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Abstract 
A detailed understanding of spatial and temporal variability in oceanic and nearshore wave climates is 
essential to better assess the present and future risks of coastal hazards such as erosion and inundation. 
Previously, the Office of Environment and Heritage (OEH) have developed a NSW Coastal Ocean Wave 
Model System, comprising coupled WAVEWATCH-III and SWAN spectral wave models. That model system 
has been applied to develop long-term wave hindcast data sets, see [1] and [2], at offshore locations along 
the NSW coastline.  However, due to the computational effort required to transfer the deep-water wave data 
sets to the shoreline, the process of dynamically simulating nearshore wave climates can only be carried out 
on a project-specific basis for selected locations at present. 
 
This paper presents three different methods for a Wave Transfer Function to transfer measured and hindcast 
(modelled) wave data from deep water across the continental shelf offshore of NSW to the nearshore.  The 
WTF’s have been calibrated with hindcast wave data from the WW-III nearshore model used to develop 
WTF’s, and also measured WaveRider buoy data from two nearshore sites.  Two spectral WTF methods 
were demonstrated to have excellent validation with the physics based WW-III hindcast model, and also 
good agreement with the measured nearshore WRB data.  The computational requirement for all of the 
WTF’s to develop a long-term wave hindcast along the NSW coastline is less than 2% of that required for the 
state-wide numerical WW-III model, demonstrating that the WTF approach provides an accurate and 
computationally efficient method to develop long term nearshore hindcast wave data along the whole NSW 
coastline.      
Keywords: numerical modelling, wave processes, coastal hazards  
 
1. Introduction 
A detailed understanding of the spatial and 
temporal variability in oceanic and nearshore wave 
climates is essential to better assess the present 
and future risks of coastal hazards such as erosion 
and inundation. Previously, the Office of 
Environment and Heritage (OEH) have developed 
a NSW Coastal Ocean Wave Model System, 
comprising coupled WAVEWATCH-III and SWAN 
spectral wave models. The system has been used 
to develop a 35-year wave hindcast using CFSR 
wind forcing [1], and a 60-year wave hindcast 
(1950-2009) using down-scaled reanalysis wind 
fields generated by the NSW/ACT Regional 
Climate Modelling (NARCliM) project [2]. 
 
The wave datasets developed previously have 
been analysed and compared to measurements 
from the NSW deepwater WaveRider Buoy (WRB) 
network, which is one of the most comprehensive 
long-term wave data sets by global standards. 
Figure 1 presents a locality plan indicating the 
locations of the seven deepwater WRB data 
collection sites and the location of the wave 
transfer calibration area on the mid-NSW coast. 
 
The long-term measured and modelled data sets 
provide non-directional and directional wave data 
in water depths of 80 m to 100 m which are 
typically 10 to 20 km from the NSW coastline.  The 
computational effort required to numerically 

downscale the long term deepwater wave data 
sets to the nearshore along the whole 2137 km of 
the NSW coastline has been prohibitive and to 
date deep water wave data has been only been 
transferred to the nearshore for selected locations 
and time periods. 
 

 
Figure 1  Locality plan showing the location of the NSW 
Waverider buoys and the Sydney wave model domain 
(Image Source: Google Earth). 
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This paper presents the development and 
validation of a shelf-scale Wave Transfer Function 
(WTF) that can be efficiently applied to transfer 
measured or modelled deep-water directional 
wave data to any nearshore location along the 
NSW coast with a fraction of the computational 
effort compared to applying a physics based shelf 
scale wave model.  The validation of the function 
has focused on the Sydney northern beaches and 
NSW Central Coast.  The primary validation site 
also includes the long-term Sydney (Longreef) 
directional WRB located directly offshore, allowing 
direct comparison of the modelled transformation 
to measured data. The WTF presented in this 
paper provides a computationally efficient and 
accurate tool to generate nearshore wave data 
sets at high resolution along the NSW coast for the 
entire duration of the various deepwater data sets. 
 
