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Abstract 
The Gold Coast is exposed to a highly variable wave climate with an estimated average net northward littoral 
drift of 500,000 m3/yr. Process-based numerical morphological models can be used to estimate sediment 
transport along the coast by downscaling the wave time series available from global models or wave buoys. 
However such process-based models are complex and computational time is exhaustive. This paper aims to 
assess the validity of a wave classification scheme to reduce the computation time required to calculate 
annual sediment transport along the Gold Coast, Australia. Four wave climate schematisation methods were 
tested using wave data from 2015 and validated for 2009 using a two-dimensional coupled Delft3D wave, 
flow and sediment transport model. For each wave classification method, the full wave time series was 
divided into six, twelve, twenty and thirty parametric wave classes to represent the annual wave climate. 
Morphological change was multiplied by a factor related to the occurrence of each wave class. The 
cumulative sediment transport rates for each wave classification were compared against results from a 
simulation with the full wave time-series used as a benchmark. 
Six weighted wave conditions using the Energy Flux Method (EFM) was sufficient to represent the full wave 
time-series and showed minimal relative error with respect to the benchmark case running the full parametric 
wave time series.  
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1. Introduction
The Gold Coast is a very popular tourist
destination in Australia with 35 km of mainland
sandy beaches exposed to high energy waves.
The coast is wave dominated and the net
longshore transport along the coast has been
estimated by [2] to be around 500,000 m3/year
northward due to the predominant south-easterly
swell wave climate.

Tropical Cyclone swells and East coast lows are 
responsible for episodic severe and widespread 
beach erosion of Gold Coast beaches. Changes in 
sediment transport rates influence the sand 
volume transferred to the coast downdrift 
influencing accretion or erosion of adjacent 
beaches [5]. As part of investigations into the 
erosion issues commissioned by the Queensland 
Government, the Delft Hydraulics Laboratory 
recommended extensive nourishment for the 
immediate improvement of the affected beaches 
[8]. 

The computational time required for morphological 
models is greater than traditional hydrodynamic 
models and increases with the complexity of the 
model such as physical process-based and three-
dimensional (3D) models. 

This is the reason why methods to decrease the 
computational time while conserving the 
morphological changes is needed. As Gold Coast 
beaches are wave dominated, the idea is to reduce 
the wave input by using a set of suitably 
representative wave conditions to simulate 

morphological changes in the coast. Specific input 
reduction techniques developed over the last few 
years have enabled simulations of morphological 
evolution of coasts over timescales of a year to 
decades relatively efficiently [3], [11], [13], [15]. 
This study aimed to find the best fit classification 
scheme by comparing sediment transport results 
against a benchmark for the complete year of 
2015. A wave and hydrodynamic model using 
morphological evolution in Delft 3D running for the 
full year was tested with simulations running in 
both 2D and 3D. 

The objectives of this paper are to find the best 
representation of the full time series that reduces 
computational time and then to provide a 
hydrodynamics model able to represent the 
hydrodynamics and sediment transport for the 
northern Gold Coast beaches with minimal 
computational time. Transport rates from this 
model are compared to the transport rates found in 
the literature. 

2. Wave climate in the Gold Coast
The Gold Coast beaches are exposed to high
energy waves and from long-term wave buoy
analysis, three main swell regimes are considered
dominant [12]. The first one is S-SE swells
occurring during winter and spring that are mostly
responsible for the net northerly littoral drift. The
second swell regime is generally generated by
tropical cyclones from November to May but
generally occurring in February and March. During
these months, Tropical cyclones generated in the
Coral Sea can move toward the South-East coast
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of Queensland generating NE-E swells which have 
the highest potential for destruction [9].  The third 
swell regime is generated by East Coast Lows 
(ECL) which is the common storm type in the Gold 
Coast. They usually occur between March and July 
often resulting in high waves from the NE to SE, 
strong wind gusts and storm surges [1]. 
 
The wave data used in this paper are from two 
wave buoys in the region operated by the 
Queensland Government. The Brisbane buoy is 
located at 27° 29.230' S and 153° 37.900' E at a 
depth of 70 metres. The Gold Coast wave buoy is 
located at 27° 57.914' S and 153° 26.555' E at a 
depth of 17 metres.  
 
