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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 used to achieve a better understanding of the 

implementation of Cost-Benefit Analysis (CBA) and Multi-Criteria Analysis (MCA) methodologies in 

the context of flood defence standards appraisal. 

Terminology of flood protection and safety 

standards 

 

¢ƘŜ ǘŜǊƳ ΨǎǘŀƴŘŀǊŘs of flood defence or flood protection and safetyΩ Ƙŀǎ ŀ ǾŀǊƛŜǘȅ ƻŦ ƳŜŀƴƛƴƎǎ 

within the European context.  However, in contrast, within CBA ad MCA flood protection and safety 

standards have a very specific meaning identified in the blue boxes in Figure 1 below. Here we 

briefly explore the breadth of meanings in terms of a typology before focusing upon the specific type 

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

proposals or options. 

 

 

Figure 1 A typology of flood protection standards and safety (Source: Parker) 

Output from the EU Ceframe project (Central European Flood Risk Assessment and Management in 

CENTROPE, 2010-3, http://www.ceframe.eu/) employs a particularly broad understanding of flood 

protection standards in which safety is implicit (Figure 1) (Ceframe, Undated). This project involved 

four partner nations working together to improve flood risk management with a focus on central 

European rivers including the Danube.  Legislation relating to flood risk management is regarded as a 

http://www.ceframe.eu/
http://www.central2013.eu/fileadmin/user_upload/Downloads/outputlib/


8 

 

ƪŜȅ ǇŀǊǘ ƻŦ ǘƘŜ ΨǎǘŀƴŘŀǊŘǎΩ ǿƘƛŎƘ ŜȄƛǎǘ ŀǘ ǘƘŜ 9ǳǊƻǇŜŀƴ ŀƴŘ ƴŀǘƛƻƴŀƭ ƭŜǾŜƭǎΦ  CƻǊ ŜȄample, the EU Floods 

Directive of 2007 is regarded as setting basic requirements (i.e. standards) for flood risk management 

in EU member states, and national legislation translates these requirements into sub-ordinate national 

laws such as the Amended Water Act 2011 in Austria (Figure 1).  However, CEframe go beyond this and 

also regard the requirements for flood risk assessment and the various flood protection strategies of 

the nations involved in the project as standards (Figure 1).  

A common approach to flood protection and safety standards concerns the technical standards which 

should be applied to the construction and maintenance of flood control structures including dikes (i.e. 

flood embankments) and dams. For example, the Japan International Cooperation Agency 

(JICA) specifies technical standards for the design of flood control structures.  In the case 

of dikes, these standards are set out as a set of requirements and considerations regarding dike height, 

crest level, slope gradient and mechanical stabilisation.  A similar kind of approach is sometimes 

adopted for the standards of repair of flood damaged buildings or infrastructure.  For example, the 

UK Construction Industry Research and Information Association (CIRIA) specifies such 

standards. 

Another common approach to flood protection and safety standards refers to the certification and 

testing services for Flood Protection Products. There is now a wide range of certified products 

available on the market for property owners and other organisations to purchase in order to increase 

the resilience of their properties to flooding. They include flood door guards and barriers, 

waterproofing treatments, pumps etc. and are available in the UK, Germany, Denmark and other 

EU countries. Certification means that the product and the professional installation service associated 

with it has been independently tested and achieves the standard of being fit for purpose and safe.   The 

British Standard Institute (BSI) Flood Protection Kitemark is one example (Figure 1.1).  

In the flood protection and safety field, each of the above uses and interpretations of standards plays 

an important role in ensuring that flood risk management is as effective and as safe as possible. 

However, within the context of CBAs and MCAs applied to flood risk management, standard of 

ǇǊƻǘŜŎǘƛƻƴ ό{ƻtύ όǿƘƛŎƘ ŀƭǎƻ ƛƳǇƭƛŜǎ ǎǘŀƴŘŀǊŘ ƻŦ ǎŀŦŜǘȅύ ǊŜŦŜǊǎ ǘƻ ΨƭŜǾŜƭΩ ƻŦ ǇǊƻǘŜŎǘƛƻƴ ǎǇŜŎƛŦƛŜŘ ŜƛǘƘŜǊ ƛƴ 

terms of the return period of the design flood (e.g. 1/100 years) or its probability of exceedance (also 

termed exceedance probability) (e.g. 1%) (Figure 1, blue boxes).  Progressively higher levels of flood 

protection are often associated with higher dikes, although 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 objective 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 safety for 

their circumstances.  In order to be able to do so users need to be equipped with a satisfactory 

understanding of key concepts and the terminology associated with them. These are the concepts and 

terms that users are likely to encounter when working in this field and when consulting others in the 

field and related literature and guidance. A further objective is to establish a common framework of 

concepts and terminology which may be found useful and thus employed within EU member states. 

 

This report should be treated as a companion report to the FLOOD CBA C.1 Report (2013) ΨSupport Tool 

No. 1 Cost-.ŜƴŜŦƛǘ !ƴŀƭȅǎƛǎ DǳƛŘŜƭƛƴŜǎΩ and FLOOD CBA Portal which provides complementary 

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
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terminology especially that relating to flood losses, benefits and costs. An explanation of these 

particular terms may be found in that report and are not repeated here.      

In this report, the key concepts and terms and explanations of them, are arranged into six categories as 

follows.  If required the list of terms may be consulted by clicking here. 

Introductory level 

Concepts and terms of a basic type which are likely to be encountered frequently in CBAs and MCAs 

and related literature. 

Methods of analysis 

Terms associated with the range methods of analysis, including CBA and MCA, which are likely to be 
encountered in evaluating flood protection and safety standards. Occasionally the reader may need to 
use the internal hyperlinks provided to one or more of terms in a subsequent section. 

Flood probability and related terms 

Key terms which have precise meanings which must be clearly comprehended before a flood CBA or an 
MCA may be fully understood or undertaken.   

Flood protection and safety measures 

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

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 safety. Occasionally the reader may need to use the internal 
hyperlinks provided to one or more of terms in a subsequent section. 

Decision-making rules 

Key rules which it is suggested should be employed in order to identify the most appropriate standard 

of flood protection and safety for a flood protection scheme.  

It is important to note that CBAs and MCAs should be undertaken with reference to legal and other 

requirements which may differ between member states of the EU.   This extends to decision-making 

rules which have the status of no more than recommended rules in this document. 

 

Introductory level  

Flood 

The temporary covering of normally dry land when water escapes from the normal confines of a river 

or other body of water. 

The European Floods Directive (2007/60/EC) (Chapter 1, Article 2) offers the following 

definition: 

ΨCƭƻƻŘΩ ƳŜŀƴǎ ǘƘŜ ǘŜƳǇƻǊŀǊȅ ŎƻǾŜǊƛƴƎ ōȅ ǿŀǘŜǊ ƻŦ ƭŀƴŘ ƴƻǘ ƴƻǊƳŀƭƭȅ ŎƻǾŜǊŜŘ ōȅ ǿŀǘŜǊΦ ¢Ƙƛǎ ǎƘŀƭƭ 

include floods from rivers, mountain torrents, Mediterranean ephemeral water courses, and floods from 

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 in 

urban areas.  Table 2 lists the main sources and types 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/
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Table 1  Sources and types of flood 

Source Type of flood 

Rivers, streams or watercourses Fluvial flood 

Intense and/or prolonged precipitation Pluvial or surface water flood 

Groundwater Groundwater flood 

Sewers Sewer flood 

Canals Canal breach flood 

Sea, ocean Coastal or tidal surge flood; ocean swell flood 

Dams and reservoirs Dambreak or spillway flood 

Glacial lakes Glacial lake outburst flood or Jºkulhlaup 

 

Floods occur in all types of river and stream channels, from the smallest ephemeral water courses in 

Mediterranean areas to normally dry channels in arid climates to the ǿƻǊƭŘΩǎ ƭŀrgest rivers. When 

overland flow occurs on tilled fields, it can result in a muddy flood where sediments are picked up by 

runoff and carried as suspended matter.  Localized flooding may be caused or exacerbated by drainage 

obstructions such as landslides, ice or debris dams.   

