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Context.  

The MOREY project aims at providing a surrogate model for hydrodynamic model in the context of Data 

Assimilation in order to identify control variables and estimate covariance matrices. 

 

Objectives / scientific questions 

When the input and output dimension are large, the formulation of a surrogate model is computationally 

difficult. In the present project, the focus was made on the reduction of the output dimension, here a 2D field 

discretized over 40 000 grid points of an unstructured mesh. 

 

Main results 

MOREY project was carried out by S. Ricci (Researcher at CERFACS), S. El Garrousi (PhD at CERFACS), N. Goutal 

(Researcher at EDF LNHE/LHSV), D. Lucor (Resarcher at LIMSI) with significant contribution from M. De Lozzo 

(previously Post-doc at CERFACS and currently researcher at IRT Saint-Exupéry).  

Uncertainty quantification (UQ) framework aims to probabilize the uncertainties in the input, propagate them 

through the numerical model and quantify their impact on the simulated quantity of interest, here, water level 

field discretized over an un- structured finite element mesh over the Garonne River (South-West France) between 

Tonneins and La Réole simulated with a numerical solver, TELEMAC-2D that solves the Shallow water equations. 

The computational cost of the sensitivity analysis with the classical Monte Carlo approach is reduced using a 

Gaussian process surrogate model instead of the numerical solver. While surrogate models offer a low cost 

alternative to costly models, their formulation is challenging in high dimension for inputs and outputs. In the 

present case, the size of the uncertain input space is small and resumes to 5 scalars (area-uniform friction 

coefficient as well as upstream inflow boundary condition). Yet, the quantity of interest is 2D and discretized over 

more than 41 000 points. The output space is reduced in order to limit the cost of the surrogate formulation and 

the spatial coherence of the later, using a Proper Orthogonal Decomposition (POD) strategy. POD is a post-

processing technique that takes a given set of data and extracts basis functions, that contain as much ”energy” as 

possible ; it is based on the snapshot method and relies on the use of a learning data base gathering a limited 

number of Telemac 2D evaluations.  

Figure 1 illustrates that, following the Elbow criterion, the first four modes are of interest. The Kaiser’s criterion 

validates this, as the 4 first mode explain 99.6 % of the total variance. The first mode explains 95.84 % of the 

variance itself. The computational cost of the POD-GP surrogate is divided by 6 with respect to classical GP 

computed in the original 2D output space. The quality of the POD-GP surrogate is very good as it features a global 

error RMSE of 0.8 cm and a Q2 larger than 0.99. Locally, the Q2 criteria gets smaller (at a very limited number of 

mesh nodes, close to the dikes), indicating that non-linearities should be taken into account in further work.   

 

In each significant POD mode, a GP process is modeled using a squared exponential Matern correlation function. 

The quality of the surrogate is assessed with the predictive coefficient metric Q2 computed over a validation data 

set. The POD-GP surrogate is finally used to compute Sobol sensitivity indices that allow to quantify the 

importance of each uncertain input on the uncertain ouput. Figure 2 displays the Sobol indice for the upstream 

discharge, that is almost everywhere larger than 0.8. This means that the inflow is the most significant uncertain 

input, given the probability density functions that were chosen in the present study for the 5 input scalars.  

 

The results of the sensitivity analysis allows for a better understanding of the physics as well as classification of 

major sources of uncertainty. The latter is of great importance in the context of data assimilation where the 



control vector should be properly defined to include key factor to improve the model outputs and where the 

ensemble background covariance matrix should be estimated. 

 

 

Figure 1: Principal component analysis for the Telemac 
2D water level field.  

 

 

  

Figure 2: First order Sobol’ sensitivity indices computed 
with the POD+GP surrogate with respect to the input 
discharge Q 

 

 

Future of the project : 

S. El Garroussi will defend her PhD by the end of 2021 and a scientific paper on the major results is in preparation 

and will be submitted to SERRA. 

The perspective for the MOREY project mostly stand in the implementation of the reduced dimension-surrogate 

model for non stationary flow and to take into account non linearities that occur in the flood plain as the water 

enters the domain in locations with strong topography/bathymetry gradients.  

 

Nombre de publications, de communications et de thèses 

• 1 HDR manuscript related to the projet (S. Ricci, 2019) 

• 1 Scientific paper in preparation, A Journal SERRA 

• 4 conference papers (1 to come in 2021) 

• 1 on going PhD 
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