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Definition

ISO31000:2009�Risk�Management�Standard

� The�ISO�31000�(2009)�/ISO�Guide�73:2002�definition�of�risk�is�( ) /
the�'effect�of�uncertainty�on�objectives'.�In�this�definition,�
uncertainties�include�events�(which�may�or�not�happen)�and�y pp
uncertainties�caused�by�ambiguity�or�a�lack�of�information.�It�
also�includes�both�negative�and�positive�impacts�on�objectives.�
Many�definitions�of�risk�exist�in�common�usage,�however�this�
definition�was�developed�by�an�international�committee�
representing�over�30�countries�and�is�based�on�the�input�of�
several�thousand�subject�matter�experts.�

Integrated�Water�Resources�Management��::��Risk 4



Definitions

Source,�driver:�danger�from�environmental� Receptor,�impact:�loss�of�life/things
events�and�from�human�activities

• intensity
• probability

• exposition
• susceptibility
• capacityprobability capacity

Risk VulnerabilityHazard

Potential�
inundation?
Potential

Potential�
impact�on�
life/health?Risk VulnerabilityHazardPotential�

accident/�
failure?

life/health?
Potential�
damage?

Resilience�(elasticity):�
ability�of�a�system�to�reach�prior�state�or�
at least equilibrium after a breakdown
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at�least�equilibrium�after�a�breakdown

Definitions

� Risk�RI (continuous)

� � � �1 damage
timeD

E D
RI D f D dD
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� �� � 	 
� � � �

� Risk RI (discrete)

� �
timet t 	 
� � � �

� Risk�RI (discrete)
damagek

i iRI PD � �� 	 
� 
�
1 timei i

i�
	 
� 

�

E{D} t d dE{D} expected�damage
t time
D damageg
fD(D) probability�density�function�of�damage�D
Di damage�of�single�event�i (1…k)
P b bilit f D
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Pi probability�of�Di



Nine�indicators�of�stability�of�the�earth�systemy y
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Megacities�Risk�Index�of�Munich�REg

Source:�Voss�S�(2006)�A�risk�index�for�megacities.�
Münchener�Rück,�Munich�RE�Group

Integrated�Water�Resources�Management��::��Risk 8



Large�hydro�met�climatic�catastrophes�worldwideg y p

Between�1950�and�2008: Number�of�events
(Number�of�hydrologic�events):

• 71�hydrological�events� • 1950�59:���13 (6)����relatively�stable�y g
(including�floods)

• 116 meteorological events

• 1960�69:���16 (6)����relatively�stable

• 1970 79: 29 (8) strong increase116�meteorological�events
(storms�etc.)

• 6 li i

1970�79:���29 (8)����strong�increase

• 1980�89:���44 (18)��strong�increase
• 16�climatic�events�

(droughts,�fire�etc.)
• 1990�99:���74 (26)��strong�increase

• 2000�09:���30 (8)����what�happened?�
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Vulnerability�defines�the�lossesy

� Are�our�societies�able�
to adapt to faceto�adapt�to�face�
unfamiliar�
environmental�
conditions?

� Do�we�account�for�the�
role�of�social�networks�
when� considering�the�
impacts of disasters –impacts�of�disasters�
e.g.�differences�in�
mortality�distribution�
among�age�and�ethnic�
groups,�gender�and�
class?class?
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Need�for�a�paradigm�shift?p g

Old�Paradigm New�Paradigm

Focus�on�natural�hazards�
and their quantification

Focus�on�the�assessment�
and ranking of
Add

and�their�quantification

From the

and�ranking�of�
vulnerability

From�the�
„security�society“ To�the�„risk�society“
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Bogardi�2012,�changed

Visualization�of�the�Concept�of�Vulnerabilityp y

system�performance�after�the�
Hazard�event/�stressor impact�of�a�stressor

time�axis

ity en
tia

l)

„normal“�performance�level�of�the�
l i i

ln
er
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il

ge
�p
ot
e coplex�socio�economic�system�

(may�be�subject�to�an�up�
or�downward�trend)

Vu
l

(d
am

a

Resilience

Resistance
(usually�all�elements�are���
multidimensional)
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Hazard Probabilities2 Hazard�Probabilities2

This�is�topic�of�many�lectures�in�hydrology�
(floods droughts) and sanitary engineering(floods,�droughts)�and�sanitary�engineering�
(water�quality)!