2. Methodology 
The following sections summarise the study 
phases and methodology used to develop and 
calibrate the WTF. 
2.1 Study Location 
The development and calibration of the WTF was 
focused on Narrabeen on Sydney’s northern 
beaches, and Wamberal on the NSW central coast 
(Figure 2).  Those two sites were selected as they 
had the most comprehensive inshore wave (≈ 10 m 
depth) and bathymetry data sets available for 
model validation for a concurrent time period in 
late 2011.  The other key data sets available for 
the calibration period included the continuous 
Sydney offshore directional WRB (Long Reef).  
The offshore directional WRB is located at a 
similar depth to the archived directional wave data 
at 0.05-degree resolution from the 35-year CFSR 
[1] and NARCliM [2] hindcast projects as shown on 
Figure 2. 
 
2.2 Data sets 
NSW has a long-term measured WRB wave data 
set, since 1974 (Figure 1) [3], and real-time wave 
data is currently collected by directional WRBs at 
seven locations. The archived WRB data consists 
of spectral and time-domain parametric wave 
parameters, for example significant wave height 
(Hs and Hm0), zero-crossing wave period (Tm02) and 
peak wave period (Tp).  Directional wave data 
includes mean wave direction (θm) and peak wave 
direction (θp). A continuous record of 2D directional 
wave spectra has not been stored for the 
directional data sets.  Manly Hydraulics Laboratory 
(MHL) maintains an archive of the buoy 
displacement time series that has been re-
analysed in this study to derive detailed directional 
wave spectra data sets. Two data sets were used 
for the spectral wave model and WTF calibration: 
parametric directional WRB data derived from the 
on-buoy analysis (referred to as the WRB-P data 

set), and a full re-analysis directional wave spectra 
data (referred to as the WRB-R data set).  
 
Three WTF methods are considered in this study 
(Section 3.3), and two require 2D direction-
frequency spectra data at the deepwater input 
location. The full reanalysis was performed using 
the archived XYZ displacement data from the 
Sydney deepwater, Narrabeen and Wamberal 
directional WRBs using functions from the 
DIWASP toolbox [4].  Two alternative directional 
wave analysis methods were examined: the 
Iterated Maximum Likelihood Method (IMLM) [5] 
and the Extended Maximum Entropy Method 
(EMEP) [6], and the IMLM approach found to be 
most robust for the various measured datasets.  
 
An array of bathymetry data sets were utilised to 
develop bathymetry for the numerical wave model 
(see Section 3.2) that was applied to develop the 
WTF.  For the calibration model area presented in 
Figure 2, the utilised data sets included LiDAR and 
multibeam survey, and digitised contours from 
Australian Hydrographic Office for the deeper 
sections of the shelf.  Details on the bathymetry 
model and data sets is presented in [16]. 

Figure 2  Study area for the development and calibration 
of the WTF on the mid-NSW coastline.  

2.3 Numerical Wave Model 
A spectral wave model was applied to calculate the 
wave transformation across the inner shelf from 
the deepwater WRB site to the two inshore WRB 
sites.  A shelf scale, unstructured mesh, 
Wavewatch-III (WW-III) model was developed for 
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the inner shelf (up to a depth of ≈ 100m) across the 
area from Port Kembla in the south to Lake 
Macquarie in the north (Figure 2). 
 
The latest WW-III version 4.18 [7] was used, which 
includes shallow-water physics to allow wave 
transformation to be modelled from deepwater up 
to the zone of wave breaking.  The grid mesh was 
developed with similar gradation in element area 
from offshore to inshore as the WW-III 
demonstration models [8] and featured 100 m 
element resolution at the 10 m depth contour 
which defines the output sites for the transfer 
function.  The WW-III shelf scale model can be 
forced with boundary spectra from the OEH global 
WW-III model (see [1,2,8]) or the deepwater WRB-
R data set which is located at an equivalent depth 
offshore. The WW-III shelf scale model adopted 
the ST2 physics scheme as presented in [15], and 
standard nearshore process parameterisations 
including JONSWAP bottom friction and depth 
induced breaking using the Battjes-Janssen 
scheme.  A suite of sensitivity simulations for 
different physics scheme was undertaken during 
the model setup and calibration and the results 
from those simulations are presented in [16].    
 