Slow-rising floods most commonly occur in large rivers with large catchment areas. The increase in 

flow may be caused by sustained rainfall, rapid snow melt, monsoons or tropical cyclones.  Rapid-rising 

floods are called flash 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 normally-dry channels. 

Cause may include localized convective storms and precipitation (i.e. thunderstorms) or sudden release 

of water from an upstream impoundment created behind a dam, landslide or glacier. 

Estuarine flooding is commonly caused by a combination of tidal surges generated by winds and low 

barometric pressure.  Such floods may be exacerbated by high river discharges flowing into an estuary 

creating a combined flood event (i.e. tidal surge flood coupled with a fluvial flood).  Coastal areas may 

be flooded by storms at sea, resulting in waves over-topping defences or in severe cases by tsunami 

or tropical cyclones. Storm surges may be generated by tropical cyclones or extra-tropical cyclones. 

Storm surge should not be confused with storm tide, which is defined as the water level rise due to the 

combination of storm surge and the astronomical tide. This rise in water level can cause extreme 

flooding in coastal areas particularly when storm surge coincides with normal high tide, resulting in 

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, such as 

storm sewers. Although sometimes triggered by events such as flash flooding or snowmelt, urban 

flooding is a condition, characterized by its repetitive and systemic impacts on communities that can 

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
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occur regardless of whether or not affected communities are located within designated floodplains or 

near any body of water. These floods are considerably exacerbated and even caused by the 

transformation of natural land surfaces into human-made ones such as paving and roofing that is 

ubiquitous in urban areas. 

 

Flood Hydrograph 

A flood hydrograph (or just hydrograph) is a plot of the variation of river discharge with respect to time 

(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 time (usually in cubic metres per 

second, or cumecs). 

The graph below (Figure 2) plots both river discharge and rainfall amounts against time to show the 

lag time that occurs between the rainfall peak and the peak discharge of the river.  Some rivers or 

streams have a very short lag time of maybe one or two hours only and floods on such watercourses 

ŀǊŜ ǘŜǊƳŜŘ ŦƭŀǎƘ ŦƭƻƻŘǎΦ  ¢ƘŜ ¦YΩǎ ƎŜƻƎǊŀǇƘȅ ƛǎ ǎǳŎƘ ǘƘŀǘ ǘƘŜ ƭŀǊƎŜǎǘ ǊƛǾŜǊǎ ƘŀǾŜ ŀ ƳŀȄimum lag time of 

24 to 36 hours, whereas on a river such as the Rhine or Danube, lag time may be several days or up to 

one week or more. 

The lag time is important because it is associated with the amount of time available to formulate and 

communicate a flood warning in order to safeguard life and property. 

  

      

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

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

Figure 2 Flood hydrograph  

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

A floodplain (or flood plain) is a generally flat area of land bordering a river or stream which is partly 

or wholly covered with water during floods. It stretches from the banks of the river to the outer 

edges of the valley Figure 3).  

A flood plain consists of two parts. The first is the main channel of the river itself, sometimes called 

the floodway in the USA. Floodways can sometimes be seasonal, meaning the channel is dry for part 

of the year.  Beyond the floodway is the flood 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 extensive. Some rivers, or parts of rivers, seem to have no floodplain at all. These rivers 

usually have a steep stream gradient with a very deep, fast-moving flow.  

Related terms 

Reference is often made to Ψflood risk ŀǊŜŀǎΩ.  These are areas where there is a risk of flooding. They 

include fluvial floodplains and also coastal zones which are at risk of flooding from the sea.  The term 

Ψflood risk zoneΩ ƛǎ ŀƭǎƻ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ŀƴŘ ƻŦǘŜƴ ǊŜŦŜǊǎ ǘƻ ȊƻƴŜǎ ǿƛǘƘƛƴ ǘƘŜ ŦƭƻƻŘǇƭŀƛƴ ƻǊ ŀǊŜŀ ƛƴ 

which sea flooding can occur, which are designated according to whether the risk of flooding is high, 

medium or low. 
 

 

            

Figure 3 A riveǊ ŦƭƻƻŘǇƭŀƛƴ ǎƘƻǿƛƴƎ ǘƘŜ ŦƭƻƻŘǿŀȅ ƛƴ ΨōŀƴƪŦǳƭƭΩ ǎǘŀǘŜΣ ŀƴŘ ŀ ƎŜƴǘƭŜ ǊƛǎŜ ƻŦ ǘƘŜ 

floodplain to the floodplain fringe beyond which some houses are located above the 

floodplain (Source: Parker) 

Catchment area 

A catchment area is an extent or an area of land where all the surface water from rain, melting snow 

or ice converges to a single point at a lower elevation, usually the exit of the area or basin, where 

the waters join another body of water, such as a river, lake, estuary, reservoir, wetland or sea.  

Therefore if a tributary stream joins another that in turn joins a small river which is a tributary of a 

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/
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larger river, there is a series of successively larger (and lower elevation) catchment areas or drainage 

basins.  

Other terms used to describe catchment areas are catchment, drainage basins and river basins.  The 

term watershed may also be used to mean a drainage basin, though in most English-speaking 

countries other than the United States, it is used only in its original sense, to mean a drainage divide: 

the former meaning an area and the latter the high elevation perimeter of that area.  

Catchment boundaries are often considered to be the most advantageous spatial units for the flood 

risk management leading to the production of catchment flood management plans which are 

strategic level plan for managing flood risk. 

Hazard 

A threat emanating from a natural or human (or combined) source that has the potential to cause 

loss of life, injury, property damage, socio-economic disruption or environmental degradation.  

Flood hazard is such a threat presented by the threat of flooding. 

A flood event is the occurrence (i.e. realisation) of a flood hazard, the effects of which change 

demographic, economic and/or environmental conditions.  A hazard does not automatically lead to a 

harmful outcome, but identification of a hazard does mean that there is a possibility of harm 

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 the UNEP glossary of terms. 

Exposure 

The people, property, systems, or other elements (sometimes termed receptors) present in hazard 

zones that are thereby subject to potential losses. Measures of flood exposure can include the 

number of people or types of assets found in hazard zones. 

Vulnerability 

The characteristics and circumstances of a community, system or asset that make it susceptible to 

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

ŎǳƭǘǳǊŀƭΣ ƛƴǎǘƛǘǳǘƛƻƴŀƭΣ ǇƻƭƛǘƛŎŀƭ ŀƴŘ ŜǾŜƴ ǇǎȅŎƘƻƭƻƎƛŎŀƭ ŦŀŎǘƻǊǎ ǘƘŀǘ ǎƘŀǇŜ ǇŜƻǇƭŜΩǎ ƭƛǾŜǎ ŀƴŘ ŎǊŜŀǘŜ 

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 websites of The International Red Cross and Red Crescent 

Societies and the United Nations Office for Disaster Reduction. 

Risk 

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

Consequences. 

 

¢ƘŜ ǿƻǊŘ άriskέ Ƙŀǎ ǘǿƻ ŘƛǎǘƛƴŎǘƛǾŜ ŎƻƴƴƻǘŀǘƛƻƴǎΥ ƛƴ ǇƻǇǳƭŀǊ ǳǎŀƎŜ ǘƘŜ ŜƳǇƘŀǎƛǎ ƛǎ ǳǎǳŀƭƭȅ Ǉlaced on 

ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŎƘŀƴŎŜ ƻǊ ǇƻǎǎƛōƛƭƛǘȅΣ ǎǳŎƘ ŀǎ ƛƴ άǘƘŜ Ǌƛǎƪ ƻŦ ŀƴ ŀŎŎƛŘŜƴǘέΤ ǿƘŜǊŜŀǎ ƛƴ ǘŜŎƘƴƛŎŀƭ 

ǎŜǘǘƛƴƎǎ ǘƘŜ ŜƳǇƘŀǎƛǎ ƛǎ ǳǎǳŀƭƭȅ ǇƭŀŎŜŘ ƻƴ ǘƘŜ ŎƻƴǎŜǉǳŜƴŎŜǎΣ ƛƴ ǘŜǊƳǎ ƻŦ άǇƻǘŜƴǘƛŀƭ ƭƻǎǎŜǎέ ŦƻǊ ǎƻƳŜ 

particular cause, place and period. People do not necessarily share the same perceptions of the 

significance and underlying causes of different risks.  

http://www.georgesriver.org.au/What-is-a-Catchment.html
https://www.gov.uk/government/collections/catchment-flood-management-plans
http://www.unep.org/disastersandconflicts/FurtherResources/Glossaryofterms/tabid/55161/Default.aspx
http://ejournal.ukm.my/akademika/article/viewFile/3084/1971
http://www.ifrc.org/en/what-we-do/disaster-management/about-disasters/what-is-a-disaster/what-is-vulnerability/
http://www.ifrc.org/en/what-we-do/disaster-management/about-disasters/what-is-a-disaster/what-is-vulnerability/
http://www.unisdr.org/we/inform/terminology
http://www.unisdr.org/we/inform/terminology
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Flood risk maps are now widely available in some countries. 
Flood risk assessment 

A methodology to determine the nature and extent of flood risk by analysing potential hazards and 

evaluating existing conditions of vulnerability that together could potentially harm exposed people, 

property, services, livelihoods and the environment on which they depend.  

