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Background

Drivers of flood risk and therefore flood risks themselves are 
dynamic in the long term

Future change and impacts involve considerable uncertainty for 
analyzing and reducing flood risks

Aleatory uncertainty results from the systems complexity and 
according restrictions of anticipating future developments

Epistemic uncertainty appears due to limitations of models to 
describe processes and trends even of single factors  
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Initial assumptions 

Uncertainty could be better understood if the following information 
could be provided: 

(1)  All major factors contributing to the dynamic of flood risk,

(2)  Comprehensive, plausible and consistent alternative future 
developments (aleatory uncertainty),

(3)  Differences in analysing sectoral process resulting from 
alternative approaches (epistemic or model uncertainty) 
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„Risk“ in terms of flood risk

Overall term: Risk = Probability * (negative) Consequence

Flood risk = Flood hazard * (exposure) * Flood vulnerability

Source
e.g. rainfall, snowmelt, wave

Pathway
e.g. wave propagation, overtopping, inundation

Receptor
e.g. people, property, environment

(negative) Consequence
e.g. loss of life, stress, economic loss,

environmental degration

Source-Pathway-Receptor-
Consequence Concept

cf. Schanze (2006)

(Exposure)

Hazard
(Probability and

features of events
with the potential
to result in harm)

Vulnerability
(Physical, social, 
economic, ecological and
institutional values or
functions, susceptability
and coping capacity)

Risk
(Probability of 
negative social,
economic and

ecological
consequences)
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Concept of a fluvial “flood risk system”
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Sources Pathways Receptors Consequences

Integral of
impacts of

all probable
flood events

FLO
O

D
 R

ISK

Flood caused changes of 
relief, soil functions and 

ground and surface water 
through sedimentation and 

contamination

Flood caused changes of 
hemorobie as well as of flora and 

fauna

Threat to life and limb,
social effects

Direct and indirect damage
(agriculture and forestry)

Direct and indirect damage
(private, trade, industry,

cultural heritage)

Initial conditions Final conditions

Initial conditions Final conditions

Atmosphere Catchment area Flood plain

Soil
(storage)

Size and shape of the catchment

Additional water storage
(i.e. snow cover)

Size and shape of the flood plain

Influx of tributaries Backwater of tributaries

Vegetation and animals
(roughness, land cover)

Vegetation and animals
(roughness, land cover)

Soil
(roughness)

Size and shape of the flood plain

Soil
(soil  type, soil texture)

Flora, fauna, habitats

River section i-2

Run-off concentration

Water level,  flow velocity, flood 
duration, substance /  matter 

deposition / input

Flood defence  
structures

River section i-1

discharge, 
substance load

Discharge, substance load, 
release, retention and 

accumulation

Storage, regulation and control 
structures

Flood-wave propagation

River section i-3

Channel morphology

Inundation

Release and concentration of
substances / matters

River network (course development), 
Channel morphology

Buildings, facilities,  
infrastructure

Population, economy

Flow obstacles
(infrastructure, buildings) 

Land use
(discharge coefficient,
release of substances

Land use and
farm animals

Land use
(roughness, release of 

substances)

Decentralised / local flood 
retention

Central flood protection 
facilities

Geology and relief Geology and reliefGeology and relief

Flow obstacles
(infrastructure, buildings) 

Naturagenic factors of
catchment and floodplain

Anthropogenic factors of 
catchment and floodplain

River network

Schanze & Luther (2007)
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Variable factor groups of fluvial flood risk systems (overview) 

Sources
(atmosphere and 

catchment)

Pathways
(floodplain)

Receptors
(floodplain)

Consequences

Autonomous 
change
(trends through 
specific drivers)

Climate change
Land use 
change/demand

Land use  
change/demand

Technological-
economic 
development 
(defences)

Land use 
change/demand
Demographic 
change
Technological-
economic 
development

Buildings

Technological-
economic 
development

Values and 
attitudes
Damage

Controllable 
alterations
(physical measures 
and policy 
instruments)