The numerical wave model was applied in the 
calibration phase of the WTF in two ways.  Firstly 
the WW-III model was run for a set of discrete 
boundary wave periods (frequency) and directional 
ordinates covering the frequency and directional 
range observed in the deepwater wave data during 
the calibration period (August to November 2011).  
The wave transformation from the model boundary 
to the selected inshore locations from these 
‘steady-state’ wave transformation simulations 
provided the inputs for the WTF.  Secondly, the 
WW-III shelf scale model was run for the duration 
of the calibration period to hindcast the nearshore 
wave conditions at the Narrabeen and Wamberal 
WRB sites.  The results from that simulation were 
used to verify the accuracy of the WTF and 
calculate calibration statistics.   
 
2.4 Wave Transfer Function 
The calibration process for the NSW WTF involved 
comparative evaluation of three different WTF 
methods, summarised in the following sections. 
 
2.4.1 Parametric WTF 
The parametric WTF (WTF-P) is the simplest of the 
three methods and has been widely adopted in 
projects over the last 30 years to efficiently transfer 
deepwater wave time series data to nearshore 
locations.  The WTF-P utilises the parametric WRB 
data sets (WRB-P) that are readily available for the 
whole duration of the NSW measured and hindcast 
wave data sets. For the WTF-P, offshore data is 
characterised as integrated parameters of the total 

spectrum, that is, a single wave height (Hs or Hm0), 
wave period (Tp) and direction (θp). An underlying 
transformation matrix of spectral wave simulations 
(for example from the WW-III model) covering the 
full wave period and direction range is then used to 
transform the offshore wave energy to inshore 
locations and adjust the wave period and direction.  
At time steps where the offshore wave period and 
direction does not exactly match a modelled matrix 
element, a bilinear interpolation of the wave 
transformation coefficients is applied.  The spectral 
shape parameters adopted for the transformation 
matrix simulations, including spectral peakedness 
and directional spreading, can be characterised 
from the measured offshore data for each wave 
period and direction element.  
 
2.4.2 Quasi-Spectral WTF 
The Quasi-Spectral WTF (WTF-QS) is a hybrid 
method that combines the simplicity and 
computational efficiency of the WTF-P algorithm, 
with enhanced capability to estimate the directional 
spectra of the transformed wave condition.  The 
WTF-QS has been demonstrated to provide an 
accurate and highly efficient method for large open 
coast regions, for example the entire Chilean coast 
of South America [10], which is the algorithm 
applied in this study. 
 
In this method, the inshore wave parameters, for 
example Hs, Tp and θp, are calculated from a 2D 
inshore wave spectra that is generated from the 
computed transformation of a deepwater 2D wave 
spectra using a transformation matrix. The 
transformation matrix is populated by a set of 
numerical model runs for each discrete wave 
height, period and direction condition at the deep 
water reference location.  The matrix is then used 
to develop a WTF that consists of parametric wave 
transfer variables applied to a deepwater 2D wave 
spectra.  The WTF derived from the wave model 
results describes the change in wave energy (or 
wave height) and the change in wave direction for 
each offshore direction and frequency ordinate.  
WTF-QS assumes no frequency change between 
offshore and the target inshore location for each 
modelled ordinate.  In the directional space, the 
transformed inshore wave energy is apportioned 
across the directional bins based on the results 
from the base set of numerical model runs.  The 
WTF-QS requires a time series of full 2D wave 
spectra at the offshore reference location to derive 
the inshore wave data set.  
 
2.4.3 Spectral WTF 
The full Spectral WTF (WTF-S) is the most 
comprehensive and computationally intensive WTF 
considered in this study. Spectral WTFs have been 
demonstrated to be robust and accurate tools to 
transfer detailed directional offshore wave to 
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inshore sites but have only been routinely applied 
for specific sites and projects owing to their 
complexity and computational requirements, for 
example [11]. 
 