te
rs
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om

Time�series�analysis�(statistics)
/

sio
nr
isk

m
at
t

probability/recurrence�period�– design�values�

Modelling�(processes)

p:
//
w
w
w
.p
en

precipitation�– runoff�– inundation� ht
tp
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Planning�and�Operational�Dimension�of�the�Hazardg p

� Long�term
– Long�time�series�of�the�hazards�available
– Averaging�of�the�history
– Long�term�change�prediction�(climate�change)
– Planning/strategic�decision�making

� Short�term
– Forecast�of�the�actual�hazard�available�(e.g.�weather�forecast),�

comparison�with�past�possible�(classification�of�the�event)
– Real�time�situation
– Operating/operational�decision�making
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Design�Flood�Uncertainty:�Rhine�at�D/NL�Border�(Lobith)g y ( )

WATENV�::�Water�Resources�Management�I�::�Flood�Risk�Management 15

Design�Flood�Uncertainty�II:�Uncertainty�Bandg y y
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Vulnerability3 Vulnerability3

Schlottwitz,�an�der�Straße�nach�Cunnersdorf
am�15.08.2004�(2002?),�06:17�Uhr

17Integrated�Water�Resources�Management��::��Risk

Harald�Weber

Potential�Spheres�
of Vulnerability

Multi�dimensional�vulnerability�
encompassing physical social economicof�Vulnerability encompassing�physical,�social,�economic,�
environmental�and�institutional�features

Vulnerability�as�a�multiple�structure;�
susceptibility�coping�capacity,�
exposure,�adaptive�capacity

Vulnerability�as�a�dualistic�
approach of susceptibility

V l bilit th

approach�of�susceptibility�
and�coping�capacity

Vulnerability�as�the�
likelihood�to�experience�
harm�(human�centred)

Vulnerability�as�
an�internal�risk�
factor�(intrinsic�
vulnerability)
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Dimensions�of�Vulnerabilityy

� Social�Dimension
Vulnerability�of�different�social�groups
Role�of�social�networks�(coping)

� Economic�Dimension
Vulnerability�of�different�economic�sectors�and�critical�infrastructure

� Environmental�Dimension
Environmental�fragility�(groundwater,�land)
Dependency�on�environmental�services�

� Institutional�Dimension
Effectiveness�and�failure�of�structures�and�institutions�
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Ignorance�as�Source�of�Vulnerabilityg y

� We�are�not�prepared�because�we�do�not�want�to�remember
� Time�factor
� Headline�factor�(media)( )
� Unwarranted�optimism
� Political shortsightedness� Political�shortsightedness
� …
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Subjective�Versus�Actual�Exposurej p

Is your house located in a a flood�prone area in Cologne?Is�your�house�located�in�a�a flood prone�area�in�Cologne?�
(All�households�of�this�group�are�located�in�flood�prone�area�(HQ�100))

7%

Yes

No

35%

No

Don't�know

58%
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Conceptual�Framework�for�Vulnerability�and�Riskp y

Di t Ri kDisaster�Risk�=�
f�(Hazard,�Vulnerability)

l d d i l• Flood�duration
• Inundation�height

St l it

• Internal�stressors
• Adaptation�measures

E t h t i ti• Stream�velocity • Ecosystems�characteristics

Definition�of�Vulnerability:�
„Vulnerability�is�an�inherent�property�of�each�social�ecological�
system�and�determines�the�degree�to�which�a�system�or�
subsystem�is�likely�to�experience�harm“�(Turner�et�al.�2003).
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„BBC“�Framework�(Bogardi/Birkmann/Cardona)( g )
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Vulnerability�Assessment:�A�Challenge�with�3�Problemsy g

Vulnerability�Assessment�should�be�the�basis�to�justify�
investments�in�disaster�preparedness�and�risk�reduction.
� The�dimension�problem�

– social,�economic,�environmental,�institutional,�physical�and�critical�
infrastructure

� The�scale�problem�
– household,�social�group,�community,�region,�nation,�global

� Data�non�homogeneity�problem
– Climate�change,�land�use�change,�change�in�exposure�(dynamic�

behaviour),�observation�accuracy,�method
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Methods�of�Vulnerability�Assessmenty

� There�are�no�unique�prescribed�tools�yet
� What�we�currently�use:

– Sustainable�livelihood�approach�(Social,�Natural,�Human,�Physical,�
Financial,�Capitals)

– Questionnaires
– Remote�Sensing
– Survey�of�critical�infrastructures�

C d– Census�data
– Specific,�in�depth�surveys

P i (i di t i di )/ d d ti d i d ti h– Proxies�(indicators,�indices)/�deductive�and�inductive� approaches
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Indicator�Set�� Agricultureg

