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In the past ten years or so, robust formalisms have emerged to model the three-dimensional effect of waves 

on ocean circulation, particularly in the littoral margin. This project stood on the need to clarify the various 

choices and make progress on the convergence of approaches by the French community. 

 
Objectives / scientific questions:   

1- What is the role of three-dimensional dynamics on the nearshore circulation?  
2‐   What is the importance of shelf‐surf interactions?  
3‐   What is the expected gain from new formalisms compared with existing operational models? 

 

Main results: 
Cross−shore velocity spectra 
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Figure 1: cross-shore velocity spectra of 2D and 3D model 
simulations of an observed rip currents (Marchesiello et al. 
2015) 
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Figure 2: simulation of sand bar formation compared with 

Flume lab experiment 

 

In the past ten years or so, robust formalisms have emerged to model the three-dimensional effect of waves on 

ocean circulation, particularly in the littoral region. Our desire to clarify the various choices proposed and to 

promote the convergence of formalisms at the national level made important progress with this LEFE project, 

gathering developers of different models of 2D or 3D coastal ocean circulation, with structured or unstructured grid 

approaches. At the international level, the project was part of a long-standing collaboration with UCLA. The project 

thus consolidated the research community on a growing environmental issue at the c marine, atmospheric and 

terrestrial environments. It was structured around idealized and realistic test case to evaluate the performance of 

our approaches.  
 An important question required comparing 2D and 3D models, in order to better appreciate the defects 

of traditional 2D operational approaches. It turned out that the vertical shear of nearshore currents is an  
important factor of cross‐shore current dynamics. It greatly improves comparison with observed rip 

currents and modifies considerably the turbulent behavior of these currents grovv(Figure 1).Vertical shear 

also affects longshore currents and the turbulent cascade that results from horizontal shear instabilities. 

We revealed for the first time the nearshore turbulent cascade for longshore currents. 

 The potential benefice of 3D models also concerns morphodynamics. Interacting with other projects, we 
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used various applications (idealistic and realistic) to assess improvements. Clearly, 3D models can simulate 

cross-shore transport of sediments in a more realistic way, which is important to account for offshore sand 

storage during high‐energy events, for example. Existing operational models heavily rely on 

parametrization for these transports (and often neglect these completely, assuming alongshore transport 

to be the only important process). Figure 2 shows a test of sand bar formation in an ideal configuration, 

validated by a Flume laboratory experiment. This simple test is difficult to reach from parametrization of 

cross-shore transport; here the result is excellent. An important area of research is now on the shoreward 

migration of sand bars during low-energy conditions, which can restore pre‐storm conditions. 
 

 Another area of research in the community involves phase resolving modeling, i.e., explicit non‐ 

hydrostatic resolution of surface waves rather than phase‐average modeling. Part of the littoral 

community has adopted simplified non-hydrostatic 2D models (Green-Naghdi type developed between 

EPOC and INRIA Bordeaux) while the coastal ocean community has opted for the development of a full 

non‐hydrostatic 3D model (CROCO). Both approaches can now simulate nearshore waves, their breaking 

and swash zone, validated by observational and laboratory data. The next step will be to compare these 

models on a common test bed.  
 A final component of the project was devoted to improving inversion methods in order to readily provide 

bathymetry out of coastal video images and to explore the possibility and benefice of data assimilation  
of video images in nearshore circulation models. For the first objective, a PhD thesis allowed us to present 

the first long-term analysis of shoreline and bathymetry change, revealing the important role of events of 

long duration rather than short-term storm events with their fast resilience. For assimilation, two 

methodologies have been addressed. We first applied well‐known methods (EnKF and OASA-ENKF) by 

combining video observations and a wave propagation model. Second, wave reflection being related to 

beach slope, we used knowledge of incident and reflected spectra to estimate the beach profile. This work 

is still under development but gave encouraging results. 

 

Future of the project: 

The future of the project concerns both phase-averaged and phase resolving model development and 

assessment: 
 

 Phase‐averaged models: in this case, the main development is expected in morphodynamics: 

Parametrization of onshore sediment transport during low or intermediate energy conditions; use of  
morphological factor allowing acceleration of morphodynamic changes for long-term integrations; hydro-

‐morphodynamic coupling processes; continuing development of data assimilation of video images for 

bathymetry inversion. Other questions relate to shelf‐surf interactions and the role of stratification in 

particular. 
 

 Phase-resolving models: continued development of the full non‐hydrostatic CROCO model and use of this 

model as reference for simpler operational models and for proposing numerical simulators of nearshore 

wave dynamics. 
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