Wave climate for both Brisbane and Gold Coast 
buoys for 2015 are presented in Figure 1 below: 

 

Figure 1 Brisbane (top) and Gold Coast (bottom) waves 
roses for 2015 

 
3. Numerical model set-up 
To investigate hydrodynamic processes including 
sediment transport for the Gold Coast, an online 
coupled numerical model was created.  Through 

this coupling, both the effect of waves on current 
and the effect of flow on waves are accounted for 
Delft 3D FLOW solves the Reynolds-averaged 
Navier Stokes equations [7]. The models are run 
on the ‘Gowonda’ (Griffith University) and 
‘FlashLite’ (Australian Research Council) High 
Performance Computers (HPC). The wave model 
consists of four nested grids of progressively 
increasing resolution to accurately resolve wave 
propagation. The largest wave domain extends 
from Byron Bay to the southern end of Stradbroke 
Island and to around 20 km offshore with a 
resolution of ~770x 700 m. The smallest wave grid 
covers around 15 km of the coast from Miami to 
the Gold Coast Seaway entrance and to around 
1.5 km offshore with a resolution of ~ 50x50 m as 
shown in Figure 2 below.  
 

 

Figure 2 Model domain showing the four nested grids 
and the flow domain. 

 
 The flow grid is similar to the smallest wave grid 
with a resolution of around ~25x25 m.  It is 4 
columns and 20 rows smaller than the wave grid to 
avoid boundary instability. The bathymetry data 
used in the grids was derived from the City of Gold 
Coast’s Hydrographic surveys. 
 
The model was run in both, two-dimensional (2D) 
mode and three-dimensional (3D) mode. The 3D 
model has five vertical sigma layers of varying 
thickness. The sediment transport module uses the 
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approximation method of the sediment transport 
formulation of Van Rijn (1993).  The bed was 
schematised with a sediment fraction d50 of 
220µm based on the beach sediment size in the 
Gold Coast which is considered to be 
predominantly fine sand of 22.01 +- 0.44 diameters 
[6]. Furthermore, the sediment transport calibration 
factors, SUSW and BEDW were set at 0.1 and 0.3 
respectively and the bottom roughness uses the 
White-Colebrook formulation with a uniform factor 
of 0.022.  
 
Computational time scales for dynamic 
morphological models are considerably larger than 
for hydrodynamic models however the 
morphological changes occur considerably slower 
than hydrodynamic changes. Therefore a 
morphological acceleration factor (MORFAC) can 
be used to reduce computational time by changing 
the scaling up the speed of changes in the 
morphology [2]. The bed level is updated during 
each time step of the flow computation, taking into 
account the exchange with the suspended 
sediment in the vertical and the gradient of the bed 
load transport. Both terms can be multiplied by the 
morphological scaling factor [10].  
 
As beaches in the Gold Coast are wave-dominant, 
no tidal effects have been considered for this 
study. The wave model has been calibrated and 
validated with wave data for 2015. The flow model 
has been calibrated and validated over the 2 
month period of March and April 2011. 
 
4. Energy Flux method (EFM) of wave 

climate schematisation 
This paper tests one of the wave climate 
schematization method presented in [2], for its 
ability to represent the sediment transport along 
the Gold Coast for a full year period whilst 
significantly reducing the computational time. In 
[2], the “Energy Flux Method” (EFM) performs well 
for a site in Florida, USA. The idea is to reduce the 
full wave time series to a set of wave conditions 
able to represent the transport for the same period 
of time.  
 
The Energy Flux Method divides the wave climate 
into equal energy bins where each bin is calculated 
as equal wave energy using the equation (1): 
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Where ρ is the water density (1025 kg/m3); g is the 
gravity acceleration (9.81 m/s2); Hs is the 
significant wave height and Cg is the group wave 
celerity in deep water. The group wave celerity is 
calculated for each wave using the equation (2). 
 

                  �(�) � �∗��(�)
(���)
                                     (2)                                      

Where Cg(i) is the group wave celerity in deep 
water for each wave; i is the index for each wave; 
g is the gravity acceleration and Tp is the wave 
period,  
The wave height bins are also calculated as ‘equal 
wave energy’ bins thus the intervals of the wave 
classes are defined in order to create wave 
classes with the same final sum of wave energy 
flux [2]. 
 
The output of the “Energy Flux Method” for 6, 12, 
20 and 30 waves for 2015 are shown in Figure 3  
 
 

 

Figure 3 Energy Flux Method (EFM) using 6 
representative wave cases, 3 directions and 2 heights, 
(top) and 20 representative wave cases, 5 directions and 
4 heights (bottom). Small blue dots are all the wave 
records contained in the full wave time series for 2015 
and the big red dots are the Output with the EFM 
method. Solid lines represent each wave class. 