On-site flood   
retention

Spatial planning

Land management

Reservoirs

Flood polder
River training

Flood defences/  
dikes
Spatial planning

Flood defences, 
Dikes

Construction   
provisions
Spatial planning   
and provisions
Warnings, 
evacuations

Insurances

Other 
compensations

Random change Dike breaches Overlap with other 
risks
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Factors of fluvial flood risk systems (selection) 
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Climate change projections (STAR, REMO)

Coupled Extreme Value Statistics

WAVOS

LISFLOOD

SMS

Management 
river and floodplain

Change/Management 
land use

WAVOS SMS HOWAD

Modifiable Digital Terrain Model

Settlement

Dike/Flood polder

Coupled models for analysing the FRS of the Elbe River

Multicriteria evaluation of retention potentials / scenarios

Schanze et al.  (2005)
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RR modeling and wave propagation (LISFLOOD-WAVOS-SMS)
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Burek, Rademacher (2007)

Example input SMS

23 outputs from LISFLOOD
Example input WAVOS

LISFLOOD discharge of 

WAVOS wave propagation

climate change projections
(m³/s)

(cm water level)

SMS flood polder simulation
(m³/s)
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Simulating DTM including dike detection and extraction

DTM cutout

Perspective view heights by factor 10

Software module for analysing  and 
editing DTM
• Dike detection, dike extraction, 

dike raising / dike moving
• DTM intersection of water levels
• Identification of potential retention areas

Krüger (2006)
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Representative of a building type 
(Deilmann, Naumann & Schanze 2006)

Flood-prone building types for the 2002 
flood + 1m (example Dresden-Cossebaude 

(Neubert, Hennersdorf & Krüger 2007)

Flood damage simulation model (HOWAD)

< 30 cm above cellar floor

< 30 cm below cellar ceiling

< 10 cm above ground floor

< 100 cm above ground floor

< 10 cm above 1 floor

< 100 cm above 1 floor

< 30 cm below ground floor ceiling

< 30 cm below 1 floor ceiling

Representative descriptionNaumann (2006)

Legend
Building types Water level

Polygones of 
structural types



Examples of building representatives

ME 2

ME 7

ME 3

EE 4
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Water level

Building types

Water level dependent building damage (damage function)

Water level for 
each building polygone
(in dm)

Steps (discrete) Steps (dm)

Water level for 
each polygone (table)

Structure typs

Buildings

Overlay

Zonal
Statistics

Join

Calculation
(Buidling area

*damage )

Join Analysis
(Frequency)

Model structure of HOWAD

Neubert (2007)
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19Luther (2007, adopted and refined from Messner 2007)
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Sectoral change scenarios
(mostly quantitative)

Climate change, socioeconomic 
change (demographic and economic 
development), land-use change

(in floodplain)

Development 
frameworks

Bundle of change 
scenarios according to 

a storyline

External driving forces
(autonmous change)

Measures and instruments
(controllable alterations )

Risk reduction 
options

Single and site-
specific

measures or 
instruments

1 to n 

Decision space
Policy fields on

flood prevention
and

vulnerability 
mitigation

Strategic alternatives
Bundle of options 

according to a guiding 
principle

Futures (combinations of development frameworks, strategic alternatives, and other assumptions) as well as 
reference, baseline, and working scenarios

Reference 
alternative

Basic qualitative storylines Basic qualitative guiding principles

Reference
Status 
quo, 

history

Random 
change

Features
Character of 
event, initial 
conditions, 

dike 
breaches, 
overlaps of 
risks, etc.
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Regionalisation, 
regulation, autonomy

Globalisation, low 
regulation, 
interdependence

Solidarity, equity, 
ecocentrism, 
sustainability

Market orientation, 
neoliberalism, 

technocentrism

Storyline A:
Globalised and 
market oriented 
Elbe River region

Storyline B:
Regional and
market oriented
Elbe River region

Storyline D:
Regional, social and 
sustainable oriented 
Elbe River region

Storyline C:
Global, social and 
sustainable oriented 
Elbe River region

Trend – conventional 
current development

S1

S2

S3

S4

S = Scenario within 
a storyline quadrant

Luther (2007, adopted and refined from Nakićenović et al. 2000)

