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Figure 2.2: Time series of the evolution of the Bluff Beach at Yanchep from the 18th of
May 2010 to the 17th of August 2011.
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Information about ocean basin, continental shelf and coastal dynamics can be acquired

by using numerical models that span all of these spatial scales. Some models use rectilinear

grids that rely on a nesting approach to account for different spatial scales. Also, some

oceanographic models can be implemented to take into account small and large scale

bathymetric features by using a single triangular unstructured mesh. This facilitates high

resolution refinements in areas where the physical processes are complex or of particular

interest. An unstructured mesh allows the model to compute the necessary information

on an optimal number of grid points in parallel, offering a good compromise between high

resolution and model run times (Dietrich et al., 2011a). Where the bathymetry becomes

shallow, such as on the continental shelf, waves influence currents and the changes in water

depth affect the waves, therefore coupling between wave and circulation models becomes

necessary. Coupling between wave and circulation models can involve two distinct models,

for example, Simulating WAve Nearshore (SWAN) (Booij et al., 1999) can be coupled to

advanced circulation models such as ADCIRC (Dietrich et al., 2011b) or ROMS (Warner

et al., 2008). Alternatively, a wave model and circulation model can be embedded in the

same model such as in XBeach (Roelvink et al., 2009). This allows communication of wave

and flow information at every time step of the flow model, to take into account effects of

wave groups, and nearshore oscillation induced by wave breaking. However, this level of

coupling requires intensive computing and is only recommended in the surf zone and in

areas of reefs where waves dissipate.

2.7.1 Wave Watch III

To simulate waves at the ocean basin scale WAVE WATCH III �version 3.14 (Tolman,

2009) was used. It is a 3rd generation spectral wave model design for ocean scale applica-

tions. It is used by the National Oceanic and Atmospheric Administration for operational

global wave prediction. The model solves the random phase spectral action density bal-

ance equation for wave-number-direction spectra (Equation 2.1). The model includes the

growth, dissipation and redistribution of wave energy within the frequency spectrum but

this version does not include dissipation due to depth-induced breaking.
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2.7.2 Simulating WAve Nearshore

SWAN is also a 3rd generation spectral wave model but differs from Wave Watch III in

that it is optimised for regional scale wave transformation. It includes wind wave growth,

wave dissipation through white-capping, bottom friction (Equation 2.3 and 2.4) and depth

induced breaking, wave refraction and wave-wave interaction. The model computes the

propagation of wave energy in geographical space, the time domain, the frequency domain

and the directional domain by solving the wave action balance equation (Equation 2.1).

This model was used to simulate the evolution of waves on the continental shelf.

2.7.3 XBeach

XBeach is a 2D depth-average model that computes the nearshore wave propagation, the

hydrodynamics and sediment transport at every step. The model solves the shallow wa-

ter equation using the generalized Lagrangian mean formulation (Andrews and McIntyre,

1978). The waves are simulated using a simplified form of the wave action balance (Equa-

tion 2.1) where the frequency space (σ) is replaced by a representative frequency. The

advection of wave energy and momentum is calculated using an explicit second order up-

wind scheme which is optimal for reef environments because of the stability of the scheme

with wetting and drying, and because of the ability of the scheme to capture shock waves

generated when a wave group reaches steep reefs. However, the explicit scheme requires

small timesteps to comply with the Courant-Friedrichs-Lewy condition. The model calcu-

lates the resuspension and advection of sediment by solving equation 2.6 and equation 2.7.

It can incorporate multiple layers of sediment, multiple sediment sizes and a non-erodible

seabed. The model also incorporates the erosion of the dune by avalanching and beach

recovery. XBeach is a complex model designed for the process-based simulation of extreme

erosion, however, the complexity of the model, in combination with the small time steps

and a large number of grid points of the high resolution bathymetries leads to a very

computationally expensive model. XBeach GPU was developed within the current study

based on XBeach and used to simulate the morphodynamics of Yanchep perched beaches.
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2.7.4 SPHysics-DualSPHysics

The study of wave overtopping seawalls has recently gathered attention with the develop-

ment of fine scale computational fluid dynamics modelling (Gomez-Gesteira and Dalrym-

ple, 2004; Shao et al., 2006; Crespo et al., 2007) especially in Smooth Particle Hydrody-

namics (SPH) modelling. The SPH method was borrowed from astrophysics and adapted

for free surface flow simulation (Monaghan, 1994). The SPHYSICS open source code was

released in 2007 (Gomez-Gesteira, 2009) and ported in 2010 to the Graphic Processing

Unit (GPU) by Crespo et al. (2011). The GPU implementation allowed for more rea-

sonable run times and the use of SPH with more realistic coastal engineering problems.

SPH simulations have been used to calculate wave breaking (Dalrymple and Rogers, 2006;

Shao et al., 2006; Dao et al., 2011) but few incorporated sand transport (Zou, 2007). Du-

alSPHysics was used to simulate wave/structure interaction on a scour-step in Yanchep

bluff beach. The result of the simulation was also used to calculate sand transport.
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