound or grouted stdhe)

Erosion through sublayerplaced block revetments, block mats and concrete mattresses,
gabions, geosystems)

Uplift of cover layer (asphalt revetments)

Uplift of revetment cover layer revetments due wave action

Erosion of cover layer (gabions)

Filter instability and insufficient tér permeability

Sliding of cover layer (asphalt revetments)

Uplift of revetment surface

Bed scour by flow velocities
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Erosion by flow velocities past defence (rock armour, riprap or gabions)
Erosion of cover layer (gabions) by flow velocities

Erosion by fiw velocities past defence (Linked concrete blocks)
Erosion (scour) of bed without artificial protection

Erosion of toe protection to vertical structures by waves

Bulk sliding (landward) of wall / element by direct wave force
Bulk sliding (seaward) of wéaklementqve wave force

Local surface failure of wall

Overturning failure of wall element, insufficient strength of tie rod
Overturning failure of wall element, insufficient strength of soil at anchor
Failure of sheet pile wall element in bending

Rotation failure of sheet pile wall after loss of tie rod

Sliding failure of wall element, no waves

Sliding failure of wall element, no waves

Overturning failure of wall element, no waves

Bending failure of wall element, no waves

Shear failure of wall element, neaves

Piping under parapet wall

Bulk sliding of wall or wall element, direct wave force

Bending failure of wall element by direct wave force

Crest level too lowg wave overtopping

Ship impact

Ice accumulation

Ice collision

Ice attachment

Siorm debrisimpact

Closing failure mechanisms double gated sluices

Closing failure mechanisms single gated structures
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If pumping systems are included as flood defence structures, then failure of pumping systems should
be added to this list.

Breaching of flood defences

TKSNE | NB O NA2dza ¢l &a Ay 6KAOK (GKS GSNXY WOoONBI OK

a flood defence structure, such as a flood embankment or the failure of a @seach of a flood
embankment occurs when water flows over or through #mbankment at such a rate that the
embankment is eroded and a hole created through it that permits flood water to pass through.
Breachingccurs as result obne or more mechasins offlood defence failure.

A breach analysis assesses the velocity, rate of inundation and depth of flood water anticipated
which can determine if a development is safe or not. Generally earth embankment defences are
more prone to breach due their striuge but the level of maintenance can make a significant
difference to the ptential risk of such a failure.
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Decision-making concepts and rules

Economic efficiency

Different economic theorists have varying ideas of what comprises an economaifigiignt system.
However, in general the term economic efficiency refers to the process by which resources are
maximized to generate more productive value than they use. For example, a flood protection
proposal could be considered economically efficiértproduces benefits to citizens which exceed
the costs of providing the flood protection.

The following definition of economic efficiency can be foundia ¢ NBE | 4 dzZNE Q& o ! YO 3 dzA
evaluating public investment projects

oEconomic efficiency is achieved when nobody can be made better off without someone else being
made worse off. Such efficiency enhances prosperity by ensuringabatirces are allocated and

used in the most productive manner possible. One potential cause of inefficiency is where
circumstances mean that the private returns which an individual or firm receives from carrying out a
particular action differ from the reirns to society as a whote.

In an economic efficiency CBA transfer payments such as value added tax are excluded from
estimates of costs and benefité transfer paymenoccurs when a chamgsimply affects either who
gets the consumption or who provides the resources, but there is no change in the national total of
either all the consumption, or all the resources required to generate that consumption.

Taking account of distributional and other impacts

Distributional impact ar¢he effects offlood protectionproposals on different sections of society
Theyshould always be considered and adjustments applied where sapcgand practicalSuch
adjustments sometimes known as distributional weights or equity multipliers, should not be made
until benefits and costs have been disaggregated, to avoid double counting and to show the effect of
the adjustment. If other less tangible impacts are to be taken into account, then Mbitteria
AnalysisICA is likely to be required.

Scheme life
The length of time for which a flood protection scheme is designed (also termetktien lifd.

Scheme life is measured in yeafhere is growing evidence that climate change is contributing to
increasing risk through rising sea levels and influencing volumepaiterns of rainfall. Flood
protectionshouldtherefore be planned ovea long timeframe (often 100 years) with a view to
retaining flexibility to manage changing rigksough adaptatiorover that period. Appraisal should
assess the risks and how they may change over the whole life of a policy or project, including as a
reault of climate changeThe actual life of a scheme may be more or less than this. If the scheme is
well maintained and nothing unforeseen occurs, then the actual life of the scheme may, in some
circumstances, be longer than the design lif@ome schemelsave a shorter design life, particularly
where environmental conditions are harsbch as on the coast.

Scheme life is important in @Because costs and benefitstbé scheme will accruever the
lifetime of the scheme and not proportionality i.e. thapital costs of a scheme will be loaded into
the early years of the life of a scheme with maintenance costs occurring at intervals during the
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scheme life whereas expected (annual average) benefits will occur in each year of the life of the
scheme.