 

Flood risk assessments (and associated risk mapping) include: a review of the technical 

characteristics of floods such as their location, intensity, frequency and probability; the analysis of 

exposure and vulnerability including the physical social, health, economic and environmental 

dimensions; and the evaluation of the effectiveness of prevailing and alternative flood mitigation 

strategies in respect to likely flood risk scenarios.  

Flood risk management 

A systematic approach and practice of managing flood-related uncertainty in order to minimize 

potential harm and loss. Flood risk management has also been defined by the EU FLOODsite project 

ŀǎ ŀ άƘolistic and continuous societal analysis, assessment and reduction of flood riskέΦ   

 

Flood risk management comprises flood risk assessment and analysis, and the implementation of 

strategies and specific actions to control, reduce and transfer flood risks. This process of flood risk 

management comprises and combines: 

¶ flood risk assessment, to determine risk objectively by analysing and combining probabilities 

and negative consequences of floods and to understand perception of risk, to assist societal 

weighing of costs and benefits of risk and to support decisions  

¶ flood risk analysis, to review the technical character of floods, to analyse exposure and 

vulnerability and evaluation of the effectiveness of different flood mitigation strategies;  and  

¶ design and implementation of physical measures and policy instruments for flood risk 

management. 

Flood risk management is widely practiced by flood management organizations to 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 because all strategies are affected by the uncertainties of extremes of 

weather and climate. 

Flood risk management involves employing the full range of flood measures including both structural 

and non-structural measures.  The World Meteorological Organisation emphasises the importance 

of Integrated Flood Management because of the need to move away from narrow engineering 

approaches which have characterised flood risk management in many countries in 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 seasons. Climate change is a change in the 

statistical distribution of weather patterns when the change lasts for an extended 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 longer-term average conditions (i.e. more or fewer 

http://maps.environment-agency.gov.uk/wiyby/wiybyController?x=357683.0&y=355134.0&scale=1&layerGroups=default&ep=map&textonly=off&lang=_e&topic=floodmap
http://www.training.fema.gov/hiedu/docs/fmc/chapter%204%20-%20flood%20risk%20assessment.pdf
http://www.floodsite.net/html/flood_risk.htm
http://www.iwr.usace.army.mil/Missions/FloodRiskManagement/FloodRiskManagementProgram.aspx
http://www.wmo.int/pages/prog/hwrp/Floodmanagement.php
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extreme weather. Climate change is caused by factors such as variations in solar radiation received 

by Earth, plate tectonics and volcanic eruptions.   

Some short-term climate variation is normal, but longer-term trends now indicate a changing 

climate.  Certain human activities have also been identified as significant causes of recent climate 

change often referred to as global warming. Rising levels of carbon dioxide and other heat-trapping 

gases in the atmosphere have warmed the Earth and are causing wide-ranging impacts, including 

rising sea levels, melting snow and ice, more extreme heat events, fires and drought and more 

extreme storms, rainfall and floods. Scientists project that these trends will continue and in some 

cases accelerate, posing significant risks to human health, our forests, agriculture, freshwater 

supplies, coastlines, and other natural and 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 floods of varying size and frequency i.e. to produce a flood frequency-

magnitude relationship.  This relationship is a key input to flood CBAs and MCAs and affects 

estimates of benefits.  Also, based on past flood records, flood engineers select a design flood for 

flood protection and so the standard of protection provided by a flood scheme or project can be 

fundamentally affected by the estimated flood frequency-magnitude 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 non-stationary) then past flood records are 

no longer a reliable basis for estimating future flood frequency-magnitude relationships.  There a 

number of implications for the design of flood protection projects and for standards of protection 

and safety: 

¶ standards of protection are likely to be eroded over time. For example, a flood protection 

scheme that provided an estimated 100-year standard of protection fifty years ago may now 

provide a significantly lower standard of protection today e.g. say a 2-year standard. 

¶ the design of new flood protection projects should take into account the projected 

impact of climate change on river flows and/or storm surge levels so that the standard of 

ǇǊƻǘŜŎǘƛƻƴ ƛǎ ǘƻ ǎƻƳŜ ŜȄǘŜƴǘ  ΨŦǳǘǳǊŜ ǇǊƻƻŦŜŘΩΦ  CƻǊ ŜȄŀƳǇƭŜΣ ƛƴ ǘƘŜ ¦Y ǘƘŜ ŘŜǎƛƎƴ ƻŦ ŦƭǳǾƛŀƭ 

flood protection measures is required to assume that flood 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. 

Sea-level rise (SLR) is caused by thermal expansion of the oceans (the increase in ocean volume due 

to rising ocean water temperature) and increased inflow of melt-water from glaciers and ice-sheets 

(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 loss of low-lying 

coastal regions. Rising sea levels increase the probability of storm surges, cause landward incursion 

of salt water and endanger coastal ecosystems and wetlands. Coastal areas in Europe often contain 

important natural ecosystems, productive economic sectors, and major urban centres. A higher 

http://ipcc-wg2.gov/AR5/images/uploads/WG2AR5_SPM_FINAL.pdf
http://ipcc-wg2.gov/AR5/images/uploads/WG2AR5_SPM_FINAL.pdf
file:///E:/CBSA2/CBSA2/•%09http:/ipcc.ch/
http://www.citg.tudelft.nl/fileadmin/Faculteit/CiTG/Over_de_faculteit/Afdelingen/Afdeling_Waterbouwkunde/sectie_waterbouwkunde/people/personal/gelder/publications/citations/doc/citatie155.pdf
https://www3.epa.gov/climatechange/kids/documents/sea-level-rise.pdf
http://climate.nasa.gov/vital-signs/sea-level/
http://www.climatecost.cc/images/Policy_brief_2_Coastal_10_lowres.pdf
http://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-3/assessment
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flood risk increases the threat of loss of life and property as well as damage to sea-dikes and 

infrastructure, and could lead to an increased loss of tourism, recreation and port and transportation 

functions. Low-lying coastlines with high population densities and small tidal ranges will be most 

vulnerable to SLR. Coastal flooding related to SLR could affect a large populations. Because of the 

slow reaction of the climate system, climate change mitigation 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 source-pathway-receptorςconsequence model is a conceptual model which describes the link 

between hazard and risk (Figure 4).   It is sometimes also called the source-pathway-receptor 

model which may then be extended to include consequence.  The model may be employed as an 

analytical method. 

Flood risk is dependent on there being a source of flooding, such as a river, a route for the flood 

water to take (pathway), and something that is affected by the flood (receptor), such as an industrial 

area or a residential neighbourhood. The impact on receptors has consequences usually in the form 

of damages or losses. Without a pathway linking the source to the receptor, a flood may be a hazard, 

but not a risk.  

            

Figure 4 Source-Pathway-Receptor-Consequence model with two examples (Source: Parker) 

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

of flooding and their impacts upon receptors and the consequences.  An example is the application 

of the model to flooding in the Teign estuary in England. This kind of model helps analysts 

understand and estimate damage and loss which are equivalent to benefits when they are avoided 

by implementation of a flood protection measure. 

http://www.eea.europa.eu/data-and-maps/figures/coastal-flood-damage-potential
http://www.floodsite.net/html/faq2.htm
https://web.sbe.hw.ac.uk/frmrc/downloads/Data/FRMRC2_Deliverable5.3.pdf
https://web.sbe.hw.ac.uk/frmrc/downloads/Data/FRMRC2_Deliverable5.3.pdf
http://ics2013.org/papers/Paper3818_rev.pdf
http://ics2013.org/papers/Paper3818_rev.pdf
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Economic Appraisal  

An appraisal that takes into account a wide range of costs and benefits to society, including those 

that cannot readily be valued in monetary terms. 

