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Operational Earth System Modelling  (e.g. Hollingsworth, 2005) 

- Physical, chemical and biological processes of the 
atmosphere-land-ocean system

- Assimilating Satellite remote sensing information

- ECMWF, NCEP centres, ...

� Global Flood Predictions 

Positivistic world view: "There is a truth out there and if 
enough data are analysed in the right way we can 
understand and resolve even the most complex 
problems"

Global modelling perspective



Convergence of hydrological and atmospheric models  

EUMETSAT-LandSAF Working group



Local hydrologic and wrm perspectives

• Hydrology is much controlled by local effects (context 
dependence)  (Zehe and Blöschl, 2004) 

• Overriding concern of local flood forecasters is 
- Credibility to the public and hence 
- Accuracy and timeliness of forecasts

� Use well calibrated models only 

� Added value through forecasters‘ judgement

Pragmatic world view: “How good are the forecasts locally 
and what can we do to enhance credibility?"



1. Local information 

2. Global information

3. Quantifying uncertainty 

… illustrated by the TU Wien flood forecasting 
system of the Danube and tributaries

A focus on quantifying and reducing uncertainty



Rain gauges
Stream gauges
Forecast points

TU Wien flood forecasting system of the 
Danube and tributaries

Kamp

80 km



- Local rainfall estimation 

- Catchment model (incl. field surveys) 

- Local water resources mgmt (eg. reservoir operation) 

- Forecast updating based on local runoff

1. Local information



Local rainfall estimation – local information

Radar patterns

Topographic 
corrections

- Raingauge characteristics (catch deficit)

- Orographic effects

- Radar (and problems)

- Local bias correction

15 min precip. 
14 July 2008, 13h 40 km



Saturation areas

Catchment model – local hydrological information

Reszler  et al. (2006) HW

- Field surveys – hydrological processes

- Local hydrological expertise from prior studies

- Local data (groundwater, ..)

- Flood marks, interviews of locals – plausibility check 



Hand-picked hydrological response units

Urban areas
Steep Slopes
Steep slopes forest
Hills
Hills forest
Tablelands
Saturated areas
Areas with aquifers
Lakes, reservoirs

10 km

Kamp catchment 1550 km²



Ottenstein reservoir 
during 2002 flood

- Local operation rules

- Flood management strategies

- Tradeoffs (eg. hydropower vs. prereleases)

Simulating operation of hydraulic structures



Time (hrs)

inflow to reservoir
outflow from reservoirs

Simulating reservoir operation

water level
gate position

Ottenstein reservoir (650 km² catchment area)



Updating forecasts based on runoff data 

• Reducing uncertainties of flood forecasts
� using observations of runoff in real time

• Non-linear model - Ensemble Kalman Filter (EnKF) 

• Observation error � runoff

• Model error � uncertainties in input (precipitation, 
evaporation) and its impact on soil moisture state

• To estimate antecedent soil moisture



Ensemble Kalman Filter
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Ensemble Kalman Filter
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- Quantitative precipitation forecasts 

- Ensemble forecasts

- Remote sensing (soil moisture, snow)

2. Regional/global information



Extending the forecast lead time

lead time*         accuracy

Runoff routing 2 h +++

Rainfall runoff model 6 h ++

Precipitation forecasts 48 h     +

� combined approach 

• Uncertainty of precipitation forecasts � Ensembles

• Downscaled ECMWF forecasts based on Limited Area 
Model and local precipitation data (Austrian Met 
Service)

* example, 1000 km² catchment

Quantitative precipitation forecasts
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Error analysis

Simulation 
obs. precip.

EnKF
obs.precip.

EnKF
forecasts 
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Komma et al. (2008) JH



9 July 2005   
0h
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Remote sensing - evaluation of snow patterns

MODIS

Model Comparison

25 Nov. 2005 
(Snow accumulation period)

Clouds, no data
No snow

Snow covered
Mismatch of MODIS and model



3 Feb. 2008 
(Snow melt period)

Clouds, no data
No snow

Snow covered
Mismatch of MODIS and model

MODIS

Model Comparison

Remote sensing - evaluation of snow patterns



- Model performance and its controls (runoff, snow)
.. stratified by catchment processes, event types, ..

- Ensembles and flood warning

- Example events (operational performance)

3. Quantifying uncertainty



Model performance

0

57 catchments (70 to 25000 km²)

Peak flows

Calibration
Validation

Small catchments
Large catchments



Bias

� Errors decrease with 
- catchment scale
- importance of snow processes

Nash Sutcliffe efficiency

Calibration
Validation

Small catchments
Large catchments

Model performance

Rainfall 
regime

Snow 
regime Snow

Rain



ROC - curves: 48 hr forecasts, Kamp/Zwettl

Ensembles � Flood warning

Costs 
of missed 
alarm

Costs of 
false alarm

Minimum total cost over 
long time period



Example events – operational performance



Flood forecast webpage of the 
Lower Austria State Government



Example forecast at the Danube on 7 Aug. 2006
taken from the forecast webpage
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Example forecast at the Danube on 23 June 2008
taken from the forecast webpage



6000

7000

8000

9000

10000

A
bf

lu
ss

 in
 K

or
ne

ub
ur

g 
(m

³/
s)

Dienstag 23.6. Mittwoch 24.6. Donnerstag 25.6.

Prognosezeitpunkt

Aufgetretener
Abfluss
am 25.6.09

Prognose

6000

7000

8000

9000

10000
R

un
of

f (
m

³/
s)

Tue 23.6. Wed 24.6. Thur 25.6.

Forecast time

Observed
Runoff
on 25.6.09

Forecast

Example forecast at the Danube on 23 June 2008



Conclusions

• New technologies at the global/regional scale 
� open new opportunities 

• Local information equally important 
� they are complementary 

• Including local knowledge from sources not usually 
accessed, eg. field surveys, local population, ...
Judgement of local forecaster important

� Interplay of local and regional/global information with 
a focus on maximising credibility


