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LRiIsk* In terms of Floods

» Overall term: Risk = Probability * (negative) Consequence

» Flood risk = Flood hazard * (exposure) * Flood vulnerability
whereof
vulnerability = value * susceptibility
FLOODsite-Consortium (2005)

Hazard Risk

(intensity, (probability of
probability) social, economic
and ecological
damages)

(Exposure)
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Principal causal relations of flood risks

Source

e. g. rainfall, snowmelt, waves

Pathway

e. g. overtopping, overflow, flood plain inundation

Receptor

e. g. people, property, environment

(negative) Consequence

e. g. loss of life, stress, material damage,
environmental degradation

FRC
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“Source-Pathway-Receptor-
Consequence” (SPRC-Model)

Kundzewicz, Samuels
(1997), ICE (2001)

“Flood risk system”
Schanze (2005, 2006)




Catchment and flood plain
(naturogenic factors)

Channel
(flood wave)

Catchment and flood plain

(anthropogenic factors)

Atmosphere

Sources

Catchment

Pathways

Pathways

Receptors

Flood plain

Model concept of the “flood risk system”

(Negative) Consequences

Size and shape (catchment)

Size and shape (flood plain)

Size and shape (flood plain)

Weather/
conditions

Topography

Morphology (flood plain)

Morphology (flood plain)

Vegetation, soil

Vegetation structure,
soil substrate, (flood plain)

Plants and animals, soil

Changes of flora and fauna,
sedimentation and soil
contamination due to man-
made modification of floods
(ecological “damages”)

Meteorological
event

(Temperature,
Precipitation)

(Hydro-)Geology

Groundwater

Groundwater

Additional water storage
(i.e. snow cover)

Tributaries

Backwater of tributaries

Changes of groundwater due to
man-made modifications of floods
(ecological damages)

A 4

A

A 4

A

River section i-1

River section i-2

River section i-3

Channel morphology

Channel morphology

Channel morphology

Discharge,
matter load

Discharge (incl. ice blockage),
matter load incl.
retention/accumulation

Water level, flow velocity, flood
duration, matter deposition

Storage and regulation
structures

Storage and regulation
structures

Flood protection facilities

Runoff concentration

Flood wave propagation

Inundation

A

A

Probability of
certain flood events

MSId dOoOo14

Decentralised/local flood
retention

Flood protection facilities

Buildings, facilities, infrastructure

Direct and indirect damages for
households, trade, industry
and cultural heritage
(economic and cultural “damages”)

Sealing,
emission of substances

Flow obstacles
(urban areas, built structures, etc.)

Humans

Loss of life, health impacts,
social effects
(social “damages”)

Land use (catchment area)

Land use (flood plain)

Agricultural crops and
farm animals

Direct and indirect damages
(agriculture and forestry)
(economic “damages”)

+ (more regional)

Scale (more local) -
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Exploration of future flood risk systems
using consistent cross-sectoral scenarios

»

Scenario A (t,) =
trend A (t,) * strategic
alternative A (t.)

Parameter y

Scenario A
-_—

-—
- mm
—_—

e — ——— —
0 e oG
~~

X 9|qelden walsAs

~ V\
-~ ~
ex ante ~

analysis System state

for scenario B
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Example of explorative climate change scenarios

Several models
all SRES

envelope

Model ensenﬂ:.rle\.

all SRES
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— I592a + {TAR method)

1S92¢ low

LT T Tpp——

.‘:_'_..
.;__l
3]
-
E
=
&
|E|
£
T

'_

Bars show the
range in 2100
produced by
several models

2000 2020 2040 2060 2080 2100

Predicted climate change with respect to temperature for
various scenarios calculated with different Global
Cirkulation Models (GCM) (IPCC 2001)
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Dynamic factors of flood risk systems (overview)

Leibniz Institute of Ecological and Regional Development (IOER) Dresden

Source

(Atmosphere
and catchment)

Pathways

Receptors

Consequences

Trends
(autonomous
developments
through specific
drivers)

- Climate change
- Land-use
change

- Land-use
change

- Technical and
economic

development
(defences)

- Land-use
change

- Technical and
economic
development

-Technical and
economic
development

- Values and
attitudes

Strategic
alternatives
(combinations
of physical
measures and
policy
instruments)