The offshore data requirements and transformation 
matrix for this method are the same as for the 
WTF-QS. The WTF-S then uses the inshore 2D 
directional energy spectra to develop the WTF.  
With this method, the wave transformation of a 
specific offshore direction and frequency is 
characterised by the modelled directional spectra 
at the inshore location.  The WTF-S is then applied 
to a directional spectra data set, and for each 
ordinate of the WTF-S an inshore 2D spectra is 
calculated by scaling the WTF-S spectra of a 
particular ordinate based on the actual energy in 
that ordinate.  For a particular time step, each of 
the transferred spectra from all ordinates of the 
WTF-S are summed to estimate the combined 
inshore directional spectra. Spectral wave 
parameters such as wave height, period and 
direction are calculated from the combined 
spectra.   
 
2.5 Validation Process 
The validation of the WTF methods was 
undertaken as follows: 
 The shelf scale WW-III model described in 

Section 3.2 coupled to the NSW global WW-III 
model was run for the calibration period using 
the configuration and CFSRv2 global wind 
data sets as described in [1].  The results from 
the WW-III hindcast model were compared to 
deepwater Sydney and inshore Narrabeen and 
Wamberal WRB-P data sets. 

 The wave transformation matrices used for the 
various WTF methods were compiled from a 
set of WW-III model simulations for discrete 
offshore wave directions and frequencies using 
narrow frequency and direction parameters at 
the boundary of the model (Table 1).  

 The accuracy of the WTF methods was 
assessed by running the deepwater hindcast 
WW-III spectra through the three WTFs and 
comparing the transferred wave parameters to 
the results from the full WW-III hindcast at the 
two inshore WRB locations. 

 Further validation of the WTF was undertaken 
by applying the measured deepwater WRB-R 
directional data set to the WTFs and 
comparing the transferred wave parameters to 
the measured inshore WRB-R data sets. 

Results from the various wave model, WTF and 
WRB data sets were quantitatively compared with 
range of statistical parameters including: predictive 
Model Skill (MS) calculated based on [14], Root 
Mean Square Error (RMSE), Bias, Scatter Index 
(SI), Pearson’s correlation coefficient (R) and 
Symmetric Slope (ss). 

Table 1   Summary of WW-III model simulation matrix to 
develop the WTF inputs.   

Parameter Requirements 
Direction 0° -  225 °TN @ 15° increments. 
Frequency  0.25 Hz to 0.05 Hz at the same 

frequencies as the offshore data 
set (25 ordinates) 

Boundary 
Wave Height  Hm0 = 1 m 

Spreading 
specification 

Directional s = 80 (narrow 
banded); Frequency JONSWAP 
with  = 9 (narrow banded) 

Wind No wind forcing 
 
3. Results  
3.1 Wave Model Calibration 
Table 2 presents a comparison of the hindcast 
inshore wave conditions from the shelf scale grid 
(Section 3.2) of global WW-III model with the 
measured WRB-R data sets from the Sydney 
deepwater, Narrabeen and Wamberal WRB 
locations. The results show that the WW-III model 
performs well for the calibration period and is 
suitable as the basis for the WTF transformation 
simulations.  Wind forcing for the global WW-III, 
including the nearshore shelf scale grid, were 
obtained from the CFSv2 data set [13] without any 
downscaling or adjustment.  For the shelf scale 
grid, a sensitivity simulation was undertaken 
without wind forcing over that grid and there was 
negligible difference in the model calibration 
metrics at all three WRB locations.   
Table 2   Summary of WW-III model calibration 
compared to Sydney, Narrabeen and Wamberal WRB-R 
Data Sets: August to November 2011.  