Storylines for futures of the Elbe River region 



Development frameworks with sectoral scenarios
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Driving forces

VERIS-Elbe storylines

A:
“Global and 

market-oriented
Elbe region”

B:
“Regional and 

market-oriented
Elbe region”

C: 
“Local, social and 

sustainable oriented 
Elbe region”

D:
“Regional, social and 
sustainable oriented 

Elbe region”

Climate change High Medium-high Low Medium-low

Role of 
governments Weak Strong Medium Strong

Demographic 
development

Decrease, locally 
growth
(lowest variant)

Decrease, locally 
growth
(second lowest variant)

Decrease, locally 
growth
(second highest and / 
or medium variant)

Constant, locally growth 
(highest variant)

Economic 
development Locally high growth Average growth Average growth Low growth

Environmental 
orientation medium Medium High High

Land-use change 
(urbanization)

High 
suburbanisation, 
extensification

Moderate 
suburbanization, 
intensification

Focus on dense urban 
structures

Focus on dense urban 
structures, intensification



IPCC (2007)

Projected precipitation of global circulation models (GCM)
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Climate change downscaling with REMO and STAR

REMO =drier

REMO = wetter

in % of 
STAR BASZ

Wagner (2007)

Mean annual precipitation (1951 - 2000)

= flood generating area
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Comparison REMO - STAR (monthly precipitation)

Vergleich REMO/STAR für PMonat

Jan Feb Mrz Apr

Mai Jun Jul Aug

Sep Okt Nov Dez

Wagner (2007)
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Guiding principles for strategic alternatives 

Guiding 
principles

Prevention flood hazard Mitigation vulnerability

Flood-
polder

Flood-
ways

Dikes Building 
bans for 
floodplain

Flood 
proofing 

Evacuation

New Height-
ening

Reloca-
tion

Persons Live stock 

„Resistence” x x x x x

„Resilience” x x x x

(„Public 
measures“) x x x x x x (x)

(„Private
measures“) x X x

(„Urban 
development“) x x x (x) (x)

(„Floodplain 
development“) (x) x (x) x

„Combination“ (x) (x) (x) x (x) x

„All measures“ x x x x x x x x x

Reference



Suitability of areas for flood polders  

Suitability analysis
– 8 (11) indicators
– Expert weighing
– Identification of 

suitability
(Compromise 
Programming)

Vogel (2008a)

Ranking
– Suitability analysis
– Retention potential

• water volume
• distance to river
• stationing

– Ranking (Hasse-diagram technique)

1

2
3

4



Design and modeling of flood polders
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Modeling hydrodynamic effects

Kopp, Carstensen (2007)

retention area [f(t)], 
water level [f(t)], 
retention volume f[(t)]

Discharge [f(t)] and water level [f(t)] 
calculated by 1d hydraulic model WAVOS

Discharge [f(t)] and water level [f(t)] calculated 
by 2d-hn-modell SMS

stream

gate

Predefinition and design
of possible inlet structures 
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Composing “futures”

Luther & Schanze (2007)

Strategic alternatives
Development frameworks Present

Measured data, 
reanalysesStorylines with sectoral change scenarios

Guiding principles A B C D G

„Resistance“ I ES-B(S,GL100)-I
ES-B(S,GL300)-I

„Resilience“ II ES-B(S,GL100)-II
ES-B(S,GL300)-II

“Combination" II
I

ES-A(S,GL100)-III
ES-A(S,GL300)-III

ES-B(S,GL100)-III
ES-B(S,GL300)-III

ES-C(S,GL100)-III
ES-C(S,GL300)-III

ES-D(S,GL100)-III
ES-D(S,GL300)-III

„all Measures“ I
V

ES-B(S,GL100)-IV
ES-B(S,GL300)-IV

Reference alternative 0

ES-B(S,GL100)-0
ES-B(S,GL300)-0

RS-G(S,GL100)-0
RS-G(S,GL300)-0

BL-A(S,LS100)-0 BL-B(S,LS100)-0 BL-C(S,LS100)-0 BL-D(S,LS100)-0 RS-G(S,LS100)-0
RS-G(S,LS200)-0
RS-G(S,LS300)-0

BL-B(R,LS100)-0 RS-G(R,LS100)-0
RS-G(R,LS200)-0
RS-G(R,LS300)-0
RS-G(M,LS50)-0
RS-G(M,LS100)-0
RS-G(M,LS200)-0
RS-G(M,LS300)-0



