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Flood Hazard & Risk Assessment

* Flood Hazard Modeling
— Modeling options
— Data requirements
— Examaples

* Quantifying potential damages
— Elements at risk
— Damage ratios
— Data requirements
— Risk Maps / Damage potential maps
— Examples

e GIStools
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Flood Hazard

Modeling Options
D
D
D/2D-coupled
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Example-1D

* Procedure:
— Hydrological modeling
— Surveying of cross sections
— Hydraulic representation of terrain
— 1D-Model (e.g. HEC-RAS)
— Water level at cross sections
— Extrapolation to area using a DTM (HEC-GeoRas)

e Result: Flood inundation (hazard mag
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* E.g. HecRas
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* Cross Sections
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Model chain s

Zugefihrte
Wassermenge

* Niederschlagsmenge
L Zeitliche Verteilung

Infiltration

* Boden
* Landnutzung
o* Relief

Konzentration /
Ruckstau

e Relief

e Kleinstrukturen
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Hydrological Model

» Low resolution (1 km)

» Low demand on computational
resources

Flood Hazard Map
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Examples
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Hazard Mabs

Amenaza por Inundaciones

Jrmenwkrtson Hazand

£/
Selvadoy

Hondures

Stryszawka, Poland
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Leyenda
Leagend
o Capitat nacons
Navona! capial
. Sbmcen departamento
Departamenfo copnts

Limie y oidigo Depdmamanio
Bounday and 0ocke of Depavamensios

Limite Municipio

Boundary of Municigpso
Amenaza por nundacionas
Inundatian hazard

N Arda susoegaib pof inuediaciones
SN dndation prone area
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2D

 Computationally more demanding because of
ever increasing DEM resolution
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Torrential rain/ flash flood
Hazard Map

» High resolution (1m)

» High demand on computational

resources

Flood Hazard map
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Examples
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Xarte Nr.: 21

R el
Starkregengefahrenkarte

100 IArScher 1stlediger KOSTRA-Neserschlig
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Data requirements
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Data preparation: DTM is crucial

_; . g LI y IIIIIIIIIIIIIII
; mwﬁ September 2011




Stryszawka, Poland
September 2011 o —
geome

L L HTE LK M #LH 2 M T M




Stryszawka, Poland
September 2011 -
r




DTM modifications are required!
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flooding depth
B <
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ldentifying Potential damages
(Elements at RISk)
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ldentifying Potential damages
(Elements at Risk):

1.Causes
2.Types

3.Evaluation and quantification

N i 5 September 2011



Flooding damages — why do we need
to identify their types and dimension

To determine their vulnerability and risk
For cost/benefit estimates

For better spatial planning

For better preparedness

For contingency planning

Stryszawka, Poland
September 2011




Causes: damages by example

* Parameter: water level / water pressure

Stryszawka, Poland
September 2011




Water level / water pressure

Gefahe des Aufschwimmens; Auftriebekrealt 2 Gebaudelasten

Weight of building smaller than
buoyant force:

-> The building will ,float*
(Damages to the stability)

=

sohlwasserdruck

Source: BMVBS: Hochwassersiﬁhutzfibel
-
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Parameter: flow velocity

Nz bia
- > SO 8

Glashutte / Erzge

Durch Hogpyvas_s.er zecsté‘n‘es Haus in Glashuitte 1927

Septemb(;.r 2011 =
geomer
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Population

Valuation not
possible (not ethical)

< .‘ in terms of €

Source: Vogt
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GDP Values

Economy

Country

Sector Code

Sector

GDP
{uss)*

GDP
(Million of National
Currency)**

Nicaragua

Honduras

El 5alvador

CAAIGES

1
2
3
4
5
[
7
5
9

(=R - B Y ™ I s T ]

1 T

AB Agriculture, hunting, forestry and fishing

C Mining and quarrying

D Manufacturing

E Electricity, gas and water

F Construction

GH Wholesale and retail trade, restauranits and hotels
| Transport, storage and communications