Sydney deepwater WRB 
 Hm0 Tp θp Tm02 θm 
MS 0.90 0.54 0.69 0.75 0.47 
Bias -0.16 0.24 -9.25 0.07 -3.22 
RMSE 0.44 2.57 44.39 1.04 58.24 
SI 0.24 0.29 0.32 0.16 0.46 
R 0.85 0.37 0.54 0.61 0.32 
ss 0.89 0.98 0.88 1.00 0.85 
Narrabeen WRB 
 Hm0 Tp θp Tm02 θm 
MS 0.93 0.63 0.79 0.86 0.90 
Bias -0.02 0.29 1.22 0.26 -0.15 
RMSE 0.29 2.64 12.31 1.05 8.78 
SI 0.25 0.28 0.13 0.15 0.09 
R 0.89 0.47 0.66 0.79 0.83 
ss 1.00 0.98 1.00 1.04 1.00 
Wamberal WRB 
 Hm0 Tp θp Tm02 θm 
MS 0.93 0.57 0.70 0.81 0.87 
Bias -0.15 0.13 -0.86 -0.01 -2.78 
RMSE 0.30 2.90 19.38 1.03 11.96 
SI 0.21 0.31 0.16 0.16 0.10 
R 0.89 0.40 0.55 0.72 0.79 
ss 0.89 0.97 0.98 1.00 0.98 
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3.2 WTF Validation – Comparison to 

Modelled (WW-III) Wave Data  

Table 3 presents a comparison of the hindcast 
inshore wave conditions from the shelf scale grid 
(Section 3.2) of global WW-III model with the 
results from the WTF-P method.  Similar 
comparisons to the WW-III model results are 
presented in Table 4 and Table 5 for the WTF-QS 
and WTF-S methods, respectively.  The results 
indicate that the WTF-P provides a good estimate 
of the inshore Hm0, Tp and θp.  Both the WTF-QS 
and WTF-S methods demonstrate improvement 
over the WTF-P results.  The validation metrics 
from the two spectral methods are similar.  The 
validation metrics for the WTF-QS are marginally 
higher for wave period, and the WTF-S method 
has higher validation metrics for wave direction.    
Table 3   Summary of WW-III model hindcast result 
compared to WTF-P results at Narrabeen and 
Wamberal.   Data Sets: August to November 2011. 

Narrabeen WRB 
 Hm0 Tp θp Tm02 θm 
MS 0.96 0.90 0.85 - - 
Bias -0.10 -0.37 7.05 - - 
RMSE 0.26 1.42 16.71 - - 
SI 0.22 0.15 0.16 - - 
R 0.95 0.83 0.81 - - 
ss 0.95 0.95 1.07 - - 
Wamberal WRB 
 Hm0 Tp θp Tm02 θm 
MS 0.98 0.90 0.88 - - 
Bias -0.06 -0.42 2.64 - - 
RMSE 0.22 1.50 17.76 - - 
SI 0.18 0.16 0.14 - - 
R 0.97 0.83 0.84 - - 
ss 0.98 0.94 1.03 - - 

Table 4   Summary of WW-III model hindcast result 
compared to WTF-QS results at Narrabeen and 
Wamberal.    

Narrabeen WRB 
 Hm0 Tp θp Tm02 θm 
MS 1.00 0.96 0.90 0.99 0.99 
Bias -0.05 0.00 -0.95 0.08 -0.39 
RMSE 0.09 0.93 11.40 0.34 3.65 
SI 0.07 0.10 0.12 0.05 0.04 
R 0.99 0.93 0.83 0.98 0.97 
ss 0.97 1.00 0.98 1.01 1.00 
Wamberal WRB 
 Hm0 Tp θp Tm02 θm 
MS 1.00 0.95 0.93 0.98 0.99 
Bias -0.02 -0.12 1.30 0.16 0.87 
RMSE 0.09 1.06 12.48 0.46 4.65 
SI 0.07 0.12 0.10 0.06 0.04 
R 0.99 0.91 0.87 0.97 0.98 
ss 0.99 0.98 1.01 1.02 1.01 

 

Table 5   Summary of WW-III model hindcast result 
compared to WTF-S results at Narrabeen and 
Wamberal.   Data Sets: August to November 2011. 

