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I. Risk MatrixI. Risk Matrix –– basicbasic conceptconcept

Flood scenarios Sci – N-year floods with probability Pi

Definition of flood intensity IPi(v, h)
– Expresses flood hazard, destructive effects

– Represents flood losses 

Risk RIi expressed by zones (colours), two methods
– Risk matrix

– Partial risk RIi = IPi x Pi , total risk – maximum or sum ???

Zones – limits for behaviour (urbanisation, activities,…)
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I. I. Risk MatrixRisk Matrix –– floodflood scenariosscenarios
Flood scenarios
– According the Czech legislation N = 5, 20, 100

– CHMI – provides
• Standard data … N = 1, 2, 5, 10, 20, 50, 100,

• Non-standard data (hydrological study) N > 100

More scenarios – more computation effort

??? How the number of scenarios affects
resulting RI ???
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I. Risk MatrixI. Risk Matrix –– floodflood intensityintensity
Flood Intensity - two methods
– IP = v.h

–
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I. Risk MatrixI. Risk Matrix –– partialpartial riskrisk

No residential buildings permittedRI > 0,1 or IP > 3

Construction possible under restrictions0,01 < RI < 0,1

Measures required for sensitive structures (hospitals, ...)RI < 0,01

RESTRICTIONSRISK RI

RIi = IPi . Pi

Partial risk for ith flood scenario SCi
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CaseCase studiesstudies -- layoutlayout
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Case Study Case Study –– Locality Locality LitoměřiceLitoměřice
Water Depth [m] (Raster data)Velocity [m/s] (Raster data)

ArcGIS Raster Calculator
FLOOD INTENSITY (Flood Hazard)
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Case Study Case Study –– Locality Locality LitoměřiceLitoměřice

ArcGIS Raster Calculator

FLOOD INTENSITY (Flood Hazard)

Risk and Vulnerability Map

Vulnerability

Geodatabase

No residential buildings permittedRI > 0,1 or IP > 
3

Construction possible under restrictions0,01 < RI < 0,1

Measures required for sensitive structures (hospitals, ...)RI < 0,01

RESTRICTIONSRISK RI
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Case Study Case Study –– Locality Locality DvůrDvůr KrálovéKrálové
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PartialPartial cconclusionsonclusions –– risk risk matrixmatrix

specifying hazardous areas

alternative to „active zones“ approach (CZ standard)

suitable for urban planning

recommendations:
– maximum risk (hazard) approach

– as much as possible flood scenarios
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FailureFailure modesmodes, , effectseffects andand criticalitycriticality analysisanalysis
(FMECA)(FMECA)

ScaledScaled factorsfactors
–– Probability Probability BPBP
–– ConsequencesConsequences BCBC

Risk Risk definitiondefinition
–– classicalclassical approachapproach

–– improvedimproved
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FMECA FMECA –– probability probability rankingranking

5Expected, almost certain with repeatance higher than
2 years.

4High probability, well known consequences, 
repeatance once in 5 to 10 years.

3Medium probability, occasional occurrence, 
frequency from 20 to 50 years. 

2Low probability, historically partial experiences, 
repeatance less than 100 years.

1Not probable, no experiences, repeatance less than
1000 years.

Scale factorProbability
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FMECA FMECA –– consequencesconsequences rankingranking

18/22

Minor indiv.l 
injuries

Practically no 
consequences

No 
consequencesNegligible losses1Negligible

Not dangerous
injuries

Minor damage
on species

Low
consequences

Low losses, remediation
from local sources2Low

Mortality not 
probable, 
medium health
problems.

Local
damages of
species, 
reversible

Local cons. at
the most 
vulnerable
individuals

medium losses, 
remediation from regional
resources, (several mill. 
EUR).

3Medium

Individual
casualties, 
extensive
health
problems .

Vast losses, 
hardly
renewable
national extent, 
contamination.

higher impacts, 
individual
economical
collapses and
unemployment

Significant damage of
infrastructure, remediation
from national sources
(bill. EUR), evacuation.

4High

Multiple
casualties, 
injuries (from
hundreds to 
thousands).

Ecological
catastrophy
international
impacts, 
irreversible
changes

extensive
social impacts, 
unemployment, 
loss of dwelling

Catastrophic
consequences, loss of
historical monuments, 
long termed effects, 
massive evacuation, 
damage of infrastructure

5Extreme, 
catastrophic

Lives and
health

Environmental
lossesSocial impactsMaterial lossesScaleConsequences



 Department of Water Structures, Brno University of Technology, Czech
R bli

II. FMEA II. FMEA --> FMECA> FMECA
FMEA – Consequences Cards – for each
category of landuse

IdentificationCategory

IdentificationCategory
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II. FMECAII. FMECA -- finalfinal evaluationevaluation

FMECA 
–

– Locality Litoměřice
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II. FMECAII. FMECA –– possibilitiespossibilities
RelativeRelative risk risk assessmentassessment atat 3 3 levelslevels
–– LevelLevel „1“„1“ –– partialpartial risk risk forfor givengiven floodflood scenarioscenario, , 

individualindividual landuselanduse representativerepresentative andand groupgroup ofof
consequencesconsequences

–– LevelLevel „2“„2“ –– partialpartial risk risk forfor
•• givengiven floodflood scenarioscenario andand individualindividual landuselanduse representativerepresentative

overover allall consequenceconsequence classesclasses
•• selectedselected consequenceconsequence overover allall floodflood scenariosscenarios andand landuselanduse

representativesrepresentatives
–– LevelLevel „3“„3“ -- totaltotal risk risk forfor givengiven area area 
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II. FMECAII. FMECA –– possibilitiespossibilities
TheThe methodmethod enablesenables comparisoncomparison ofof risksrisks: : 
–– duedue to single to single floodflood scenariosscenarios;;
–– forfor thethe samesame landuselanduse representativesrepresentatives forfor variousvarious floodflood

scenariosscenarios;;
–– forfor thethe samesame groupsgroups ofof consequencesconsequences forfor variety variety ofof

floodflood scenariosscenarios andand landuselanduse representativesrepresentatives;;
–– ... ;... ;

TheThe methodmethod combinescombines ((summarizessummarizes) ) differentdifferent
consequencesconsequences
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II. FMEA II. FMEA --> FMECA> FMECA
FMECA – Locality Děčín, Litoměřice, Křešice, Dolní Beřkovice
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II. FMECAII. FMECA –– comparisoncomparison ofof risk risk -- consequencesconsequences
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II. FMECAII. FMECA –– comparisoncomparison ofof risk risk -- consequencesconsequences
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DiscussionDiscussion on on methodsmethods usedused
Semiquantitative methods

– Risk matrix
• Base for urban planning
• Risk expressed spatially over the floodplain

– FMECA  
•• ScaledScaled assessmentassessment ofof thethe risk risk 
•• PartialPartial risksrisks
•• IntegrationIntegration ofof variousvarious consequencesconsequences intointo oneone risk risk 

assessmentassessment