Project appraisal 

A project 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 post project evaluation. Appraisal is about 

gathering information and comparing options in a consistent way in order to support good decision-

making and to avoid making bad decisions; as well as maximising the likelihood that in time the 

chosen approach with hindsight turns out to have been the right choice. Appraisal is desirable and 

may be necessary to justify Government investment in flood risk management. 

Cost-benefit analysis (CBA) 

CBA is the traditional method for organising information to aid decisions about the 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 are directly comparable with 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, 

ǎƻ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜ ƛǎ ŀ ΨƎƭƻōŀƭΩ ƻƴŜ ǊŀǘƘŜǊ ǘƘŀƴ ǘƘŀǘ ƻŦ ŀƴȅ ǇŀǊǘƛŎǳƭŀr individual or interest group.  

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 recommendations 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 are quantified 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 late 19th century economist Alfred Marshall, but the first use 

of CBA in the world was made in the 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 been much refined. 

The major strength of CBA that it is based on well-understood theoretical foundations, derived from 

more than a century of research in welfare economics. This gives CBA a high degree of internal 

consistency. Because all cost-benefit studies share 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 determine economic efficiency. Efficiency is 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 consideration. One way in which distributional aspects 

can be integrated into CBA is by assigning weights to benefits received and costs borne by different 

socio-economic 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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Further information about CBA may be found at the FLOOD CBA website. 

Local economic (financial) cost-benefit analysis 

Conventional CBA seeks to estimate the costs and benefits of flood protection proposals to the 

national economy. However, 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 local residents 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 and benefits should be undertaken as an 

aid to local decision-making about funding. 

When potential flood losses (i.e. benefits when avoided) are estimated locally these losses are still 

economic losses but they are valued using financial costing principles.  The outcome in monetary 

terms is usually quite different from the outcome when benefits are measured using national, 

economic valuation principles.  Typically, flood losses estimated in financial terms are significantly 

higher than when the same losses are measured 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 economic analysis: the 

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 and goods 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 

one-fifth higher than economic loss estimates.  Other forms of tax, such as fuel taxes, are treated 

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 consequence so 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 this case, therefore, the 

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

In addition, local economies may gain through local economic regeneration following 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 is similar to CBA regarding the overall aim of undertaking a holistic analysis in order to identify 

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

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

easily given monetary values (often calƭŜŘ ΨƛƴǘŀƴƎƛōƭŜǎΩ ƛƴ /.!ύΦ IƻǿŜǾŜǊΣ a/! ǇǊŜǎŜƴǘǎ ǘƘŜ 

opportunity of measuring the consequences of an activity in terms of different units while leaving 

the final weighting of criteria to the decision-makers or to a stakeholder group. Mathematical 

http://www.floodcba.eu/main/wp-content/uploads/Cost-Benefit-Analysis-Guidelines.pdf
http://evidence.environment-agency.gov.uk/FCERM/Libraries/FCERM_Project_Documents/FD2662_full_toolkit.sflb.ashx
http://eprints.lse.ac.uk/12761/1/Multi-criteria_Analysis.pdf
http://www.seachangecop.org/sites/default/files/documents/2004%2011%20Defra%20-%20Evaluating%20a%20multi-criteria%20analysis%20%28MCA%29%20methodology_Flood.pdf
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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 political process in order to support the 

finding of the most appropriate risk-reducing activities.  CBA and MCA may be integrated into a 

linked analysis. 

The disciplinary origins of MCA of Multiple Criteria Decision-Making (MCDM) are in decision-making 

theory, operational research and management science.  MCA had its origins in the 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 to aid the systematic 

comparison of options where all of the impacts have not been captured in monetary terms. This is 

not an alternative to CBA but an extension of it, to ensure that non-monetised impacts are 

adequately considered in the appraisal processes. Where 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 decision-making 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 by which the environmental consequences of a proposed project or programme are 

evaluated and form an integral part of planning and decision-making processes with a view to 

limiting or reducing the adverse impacts of a flood protection project.  

 

Environmental impact assessment (EIAs) is a policy tool that provides evidence and analysis of 

environmental impacts of activities from conception to decision-making. It is utilized extensively in 

national programming and project approval 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 problems.  An example of the legislation 

regarding EIAs and flood protection is available for Scotland. 

Uncertainty and uncertainty analysis 

¦ǎŜǊ ŀǊŜ ǊŜŎƻƳƳŜƴŘŜŘ ǘƻ ǊŜŀŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎŜŎǘƛƻƴ ŜƴǘƛǘƭŜŘ ΨCƭƻƻŘ ǇǊƻōŀōƛƭƛǘȅ ŀƴŘ ǊŜƭŀǘŜŘ ǘŜǊƳǎΩ 

in conjunction with these concepts by clicking on Flood probability and related terms  Uncertainty 

is an expression of the degree to which a value or relationship is unknown. Uncertainty can result 

from lack of information or from disagreement about what is known or even knowable. Uncertainty 

may originate from many sources, such as quantifiable errors in the data, sampling errors, flood 

frequency analysis, ambiguously defined concepts or terminology, or uncertain projections of flood 

probability or behavioural response to flood risk. Uncertainty can therefore be represented by 

quantitative measures, for example, a range of values calculated by various models, or by qualitative 

statements, for example, reflecting the judgement of a team of experts. 

Uncertainty analysis involves identification and measurement of all sources of uncertainty 

pertaining to a particular objective, such as the choice of a design flood or a particular standard of 

flood protection.  It may also be applied to a CBA, for example to determine the principal sources of 

http://evidence.environment-agency.gov.uk/FCERM/Libraries/FCERM_Project_Documents/FD2018_5184_PR_pdf.sflb.ashx
http://evidence.environment-agency.gov.uk/FCERM/Libraries/FCERM_Project_Documents/FD2018_5184_PR_pdf.sflb.ashx
http://eprints.lse.ac.uk/12761/1/Multi-criteria_Analysis.pdf
http://www.legislation.gov.uk/ssi/2010/426/made
file:///C:/Users/Dennis/Documents/CBSA2/Flood%20probability%20and%20related%20terms
http://www.mvr.usace.army.mil/Portals/48/docs/FRM/UpperMissFlowFreq/App.%20I%20Report%202.pdf
http://www.mvr.usace.army.mil/Portals/48/docs/FRM/UpperMissFlowFreq/App.%20I%20Report%202.pdf
https://coast.noaa.gov/digitalcoast/_/pdf/risk-behavior-communication-report.pdf
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uncertainty surrounding estimates of benefits of flood protection.  Sources of uncertainty are a 

key consideration in designing safe protection from flooding. 

Sometimes the ǘŜǊƳ Ψǎensitivity analysisΩ ƛǎ ǳǎŜŘ ōǳǘ ƛǘ ƛǎ ŜǎǎŜƴǘƛŀƭƭȅ ǘƘŜ ǎŀƳŜ ŀǎ ǳƴŎŜǊǘŀƛƴǘȅ ŀƴŀƭȅǎƛǎΦ  

Both are used in CBAs and MCAs of flood protection proposals in order to test the sensitivity of 

results to changed assumptions, thereby identifying an envelope of benefit values or B-C ratios 

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

decision-makers. 

 

Flood probability and related terms 

Return period 

A return period, also known as a recurrence interval, is an estimate of the likelihood or probability 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 an extended period of time.  The 

concept is based on the magnitude-frequency principle, where large magnitude events (such as 

floods) are comparatively less frequent than smaller magnitude events. 

Return period or the Average Recurrence Interval (ARI) may be calculated using the following 

equation: 

Return period =  

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 is the estimated 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 flood with 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, it is 10 times less likely to 

occur than a flood with a return period of 10 years (or a probability of 10%) (Table 3). 

