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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 

• GIS tools  
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Flood Hazard 

• Modeling Options 

• 1D  

• 2D 

• 1D/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) 

 

• Result: Flood inundation (hazard map) 
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1D 

• E.g. HecRas 
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1D 
• Cross Sections 
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1D 

• Cross Sections 
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Model chain summary 
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» Low resolution (1 km) 

» Low demand on computational 

resources 

Flood Hazard Map 

Hydrological Model 
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Examples 
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Hazard Maps 

• Examples 
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2D 

• Computationally more demanding because of 
ever increasing DEM resolution 
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» High resolution (1m) 

» High demand on computational 

resources 

Flood Hazard map 

Torrential rain/ flash flood 
Hazard Map 
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Examples 
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Validation 
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Data requirements 
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Data preparation: DTM is crucial 

 



Stryszawka, Poland 
 September 2011 

GIS-Analyse und Kartierung 
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Nachbearbeitung Gewässernetz 

 

 
DLM25- 

Gewässernetz 
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DTM modifications are required! 
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 Identifying Potential damages 
(Elements at Risk):  
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 Identifying Potential damages 
(Elements at Risk):  

 1.Causes 

2.Types 

3.Evaluation and quantification 
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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 

• ….. 
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Causes: damages by example 
• Parameter: water level / water pressure 
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Water level / water pressure 

Source: BMVBS: Hochwasserschutzfibel 

Weight of building  smaller than 

buoyant force: 

-> The building will „float“  

(Damages to the stability) 
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Glashütte / Erzgebirge 1927 

Parameter: flow velocity 
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Population 

Source: Vogt 

Quelle: IKSR 

Valuation not 
possible (not ethical) 
in terms of € 
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Economy 

• Example by GDP 
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Structure of asset terminology  

Non tangible asset 

Asset total 

Tangible asset 
Monetary asset 

(net) 

Economically 
exploitable rights  

Human capital 
Reproducible 

tangible assets 
Non reprod. 

tangible assets 

Productive 
property 

Property for 
normal use 

Privat use Public use Fixed assets Stock 

Buildings Equipment 

Source: M. Frenkel & K.D. John, 1999 (modified) 
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Asset: Household goods 

Total  
residential area 

Average value of 
household 

per m² 

Household 
asset per 

NUTS region 

NUTS  
boundary 

Average value of 
household per 

country 

Price relation in 
Europe 

Land use: urban 
fabric 

Asset per 
urban unit 

Expenditure on 
household per 

year  
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Asset: Vehicles 

 

Number of 
vehicles 

Value decrease 
curve 

Average price of 
new vehicles 

Asset per 
vehicle 

NUTS  
boundary 

Average price 
per country 

Price index 
relation  

Age-
composition of 

vehicles 

 Initial 
registration 

Land use: urban 
fabric 

Asset per 
urban unit 

Info on value 
decrease 

Class  
composition 
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Example BEAM 

Basic European Assest  Map 

(regional to national scale ) 
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BEAM product example Bucharest 
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Calculation of potential damage / EAR:  

• Procedure for  population at risk 
• 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.) 
 

• GIS based intersection 
• Result:  count (better: statistical estimate) of potentially 

affected population per administrative sub-division (national, 
sub-national, province, county, city, etc.) 
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Administrative Gliederung & 
Demographische Daten 

• Data sources:  
• Statitstics authorities 

• Commercial products 

• Common database key required (usually a national system of numerical codes) 

• Topographic survey authorities 
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Land use / land cover 

• Data sources: 

• Remote sensing products (e.g. CORINE land 
cover, GMES products 

• Topographic survey poducts for local 
scale, perhaps down to caadastral units 

Meißen ATKIS DLM 
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Schematic Dipiction of exposure 
assessment 
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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 Meißen: 
• Population: 28780 (2002) 
• Total area: 30,7 km² 
• Population density “raw”: 937 persons / km² 
• Total settlement area: (ATKIS): 6,8 km² 
• Population density “modified”: 4230 / km²! 
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Calculation Example 

• Meißen: 
– Settlement area: 6.8 km² 

– Of this area affected by flooding 1.56 km² 

– 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. 
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Berechnung betroffene/gefährdete 
Personen 

 

Rhein 

Sachsen 
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Calculation of potential damage:  

• Procedure for direct economic damages  

• 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.) 

• Damage function (vulnerability curves…) 

• Methods can be based on an area approach or on 
an object approach 
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Damage functions 

•Grade of damage in relation to intensity of a hazard 

•Intensity can be determined by:  
• Inundation depth 

• Flow velocity 

• … 

•Mainly empirical functions 
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Damage functions 

• 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 

• Duration of flooding 

• Age of building 

• Flood protection measures 
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Calculation of damage potentials 

• Usually no damage • No damage 

Inundated areas 
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Calculation of damage potentials 

• No or small damage at low 
flow velocities 

• No damage at low 
velocities 
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Calculation of damage potentials 

• Low damages at low 
velocities 

• High damages/complete 
damage at high velocities 

• Calculation of damage 
potentials by adapted 
damage functions 

• Potential complete 
damage 
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Calculation of damage potentials 

• Low to moderate damages 
at low velocities 

• Complete damage at high 
velocities 

• Calculation of damage 
potentials by adapted 
damage functions 

• Complete loss 
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Calculation of damage potentials 

• Complete loss • Complete loss 
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Damage functions - lowland rivers 
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Damage functions - steep terrain 
rivers 
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Application in GIS  
• Discontinous Urban Fabric 

– Size: 150 000 m² 
– NUTS2: Castilla-La Mancha 
– Size of the hazard area: 75 000 m² 
– Building Asset (privat): 37.81 €/m² 
– Houshold asset (privat): 23.2 €/m² 
– Exposed Asset:  

75 000m² * 37.81 €/m²  => 2 835 750 € 
– Exposure household assets:  

75 000m² * 23.2 €/m²    => 1 740 000 € 
– DF buildings:          10% =>  283 575 € 
– DF household:    25% => 435 000 € 
– Potential Damage:   718 575 € 
     for this scenario 

• Relation between water depth 
and rate of damage 

• Needs to be adjusted to each 
land use data set 
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GIS Models 
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Products for Stakeholders 
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National 
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Regional 
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Local 
(Damage potential maps) 
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Video animations 
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GI-Systems 
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HWSPAS 
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Changes? 
 

Thank You! 


