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Abstract. Over the last few years, a collaborative work between CERFACS, LNHE (EDF R&D), SCHAPI and CE-REMA 
resulted in the implementation of a Data Assimilation (DA) method on top of MASCARET in the framework of real-time 
forecasting. This prototype was based on a simplified Kalman filter where the description of the background error 
covariances is prescribed based on off-line climatology constant over time. This approach showed promising results on the 
Adour and Marne catchments as it improves the forecast skills of the hydraulic model using water level and discharge in-situ 
observations. An ensemble-based DA algorithm has recently been implemented to improve the modelling of the background 
error covariance matrix used to distribute the correction to the water level and discharge states when observations are 
assimilated from observation points to the entire state. It was demonstrated that the flow dependent description of the 
background error covariances with the EnKF algorithm leads to a more realistic correction of the hydraulic state with 
significant impact of the hydraulic network characteristics.  

1 Introduction  
The present study was carried out in the framework of a 

collaboration between CERFACS, SCHAPI and LNHE 
(EDF). It deals with the simulation of river hydrodynamics, 
with a focus on environmental risk assessment related to 
flooding. It relies on the use of the MASCARET software 
that solves the mono-dimensional shallow water equations 
and is used by SCHAPI (Service Central 
d'Hydrométéorologie et d'Appui à la Prévision des 
Inondations) and SPCs (Services de Prévision des Crues) to 
build models for catchments of interest in France. In spite of 
the advances in numerical modelling and the expertise 
invested in the development and the use of MASCARET, 
the capacity for real-time anticipation of extreme flood 
events remains limited because of several sources of 
uncertainties in hydraulic models. In order to better forecast 
flood events, these uncertainties should be identified, 
quantified and reduced.  To begin with, forcing data that 
represent hydrologic boundary conditions for hydraulic 
models usually result from the transformation of uncertain 
observed water levels into discharges with an uncertain 
rating curve or from discharges that are forecasted by 
uncertain hydrologic models. Another source of uncertainty 
is the description of the river channel and flood plain 
geometry. This requires on-site measurements of 
topographic and bathymetric profiles to provide a spatially 

distributed geometry. Additionally, the model equations are 
based on simplifications and parameterizations of the 
physics. The parameterization schemes are calibrated to 
adjust the model behaviour to observed water levels or 
discharges, typically, through the calibration of friction 
coefficients. The calibration of the river bed and flood plain 
friction coefficients is usually achieved once for all using a 
batch of observations such as water levels from a limited 
number of flood events, thus providing time-invariant values 
for the model parameters. It is important to mention that 
errors in the model inputs and in the model equations are 
sometimes difficult to discriminate. These uncertainties 
usually translate into errors in the model representation of 
the water level-discharge (H-Q) relation that is not coherent 
with that from the reality and generally translate into an 
imperfect prediction of the hydraulic state in the river and 
flood plains.  Following the path of deterministic forecast 
achieved at SCHAPI and SPCs, an error reduction approach 
was implemented in the framework of the collaboration 
between CERFACS, SCHAPI and LNHE. Previous work by 
[1] assumed that major sources of uncertainties relate to 
hydrologic forcing. The authors proposed to implement a 
data assimilation (DA) algorithm to reduce these errors and 
thus improve the flow simulation and forecast. [1] describe 
the improvement of the simulated hydraulic state 
assimilating water level and/or discharge observations in the 
context of operational flood forecasting. These preliminary 
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developments are gathered in a platform called DAMP 
(Data Assimilation for Mascaret Prototype). Water level 
data were sequentially assimilated using an Extended 
Kalman Filter (EKF) algorithm to control the upstream flow 
for the hydraulic network and dynamically correct the 
hydraulic state. The first step of the analysis is based on the 
assumption that the upstream flow can be adjusted using a 
simple three-parameter correction, and the second step 
consists in correcting the hydraulic state every hour (the 
observation frequency) to provide an improved initial 
condition for a forecast simulation. This procedure is 
applied on a sliding time-window over the entire period of 
each flood event for the Adour and Marne catchments; the 
results were interpreted for several events over each 
catchment. It was shown that the simulation with DA is 
significantly closer to the observation than the free run (no 
assimilation) over the re-analysis period as well as over the 
forecast period.  It was also found that the sensitivity to an 
initial condition for the forecast mode is negligible 
compared to the sensitivity to the upstream flow, except at 
short forecast lead-time. Recent work by [2] provides a 
time-dependent correction of the river bed and flood plain 
friction coefficients to account for errors in the bathymetry 
that vary as water level reaches different sections of the 
described geometry. It is worth noting that the system 
presented in [1] and [2] is used operationally at SPC SAMA 
since 2014 and is currently being implemented at SCHAPI 
for operational flood forecasting. The present paper is based 
on [3] and it investigates the impact of the flow dynamics 
and the river geometry on the background error covariance 
functions in an Ensemble Kalman Filter (EnKF) algorithm 
with MASCARET for the Adour catchment. It was 
demonstrated that the correlation length-scales for the errors 
in the hydraulic state are large with a strong impact of the 

bathymetry and the confluences in the hydraulic network; 
they also vary in time especially due to the maritime 
influence. Finally, the EnKF leads to a correction of water 
level and discharge that is coherent with the model 
equations and it further improves the DA results when 
compared to those of the previously described EKF. The 
implementation of an ensemble-based DA algorithm thus 
appears as the next step towards a physically consistent DA 
system for flood forecasting.   

The structure of the paper is as follows: Section 2 
provides a brief description of the hydraulic model 
equations and application to the Adour catchment. The 
ensemble-based approach is presented in Sect. 3 as well as 
the elements for the implementation of this approach with a 
coupling software and MASCARET. In Sect. 4, the DA 
results are presented for a synthetic test case as well as over 
a set of selected real flood events. Conclusions and 
perspectives for this work are given in Sect. 5. 

2 Hydraulic modelling  

2.1 Shallow water equations  
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1.2 Hydraulic modelling and test case catchment  
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3 Ensemble methods for uncertainty 
reduction 

3.1 Monte-Carlo approach and statistics estimation 
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3.2 EnKF algorithm  
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