 
In this method, each wave class contains the total 
wave energy (ET), for example 87,526,873.24 W in 
2015, divided by the number of classes. In other 
words, for the EFM using 6 wave classes, the 
wave energy per class is ET/6; consequently it is 
14,587,812.27 W per wave class for 2015. Firstly 
the data has been divided into the wave direction 
bins with the same energy flux per bin. Then the 
subdivision of each direction bin into height bins 
have been calculated to have equal energy flux per 
height bin. 
The representative wave for each wave class is 
then the mean of each wave parameter of the bin 
defined by ‘equal wave energy’ intervals. A weight 
related to the occurrence of each wave class is 
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attributed to each representative wave. 
Morphological change is then multiplied by this 
factor. This method is explained in detail in [2]. 
 
The wave sequencing was determined as shown in 
Figure 4. 
 

 

Figure 4 Sequencing of wave cases for each wave 
condition 

 
5. Results 
The 2D model was forced every 3h using the 
Brisbane buoy offshore wave data for the years 
2015 and 2009. The 2015 full time series model 
was considered as the “benchmark” for the 
comparison with each of the 6, 12, 20 and 30 wave 
classes. For each wave class, the resultant 
sediment transport was weighted according to the 
frequency of occurrence of the wave condition to 
determine the total transport over a full year for 
various cross sections along the coast between 
Miami and The Spit. This calculation was 
performed for all the wave classes. The relative 
error between the transport found from 
representative wave conditions and the transport 
from the reference simulation was calculated in 
Table 1. The results obtained with 6 wave 
conditions showed the best fit compared to the 
reference simulation as shown in Figure 5. The 
gap between results increases with an increasing 
number of wave conditions. 
 

Table 1 Relative error (%) using the EFM for 6, 12, 20 
and 30 wave classification at various profiles for 2015. 

 
 

 

Figure 5 Cumulative Total Transport for cross-sections in 
the Gold Coast for 2015 using the benchmark model. 

 
The same comparison was done for 2009 using 
the full time series forced every 3h and each of the 
wave classifications. In this case, the best results 
were found for 12 wave conditions followed by 6 
wave conditions. Results for two of the cross-
sections are shown in Table 2 below. 
 

Table 2 Relative error (%) using the EFM for 6, 12, 20 
and 30 wave classification for 2009 at the Spit and the 
Surfers Paradise 

Wave classification Spit 
 

Surfers 

6 waves 11.39 3.06 

12 waves 6.39 4.53 

20 waves 0.39 13.8 

30 waves 13.63 7.86 

 
However, the annual transport rate found for the 
reference simulation is much higher than the 
transport rate found in the literature [8]. Further 
model testing has been done such as using the 
option of taking results from the flow grid and 
extending these to the smallest wave grid to 
account for wave-current interaction. This 
modification gives a more homogenous transport 
along the coast. Also as the model is forced by 
parametric data from the Brisbane buoy at the 
offshore boundary it tends to bias the wave energy 
from the SE direction. This is due to the common 
occurrence of bi-modal wave conditions with the 
presence of S swells occurring in the Tasman Sea 
leading to a dominant parametric wave direction 
from the SSE including a significant portion of the 
waves with Hs > 2m. This contributes to increase 
the northward transport. 
 
The model has also been forced at Gold Coast 
buoy using only one wave grid. The transport was 

Wave 
Classification 

Spit Surfers Broadbeach Mermaid 

6 Waves 18.1 5.8 3.1 1.3 

12 waves 14.1 25.6 52.1 63.6 

20 waves 21 13.6 51.7 83.4 

30 waves 26.3 9.1 7 80.5 
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significantly reduced. For example the transport 
found at the spit was reduced from 1,068,782 m3/ 
year to 623,012 m3/ year for 2015. The same 
observation was found for 2009 forced at Gold 
Coast buoy with a transport reduced to 596,286 
m3/ year. Transport results at the Spit from a model 
forced at Brisbane buoy should be the same 
results as results from a smallest model forced at 
Gold coast buoy. This confirms the fact that the 
preliminary transport found for 2015 was a bit over-
estimated. In addition results for 2009 are found 
below 1,000,000 m3/ year and this year is expected 
to have a highest transport than 2015 as 2009 was 
a year with some high wave energy due to some 
Tropical Lows. 
 