- On-site flood
retention

- Spatial
planning

- Land
management

- Reservoirs

- Flood polders

- River training

- Flood defence

- Spatial planning

- Dikes, walls

- Building
construction

- Spatial planning

- Land manage-
ment

- Warning,
evacuation

- Insurance

- Other
compensatory
aid

Other
assumptions

- Dike breach

- Overlap with
other risks

FRC

0 Dresden Flood Research Center
/“esde(\

_/




Leibniz Institute of Ecological and Regional Development (IOER) Dresden

Tasks and Components of Flood Risk Management

Flood risk management

Risk analysis

Hazard
determination

Probability
and features
(e.g. water
depth, flow
velocity,
duration) of
flood events

FRC
)

esde®

Vulnerability
determination

Potential
social,
economic
and ecological
damage
depending on
value and
susceptibility
referring to a
certain type
of hazard

Risk
determination

Probability of
certain social,
economic and
ecological
damage
referring to a
certain hazard

Risk assessment

Risk
perception

Risk
weighing

Overall view
of risk held
by a person
or group
depending on
cultural and
personal
values,
experiences
and feelings

Agreement on
tolerability of
risk weighing
benefits and

costs
depending on
individual or
collective
perception
and interest

Dresden Flood Research Center

e

Risk reduction

Pre-flood
reduction

Physical
measures,
regulatory,

financial and
communica-
tive instru-
ments to re-
duce the risk
by prevention
and/or
preparedness

Flood event
reduction

Post-flood
reduction

Physical
measures,
regulatory

instruments
and
communicative
activities to
reduce the risk
of an ongoing
event

Physical
measures,
regulatory,

financial and
communicative
instruments
to deal with
existing flood
damages

Schanze (2006)
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Process model of flood risk management

Society (Context)

[

Flood Risk Management

i I

Risk Risk Risk
analysis assessment reduction

{1/ S

Flood risk system (Water basin/coastal cell with hazard and vulnerability) Schanze (2006)
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E C issi 5
Community Research’ R AT )
FP 6 Integrated Project

Integrated Flood Risk Analysis and Management
Methodologies (FLOODsite)

37 Partners from 13 European countries
EC funds 9.68 m., duration 3/2004 — 2/2009
7 themes with 35 work packages

Objectives

An integrated European approach to flood risk analysis and
management

Consistent approach to the whole system of cause, control
and impact

Framework from high level planning through to operational
management

Build upon EC and national research




European Commission
Community Research

Theme Structure

Theme 1 — Advancing Scientific Theme 2 — Innovative Mitigation &
Knowledge & Understanding Sustainable Management

S3IIBNISO X SIONIY
Coasts & estuaries

Theme 3 — Integration
(Rivers, Estuaries & Coasts)

Theme 4 — Pilot Application Sites
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European Commission
Community Research

Pilot Study Sites
of FLOODsite

. River Elbe Basin

. River Tisza Basin

. Flash flood Basins

. River Thames Estuary
. River Scheldt Estuary
. River Ebro Delta Coast

. German Bight Coast

FRC
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European Commission
Community Research

Elbe river basin
Elbe River BaSin ! "5 . Length of theriver: 1.091 km

part in
Germany: 727 km
Czech Republic: 364 km

Size ofthe
basin: 148 .26 8 k m?

Locations of part 65 4 %

Czech Republic: 33,8 %

Pi Iot Areas K ‘ Austria: 0.6 %

Poland: 0,2 %

A.Moldawa River
a.Horni Stropnice

POLAND

River
b. Trebon Basin
. Mulde River
a. Upper Mulde
River
b. Lower Mulde ,
River it

C. LOWIand Elbe River :Erfgltougt?cglfand Regional

Develop me nt

Dresden

Database: Bundesanstalt fiir Gewasserkunde
IKSE-Elbeeinzugsgebiet, ESRI ArcData
Cartography: W itschas

September 2002 9




European Commission ﬂm ; _
Community Research &‘tg

Overall objectives of the Elbe river pilot

Developing and testing the FLOODsite methodology for
of river basins.

