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Initial state does matter…  
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Introduction 

 Improving the accuracy of flood forecasting is challenging  

 

 Automated DA is hardly used within operational hydrology (See Liu 

et al., 2012) 

 

 Streamflow data assimilation with a distributed hydrological model 

can improve the accuracy of flood forecasting (Rakovec et al., 

2012, 2015) 

 

 Discharge measurements are the most widely available 

hydrological observations for real-time model updating 
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Outline 

OpenDA - WFLOW 

 

Example: 

 - Discharge assimilation using EnKF 

  - DA in continental/global scale scale flood forecasting system 

 (GLOFFIS) 

 

( - daily discharge assimilation using EnKF 

  - discharge & snow data assimilation Turkey (Karasu basin) 

  - discharge Murrumbegee 

 - hourly discharge assimilation using EnKF 

  - discharge Ourthe, Jadar, Kolubra. Raba 

) 



OpenDA-WFLOW 
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Drost et al., (2015) 

OpenDA is an open source 

 toolbox for data assimilation  

and parameter calibration in  

a generic modeling context. 

 

OpenDA 

Method  

(e.g. EnKF) 

Java 

Thrift 

Java 

Client 

Thrift 

python 

Server 

 

BMI  

python 

Model 

(e.g. Wflow) 

 

BMI 

model 

Factory 

Java 

https://github.com/openstreams/wflow 

BMI=> http://csdms.colorado.edu/wiki/BMI_Description 

Weerts et al., (in prep., 2016) 



For example Python WFLOW/OpenStreams 

HBV-96 distributed hydrological model 
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Resolution 

 
 1km*1km 

Grid cell 95*90 

Model Input SF,RF,T, EA 

Model State 
SN, SM, UZ, LZ, WL, Q, 

IC 

Discharge Routing Kinematic Wave model 

HBV-96 model (Lindström et al. 1997) 

Source: modified after Solomatine and Shrestha 2009 & Rakovec et al. 2012  



Literature Review 
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A: Input updating, B: State updating, C: Parameter updating, D: Output updating 

(Source: Refsgaard, 1997) 

Blue arrow: on-going model prediction. Red arrow: introduction of observations. Green arrow: model 

update. Green dotted arrows : the past observation being assimilated using AEnkF 

(Source: Evensen et al. 2009 & Rakovec et al. 2015) 

Xa
i is analyzed model state 

Xf
i is forecasted model state 

d is the observation 

Di is the measurement noise 

H is the measurement operator  

K is the Kalman Gain 

 



5-7 November HEPEX Rakovec et al., 2015 



GLOFFIS Flood Forecasting Information System 

Global Hydrologic Models:  

 - PCRGLOB-WB (0.1 degree) 

 - W3RA (0.5 degree => 0.05 degree in progress)  

 - wflow_routing 

Meteo: 

-GFS (4x day) 

-GEFS ensembles (4x day) 80 members (time-lagged) 

-ECMWF ensembles (TIGGE ~2 day latency, 0.5 degree) 

 

 

 

See also  

Emmerton et al. 2016 

 

Beck et al 2016 HESSD  
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Winona, Mississippi 
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wflow_w3ra 

wflow_routing 

online/timestep  

based coupled 

 

ECMWF control forecast 

1 day ahead as forcing 

 

Noise on precip. & 

temp. 

 

DEnKF 

 

Localization  

(autozhang) 

 

64 ens. members 

 

SWE not updated 

 

reservoirs not modelled 



Winona, Mississippi 
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Chippewa river, Upstream WINONA 
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St Croix upstream Winona 
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Minnesota river, Upstream Winona 

21 juni 2016 



St Paul, Mississipi upstream Winona and 

tributaries 
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Dan River 
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KANKAKEE 
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forecast-analysis 
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forecast-analysis (summed over 10 days) 
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Major flood peak December 2015  

(and subsequent state update) 
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forecast-analysis  (Sr=surface runoff store) 
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forecast-analysis  (Sg = groundwater store) 
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Conclusions 

• OpenDA-OpenStreams/wflow is a power full (open source) tool for 

hydrological modelling, forecasting and DA 

• Simultaneous streamflow DA is possible also over multiple 

catchments and at continental scale 

• Localization is needed to avoid spurious correlations 

• Without using measured forcing results show improved prediction 

of streamflows (correcting errors in both forcing and model) 

• Inclusion of reservoirs in model will further improve results and add 

new possibilities for updating (water level reservoirs) 

• For this case snow measurements may be needed to constrain 

build up of unrealistic snow packs  

 

• AEnKF to be tested 

• Model to be upgraded to 0.05 degree 
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