Another improvement is found by using a 3-
dimensional model instead of 2-dimensional model 
that better accounts for the cross shore transport. 
Spatial gradients in bed-load transport will cause 
erosion and accretion of the bed which may also 
be taken into account when performing on-line 
morphological computations. The bed-load 
sediment transport vector includes an adjustment 
for the effect of longitudinal and transverse bed 
slopes [10]. 
 
Subsequent results for the 3D model are 
presented in Table 3. The 3D reference simulation 
transport is closer to the transport found in the 
literature ~550,000 m3/year and the transport is 
more uniform in 3D compared to the 2D 
simulations with an increasing transport at sites 
further to the north as expected (Figure 7). 
 

 
Figure 6 Cumulative Total Transport at the Spit and 
wave height (top) and wave direction (bottom) for 2015. 

Table 3 Comparison between 6, 12, 20 wave conditions 
using the EFM and the reference run in 3D with 5 and 12 
vertical layers for 2015 

 
 
Wave climates with 6, 12, 20 and 30 wave classes 
determined using the EFM showed that the best 
results for the 3D model were obtained using 6 
wave conditions followed by 20 wave conditions. 
These results are consistent with the 2D results. In 
addition 6 wave conditions with 12 vertical sigma 
layers provides improved model results when 
compared to the reference simulation. 
 
Another test with only six wave conditions without 
any bed updating underestimated the transport for 
all the locations south of the Spit.  
 
Figure 7 shows the cumulative total transport for 
2015 for a range of cross sections. The variation in 
the transport rates is not consistent at each cross-
section with some transects clearly more sensitive 
to south-east wave directions.  For example at the 
Spit, the transport rate is not highly affected during 
the transport direction reversal event in March 
2015 while the transport at Mermaid beach 
increases abruptly during March event. The 
Mermaid beach location seems to be quite 
sensitive to high energy waves. Indeed the 
transport at Mermaid beach is highest of all the 
transport rates in the beginning of 2015 when 
wave energy is high and dominated by south-east 
transport.  
 

 

Figure 7 Cumulative Total Transport at various locations 
in the Gold Coast for 2015 

459



Coasts & Ports 2017 Conference – Cairns, 21-23 June 2017 
Morphological modelling for the Gold Coast using wave classification 
Gaëlle Faivre, Darrell Strauss, Damien ollier, Rodger Tomlinson 

 
 
Figure 8 is the modelling of the Total transport 
from South of Miami Beach to the North of the Spit 
for 2015. Figure 9 shows that the transport along 
the coast is highly dependent on the wave height 
and wave directions. Southerly waves increase the 
transport significantly. Another way to reduce the 
full time series could be investigate using the 
varying rates of sediment transport, related to 
particular wave events as the function to classify 
wave direction and wave height to compare with 
the EFM.  
 

 

 
 

Figure 8 Comparison between Cumulative Total 
Transport (in blue) for 2015 and Wave Direction (top) 
and Wave Height (in red at the bottom) 

 
6. Summary and Discussion 
A calibrated 3-D process-based sediment transport 
model for 2015 has been established and used to 
calculate the annual sediment transport rate for the 
northern Gold Coast beaches. This rate matches 
with the estimate rate of 550,000 m3/year [7]. 
 
In addition, this paper shows that the energy flux 
method performs better for a small number of 
wave classes as found in [2] and difference in 
terms of transport rate between the full time-series 
and the wave schematization is at an acceptable 
level. However this method shows a better relative 
error for six wave cases for 2015 and performs 
better in 2009 with 12 wave cases whereas the 
energy flux method performing best for 12 wave 
conditions in [2]. Nonetheless these results are 
promising as it is easy to apply and allows to 
significantly reducing the computational. For 
example the full wave time-series for 2015 in 3D 
run on the High Performance Computer using 16 
cores for a month to complete compared to only 
two days for the 6 wave conditions. 

  
Moreover the chronological effect of sequencing 
wave cases has an important influence on the 
transport when bed changes are activated due to 
the bed configuration resulting from a specific 
wave condition.  The change between successive 
wave conditions could be too abrupt and causing 
unrealistic transport. It is observed that the wave 
direction has a significant importance on the 
transport and it causes some abrupt variations in 
the sediment transport. Some sensitivity tests are 
still required to determine the best order of classes 
and how to best determine the bins for each wave 
condition. In addition, the rapid morphological 
changes that occur when changing wave condition 
can also be reduced by increasing the model spin-
up time between each wave condition. Additional 
sensitivity tests are required to determinate the 
optimum interval between each wave condition [2]. 
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