To analyse the impacts of
flood hazard and flood vulnerability

To analyse and assess the

To analyse and assess the
(e.g. detention areas) and instruments (e.g. spatial plans)

To identify the requirements for
in terms of flood risk management
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Principal approach of the Elbe river pilot

of
sources, of discharge and inundation as
well as on elements at risk

Formulation of

of social, economic and ecological

Ex-ante evaluation of

Technological integration of all tools in a

Investigation on
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Model system to simulate the flood risk system
(Elbe river pilot, Mulde River pilot area)

Climate, land-use and other change projections
Meteor. methods (spatial+temporal downscaling ECHAMS)

Hydrological models (BROOK90O-LFW, PREVAH, WASIM-ETH)

Hydrodynamic
model (HEC-RAS) [=5

Ecological Dam breach Loss of life Damage model
model (TRAM) model model ? HOWAD

Multicriteria assessment (PROMETHEE, CP)
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Mulde river pilot area (7600 km?)

Precipitation Topography

Haase (2005)




European Commission
Community Research

Catchment of the
Freiberger and
Zwickauer Mulde

; Wachselby 'f

Approach:

- Downscaling climate
change

- Rainfall-runoff-modelling

- Modelling the influence
of land-use change
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Probable study area for risk analysis at Vereinigte Mulde

> : I
N "%

Haase (2005)
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Europec?n Commission ﬂmg
Community Research

Technological integration of the methodology for
simulating the flood risk system in a DSS tool

ff Climate, land-use and other change projections .
DI erent Meteor. methods (spatial+temporal downscaling ECHAMS) RlSk

thresholds of <L reduction
Hydrological modeIS(BROOKQO—LFW, PREVAH, WASIM—ETH)

tolerable risks options
4 L P

Hydrodynamic
model (HEC-RAS) E‘%

AU1 L&

Ecological Dam breach Loss of life Damage model
model (TRAM) model model ? HOWAD

4 L

Multicriteria assessment (PROMETHEE, CP)
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Testing the applicability of the framework and the
methodology In a series of workshops with practitioners

Society (Context)

Pre-flood Pre-flood = Flood event Post-flood
design implemen manage- appraisal
-tation ment
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Moldawa River pilot area

Objectives

» To analyse the impacts land-use change on the flood occurence

» To assess the

Approach

» Land-use changes analysis based on historical and current data
» Assessment of the

> based on carefully selected
factors such as protected territories, flooded areas or arable land

Zikmund & Kodrova (2006)
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Moldawa River pilot area

Wasell nad Ludnicl

] PLA Tlebodfsko
Pilod aniea border

Municipaiies
Roads
# Raiway
Wilercourses
I Water bodies
Elevation [m a.s5.1]
gy

] PLA Thebofeko

[ Pilot area border
Raiws

£y il

B Euilt-up Areas
Prodecied Areas
\Webands
Walercourses

B Meadows, Pashsnes
B Forest
Gravel-pits

Zikmund & Kodrova (2006) Zikmund & Kodrova (2006)
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Moldawa River pilot | P "’“*
area

| ﬁm e h‘%? t :"

- o e Drahotédios P
Results of risk analysis %r.afm ;.;T 9

» Ecological risk

Approach
» Hazard analysis

» Analysis of ecological
vulnerability

» Risk analysis by overlay

[ ] PLA Trebafisko
[ Pilot area barder
Roads
/. Railway
B Municipalities
Risk
I high
medium

B Iow

Zikmund & Kodrova (2006)
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Partner involvement

Dresden Flood Research Center (D-FRC)

- Leibniz Institute of Ecological and Regional Development (I10ER)
- Dresden University of Technology (TU Dres)

- UFZ Environmental Research Centre Leipzig-Halle (UFZ)

University of Potsdam (UniPdam)
GEO Group (Geo)

University of Prag (LERMO)

Other partners of FLOODsite (e.g. exchange of models)




Leibniz Institute of Ecological and Regional Development (IOER) Dresden

Contents

. Flood risk management — A European approach
. FLOODsite — Pilot study ,,Elbe River basin*

. VERIS-Elbe — Changes and management of risks due to

extreme flood events in large river basins — e.g. Elbe River

. Probable interfaces with activities of the International
Commission for the Protection of the Elbe River

. Outlook and Conclusions

FRC

0 Dresden Flood Research Center
/‘esde(\




Eﬁ VERIS-Elbe

rimax Research Project

Change and Management of Risks due to Extreme Flood Events
In Large River Basins — the Example of the Elbe River

(VERI1S-Elbe)
Duration 7/2005 — 08/2008

Coordination: Dr. Jochen Schanze, IOER

Consortium:

Leibniz Institute of Ecological and Regional Development (I10ER)
Technische Universitaet Dresden (TUD)
Bundesanstalt fur Gewaesserkunde (BfG)

INn cooperation with

European Commission, DG Joint Research Center (JRC),
D-FRC, PlanEVAL and Plan+Risk Consult




1.