Narrabeen WRB 
 Hm0 Tp θp Tm02 θm 
MS 1.00 0.95 0.96 0.95 0.99 
Bias -0.05 -0.20 1.25 -0.54 0.57 
RMSE 0.09 1.10 8.34 0.70 3.46 
SI 0.07 0.12 0.09 0.06 0.04 
R 0.99 0.90 0.93 0.98 0.98 
ss 0.97 0.97 1.02 0.92 1.01 
Wamberal WRB 
 Hm0 Tp θp Tm02 θm 
MS 1.00 0.94 0.96 0.91 0.99 
Bias -0.02 -0.37 0.83 -0.64 0.24 
RMSE 0.09 1.22 8.73 0.86 4.25 
SI 0.07 0.13 0.07 0.08 0.04 
R 0.99 0.89 0.94 0.97 0.98 
ss 0.99 0.95 1.01 0.90 1.00 

 
3.3 WTF Validation – Comparison to 

Measured (WRB-R) Wave Data  
Table 6 presents a comparison of measured and 
transferred wave data at the Narrabeen and 
Wamberal WRB locations using results obtained 
from transferring the Sydney deepwater WRB-R 
data set through the WTF-QS method.  
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Table 7 is a similar comparison of measured 
inshore and transferred offshore data using the 
WTF-S method.  The validation metrics for the 
WTF-QS and WTF-S methods for transferring the 
measured WRB-R data to the calibration sites are 
similar.  Overall, the WTF-S has marginally 
improved validation metrics compared to the WTF-
QS.   
Table 6   Summary of transferred measured deepwater 
(WRB-R) data compared to WTF-QS results at 
Narrabeen and Wamberal.    

Narrabeen WRB 
 Hm0 Tp θp Tm02 θm 
MS 0.95 0.77 0.76 0.92 0.91 
Bias -0.05 -0.30 6.48 0.22 1.71 
RMSE 0.20 2.19 14.83 0.68 6.85 
SI 0.18 0.23 0.14 0.10 0.07 
R 0.91 0.64 0.67 0.86 0.88 
ss 0.95 0.94 1.06 1.03 1.01 
Wamberal WRB 
 Hm0 Tp θp Tm02 θm 
MS 0.94 0.75 0.77 0.88 0.92 
Bias -0.11 -0.04 1.07 0.46 -0.50 
RMSE 0.22 1.99 18.17 0.70 7.81 
SI 0.15 0.23 0.15 0.08 0.07 
R 0.92 0.61 0.63 0.87 0.88 
ss 0.90 0.96 1.00 1.07 0.99 
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Table 7   Summary of transferred measured deepwater 
(WRB-R) data compared to WTF-S results at Narrabeen 
and Wamberal.   Data Sets: August to November 2011. 

Narrabeen WRB 
 Hm0 Tp θp Tm02 θm 
MS 0.95 0.80 0.79 0.90 0.91 
Bias -0.04 -0.38 5.67 -0.30 2.06 
RMSE 0.20 2.05 13.01 0.68 6.95 
SI 0.18 0.22 0.12 0.09 0.07 
R 0.91 0.68 0.70 0.86 0.88 
ss 0.95 0.93 1.05 0.95 1.01 
Wamberal WRB 
 Hm0 Tp θp Tm02 θm 
MS 0.95 0.76 0.79 0.91 0.92 
Bias -0.10 -0.24 2.80 -0.19 -0.12 
RMSE 0.22 1.94 16.96 0.55 7.77 
SI 0.15 0.22 0.14 0.08 0.07 
R 0.92 0.63 0.66 0.88 0.88 
ss 0.91 0.94 1.01 0.96 0.99 

 
4. Discussion 
The results of the calibration of a WTF for the NSW 
coastline has highlighted the potential to apply 
WTFs to accurately and efficiently calculate long-
duration time series of inshore wave data using 
long-term hindcast or measured deepwater wave 
data.   
 
The shelf scale WW-III model of the Sydney region 
developed for the validation of the WTFs has 
achieved a high level of initial model calibration 
using a typical WW-III model setup.  Previous 
nearshore wave modelling at Wamberal [12] and 
Newcastle [9], both of which adopted the SWAN 
wave model, had a high frequency bias in the 
frequency spectra, and the hindcast mean wave 
period in both of those studies were bias lower 
than Waverider buoy data.   Compared to the 
results of hindcast modelling using the SWAN 
model for the Wamberal data set presented in [12], 
the results from the WW-III model developed in 
this study indicates improved validation of the 
hindcast nearshore wave climate when the model 
is forced with global WW-III modelled spectra in 
deepwater.  The WW-III modelled inshore wave 
data in this study demonstrate negligible bias for 
mean wave period (Tm02), see Table 2.   
 
