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ABSTRACT  

Among the available type of models in the literature, the vertically-averaged modelling of coastal flow processes 

is frequently accomplished resorting to Boussinesq-type equations. These models account for non-hydrostatic 

flow effects through the inclusion of dispersive extra terms in the governing equations, demanding high 

numerical accuracy while implementing the discrete form of derivatives in these extra terms. An useful 

alternative to Boussinesq-type models are the Vertically-Averaged and Moment (VAM) equations, where the 

extra degrees of freedown are mathematically closed in a Galerkin-type framework. This work presents the 

evaluation of a VAM model for simulating complex one-dimensional coastal flows. A challenging test comprising 

non-linear wave propagation, wave breaking, bore propagation and reflection is selected. The accuracy of the 

results as compared to the experimental data highlights the utility of VAM models as alternative tools to 

Boussinesq-type models in coastal flow modelling. 
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1 INTRODUCTION  

To investigate and manage coastal areas, it is essential to understand all the hydrodynamic processes from a 

physical viewpoint. Coastal flows may be subjected to dispersive effects depending on the environmental 

conditions, thereby involving non-hydrostatic and non-linearity during wave propagation, and, thus, requiring 

suitable mathematical modelling. Given the still high computational cost of three-dimensional models to 

simulate large domains, the vertically-integrated non-hydrostatic models, in which the vertical coordinate is 

removed from the governing equations, are widely in use. Vertically-integrated non-hydrostatic modelling from 

intermediate to shallow water in coastal flows can be accomplished using three related families of models, 

namely the Boussinesq-type models (Castro-Orgaz and Hager, 2017), the multilayer extension of the shallow 

water equations models (Casulli, 1999), and the weighted residual method based models (Steffler and Jin, 

1993), also known as VAM models. Albeit the Boussinesq-type models are widely used in this field of 

research, which account for non-hydrostatic effects by implementing dispersive terms in the momentum 

balance, discretization of high-order dispersive terms requires extreme numerical accuracy. Further, 

simulation of waves in intermediate water depths can only be accomplished by optimization of the linear 

frequency dispersion relation. In contrast, the VAM models are capable of simulating dispersive waves from 

intermediate to shallow water without optimization, and the numerical schemes are settled based on robust 

discretization of first-order derivatives involving the field variables (Steffler and Jin, 1993). Wave breaking is 

automatically accounted for by the VAM model, while Boussinesq equations require a breaking sub-model to 

produce the transition from undular to broken waves. However, the VAM model has been shortly evaluated in 

coastal environments and hardly ever to complex coastal flows. Therefore, the objective of this work is to 

investigate the potential of the VAM model to simulate coastal flows in surf and swash zones comprising non-

linear wave propagation, wave breaking, bore propagation and wave reflection. 

  
2 PHYSICS OF THE VAM MODEL  

To derive the VAM model equations, several mathematical steps must be considered. First, predictors 
involving a set of perturbation parameters of both the velocity and pressure fields are prescribed into the 
vertically-averaged RANS equations. Then, the weighted residual method is used to produce additional 
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vertically-averaged equations and resolve the extra degrees of freedown introduced by the perturbation 
parameters. In Cantero-Chinchilla et al. (2020) the system of equations is described in detail. 

 

3 NUMERICAL MODEL 

The VAM model is a system of 6 time-dependent PDE equations with 6 independent variables, involving the 
water depth, discharge and perturbation parameters of the velocity and pressure fields. In this work, the 
system is solved by applying a semi-implicit hybrid finite volume-finite difference scheme to tackle both the 
hyperbolic and elliptic parts of the equations. First, the flow variables are reconstructed in the cell interfaces 
using the MUSCL-TVD-4th method with the WSDGM method to grant the C-property. Then, the numerical 
fluxes are computed using the HLLC approximate Riemann solver. Later, the solution is evolved in time using 
the one-step forward Euler formula, with an implicit determination of non-hydrostatic effects using a Newton-
Raphson algorithm. Finally, the viscous effects are implemented explicitly. The details of the numerical 
method can be consulted in Cantero-Chinchilla et al. (2020). 

 
4 APPLICATION OF THE VAM MODEL TO A COMPLEX COASTAL FLOW TEST 

Fig. 1 shows the results of the VAM model compared with those obtained by a Boussinesq-type model 
(Castro-Orgaz and Hager, 2017) for the experimental test of Roeber (2010), in which a solitary wave is 
propagated from deep water to a steep slope with a reef crest and a dry flat inland shore. The results show 
the ability of the VAM model to tackle wave breaking without external tuning, in contrast with the result of the 
Boussinesq-type model (Fig. 1a). In addition, once the wave is reflected by the vertical wall located at the right 
boundary, the VAM model is also able to accurately predict the free surface of the flow (Fig. 1b).   

 
Figure 1. VAM model results as compared to a Boussinesq-type model using the data by Roeber (2010) at (a) 

t(g/h)0.5 = 59.31 and (b) t(g/h)0.5 = 80.11, where h = 2.5 m is the still water depth,  is the water elevation over 
the still water depth, g is the gravitational acceleration, x is the longitudinal distance and t is time. 
 

5 CONCLUSIONS 

The high-resolution, depth-averaged non-hydrostatic VAM model has been proved to be accurate to tackle 
complex coastal flows using automatic wave breaking detection. These results highlight the potential of the 
VAM model as a suitable alternative to Boussinesq-type models for maritime and coastal engineering 
applications. 
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