3.

Eﬁ VERIS-Elbe

Research Questions

How may risks of extreme floods be
on the scale of large river
basins? (Methodology)

. How do flood risks, flood vulnerability, and damage expectan-

cy values alter through
as well as through strategic alternatives of
? (Cause-effect analyses)

Which and com-
parable cost-efficiency do the strategic alternatives of miti-
gation measures show and which can support their
iImplementation? (Evaluation, implementation instruments)



Eﬁ VERIS-Elbe

Spatial reference

Elbe river basin

Leng_th of theriver: 1.091km
Whole catchment Germary: 727km

Czech Republic: 364 km

» Climate change TN " ek
part in

projections (MPI M, : _ Germary: 654 %

Czech Republic: 33,8 %

GLOWA-Elbe 11, Enke) - e o5
» LISFLOOD '

POLAND
German Elbe

river floodplain
» all models

» all projections

River section .

3

Gauge chona till sttt

Ecological and Regional
Development

Gauge eu Darchau Dresden

Database: Bundesanstalt fiir Gewasserkunde
IKSE-Elbeeinzugsgebiet, ESRI ArcData
Cartography: W itschas

September 2002 7 .- N AU STR |A




VERIS-Elbe

Model system to simulate the flood risk system

Climate Change
LISFLOOD

Settlement

Dike/Flood polder

B WAVOS HOWAD

Management Change/Management
of river and flood plain of land use

Digital Terrain Model

Multicriteria Extreme Value Statistics

Multicriteria Assessment of retention capacity

Explanation: HOWAD — Flood Damage Simulation Model, LISFLOOD — Rainfall-Runoff Model, SMS — 2D-
hydrodynamic-numerical Surface Water Modelling System, WAVOS — Water Level Prediction System




Eﬁ VERIS-Elbe

VERIS-Elbe — DTM availability

DTM coverage of v i o

Doedha Bmxln clagfimn o GAenw Gaauinges IE oM S L ol

study area e LLEE e

DGM-D o
(ATKIS: SEEETTE
25 m Raster) :

HWSK data
(LTV: Laser Scan
2 m Raster)

Kruger (2006)

Timioa| i Bdideel | Fame




Eﬁ VERIS-Elbe

DTM comparison

» DGM-D (ATKIS) P e T

& - - ™ |

25 m Raster e | TFToo i o TSP T

» DGM-W (BfG)
2-2.5 m Raster

» HWSK (LTV)
2 m Raster

DGM-D: Smooth contours

DGM-W: Much detall

DGM-W: Dikes 2T

Kruger (2006)




Qﬁ VERIS-Elbe

Dike detection and extraction

Software module for analysing /
e editing DTM
® : : : :
° = Dike detection, dike extraction,
° _ dike raising / dike moving
[
o
([

e DTM intersection of water levels
» Identification of potential retention

DTM cutout

Perspective view
Kruger (2006)

heights by factor 10




\ Eﬂé: Elbe

Outputs:

De Roo (2003)




Ei VERIS-Elbe

Wasser level forecasting model WAVOS (BfG)

- 1 '. i 1 .\&#

o N

FlieRgrenzen
 Hauptfiuss « Yodand ® Retertionsaum fiks
® Deich/Ratentiorsraum - Vodard  © Reterfiongraum rechts

Quelle: Rademacher (2002)




Flood damage model HOWAD (I10ER)

Wohnbauten + Infrastruktur

Schadensbild

Schadensausmalf

Gebaudetypen

E Materieller

E=5  Sschaden
H1

S H2
N H3
(BBP)

Infrastrukturtypen

>5§< Materieller
¢  Schaden

L
o H3

(BASIS-2)

=)