 

Table 2  Return periods and probability of occurrences 

Return period Probability of occurrence in 
any given year 

Chance of occurrence in any 
given year (%) 

100 1 in 100 1 

50 1 in 50 2 

25 1 in 25 4 

10 1 in 10 10 

http://daad.wb.tu-harburg.de/fileadmin/BackUsersResources/Risk/Dejan/UncertaintyAnalysis.pdf
http://www.hkv.nl/upload/publication/Uncertaintyanalysisofriverflood_MK_JS.pdf
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5 1 in 5 20 

2 1 in 2 50 

 

How the return period concept is used  

The return period or Average Recurrence Interval (ARI) concept is used in estimating the benefits of 
flood mitigation projects. 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 calculated probabilities 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 barrages), to ensure that we do 
not develop the land too close to flood-prone areas, and to ensure that our bridges are of sufficient 
height to withstand flood events. 
 

[ŜǘΩǎ ǘŀƪŜ ǘƘŜ Thames Barrier in 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 km2 of central London from potential tidal surges. The barrier was initially built 
ǘƻ ǇǊƻǘŜŎǘ ǘƘŜ Ŏƛǘȅ ŦǊƻƳ ŀ ΨмΣллл ȅŜŀǊ ŦƭƻƻŘ ŜǾŜƴǘΩ όƛΦŜΦ ŀ ǇǊƻōŀōƛƭƛǘȅ ƻŦ лΦм҈ύ ǳƴǘƛƭ ǘƘŜ ȅŜŀǊ нлолΦ ¢ƘŜ 
lifespan of the barrage has been calculated based on past records of flood events on the River 
Thames, and also takes into account projections 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 assess its on-going 
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 percentage. AEP 

is the inverse of the annual maximum return period. For example, the 100-year flood can be 

expressed as the 1% AEP flood, which has a 1% chance of being exceeded in any year. This is 

recommended when presenting results to non-specialists who may associate the concept of return 

period with a regular occurrence rather than an average recurrence interval. Larger floods occur (i.e. 

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

Examples 

¶ A 2% annual exceedance probability flood event has a 2% chance of occurring in a year, so 

once on average every 50 years. 

¶ A 20% annual exceedance probability flood event has a 20% chance of occurring in a year, so 

once on average every 5 years. 

¶ A one hundred year flood is a flood event that has a 1% probability of occurring in any given 

year. The 100-year flood is also referred to as the 1% flood, since its annual exceedance 

probability is 1%. 

How AEP is used in CBA 

In a BCA of a flood mitigation proposals we wish to estimate the benefits that will be generated if 

the proposed project is implemented.  To do this we firstly need to identify a range of floods having 

short to long return periods for which we calculate the AEP ς these are shown in Table 4 (Column 2).  

Secondly, we estimate the amount of flood damage potential (i.e. potential benefit) in each of these 

https://21stcenturychallenges.org/the-thames-barrier/
https://en.wikipedia.org/wiki/Flood
file:///C:/Users/Dennis/Downloads/FloodRiskManagementHandbook%20(2).pdf
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floods. Since our objective is to estimate 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 (see Column 3 in the 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 each ς the probability of flood in interval (in the fourth column). 

Similarly, the average benefit is calculated (in the firth column). Then we calculate the annual 

interval benefit (the sixth column) and finally we calculate these annual benefits in the seventh 

column. 

 

Table 3  Extract from a tabulation of probability-benefit relationships 

1 2 3 4 5 6 7 

Return 
period 

In years 

Annual 
exceedance 
probability 

Benefit 

In 

Euros 

Probability 
of flood in 
interval 

Average 
benefit 

In Euros 

Interval 
benefit 
(annual) in 
Euros 

Cumulative 
benefit 
(annual) in 
Euros 

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 flood has a 1% chance or probability of occurring in any given year. Sometimes 

the 100 year flood is referred to as the 1% flood since the probability of its annual exceedance is 1%.   

The 100 year or 1% floodplain in the city of Exeter, England is shown in Figure 5. 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 the route 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 so on.  For 

example, a 50 year flood has a 2% probability of flooding in any year. 
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A common misunderstanding 

A common misunderstanding is that a 100 year flood is likely to occur only once in a 100-year 

period.  

Explanation of why this is a misunderstanding 

Floods occur irregularly. For example, if we had 1,000 years of river or stream flow data, we would 

expect to see about 10 floods 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  

 

 

 

 

 

 

 

 

 

 

 

 

                                          

 

 

 

    

    

Figure 6  Streamflow record for River Embarras over a 100 year period (Source: 

http://water.usgs.gov/edu/100yearflood-basic-3.html) 

Figure 5 100 year floodplain of the River Exe at Exeter, UK. (Source: 

Environment Agency (2013) Exeter Flood Defence Scheme, Project Appraisal 

Report) 

http://water.usgs.gov/edu/100yearflood-basic-3.html
http://water.usgs.gov/edu/100yearflood-basic-3.html
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years between 100 year floods, whereas in other parts, we might find 150 or more years between 

100 year floods.  In 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 floods ranges from 4 to as many as 28 years. The magnitude 

of the 10-year 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 between floods greater than this 

magnitude ranged from 4 to 28 years, the average of these intervals is about 10 years. 

On the River Danube at the city of Passau, Bavaria, in Germany, the actual intervals between 100-

year floods during 1501 to 2013 ranged from 37 to 192 years. 

Note that in Europe we now measure stream flow in terms of cubic metres per second (m3/s), also 

known as cumecs. 

Can two 100 year floods occur in successive years? 

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 add up a long 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 be required because damage would be zero in most years.  So in 

practice expected annual damages are calculated by using the following steps shown in the 

diagram below produced by the US Army Corps of Engineers. 

1. tǊƻŘǳŎŜ ŀ ƎǊŀǇƘƛŎŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŦƭƻƻŘ ƘŜƛƎƘǘ όƻŦǘŜƴ ŎŀƭƭŜŘ ΨŦƭƻƻŘ ǎǘŀƎŜΩύ ŀƴŘ ŦƭƻƻŘ 

magnitude measured in terms of river discharge.  This is called a stage-discharge curve. 

2. Then produce a frequency distribution of flood magnitudes: sometimes called a flood 

frequency-magnitude relationship.  This is often done by graphing the relationship between 

discharge (i.e. magnitude) and exceedance probability to produce a discharge-exceedance 

probability curve. 

3. Next, graph the relationship between flood height (i.e. stage) and damage ς the stage-

damage curve. 

4. The final step is to produce a curve which summarises the relationship between damage and 

exceedance frequency. 

The area under the damage-exceedance 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. 

http://user.engineering.uiowa.edu/~cee_171/handouts/Arnell_1989.pdf
http://www.corpsnedmanuals.us/nedmanual.cfml?pg=5&mpg=236
http://www.corpsnedmanuals.us/nedmanual.cfml?pg=5&mpg=236
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Figure 7 Four-step procedure to create damage-frequency curve  

Source: US Army Corps of Engineers 

Loss-probability curve 

A loss-probability curve is the graphical representation of the relationship between flood damages 

(i.e. losses) and flood probability.  Damages are usually measured in monetary units and probability 

by flood return period or annual exceedance probability.  The relationship will be unique to each 

situation or location. 

Figure 8 below is the classic four-part diagram summarising the inter-relation of hydrology, 

hydraulics and economics as the basis of calculating the benefits of flood alleviation. The annual 

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 loss-probability curve. 

This is the curve in the bottom right hand corner of the diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8  Four-step procedure to create probability-damage curve (Source: Penning-Rowsell et al. 
(2005) The Benefits of Flood and Coastal Risk Management: A Manual of Assessment Techniques, 
London: Middlesex University Press) 

file:///E:/CBSA2/CBSA2/Figure%20X.X%20Four-step%20procedure%20used%20to%20create%20damage-exceedance%20frequency%20curve
http://www.floodcba.eu/main/wp-content/uploads/Cost-Benefit-Analysis-Guidelines.pdf
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Because structural flood protection measures are designed to a standard (of protection) there will 

always be some residual flood damages (which 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 

ǎǘŀƴŘŀǊŘ ŀƴŘ ΨƻǾŜǊǘƻǇΩ ǘƘŜ ǇǊƻǘŜŎǘƛƻƴ ŎŀǳǎƛƴƎ ŘŀƳŀƎŜΦ  ¢ƘŜǎŜ ŘŀƳŀƎŜǎ ŀǊŜ ŎŀƭƭŜŘ residual flood 

damages. 