29

Contents

1. Introduction

2. Understanding and modeling the flood risk system

3. Composing alternative futures

4. Ex-ante analysis of future flood risks

5. Outlook and conclusions



30

Model-based data flow for scenario analysis

Schanze &
Luther (2007)

Downscaling-Methods:
REMO, STAR, WETTREG

LISFLOOD

Global circulation models

Water level und water storage
of flood polders

Types of structures

Maps of future land use

Selected weather data

Regionale climate data

Runoff

Discharge and water level
(channel)

Suitability maps for retention

Allocation model
e.g. LUSIM, MOLAND

Dike extraktion and
integration

Input data Output dataModels and Methods

Demands urban areas

Damage expectency
and risk maps

DDM

Maps on damage potential

Areal images, field surveys
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SMSSMS

Dike breachDike breach

Land use, CIR-BNKs,
Soil maps, etc.

Building typologyBuilding typology

Demographic change, economic 
growth, housing market

Analysis on suitability
of areas

Analysis on suitability
of areas

Damage model HOWADDamage model HOWAD

MCA-based analysis
of retention suitability

Algorithm GIS Water level (flood plain)



0

1000

2000

3000

4000

5000

6000

0 100 200 300 400 500
Kilometer of Elbe river

R
 [m

³/
s]

D
re
sd
en

To
rg
au

W
itt
en
be
rg

A
ke
n

Ba
rb
y

M
ag
de

‐
bu

rg

Ta
ng
er
m
ün

de

W
itt
en
be
rg
e

N
eu

 D
ar
ch
au

Sc
hö

na

31

LISFLOOD and WAVOS with STAR BASZ and A2 data in comparison to statistical
survey on measured discharge (generalized extreme value distribution (GEV)) 

Wagner, Schmidt & Schwarze (2007)

1951-2003 (Gauge / STAR-BASZ) vs. 2001-2055 (STAR A2) 

STAR BASZ (1951 – 2003)

Gauge (1951 – 2003)
100 x STAR A2 (2004 – 2055)

Impact of climate change based on STAR (1:200)
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1951-2003 (Gauge / STAR-BASZ) vs. 2001-2055 (STAR A2) 

Impact of climate change based on STAR (1:200)

LISFLOOD and WAVOS with STAR BASZ and A2 data (generalized 
extreme value distribution (GEV)) 

Wagner, Schmidt & Schwarze (2007)

STAR BASZ (1951 – 2003)
Median STAR A2 (2004 – 2055)
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LISFLOOD and WAVOS with REMO C20 (re-analysis) and A1B, 
A2 and B1 data in comparison to measured discharge

Wagner, Schmidt & Schwarze (2007)

1851-2005 (Gauge) vs. REMO 1951-2000 (C20) & 2001-2100 (A1B, A2, B1)

Impact of climate change based on REMO (1:200)
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Damage simulation for scenarios BASZ and A2 (STAR, 1:200) 

…

Neubert, Naumann & Deilmann (2008)
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Outlook 

Flood risk curves with uncertainty bands for the entire Elbe River

Multicriteria evaluation and ranking of the futures

DSS tool with scenarios and ex-ante analysis (ArcGIS Server)

Petroschka, Walz, 
Schanze, Luther (2008)
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Conclusions 

Flood risk appears in flood risk systems of many factors with their 
specific long-term dynamic or potential for alteration

Coupling of recent models allow for calculating some processes of 
such systems under defined conditions

Aleatory uncertainty can be explored by using the scenario approach
considering individual factors in a consistent way

Epistemic uncertainty can be indicated by comparing alternative 
models (e.g. GCMs, downscaling approaches, rainfall-runoff models) 

First estimates can be made for climate change impacts on the
Elbe River with an indication of decreasing flood risks
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