JK Finance, insurance, real estate and business services

LMNOPQ Community, sacial and personal services

AB Agriculture, hunting, forestry and fishing

C Mining and quarrying

D Manufacturing

E Electricity, gas and water

F Construction

GH Wholesale and retail trade, restaurants and hotels
| Transport, storage and communications

JK Finance, insurance, real estate and business services

LMMNOPQ Community, social and personal services

AB Agriculture, hunting, forestry and fishing

985 083 B40D
66 399 B40
979917 120
169673 400
320102 640
795478320
308547720
710672 040
1094628 600

1710093 930
155294 470
2739735810
159639 610
850 B0B 630
2348558 390
953 474 BEO
2 269455 160
25291996 340

2693 100 000

Stryszawka, Poland
September 2011

21049
1419
20938
3626
G 840
16997
6593
15185
23350

32823

2981
52 586

3064
15330
45078
15 4583
43 560
45 560

2683

or

GDOP Sector
Code 8

GDP Sector
Code 9




Potencial Econdémico

Ecomamie Ponemiid

Leyenda
Legend
« Saptal nacional
MNasional capeal
. Cavecern depastamentad
Depatamental capxtal

Fronteca nacional
Natonal bovder

Linvte v obdion departamantsl

Riged - S S, PIB (US $/m?)
x | GDP (US $/m?)

" LU

<0.1

>0.1-1
. >1-10

>10-100
L. >100

Sin datos
No data
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Structure of asset terminology

Asset total

v

Monetary asset
(net)

|

Tangible asset

\Z

12

Reproducible
tangible assets tangible assets

v

Non tangible asset

v

\%

Non reprod.

Human capital

Economically
exploitable rights

\Z

\%

Productive

Property for
normal use

property
|

v

\%

V%

Fixed assets

Stock

V%

Privat use

Public use

\

%

. Buildings

Equipment

E Stryszawka, Poland
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Asset: Household goods

Average value of . .. Expenditure on
Price relation in

household household per
3 Europe
per m year

Average value of N
household per 1

NUTS
boundary

country Total
residential area

Household Land use: urban

asset per fabric
NUTS region < |

Asset per
urban unit
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Asset: Vehicles

Average price of} Class 1 Price index 1 Info on value Initial 1

new vehicles composition relation decrease registration
I I

<>

N Value decrease _ Age-

Average price
per country

curve composition of
vehicles

Number of 1 Asset per \‘ NUTS Land use: urban

vehicle boundary fabric

X

Asset per
urban unit

vehicles
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Example BEAM

Basic European Assest Map
(regional to national scale )

Stryszawka, Poland
September 2011




~ assets_deDO0
oo TOTAL_SQM

oy -__ t ‘ I 50.01€-500,00€ |

itk ,\g' /[ 1001€-5000€

Al 2,01 €-10,00 €

‘
. 1,01€-2,00€
0,00€-1,00€
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BEAM product example Bucharest

i Identify

Shape

ESRI_ID 992 )
GIS_AREA_S  1566149.402631
NUTSO RO

NUTSZ 32 )
MUTS_LABEL  Bucuresti - IIfoy
LM_YALUE 11200

LABEL_LMN  Discontinuous urban fabric
POPDENSITY | 0.007981
BUILDING 34.675024
HOUSEHOLD  25.823323
VEHICLES  36.146606
MAY_AGRICU  0.026287
MAY_INDUST  14.521391
MAY_SERVIC | 26.557179
LIVESTOCK  0.39236
SIT_AGRICU  0.000526
SIT_INDUST ~ 4.356417
SIT_SERVIC  1,301302
FIX_VALUE O
TOTAL_SQM  143.300415
TOTAL_EURO  225212934.545866

7
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Calculation of potential damage / EAR:

* Procedure for population at risk

e Required input data
* Information on demographics
* Information on administrative (sub)-division of the study area
* Information on land use / land cover

* Flood hazard map (inundation areas), perhaps with different
probabaility of flooding (2yr, 5yr, 10yr, 100yr-flood etc.)

e GIS based intersection

e Result: count (better: statistical estimate) of potentially
affected population per administrative sub-division (national,
sub-national, province, county, city, etc.)