 

Flood protection and safety measures 

Flood protection 

Provision of a degree of security from floods for people, property, infrastructure and the 

environment by either large or small scale structural measures. 

Flood protection may take many forms including both a) large-scale engineering works (e.g. river 

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

pumping systems) and small-scale physical protection for individual properties often 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, without entirely 

preventing flooding, by employing predominantly structural engineering approaches. 

The US Army Corps of Engineers is perhaps most closely associated with the ΨŦƭƻƻŘ ŎƻƴǘǊƻƭ 

ǇƘƛƭƻǎƻǇƘȅΩ ǿƘƛŎƘ ŦƻǊ ŘŜŎŀŘŜǎ ŦƻǊƳŜŘ ǘƘŜ ǇǊƛƴŎƛǇŀƭ ŀǇǇǊƻŀŎƘ ǘƻ ǘŀŎƪƭƛƴƎ ŦƭƻƻŘǎ ƻƴ ǊƛǾŜǊǎ ǎǳŎƘ ŀǎ ǘƘŜ 

Mississippi. However, this approach was only partly successful. This philosophy, which relies 

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

too narrow to be sufficiently effective on its own.  The philosophy is also criticised for seeking to 

control nature rather than working with it and is the opposite of approaches which seek to make 

room for the river (Netherlands) or to make space for water (UK) and which seek to accommodate 

floods. 

Flood defence (also sea defence) 

A similar approach to flood control and used in the UK, but now usually used in conjunction with 

non-structural measures.  It relies predominantly on engineering structures (e.g. sea walls, flood 

ŜƳōŀƴƪƳŜƴǘǎύ ǘƻ ΨŘŜŦŜƴŘΩ ǇŜƻǇƭŜ ŀƴŘ ǇǊƻǇŜǊǘȅ ŦǊƻƳ ŦƭƻƻŘǎΦ   

In the UK the flood defence approach was replaced by a flood risk management approach 

ŘǳǊƛƴƎ ǘƘŜ ŜŀǊƭȅ нлллΩ.  Flood risk management is a completely different philosophy which relies 

upon the full range ƻŦ ƳŀƴŀƎŜƳŜƴǘ ƳŜŀǎǳǊŜǎΣ ǳǎǳŀƭƭȅ ŎƻƳōƛƴŜŘ ŀǎ ΨǇƻǊǘŦƻƭƛƻǎΩ ƻŦ ƳŜŀǎǳǊŜǎ ǘƻ 

address floods. 

file:///E:/CBSA2/CBSA2/water-technology.net/projects/delta-works-flood-netherlands
http://www.jbaconsulting.com/property-level-protection/types-of-flood-defences
http://www.knowla.org/entry/763/
http://www.scientificamerican.com/article/how-the-dutch-make-room-for-the-river/
http://www.scientificamerican.com/article/how-the-dutch-make-room-for-the-river/
http://www.met.reading.ac.uk/~sws00rsp/teaching/postgrad/consultation%5b1%5d.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/292928/geho0609bqds-e-e.pdf
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Flood prevention 

The outright avoidance of adverse impacts of flood hazards and related disasters.  

 

Prevention (i.e. flood prevention) expresses the concept and intention to completely avoid potential 

adverse impacts through action taken in advance.  Development agencies in less-developed societies 

often refer to the need to move more towards a preventative approach because of over-reliance in 

these societies on responsive, flood relief policies.  However, flood prevention is often associated 

with one-dimensional engineering approaches although a broader approach is feasible. Examples 

include land management and treatment which holds back and slows runoff and land-use planning 

that does not permit or limits any settlement in high risk zones. Very often the complete avoidance 

of losses is infeasible and the task transforms to that of mitigation. Partly for this reason, the terms 

prevention and mitigation are sometimes used interchangeably in casual use although they do not 

mean the same thing. 

Flood mitigation 

The lessening or limitation of the adverse impacts of hazards and related disasters.  

 

The adverse impacts of hazards often cannot be prevented fully, but their scale or severity can be 

substantially lessened by various strategies and actions. Mitigation measures encompass engineering 

techniques and hazard-resistant construction as well as improved environmental policies and public 

ŀǿŀǊŜƴŜǎǎΦ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ƛƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǇƻƭƛŎȅΣ άƳƛǘƛƎŀǘƛƻƴέ ƛǎ ŘŜŦƛƴŜŘ ŘƛŦŦŜǊŜƴǘƭȅΣ ōŜƛƴƎ 

the term used for the reduction of greenhouse gas emissions that are the source of climate change. 

Natural flood management 

Natural flood management may be defined as the alteration, restoration or use of landscape 

features in order to modify flood risk in order to reduce flood losses. 

This approach has recently received new interest in the UK especially in Scotland. 

Structural and non-structural measures 

Structural measures are large-scale engineering options for reducing flood risk.  Non-structural 

Measures (NSMs) are a set of flood risk management and/or flood adaptation options that do not 

make use of traditional structural flood defence measures (Figure 9). They include ways of reducing 

flood risk which are not based on large-scale engineering and they reduce damage without 

influencing flood event characteristics. 

Non-structural flood risk management measures are proven methods and techniques for 

reducing flood risk and flood damages incurred within flood risk areas and in some circumstances 

they may be used instead of or in combination with structural measures. 

 

http://www.irishlandscapeinstitute.com/news/articles/new-approaches-to-flood-prevention/
http://dnr.nebraska.gov/fpm/mitigation-overview
http://researchbriefings.files.parliament.uk/documents/POST-PN-396/POST-PN-396.pdf
http://www.scotlink.org/files/policy/PositionPapers/LINKfwtfReportNatFloodMan.pdf
http://daad.wb.tu-harburg.de/?id=1202
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Figure 9  Categorisation of structural and non-structural flood measures (Source: Parker) 

It is difficult to apply the concept of standard of protection to NSMs because they do not 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 do-nothing option is to simply accept existing and future flood risks and the problems associated 

with it without intervening in any way to reduce these risks. 

Lƴ /.! ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŎƻƴǎƛŘŜǊ ŀ ǊŀƴƎŜ ƻŦ ƻǇǘƛƻƴǎ ŦƻǊ ƳŀƴŀƎƛƴƎ ŦƭƻƻŘ ǊƛǎƪǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ΨŘƻ-

ƴƻǘƘƛƴƎΩ ƻǇǘion which provides a baseline for comparison with other options.  A typical range of 

options that may be considered in a flood CBA is as follows: 

a) Do-nothing 

b) Do-minimum (i.e. continue with existing maintenance regime) 

c) Minor river system improvements (i.e. modify hydraulic structures to improve the 

performance of the existing flood defences) 

d) Structural defences to provide 1/100 standard of protection 

e) Structural defences to provide 1/200 standard of protection 

f) Upstream flood storage 

g) Combinations of c and d 

h) Combinations of c and e 

i) Property-level protection combined with flood warning system 

j) Combinations of g and i 

k) Combinations of h and i 
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Under the do-nothing option flood damages will occur but costs of intervention will be zero.  Under 

the rest of the options, some flood damages will be avoided and there will be some residual flood 

damages as well as the costs of intervention.  By considering the do-nothing option the CBA is 

ǳƴŘŜǊǘŀƪŜƴ ŀǎ ŀ ΨǿƛǘƘ-and-ǿƛǘƘƻǳǘΩ ŀƴŀƭȅǎƛǎ ƛΦŜΦ ǘƘŜ Řƻ-nothing option (i.e. without taking any 

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 

A flood protection standard specifies the protection offered to a specific area from flooding from the 

sea or rivers.  It is usually associated with a human-made made defences along rivers, on the coast 

or in estuaries where land hŀǎ ōŜŜƴ ΨŎƭŀƛƳŜŘΩ ŦǊƻƳ ǘƘŜ ǎŜŀ όƻŦǘŜƴ Ƴŀƴȅ ŎŜƴǘǳǊƛŜǎ ŀƎƻύΦ   
There are also cases where natural protection or defence, such as a sand dune or shingle bank, is 

managed to provide an increased standard of protection to the hinterland.   