A sensitivity simulation of the WW-III model without 
wind forcing over the shelf scale model indicated 
that there were negligible differences in the 
validation metrics if wind forcing over the shelf 
scale model were omitted.  However, the validation 
period covered only a relatively short time period 
(3.5 months) with limited storm events.  
 
The two spectral WTFs functions considered in this 
study (WTF-QS and WTF-S) produced very similar 
calibration results using the measured and 
hindcast data sets at the Narrabeen and Wamberal 

inshore sites.  The spectral WTFs demonstrated 
significant improvement compared with the 
parametric WTF (WTF-P).  The WTF-S has 
potential for application at a larger range of 
locations due to the ability for frequency 
transformation over the NSW coastal shelf to be 
represented in the WTF if it is present in the 
numerical wave model results that are used to 
develop the WTF inputs.  At the nearshore 
calibration locations considered in this study, the 
spectral WTFs (WTF-QS and WTF-S) produced 
very similar results to the full spectral wave model 
hindcast data as the measured and modelled 
frequency changes between offshore and the 
inshore WRBs are small.  
 
The WTF has a high computational efficiency 
compared to applying the WW-III nearshore model 
for a long term hindcast of nearshore wave 
conditions.  Table 8 presents a comparison of the 
simulation time for a 1-year hindcsat at the 10 m 
depth contour along the whole NSW coastline at 
100 m intervals along the coastline (13,313 
locations in total).  All transfer methods are 
significantly more efficient compared to the high-
resolution spectral wave model.   
Table 8   Comparison of simulation time (Service Units 
Sus) for 1-year wave hindcast along NSW coastline with 
output at 13,313 locations along the 10 m contour (1 SU 
= 1 CPU core hour). 

Method Software  
System 

Computing 
System 

Simulation  
Time  

WW-III 
Fortran 90 
optimised for 
MPI  

NSW IRS, 5 
Lunix nodes, 
200 cores 

99,840 SUs* 

WTF-P Matlab v2015a Intel i5-
4300U 0.25 SUs^ 

WTF-QS Matlab v2015a Intel i5-
4300U  128 SUs^ 

WTF-S Matlab v2015a Intel i5-
4300U 1,905 SUs^ 

* Includes MPI overhead for IRS with an MPI node efficiency ≈ 
53% 
^ Includes I/O overhead for all output locations 
For all WTF methods, the set of 336 WW-III model 
simulations to compute the WTF ordinates 
required 16,800 SUs on the NSW IRS high 
performance computing facility.   
 
5. Conclusions 
The results from the validation of three wave 
transfer function methods for application with input 
measured and hindcast data sets along the NSW 
coastline demonstrate good agreement with results 
from the full spectral wave model.  The transfer 
functions require a fraction of the computational 
requirements compared to a full spectral wave 
model and the functions are capable of estimating 
the 2D direction-frequency spectra for the specified 
nearshore locations.  At the two calibration 
locations, the spectral WTFs forced with measured 
deepwater wave spectra demonstrated improved 
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agreement with the nearshore data compared to 
the results from the calibrated WW-III hindcast 
model.   
 
Following the successful calibration of the WTF 
and wave model presented in this paper, the shelf 
scale WW-III model is currently being applied to 
develop WTFs for locations along the 10 m and 30 
m depth contour for the whole NSW coastline at an 
alongshore resolution of 100 m. Further validation 
of the two spectral transfer methods will be made 
using a one-year continuous hindcast of the whole 
NSW coastal wave climate using the WW-III 
model. Due to the extensive collection of quality 
controlled parametric WRB data (WRB-P) available 
along the NSW coastline, a parametric WTF is also 
being developed following further assessment of 
the frequency and directional spectra 
characterisation adopted in deepwater for the WW-
III model simulations that are used to develop the 
WTF-P ordinates. 
 
Due to the high computational efficiency of the 
WTFs evaluated in this study, they may also have 
application in future real-time systems for ’now-
casting’ and forecasting nearshore wave 
conditions.   
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