
Funded under the  

Horizon 2020 Framework Programme 

of the European Union 

Grant Agreement No 641811 

Long-term streamflow forecasting for 

waterway transport in Central Europe using 

Delft-FEWS 
Bastian Klein, Barbara Frielingsdorf, Dennis Meißner, Monika Thül (BCE) 

Department M2 - Water Balance, Forecasting and Predictions 

Federal Institute of Hydrology (BfG) 

 

Delft-FEWS – International User Days 

7./8. November 2018, Delft 



Delft-FEWS – International User Days - 7./8. November 2018, Delft Seite 2 
 
 

Funded under the  

Horizon 2020 Framework Programme 

of the European Union 

Grant Agreement No 641811 

Federal Institute of Hydrology (BfG) 

 German federal government's scientific institution for research, 

assessments, and consulting in the fields of hydrology, water quality 

and ecology 

 advise of federal ministries and their subordinate bodies on 

fundamental and specific issues, in the context of planning, 

development, operation, maintenance and new construction of 

waterways in Germany 

 Development of forecasting models and forecasting systems 

 Operational forecasting (water-level and flow forecasts, ice thickness 

forecasts for the canals) for navigation along Germany’s federal 

waterways (approx. 7300 km) 

 Involvement in national and international research projects related to 

hydrological forecasting (e.g. IMPREX, ECCONET, H-SAF, 

EUPORIAS etc.) 
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Navigation-related long-term forecast 

German waterways 

Required for: 

 Optimal planning multi-modal split 

 Optimized long-term transport capacity 

planning 

 Optimized long-term stock management 

 Adaptation of fleet 

 Optimized timing to avoid additional costs 

in case of low flows  

 Timing / suspending of dredge operations 

 Reduction of dredge operations 

 Economic outlook 

 Guarantee security of energy supply 

(Redispatch) 
(German Federal Ministry of Transport and  Digital 

Infrastructure, Fachstelle für Geoinformation Süd) 
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Current State (e.g. River Rhine) 

 Operational: deterministic waterlevel forecast 

lead time 4 days, published via www.elwis.de 

 Experimental: pre-operational probabilistic waterlevel forecast 

lead time 10 days, published to stakeholders via FTP 

User Days 2017 „Pre-operational probabilistic water-level 

forecasting with FEWS-BfG” 

http://www.elwis.de/
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Navigation-related long-term forecast 

German waterways 

 Development of navigation-related long-term forecasting 

systems for the German waterways in the context of R & D 

projects EU-H2020 IMPREX and Seamless Prediction (funded 

by the German Ministry of Transportation and Digital 

Infrastructure) 
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Case Study: Sediment Management Lower 

Elbe 

 Stakeholder HPA and WSV 

 Support sediment management Hamburg harbour and  

tidal influenced part of Elbe River 

 Challenges: 

 interaction between tidal pumping effect and flow  

from upstream river Elbe 

 Restrictions due to natural conservation 

 Long-term forecast from upstream river flow is needed to 

optimize sediment management 

 Cooperation with German Weather Service DWD and 

Federal Waterways Engineering and Research Institute BAW 

and AWI 

IMPREX story 
http://stories.imprex.eu/mike.php 
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Methods 

Observation 

Flow 

Climatology 
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Climatological Forecast  

Q 

1990 1991 1992 1993 1994 1995 

Observation/Simulation Forecast 

1996 

Flow of the past as forecast for the future 
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Simulation (Reference, Initialization) 

Ensemble Streamflow Prediction 

Methods 

Observation 

Flow 

Climatology 

Observation 

Meteorology 

Water balance model(s) 



Delft-FEWS – International User Days - 7./8. November 2018, Delft Seite 10 
 
 

Funded under the  

Horizon 2020 Framework Programme 

of the European Union 

Grant Agreement No 641811 

Ensemble Streamflow Prediction ESP 

 Observed meteorological time series of the past used as 

forecasts of the hydrological model (Resampling) 

 Climatological meteorological forecast 

 Predictability arises from the initial conditions (snow, 

soil moisture,…) of the hydrological model 

 Scenarios, e.g. future development of the flow with the 

meteorology of the year 2003 (extreme low flow year) 

Simulation 

1990 1991 1992 1993 1994 1995 

Forecast 

1996 

Q 

T, P 

Initialization 
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Num. Weather Prediction NWP 

Simulation (Reference, Initialization) 

Ensemble Streamflow Prediction 

Methods 

Observation 

Flow 

Climatology 

Observation 

Meteorology 

Water balance model(s) 

Quelle: ECMWF 
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Forecast 

Meteorology 
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Numerische Wettervorhersage 

Simulation 

1990 1991 1992 1993 1994 1995 

Forecast 

1996 

Q 

T, P 

Intialization 

Member 1 

Member 2 

Member 3 

… 

Member 49 

Member 50 

Member 51 

Interpolation 

25 x 25 km (ENS) 

50 x 50 km 

NWP 

P, T, (RG) 