Flood protection is provided to reduce the risk of flooding from the sea or river and standards are 

usually described in terms of a flood event return period. For example, a flood embankment could 

be described as providing a 1 in 100 year standard of protection.  This, in its simplistic form, means 

that over time, the protection will be defeated on average once every one hundred years.   

Design standard 

The observed or hypothetical flood chosen as the standard for the design of a flood 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, the 1% Annual Exceedance Probability (AEP) or 

1 in 100 Return Period or Average Recurrence Interval (ARI) flood is the best estimate of a flood 

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

Apart from being 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 terms of cumecs.  However, storm 

surge heights will often be used in the case of 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. 

Standards of flood protection are usually associated with man-made protection measures or 

structural, engineered defences along rivers, on the coast or in estuaries. There are also cases where 

a natural defence, such as a sand dune or shingle bank, is managed to provide an 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 protection are 

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 once every one hundred years.  The concept of the 

annual probability of flooding may also be referred to - a 1% exceedance probability is equivalent to 

1 in 100 year return period.  

In cases where the standard of protection of flood defences are overtopped, 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, although to the 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 place, overtopping may only occur at or near the peak of a tide so 

that the duration of overtopping is limited.  

 

Indicative or appropriate standards of flood 

protection 

These are flood protection standards employed in the UK which are based upon historical precedent 

(e.g. a particularly large and devastating flood) and expert judgement (Table 5). In this case the SoP 

is given as a range of flood return periods (RP).  These indicative standards 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. 

Table 4  Indicative standards of flood protection employed in the UK 

 

 

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 Dutch have adopted statutory standards (Figure 10) based on a) cost-benefit 

file:///E:/CBSA2/Natural%20England%20and%20flood%20defence%20standards.pdf
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analysis b) historical precedent and c) risk assessment of loss of life although recent research shows 

that these legal standards of flood protection are not the most economically efficient standards. 

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 build, and what projects should 

receive federal funding. The Federal Flood Risk Management Standard is an executive order 

signed by the US  President.  It establishes an improved margin of safety and calls for agencies to 

evaluate how sea level rise and other climate impacts that increase future flood risk. In 

implementing the Standard, federal agencies will be given the flexibility to select one of three 

approaches for establishing the flood elevation and hazard area they use in siting, design, and 

construction: 

¶ utilizing best-available, actionable data and methods that integrate current and future 

changes in flooding based on science; 

¶ two or three feet of elevation, depending on the criticality of the building, above the 100-

year, or 1% annual chance, flood elevation; or 

¶ 500-year, or 0.2% annual chance, flood elevation. 

 

 

Figure 10  Statutory flood protection standards for different dike rings in the Netherlands 

(after Kind et al. 2014) 

Freeboard 

Freeboard is an allowance in the height of flood protection above the design flood to take account of 

adverse uncertainty that may affect safety (Figure 11). 

Freeboard tends to compensate for factors such as uncertainties and physical factors affecting the 

performance of a flood protection structure such as a flood embankment as shown below.  Methods 

are available for calculating appropriate freeboard allowances.                       

https://www.deltares.nl/app/uploads/2014/12/kind2014_JFRM.pdf
https://www.fema.gov/federal-flood-risk-management-standard-ffrms
https://www.deltares.nl/app/uploads/2014/12/kind2014_JFRM1.pdf
http://evidence.environment-agency.gov.uk/FCERM/en/FluvialDesignGuide/Fluvial_Design_Guide_Overview.aspx
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/290618/strw187-e-e.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/290618/strw187-e-e.pdf
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Figure 11  ¢ƘŜ ŦǊŜŜōƻŀǊŘ ΨǎŀŦŜǘȅ ƳŀǊƎƛƴΩ ŎƻƴŎŜǇǘ (Source: Parker) 

Residual risk 

The risk that remains in unmanaged form, even when effective disaster risk reduction measures are 

in place, and for which emergency response and recovery capacities must be maintained. The 

residual risk gives rise to residual flood losses. 

 

The presence of residual risk implies a continuing need to develop and support effective capacities 

for emergency services, preparedness, response and recovery together with socio-economic policies 

such as safety nets and risk transfer mechanisms.  
Examples of residual flood risk include: 

ω ǘhe failure of structural flood defences caused by a breach of a raised flood defence, blockage of a 

surface water channel or drainage system, failure of a flood gate or barrier or flap valve, overtopping 

of an upstream storage area, or failure of a pumped drainage system; and 

ω ŀ severe flood event that exceeds a flood design 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 

designed and constructed, so that flood water flows over the top of the crest of the flood defences 

and floods the area behind the defences.  The lower the design standard of 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 exceed the 

design standard and overtop defences such as flood embankments (i.e. dikes). 

Although overtopping of defences is termed ΨŦǳƴŎǘƛƻƴŀƭ ŦŀƛƭǳǊŜΩ, overtopping alone does not 

necessarily mean that flood defences have completely failed because, as long as the integrity (e.g. 

strength) of the 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, this is unlikely 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 achieved.  Three failure mechanisms are shown 

below in Figure 12. 

 

(1) 

           

(2) 

                     

(3) 

              

 

Figure 12 (1) Movement of dike cover layer under wave action (2) Erosion of core by wave 

overtopping and (3) Erosion of cover of inner slope by overflow (Source: FLOODsite) 

There are numerous mechanisms by which flood defences may fail.  They have been classified by the 

FLOODsite project and are as follows: 

¶ Erosion of cover of inner slope of dikes by overflow 

¶ Erosion of seaward dike face of sand by waves 

¶ Erosion of dike sand core 

¶ Erosion of dike core by wave overtopping 

http://eprints.hrwallingford.co.uk/237/1/HRPP375-Failure_modes_and_mechanisms_for_flood_defence_structures.pdf
http://www.floodsite.net/html/partner_area/project_docs/T04_06_01_failure_mechanisms_D4_1_v1_1_p01.pdf
http://www.floodsite.net/html/partner_area/project_docs/T04_06_01_failure_mechanisms_D4_1_v1_1_p01.pdf
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¶ Erosion of a natural or artificially replenished shingle beach 

¶ Movement of dike cover layer elements under wave action 

¶ Erosion of embankment surface by overflow 

¶ Deep slip in dike slope (inner or outer) 

¶ Cap or slip failure in dikes / embankments 

¶ Sliding of clay dike cover on inner slope of dike 

¶ Piping under dikes (piping is the 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 
particles and water flowing through channels within clay or other material used to construct 
dikes) 

¶ Piping directly underneath sheet pile cut-off 

¶ Uplifting of impermeable layers behind earth embankment 

¶ Seepage through sand dike core 

¶ Internal erosion or suffusion and/or filter stability under steady flows 

¶ Infiltration into a dike 

¶ Overflow of dike (functional failure) 

¶ Erosion of grass dike cover by wave attack 

¶ Wave driven erosion of clay layer of dikes 

¶ Wave impact 

¶ Erosion of grass dike cover on inner slope due to wave overtopping 

¶ Erosion of dike crest (rubble mound structures) 

¶ Erosion of clay inner slope by wave overtopping (Turf set off) 

¶ Erosion of dike core by wave overtopping 

¶ Excessive wave overtopping of dike (functional failure) 

¶ Erosion of dike toe of protection 

¶ Sliding of embankment 

¶ Non circular deep slip (uplift pressures from foundation) 

¶ Non circular deep slip (composite embankments) 

¶ Clay uplift at inner slope of sea dikes 

¶ Erosion of cover of inner slope by overflow 

¶ Cover layer uplift (falling water level), asphalt revetments 

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

¶ Dike toe erosion to rubble mound slopes 

¶ Erosion of revetment (grass cover) seaward face by up-rush velocity; and/or by ship wave 

¶ Erosion of revetment armour (rock) on seaward face 

¶ Uplift of revetment blocks (placed block revetments, block mats and concrete mattresses, 
gabions, geosystems) by wind or ship waves 

¶ Failure of dike cover layer by wave impact (asphalt revetments) 

¶ Erosion of revetment / cover layer (bound or grouted stone)E 

¶ Erosion through sublayers (placed 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 filter 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 flow 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 wall / element ςve 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, no waves 

¶ 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 low ς wave overtopping 

¶ Ship impact 

¶ Ice accumulation 

¶ Ice collision 

¶ Ice attachment 

¶ Storm debris impact 

¶ Closing failure mechanisms double gated sluices 

¶ Closing failure mechanisms single gated structures 
 

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

 

Breaching of flood defences 

TƘŜǊŜ ŀǊŜ ǾŀǊƛƻǳǎ ǿŀȅǎ ƛƴ ǿƘƛŎƘ ǘƘŜ ǘŜǊƳ ΨōǊŜŀŎƘΩ Ŏŀƴ ōŜ ǳǎŜŘΣ ōǳǘ ƛǘ ǘȅǇƛŎŀƭƭȅ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ŦŀƛƭǳǊŜ ƻŦ 

a flood defence structure, such as a flood embankment or the failure of a dam.  Breach of a flood 

embankment occurs when water flows over or through the embankment at such a rate that the 

embankment is eroded and a hole created through it that permits flood water to pass through. 

