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 Context  
The growing impact of floods in France and worldwide has highlighted the importance of forecasting the 

evolution of a hydrodynamic network made up of rivers, catchment areas and flood plains. Numerical modelling 

is therefore a key element for operating systems such as the one set up by the SCHAPI in France in charge of 
monitoring about 20,000 km of rivers. 

 
Objectives / scientific questions 

The objective is the study and implementation of a lateral coupling strategy for the Telemac-Mascaret hydro- 

informatic system widely used by the operational community (SCHAPI, SPC, CEREMA). Lateral coupling is of 

major interest for the applications. Yet, it presents additional difficulties compared to a classical coupling at 

boundary conditions. Indeed, it features a difference in nature of the coupling terms between the two models 

(1D for river and 2D for floodplain), reinforced by the implicit numerical strategy in the operational codes. 

Main results 
The main objective of the project was achieved. The Mocha coupling solver was implemented; it offers a   

coupling strategy for implicit schemes solved in different domains. This strategy is based on the explicit 
computation, sequently referred to as the coupling solver, of the flow over a local and limited computational 
domain around the coupling lateral interface (the bank). The coupling between the 1D model (the river) and the 

coupling solver follows the explicit coupling strategy described and analyzed in previous works [Goutal, Parisot, 
Zaoui’14]. However, two additional difficulties had to be taken into account. First, the TELEMAC 2D boundary 

conditions cannot be specified as material and momentum fluxes, it is prescribed as water level and velocity at 
the boundary. This difference of interpretation of the numerical unknowns may lead to numerical instabilities. In 

addition, implicit solvers are often favoured for real case application as they allow for large time steps. A sub- time 
steps resolution of the explicit coupling solver in the local domain was implemented to prevent from constraining 
the implicit time step over the full 2D domain. The impact of the boundary conditions of the coupling solver was 
analysed and the choice of transparent boundary condition was made. 
Figure 1 displays the lateral discharge and the number of coupling iterations over time. It should be noted that 
two-way water exchanges are possible between 1D and 2D, between the river and the flood plain. It was also 

shown that, as expected, the number of iterations depends on the flow condition. Only one iteration is needed 

when there are no overbank flow. 
Figure 2 displays a qualitative comparison between coupled and full 2D solutions. While the extend of the flooded 
surface is similar, the magnitude of the velocity field is significantly smaller in the coupled solution. This was 
already observed in previous works with explicit strategy and may result from either the too low resolution  of 
the 1D mesh (especially for applicative cases) or the lack of representation of lateral velocity in the 1D model, 
near the dikes.  While this last drawback was compensated with an iterative strategy in the explicit version of the 

coupling; such solution is hardly possible with the implicit version as the associated computational cost would be 

prohibitive.  It is expected that an appropriate choice of the physical parameters such as the friction coefficient 
improves the impact of the coarse 1D resolution. 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Material discharge through the lateral coupling and 

number of sub-time steps (iterations) of the coupling 

solver. 

 

 
 

 
 

 
Qualitative comparison between the fully 2D simulation 

(left picture) and the coupled 1D-2D strategy (right 
picture) on a realistic geometry. Colors are magnitude of 

the velocity field. 

 
 Future of the project:  

The project team is currently working on the application of assimilation methods hoping that a more adapted 

choice of physical parameters will allow a better adequacy of the results to the observations.  The 

implementation in a more general framework (arbitrary number of floodplains and time step adapted to each 

region) is also in progress. 

 Nombre de publications, de communications et de thèses  
A publication is in progress on the application of the method with an application to the case of the Garonne. 
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