Bias/Drift 

Correction 

Downscaling 

5 x 5 km 

 Meteorological ensemble forecasts as boundary 

condition of the hydrological model 

e.g. ECMWF-ENS 51 member to quantify the 

meteorological forecast uncertainty 
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Num. Weather Prediction NWP 

Simulation (Reference, Initialization) 

Ensemble Streamflow Prediction 

Methods 

Observation 

Flow 

Climatology 

Observation 

Meteorology 

Water balance model(s) 

Quelle: ECMWF 
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Forecast 

Meteorology 
Tele-

connections 

Statistical 

Models  

e.g. MLR 
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Teleconnections 

  

Soil Moisture 

Sea Surface Temperature 

Precipitation 

Sea Level Pressure Temperature 

Stability Maps 

Correlation of the mean 

Elbe flow MAM 
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Num. Weather Prediction NWP 

Simulation (Reference, Initialization) 

Ensemble Streamflow Prediction 

Methods 

Observation 

Flow 
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Water balance model(s) 
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Forecast 

Meteorology 

Forecast Products 

Tele- 

Connections 

Statistical 

Models  

e.g. MLR 
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Numerical Weather Prediction 

0 4 2 3 

ENS 

1 5 6 

51 (11) 

Lead time Months 

SEAS S5 51 (25) 

GloSea5 2/d (3/w) 

Re-Forecast 

Last 20 years 

1981 - 2016 

1993 - 2015 

Selected numerical weather prediction systems: 
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Predictability Seasonal Forecasts 

Verification ESP, SEAS4 and SEAS5 gauge Kaub / Rhine 

simulated reference 

 Predictability 1 – 2  months 
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Numerical Weather Prediction 

0 4 2 3 

ENS 

1 5 6 

51 (11) 

Lead time Months 

SEAS S4 51 (25) 

GloSea5 2/d (3/w) 

Re-Forecast 

Last 20 years 

1981 - 2016 

1993 - 2015 

Selected numerical weather prediction systems: 

 Initialization ECMWF-ENS extended range Monday + Thursday 

 Re-Forecasts of the last 20 years operational available (e.g. for 

Bias/Drift-Correction) 

 Forecast horizon 46 d; 51 ensemble members 

spatial resolution 0,2° (day 1 – 15) / 0.4° (day 16 – 46) 
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General Workflow Case Study Elbe 

ECMWF-ENS ER 

P, T, RG 

Downscaling 

Bias/Drift 

Correction 

5 x 5 km 
HYRAS 

1951-2015 

P, T, RG 

P, T, RG 

SYNOP 

- today 

Interpolation 

5 x 5 km 

Flow Neu-Darchau 

Forecast 

Products 
www 

Management options 

Calibration 

C
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Initialization 

Forecast 

Flow 

Flow Indicators 

Re-Forecast 

ECMWF-ENS ER 

MLR 

NCEP/NCAR Reanalysis 1, 

ERSST v4, CDC, …  

ESP 

General Workflow 
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FEWS-Challenge 

Running operationally forecast + 

re-forecasts of the past 20 years 

+ handling of data in workflows 

e.g. export for pre-processing in 

FEWS (different t0) 

T0: 08.11.2018 
51 member 

T0: 08.11.2017 
11 member 

T0: 08.11.2016 
11 member 

T0: 08.11.1999 
11 member 
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Technical Workflow FEWS (in progress) 

DWD ESGF-Node 

MARS Archive 

CMOR 

Standard 

FEWS 

Open Archive 

Init  

t0 

FEWS-Batch file to run 

 corresponding re-forecasts 

download data from ESGF 

run create 

st
o

re
 

NetCDF 

Batch Run 

Reforecasts 

Import 

General Adapter 

Bias correction 

Transformation 

Downscaling 5kmx5km 

General Adapter 

Run LARSIM 

General Adapter 

Uncertainty Processor 

Report 

Forecast Product 
HTML 

Report 

png 

Bias correction 

Downscaling 5kmx5km 

FEWS-Workflow 
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FEWS-DE 

Climatology 

ESP 

ENSextended 
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Summary 

 Analysis of seasonal streamflow forecasts of ECMWF showed a 

predictability of 1-2 months in Central Europe 

Development of a monthly forecast system  

using ECMWF-ENS extended (lead time 6 weeks) 

 Co-design of relevant forecast indicators and forecast products with 

end-users (in progress) 

 First prototype ready end of 2018 

 Start pre-operational forecasts begin of 2019 (pdf report) 

 Integration of statistical forecasting method of AWI planned in 2019 

 Further development of the system  

(statistical pre- and post-processing, downscaling,…) 

 Development of a R Shiny-web platform to publish forecasts 
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Thank you very much for your attention! 

Ideas? Recommendations? Feedback welcome! 

Dr.-Ing. Bastian Klein 
Department M2 - Water Balance, Forecasting and Predictions 
Federal Institute of Hydrology (BfG) 
Am Mainzer Tor 1, 56068 Koblenz, Germany 
 
Tel.: +49 261/1306-5256 
E-Mail: klein@bafg.de 
www.bafg.de/vorhersage 

Funding: 

Funded under the Horizon 

2020 Framework Programme 

of the European Union 

Grant Agreement No 641811 