=

Monetarisierung

Baukosten- H1: €

Statistik H2: €
H3: €

Monetarisierung

Kosten- H1: €
Schatzung H2: €
H3: €

Bebauungs-
struktur-
Typen

Typ 1
Typ 2
Typ 3
Typ 4
Typ 5
Typ 6

ATKIS-Daten
unterstutzt

Schadensbild

Schadensausmalf

GB

Materieller
Schaden
GIB H1

H2

Monetarisierung

H1: €
Kosten- H2: €

Schatzung 4 ¢

Raumliche
Identifizierung
von Bebauungs-
Strukturen

S-Typ1l
S-Typ2
S-Typ3
S-Typ 4
S-Typ5

S-Typ6

LanND25-
Daten
unterstutzt

VERIS-Elbe




VERIS-Elbe

High resolved vulnerability modelling (HOWAD)

Using characteristic values:

- Geometry

- Function / Use

- Construction specifics

- Refurbishment costs

- Synthetic cost function based on
construction work items

== 30 cm below 1 floor ceiling

<100 cm above 1 floor

—<10cm above 1 floor

< 30 cm below ground floor ceiling

< 100 cm above ground floor

< 10 cm above ground floor

< 30 cm entry level below cellar ceiling

< 30 cm above cellar floor
(Deilmann et al. 2006)

(Deilmann & Hennersdorf 2006) (Naumann & Deilmann 2006)




VERIS-Elbe

Overview of the methodological approach to simulate
the current and future flood risk system (VERIS-Elbe)

Multicrit. extreme Climate models Rainfall-runoff Digital terrain Hydrodyn. Damage Multicriteria eval. Spatial/regional
value statistics (external) model model models model method planning
[IHM] [MPI, PIK] [URC] [IOER] [BfG, IWD] [IOER] [IOER] [IOER, ELLA]

Historical flood events, weather conditions, P(T), HQ(T) (IHM) Data collection, setup data server with project web site (IOER)

v v v 3 v y

Model Coupl. rainfall- : WAVOS, Compromise
architecture [ || runoff statistics LISFLOOD CZ:) DTM SMS t:) HOWAD programming
o
| I

I A I I
A 4 A 4
gt CEgurrehitfgad risk [~

Y A A A 4 A4
Evaluation Recurrence |
+EX post* interval T

Flood risks ,ex post* Multicriteria eval. Designation of
(damage potential) of flood plain areas

v ' v v

. ; : . . . .
Scenarios _Reglonal ! Option flood Option objects/ E eyt trends Hep Optlon planning
climate trends ! polders, etc. trends of values| ! instruments
l

v ' v
Simulation Mod. disEEﬂEE"\IO le‘l]lﬁ( j “T’TLSTkr ns/lgg(.:i;iacb{sg;-
v

LEX ante* (Elb

- T
2

Evaluation Mod. recur- Flood risks ,ex ante*

Lex ante® rence interval T (2055) CBA/MCA

v v v

Recommendation to priorities of intended or alternative options of action

Inter-
pretation




Eﬁ VERIS-Elbe

Areas of exploration of futures for the Elbe River Basin

Trends (selection):

Climate change based on various downscaling methods (REMO,
STAR, Method Enke).

Land-use change due to EU- and national policy, demographic
trends etc

Economic development

Risk reduction options (selection)

» Flood polders, dike relocation etc (flood prevention and defence)

» Planning restriction for land-use development (risk mitigation)

» Adaptive building construction (resilience)
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Probable interfaces with the International
Commission for the Protection of the Elbe River

FLOODsite could show how a
looks like

FLOODsite moreover elaborates some
of the methodology with concrete results

VERIS-Elbe is further detailing the FLOODsite approach and is
testing it for the

VERIS-EIbe provides a lot of (e.g. DTM)

VERIS-Elbe uses a and applies it
for the

Especially VERIS-Elbe but also FLOODsite would appreciate a
Intensive (e.g. scenarios formulation)

Maybe there could be a joint way of
approach to the

FRC
20

Dresden Flood Research Center
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Outlook and Conclusions

FLOODsite Elbe river pilot currently realized

VERIS-Elbe has recently passed

Both projects will provide 2 international examples for a

They also provide the basics for the

Especially VERIS-Elbe may be used by the ICPE

at the Elbe river

FRC
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Announcement

European Symposium
on Flood Risk Management Research

International Congress Centre Dresden
6 — 7th February 2007 in Dresden, Germany
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