Calculations of the benefits of a standard of flood
protection when freeboard is added to the design
standard

The benefits accruing toeeboardare not counted within a CBA. If, say50 yarstandard of
defence is constructed, withneaddedcrest levefor freeboard purposesonly the benefits accruing
to the 50 year level are counted in the CBAC)

Calculations of the benefits of flood protection
should take into account residual flood damages

The annual average flood damages avoided by (or benefits of) a flood protection scheme are derived
from a probabilitydamage (i.e. benefit) relationship as showtrrigure §bottom right corner).

However, estimation of the net damages avoided (i.e. benefits) should be calculated by first
subtracting theresidual annual flood damages

Taxes and other transfer payments

Taxes and othetransfer paymentshould be excluded from the appraisal of costs and benefits, as
their net economic impact to society is zero.

Determining an economically optimal standard of
flood protection

Determining the economically optimal starrdeof flood protection makes use of tlaptimisation
principle of CBAwhich & (G2 YAYAYA&AS I ff O@chds associgted@iBA I 6§ SR g A
floods are oftwo types:
f theO2aia 27 b 2eARYurdlBLBIaWSHS ik ih2 gbst of reinforcirdjkes or flood
embankments), and

{ thecostsoBELISOGSR ONBAARdZ-f0O b22R RIYI 3843

Figurel3illustrates this principle. Investments in dike reinforcements are made until the cost of the

last investment (the marginalosts) no longdJ 2 dzi g SA3Ka (GKS FdzZNIKSNJ RSONEB
RFEYIlF3S 063GKS Y IANtHS\pgihtd o KOSSNBS UMilaNiBRA y I £ O2 & G gtheS |j dzl £ Y
total costsare minimal,andthe heightof the dikes(andhencethe corresponding protection lever

standard ofprotection) is economically optimal. Both higher and lower dikes than the economically

optimal one lead to higher total economic costs.
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Figurel3 The economially efficient standard of flood protectioffrom Kind et al. 2014)

Incremental benefit-cost ratio

Theincremental benefitcost ratio (iIBCRpay be used in the decision process. A key principle should
be to retain a full understanding of the opportunity cost (where there is, at least, an Exteof

benefit for each additionaturoof cost); and then ask whether greater benefits could be gained by
investing the additional resources in an alternative project in another geographical area. Thus, there
may be a justifiable case for selecting a projectohivould provide a higher level of protection than
that offered by the option with the highest benefibst ratio, providing that the overall ratio is
adequate to represent good value for money, when compared with other investments.

The role of iBCR in &hselection process is therefore to provide information to ensure that the
investment cannot be more effectively spent elsewhere indkierall flood risk management
programme. Where the decision process leads to a preferred option that is not the optimum
monetarised benefit/cost terms, this should be clearly indicatednpappraisal report and a
rationale given. In all cases, the distribution of the costs and benefits amongst different groups
should be transparent.

Determining the economically optimal standard of
protection among a range of potential interventions

The entire CBA process as it is applied to the identification of the most appropriate standard of flood
protection and safety in the UK, including decision rules, may be found by clieking

Basically, the process is as follows

Identify the flood protection scheme or intervention that h#éise highestB:Cratio. This may be
below, within or above the desitknationalindicative standard of protectiarthereis no
LINB & dzY LJG A DyS AdiK I @ GHKRINR sAff ySOSA&aLNAtE 68 sAG

If the scheme with the highe®:Cratio falls below or within the desired range, tieeisa range of
tests for the incrementaB:C ratiosiBCRwhich allow higher standds of protectionto be
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considered, up to the top of the desired range. Sufficient analysis wiébessaryo ensure that
the highest justifiable standard has been reached.

Flood risk management options should be appraised against these rules, spe@k tihe best value
for public money

Analysts must often seek to identify the mastonomically efficien(i.e. optimal) flood protection
interventions from a range of such possible interventions. The process o¥/mghthis is illustrated
in Figures 147 below.

Figure 14 shows a range of interventions, A to E, and the estimated benefits and costs associated
with each. Three commonly used summary measures are given in the key:

I Marginal benefifcost ratio - this is another term which is used for the incremental benefit
cost ratio.

1 Overall benefitcost ratio

T Net Present Value (NPV)

Each of the interventions A to D have benefits which exceed ¢dbty therefore have podite
benefit-cost ratios, although C has a higher benefist ratio (and higher NPV) than the others.
Intervention E has costs which exceed benefits.

Figurel4 Flood protection Interventions with differento®s and their benefits and costs
(Source: PenninRowsell)

In Figure 15 estimates of the potential annual loss of life associated with each intervention are
introduced. Note that the potential annual loss of life without an intervention (the Do Nothing

senario) is 10 and so each intervention will reduce this poteqtiatervention Ereduces it to an
estimated zero
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