� 14�indicators�
selectedselected

� Susceptibility�is�
influenced byinfluenced�by�
internal�socio�
economic�and�
environmental�
stresses

� trend indicators� trend�indicators�
included�/cross�
scale�influences

� not�all�
categories�could�
b dbe�covered�
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Composite�Indicator�Developementp p

1. Data�Collection:�various�data�sources�Statistic�Regional,�
CORINE�2000;�ESDB,�ATKIS,�LAWA

2. Descriptive�and�explorative�analysis
3. Normalization�of�variables
4. Weighing of indicators4. Weighing�of�indicators
5. Aggregation:�weighted�sums�technique
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Weighting�and�Aggregation�of�the�Composite�Indicatorg g gg g p
agriculture forest
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Integrated Risk Management3 Integrated�Risk�Management3
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Definitions
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Source: H.-P. Nachtnebel, BOKU Vienna



Elbe/Rhein�Case�Study:�Exposure�to�Flood�Hazardy p
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Elbe/Rhein�Case�Studyy

l bilit h d i k
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vulnerability hazard risk

Bogardi 2012



Inundation�Hazard�Assessment�Model

Alternatively:Alternatively:
Simulated�hydrographs

Statistical�
flood�

frequency�
analysis

Integrated�Water�Resources�Management��::��Risk 33Vorogushyn 2008

Risk�Calculation:�Estimation�of�flood�damageg

� Procedure:
1. Hydrological�flood�frequency�analysis��>�

exceedance probability�for�design�flood
2 H d li l l i f i d fl d

HQ

2. Hydraulic�calculation�of�associated�flood�stages�
HW�(water�depth)�and�inundation�areas�A

3 Assessment of the damage potential and setting

HW, A

3. Assessment�of�the�damage�potential and�setting�
up�a�damage�function�depending�on�flood�stage�
HW,�inundation�area�A,�etc.

S=f(HW,A)

4. Calculation�of�the�expected�damage S�based�on�
the�frequency�of�floods�above�the�design�flood�
and on the damage f nction

E[S]
and�on�the�damage�function

�
maxQ

S S A

E[S] Expected flood damage

S(Q ) Damage for Q >Q

� � � �� ( ) ( ) (3.2)
A

S S S
Q

E S S Q f Q dQ S

A

f(Q ) Damage frequency

Q Design flood
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maxQ Maximum observed flow



Expected�Annual�Flood�Damage�and�Benefit�of�Actionsp g

B:�expected�stage�flow A:�expected�stage�damage

C:�expected�probability

Integrated�Water�Resources�Management��::��Risk 35

D:�expected�annual�flood�damageof�exceeding�an�annual�peak�flow
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Thank�you�for�your�attention!
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Conceptual�Framework�of�the�„Turner�Model“p

Social�influences�outside�the�place
Macro political economy institutions

National
Regional

Local

Dynamics
cross�scale���
in�place
beyond�place

System�operates�at�multiple
spatial,�functional�and�temporal�scales��

Macro�political�economy,�institutions,
Globa�trends�and�transitions

Variability�&�change�
in�social�conditions

Place�Vulnerability

Exposure Susceptibility Capacities

Pertubation�stresses
(exogenous,�

Impact�
responses• Assets

• People

• Condition�of�
social�system

C diti f

Ecosystems
Roboustness

endogenous)

Adjustment &

• Ecosystems • Condition�of�
ecological�
system

Coping�
Capacities

Variability�&�change
in ecological conditions

Adjustment�&�
adaptation�
responses

Adaptive
Capacities

Ecological�influences�outside�the�place
State�of�biosphere,�State�of�Nature,

in�ecological�conditions
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Global�Environmental�challenges
Drivers/�Causes�� Consequences

modified�from�Turner�et�al.,�2003



Indicator�Development�for�the�„Turner�Model“p
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Safety�or�Risk?y

Safety�Oriented�
A h

Risk�Oriented�
A hApproach

Choice�of�design�flood�
(

Approach

100�%�safety�can�not�be�
h d b h lQdesign (e.�g.�100�year�

flood)
achieved�by�technical�
means

Design
Technical flood control

Risk�of�failure�

d l l kTechnical�flood�control�
fully�functional�for�Q��
Qdesign

Hydrological�Risk
Operational/Technical�
Risk

A i N i k fAssumption:�No�risk�of�
failure�for�Q�� Qdesign and�
negligible�beyond�Qdesign

Risk�Management�
required

Integrated�Water�Resources�Management��::��Risk 41