Stryszawka, Poland
September 2011




Administrative Gliederung &
Demographische Daten

* Data sources:
e Statitstics authorities
e Commercial products

e Common database key required (usually-a national system. of numerical codes)
e Topographic survey authorities
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Land use / land cover

e Data sources:

cover, GMES products

e Topographic survey podu

scale, perhaps down to ca




Schematic Dipiction of exposure
assessment
_l\ = | Comunity A: /L\/_,,,/

I

: size: Ikm?
g:?‘an:m population: 5000 m

seftliement area

population: 5000 [ :
actual settlement area: 10 %7 completely in red zone

/ Comunity B:

- Comunity B: size; 3 km*

size: 3 km? KL LALALBL / population: 5000
popﬁlalion: 5000 | high hazard settlement area partly inred,
actual settiement area: 40 % ow hazard // /ﬁ partly in green zone

= 7/

Two communities of same size and population can have different exposure to hazards due to different settlement patterns

Stryszawka, Poland
September 2011




Approach

Procedural Steps:

 Calculation of population density — on residential / settlemen)
areas only!

* GIS intersection of inundation area (classes) and settlement areas
* Summarize

Example City of MeilSen:
* Population: 28780 (2002)
Total area: 30,7 km?
Population density “raw”: 937 persons / km?
Total settlement area: (ATKIS): 6,8 km?
Population density “modified”: 4230 / km?!

N i 5 September 2011







Calculation Example

e Meilden:

— Settlement area: 6.8 km?
— Of this area affected by flooding 1.56 km?
— Portion: ca. 23%

-> potentialy affected by flooding:

Modified density * affected area = 4230 * 1.56 = rd. 6 600 Pers.

alternativ: 23 % of the total population: 23/100 * 28780 = rd. 6 600 Pers.

N i 5 September 2011




Berechnung betroffene/gefahrdete
Personen

Tabelle 5:  Betroffene und davon gefihrdeten Personen (in Tausend)

Sachsen

davon gefiahrdete |

Ein;

Elbe
Ege
Mul

Wel

Spr

Tabelle 2: Moglicherweise betroffene Personen

Rheinabschnitt

Betroffene Personen

Rhein

davon Gefahrdete
Personen

auf Oberschwemmungs-
flachen

ab Wassertiefe > 200 cm

Hochrhein

7.400

100

Oberrhein

777.400

322.400

Mittelrhein

73.300

45.200

Niederrhein

1.264.200

557.400

Rheindelta

8.564.000

4.576.900

Summe

10.686.300

5.502.000




Calculation of potential damage:

* Procedure for direct economic damages

e Required data

* Information on assets, generalized or detailed

* Information on land use
* Information on land use / land cover

* Flood hazard map (inundation areas), perhaps with different
probability of flooding (2yr, 5yr, 10yr, 100yr-flood etc.)

e Damage function (vulnerability curves...)

e Methods can be based on an area approach or on
an object approach

Stryszawka, Poland
September 2011




Damage functions

*Grade of damage in relation to intensity of a hazard

*Intensity can be determined by:

* Inundation depth
* Flow velocity

*Mainly empirical functions

N i 5 September 2011



Damage functions

e Must be considered in relation to the land use
and asset data set on which they are applied

* Also can be influenced by additional
parameters:
* Warning time
e Duration of flooding
* Age of building
* Flood protection measures

Stryszawka, Poland
September 2011




Calculation of damage potentials

e Usually no damage * No damage

Stryszawka, Poland
September 2011




Calculation of damage potentials

* Noorsmalldamageatlow ¢ No damage at low
flow velocities velocities

;‘
Is72__(AS

‘
U/v

Stryszawka, Poland
September 2011
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Calculation of damage potentials

Low damages at low * Potential complete
velocities

Stryszawka, Poland
September 2011




Calculation of damage potentials

Low to moderate damages ¢ Complete loss
at low velocities

Stryszawka, Poland
September 2011




Calculation of damage potentials

e Complete loss * Complete loss

Stryszawka, Poland
September 2011




Damage functions - lowland rivers

100

= Siedlung_immobil
= Siedlung_mobil
1T  —PKW

Stryszawka, Poland
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Damage functions - steep terrain
rivers

