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Early Flood Warning for Alpine Catchments

Challenge Alpine Catchments

• Fast precipitation-runoff response times ⇒ short warning times, 
Radar & nowcasting not suited!

• Snow cover dynamics/meltwater impacts significantly discharge behaviour

• High spatial precipitation variability (Lee-Luff, orographic blocking)

• Precipitation intensities are expected to increase under climate change 

• High damage potential

• Flood warning only via combination of 
Numerical Weather Prediction (NWP)
& water balance/runoff modeling

⇒ Coupled meteorological-hydrological 
model system for early flood warning

Flood event Total
(Mio. €)

Insured
(Mio. €)

Bavaria 1999 393 30

Bavaria 2005 205 46

D/A/CH 1999 409 40

D/A/CH 2005 3000 1700
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August-Flood 2005: 

• Alpine space: more than 150 mm/72h

• Oberstdorf: 147mm/24h

• Einsiedl: 216 mm/24h

Early Flood Warning for Alpine Catchments

Challenge Alpine Catchments



H. Kunstmann | Institute for Meteorology and Climate Research (IMK-IFU, Garmisch-Partenkirchen)
KIT – die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universität Karlsruhe (TH)

Early Flood Warning for Alpine Catchments

Challenge Coupled Meteorological-Hydrological Model System in Alpine Space

Both atmosphere & land surface processes must be considered

Quality of streamflow forecast:

• Quality of NWP: 
Challenge complex orography: small errors in precipitation forecast may lead to

large errors in river runoff forecast

• Quality of hydrological model
Challenge proper initialisation of snow cover, soil moisture, water level in river beds
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General Setup

• Own operational high resolution NWP using public domain data & model sources

1)   MM5 (NCAR & PennState University) in 3 nesting steps: 60km, 15km, 3.75km (plus  
1.25km in test mode)
operational since 1999

2) WRF (NCAR) in 4 nesting steps:  54km ,18km, 6km, 2km
operational since 2007

• Hydrological model: WASIM-ETH (http://homepage.hispeed.ch/wasim/index.html)

• Geographical Focus: Bavarian Alps & Ammer catchment

• Advantage: optimised model setup (parameterizations, resolutions) 
for specific region / catchment
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Test Site: Ammer Catchment
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Water Balance Modell

WaSiM

Global Forecasting System 

NCEP GFS (AVN)

Observed Met-data

WaSiM-run to provide
initial conditions

FLOOD FORECAST

Limited Area Model
MM5/WRF/MCCM

Early Flood Warning for Alpine Catchments
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Domain 1: 55 x 45 grid cells, 60x60 km²

Domain 2: 77 x 73 grid cells, 15x15 km²

Domain 3: 57 x 49 grid cells, 3.75x3.75 km²

Early Flood Warning for Alpine Catchments

NWP: High Resolution Dynamic Downscaling & Nesting for the Test Site
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Catchment of the River Ammer: Location of Gauges & Meteo-model Gridpoints
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Operationalisation of NWP: Preprocessing
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Operationalisation of NWP

3,75km run:
finished between
7 and 10 Uhr MEZ 

2 h 20 min

1 h 34 min
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Operationalisation of NWP: Visualisation in WWW

http://imk-ifu.fzk.de/de/wetter/index_wetter.htm

⇐ 60 km

⇐ 15 km

⇐ 3.75 km

Germany (60, 15, 3.75km)
Ghana & Burkina Faso (54, 27km)
China, Three Gorges (63, 21, 7km)
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Strategy for Operational Flood Forecasting

• Provision of initial conditions: hindcast part 
1) Continuous run in 24h time slices with 

observed meteorological driving data of last 24 h hours

2) Storage grids used for initialize forecasts

• Forecast part: 
Twice daily (00:00h & 12:00h UTC initialization) 
driven by MM5 forecast fields
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Results: Operational Water Balance Modelling
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Results: Operational Coupled Streamflow Forecast

Weilheim Peissenberg
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Ex Post Results: Performance of Coupled Model System for Selected 2001 Events
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WRF@6km -Forecast and 
Comparison to Rain Gages,

[mm/48h]

   0.5  -  2 mm
   2  -  10 mm
   10  -  20 mm
   20  -  40 mm
   40  -  80 mm
   80  -  120 mm
   120  -  160 mm
   160  -  200 mm
   200  -  240 mm
   240  -  300 mm
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Ex Post Results: Performance of Coupled Model System for August 2005 Flooding



H. Kunstmann | Institute for Meteorology and Climate Research (IMK-IFU, Garmisch-Partenkirchen)
KIT – die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universität Karlsruhe (TH)

Sp
ec

ifi
c 

di
sc

ha
rg

e 
[m

m
/h

]

HQ100

HQ10

6 km resolution sufficient 

HQ20

HQ50

Ex Post Results: Performance of Coupled Model System for August 2005 Flooding
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48h – Early warning is feasible! 

HQ10

HQ100

HQ20
HQ50
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Ex Post Results: Performance of Coupled Model System for August 2005 Flooding
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Summary and Conclusions

• Early flood warning for Alpine catchments requires coupled meteo-hydro. model 
system

• Operational near real time hydrological modelling driven by station observations 
provides initial conditions for forecasts

• Early warning tool: not able to predict exact timing and height of flood peak!

• 48h early warning time feasible (this study)

• 6km meteo-model resolution seems sufficient (this study)

• Coupled model system is exported 
for forecasting Jangtse River (China) and Volta (West Africa) 
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Thank you 
for your attention
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Hochwasserfrühwarnung: 
Operationelles Modellsystem 