Breaching occurs as result of one or more mechanisms of flood 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 structure but the level of maintenance can make a significant 

difference to the potential risk of such a failure. 

  

http://www.floodsite.net/html/taskinfo/addinfo_task6.htm#1


36 

 

Decision-making concepts and rules                                                                                        

                                                                   

Economic efficiency 

Different economic theorists have varying ideas of what comprises an economically efficient 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 efficient if it produces benefits to citizens which exceed 

the costs of providing the flood protection.  

The following definition of economic efficiency can be found in Ia ¢ǊŜŀǎǳǊȅΩǎ ό¦Yύ ƎǳƛŘŀƴŎŜ ƻƴ 

evaluating public investment projects: 

άEconomic efficiency is achieved when nobody can be made better off without someone else being 

made worse off. Such efficiency enhances prosperity by ensuring that resources 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 returns to society as a whole.ά 

In an economic efficiency CBA transfer payments such as value added tax are excluded from 

estimates of costs and benefits.  A transfer payment occurs when a change simply 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 are the effects of flood protection proposals on different sections of society. 

They should always be considered and adjustments applied where necessary and practical.  Such 

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 Multi-Criteria 

Analysis (MCA) is likely to be required. 

Scheme life 

The length of time for which a flood protection scheme is designed (also termed the design life). 

Scheme life is measured in years.  There is growing evidence that climate change is contributing to 

increasing risk through rising sea levels and influencing volumes and patterns of rainfall. Flood 

protection should therefore be planned over a long timeframe (often 100 years) with a view to 

retaining flexibility to manage changing risks through adaptation over that period. Appraisal should 

assess the risks and how they may change over the whole life of a policy or project, including as a 

result of climate change. The 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 life.   Some schemes have a shorter design life, particularly 

where environmental conditions are harsh such as on the coast. 

Scheme life is important in CBA because costs and benefits of the scheme will accrue over the 

lifetime of the scheme and not proportionality i.e. the capital 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 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/481768/LIT_4909.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/481768/LIT_4909.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/481768/LIT_4909.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/220541/green_book_complete.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/220541/green_book_complete.pdf
http://www.gov.scot/Resource/Doc/77843/0018368.pdf
http://www.defra.gov.uk/environ/fcd/guidance/pagn/default.htm
http://www.defra.gov.uk/environ/fcd/guidance/pagn/default.htm
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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 to freeboard are not counted within a CBA.  If, say, a 50 year standard of 

defence is constructed, with an added crest level for freeboard purposes, only the benefits accruing 

to the 50 year level are counted in the CBA (UK). 

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 probability-damage (i.e. benefit) relationship as shown in Figure 8 (bottom right corner).  

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

subtracting the residual annual flood damages. 

Taxes and other transfer payments  

Taxes and other transfer payments should 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 standard of flood protection makes use of the optimisation 

principle of CBA which ƛǎ ǘƻ ƳƛƴƛƳƛǎŜ ŀƭƭ Ŏƻǎǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƅƻƻŘǎΦ ¢Ƙe costs associated with 

floods are of two types: 

¶ the Ŏƻǎǘǎ ƻŦ ƅƻƻŘ ǇǊƻǘŜŎǘƛƻƴ όin Figure 13 below this is the cost of reinforcing dikes or flood 

embankments), and 

¶ the costs of ŜȄǇŜŎǘŜŘ όǊŜǎƛŘǳŀƭύ ƅƻƻŘ ŘŀƳŀƎŜǎ.  

Figure 13 illustrates this principle. Investments in dike reinforcements are made until the cost of the 
last investment (the marginal costs) no longeǊ ƻǳǘǿŜƛƎƘǎ ǘƘŜ ŦǳǊǘƘŜǊ ŘŜŎǊŜŀǎŜ ƻŦ ǘƘŜ ŜȄǇŜŎǘŜŘ ƅƻƻŘ 
ŘŀƳŀƎŜ όǘƘŜ ƳŀǊƎƛƴŀƭ ōŜƴŜŬǘǎύΦ At this point ς ǿƘŜǊŜ ƳŀǊƎƛƴŀƭ Ŏƻǎǘǎ Ŝǉǳŀƭ ƳŀǊƎƛƴŀƭ ōŜƴŜŬǘǎ ς the 
total costs are minimal, and the height of the dikes (and hence the corresponding protection level or 
standard of protection) is economically optimal. Both higher and lower dikes than the economically 
optimal one lead to higher total economic costs.  

 

                      

https://www.gov.uk/government/publications/fluvial-freeboard-guidance-note
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Figure 13  The economically efficient standard of flood protection (from Kind et al. 2014) 

  

Incremental benefit-cost ratio 

The incremental benefit-cost ratio (iBCR) may 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 extra Euro of 

benefit for each additional Euro of 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 project which would provide a higher level of protection than 

that offered by the option with the highest benefit-cost ratio, providing that the overall ratio is 

adequate to represent good value for money, when compared with other investments.  

The role of iBCR in the selection process is therefore to provide information to ensure that the 

investment cannot be more effectively spent elsewhere in the overall flood risk management 

programme. Where the decision process leads to a preferred option that is not the optimum in 

monetarised benefit/cost terms, this should be clearly indicated in any appraisal 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 clicking here. 

Basically, the process is as follows:  

Identify the flood protection scheme or intervention that has the highest B:C ratio. This may be 

below, within or above the desired national indicative standard of protection: there is no 

ǇǊŜǎǳƳǇǘƛƻƴ ǘƘŀǘ ǘƘŜ άōŜǎǘ  ǎǘŀƴŘŀǊŘ ǿƛƭƭ ƴŜŎŜǎǎŀǊƛƭȅ ōŜ ǿƛǘƘƛƴ ǘƘŜ ŘŜǎƛǊŜŘ ǊŀƴƎŜΦ  

If the scheme with the highest B:C ratio falls below or within the desired range, there is a range of 

tests for the incremental B:C ratios (iBCR) which allow higher standards of protection to be 

https://www.deltares.nl/app/uploads/2014/12/kind2014_JFRM1.pdf
https://www.deltares.nl/app/uploads/2014/12/kind2014_JFRM1.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/69419/pb13278-erosion-manage-090619.pdf
http://rpaltd.co.uk/uploads/report_files/j633-16-march-2010-final.pdf
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considered, up to the top of the desired range. Sufficient analysis will be necessary to ensure that 

the highest justifiable standard has been reached.  

Flood risk management options should be appraised against these rules, so as to seek the best value 

for public money. 

Analysts must often seek to identify the most economically efficient (i.e. optimal) flood protection 

interventions from a range of such possible interventions.  The process of achieving this is illustrated 

in Figures 14-17 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: 

¶ Marginal benefit-cost ratio  - this is another term which is used for the incremental benefit-

cost ratio. 

¶ Overall benefit-cost ratio 

¶ Net Present Value (NPV) 

Each of the interventions A to D have benefits which exceed costs ς they therefore have positive 

benefit-cost ratios, although C has a higher benefit-cost ratio (and higher NPV) than the others. 

Intervention E has costs which exceed benefits. 

 

                     

Figure 14  Flood protection Interventions with different SoPs and their benefits and costs 

(Source: Penning-Rowsell) 

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 

scenario) is 10 and so each intervention will reduce this potential ς intervention E reduces it to an 

estimated zero. 