= Siedlung_immobil
= Siedlung_mobil
1T  —PKW

E Stryszawka, Poland
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Damage functions

Application in GIS

e Discontinous Urban Fabric
— Size: 150 000 m?
— NUTS2: Castilla-La Mancha
— Size of the hazard area: 75 000 m?*  Relation between water depth

and rate of damage

— Building Asset (privat): 37.81 €/m? needsto be adjusted to each

land use data set

— Houshold asset (privat): 23.2 €/m?
— Exposed Asset:

75 000vh2 * 37.81 €/m? =>2 835 750 €

— Exposure household assets:
75 000/? * 23.2 ¢/m? =>1 740000 €

— DF buildings: 10% => 283 575 €
— DF household: 25% => 435 000 €

— Potential Damage: 718 575 €
for this scenario

Stryszawka, Poland
September 2011




GIS Models

=1 HWSPAS
I % 0_Schadigungsfunktonen
I % 1_PreProcessing
El & 2_Berechnung Risikoelemente
f Bevidlkerungs-Exposition
% Gebdude-Exposition
------ :C'l 5P Flachen berechnen

Stryszawka, Poland
September 2011




Products for Stakeholders
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National

Longitud Total de Carreteras Principales Expuestas a Deslizamientos (Susceptibilidad Alta - Muy Alta)
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Leyenda
Legend
o Capital naciona|
Natioviad captal

Cabecern departamental
Dapartamental capital

.

Frontera nacional
National borrer
- Limite y codigo departamental
Dapartamental boundary and coos
Limnite municipal
Municipal boundary
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Road length at nisk (km)
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Regional
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Industrie, groRer 10 €/m?
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Siedlung, grofier 50 €m?
Siedlung, 10 €/m? bis 50 €m?
Siedlung, kleiner 10 €/m?

§ |! Land- und Forstwirtschaft,
| keine Differenzierung nach Héhe des Schadenpotentials
L*%"u'mw Witz 23 Sonstige Flachen (inkl. Sport- und Freizeitflachen),

keine Differenzierung nach Hohe des Schadenpotentials
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Local
Damae otentlal maps)

Stryszawka, Poland
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Kartenbezeichnung:

Schadenpotenzial

Hdufiges bis mittleres Niederschlagsereignis (ca

Legende:

Spezifisches Schadenpotenz
(Aggregierung per Baublock)

< 10€/m?
10 - 50€/m?

B > 150e/m?

Gewasser

= H\N/GK-Gewasser

Sonstige Gewasser

Kartenbezeichnung:

Starkregenrisiko

Mittleres Niederschlagsereignis (ca. 120mm)

Legende:

Gewidsser
B  H'WGK-Gewiasser

Sonstige Gewasser

Gebdude mit potentiellem Schadenpotential

undifferenziert
Betroffene Risikoobjekte

Altersheim
Badegebiude; Hallenbad

Bibliotheksgebaude
Campingplatzgebdude
Energieversorgungsgebiude

Feusrwehrgebiude

2
&
F
0

Forschungsinstitut

Gemeindehaus

Gerichtsgebiude

Heim

Hochschulgebdude

Hotel; Jugendherberge

Justizvollzugsanstattsgebiude

Kapelle

NEEHDEREE

VEEDSRREEOHENEGR EEROEE

Hirche

Kliranlagengebiude

Krankenhausgebaude

Messegebiude

Museumsgebaude

Mullverbrennungsgebaude

Parkhaus

Paolizeigebiude

Past

Rathaus

Schlok

Schulgebaude

Sportgebaude; Sporthalle

Tankstellengebiude

Tiefgarage

Umfiormer

Veranstaltungsgebiude; Vergnigungsstitte

Werwaltungsgebdude

Zoogebdude




Video animations
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Gl-Systems
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ArcGIS Viewer for Flex - HWSPAS Edition

Zum guage wie deier s werd wenn de Leit die Besch in die Stubb kimmt
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Changes?

Thank You!
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