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The Australian national in situ wave data network currently consists of 35 platforms 

distributed around the Australian coastline. At present, all except for five are directional 

waverider buoys. The spatial density of the observation locations is variable – at a glance, 

density is higher on the east coast compared to the rest of the coastline. This variability has 

resulted in some areas of the coastline being well observed and well accounted for in models 

and wave climate studies and other areas not being observed at all.  This work aims to 

identify potential gaps in the existing wave observing network in order to provide guidance 

for prospective future deployments. In addition, the technique used allows us to easily 

identify which are the key locations in the existing network. The method is based on 

considering the spatial coherence of the wave field determined from a multi-decadal 

hindcast wave data set. For each modelled data point, correlations between monthly 

statistics (means and 95th percentiles) of modelled variables (significant wave height, mean 

period and mean direction) at that location and corresponding modelled variables at each 

observation site are calculated. Areas of low correlation provide an indication of the key 

network gaps, i.e. areas where climatological variability of the wave fields is poorly 

captured by existing observations. Removing locations individually from the network and 

repeating the analysis can also provide an indication of which are the most important 

locations in the network (and conversely, which are the least important) to capture the 

regional climatological variability. Several key gaps are identified, suggesting that most 

value can be gained by placing additional buoys in these areas. However, it is noted that 

other factors such as accessibility, areas of maritime industry, and population distribution 

are also important in selecting sites for new buoy deployments.  

 

1 Introduction 

In situ wave observations are a vitally important component of Australia’s marine observing infrastructure.  Long term 

historical wave data are essential for describing the wave climate, leading to greater understanding of impacts such as 

coastal erosion and shoreline change, in addition to supporting design of offshore and coastal infrastructure. Real-time 

wave observations can be used to identify extreme conditions to improve safety at sea. In situ wave observations are also 

important for model validation and are increasingly used in operational data assimilation schemes to improve wave 

forecasts.  

While there has been considerable effort related to assessing, designing and optimising ocean observing networks for 

parameters such as ocean circulation (see for example Hall et al (2010) and references therein) and tsunamis (e.g. Spillane 

et al. 2008; Greenslade and Warne, 2012), there is little previous work relating to the assessment or design of wave 

observing networks. The most relevant previous efforts have been related to the United States (U.S.) operational wave buoy 



Greenslade. Journal of Southern Hemisphere Earth Systems Science doi:10.22499/3.6801.010 

 

Corresponding author: Diana Greenslade, Bureau of Meteorology, GPO Box 1289, Melbourne, VIC, 3001, Australia 

Email: diana.greenslade@bom.gov.au 

 

network. Birkemeier et al (2012) reviewed and updated the U.S. National Operational Wave Observation Plan and 

recommended that the network should consist of a series of  210 ‘backbone’ locations within 4 different sub-networks: 

deep ocean, shelf, mid-shelf and coastal observations. A series of  60 ‘sentinel’ stations providing long term data records 

was also identified. 

The publicly-available national wave data network for Australia currently consists of 35 wave platforms distributed around 

the Australian coastline. The locations of these platforms are shown in Figure 1 and details of each platform are presented 

in Table 1. This set of platforms is intended to include all locations for which data was publicly available (at least in 

principle) at the time of undertaking this work, i.e. the latter half of 2016.  It should be noted that this is a somewhat 

dynamic network – for example, at time of writing the Kingfish B site (location 23) was not functional (although there are 

plans in place to replace the sensor).  

 

Figure 1  Location of publicly available wave buoys around the Australian coastline. Platforms that do not provide wave direction 

are identified in red. The locations referred to in the text are also indicated. 

As can be seen in Figure 1 and Table 1 almost all platforms in the network are directional wave buoys. The exceptions to 

this are 4 buoys which are non-directional, and the laser wave gauge on the Kingfish B platform in Bass Strait. It is worth 

noting that not all existing directional buoys have always been directional, indeed, many of them have only recently been 

upgraded from non-directional buoys. Here our interest lies with the current network, with consideration also of a potential 

future network in which all present observation locations are directional wave buoys. 

The existing in situ wave observing platforms in Australia have predominantly been placed for the purpose of local 

interests. While together they provide a useful network, the lack of any formal national coordination has limited its 

application for national challenges. It can be seen from Figure 1 that the spatial density of the observation locations around 

the coastline is variable. In particular, the density is higher on the east coast compared to the rest of the coastline. There are 

no sites at all along the north coast and much of the southern coast.  This variability has resulted in some areas of the 

coastline being well accounted for in models and wave climate studies and other areas not being covered at all.  
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Buoy Date Deployed Date Directional Name Lat Lon Depth Type Owner 

1 22/12/1978 25/11/2008 Albatross Bay -12.68 141.68 10 Directional Waverider QLD DSITI 

2 04/05/1975 26/02/2016 Cairns -16.73 145.72 15 Directional Waverider QLD DSITI 

3 20/11/1975 29/10/2008 Townsville -19.17 147.05 18 Directional Waverider QLD DSITI 

4 17/01/2012 17/01/2012 Abbot Point -19.87 148.1 14 Directional Waverider QLD DSITI 

5 19/09/1975 13/03/2002 Mackay -21.03 149.55 29 Directional Waverider QLD DSITI 

6 24/04/1977 31/10/2009 Hay Point -21.27 149.31 10 Directional Waverider QLD DSITI 

7 24/07/1996 24/07/1996 Emu Park -23.3 151.07 22 Directional Waverider QLD DSITI 

8 23/09/2009 23/09/2009 Gladstone -23.9 151.5 13 Directional Waverider QLD DSITI 

9 8/09/2015 n/a Bundaberg -24.67 152.5 18 Waverider QLD DSITI 

10 20/04/2000 11/05/2005 Mooloolaba -26.57 153.18 32 Directional Waverider QLD DSITI 

11 1/05/2013 01/05/2013 Caloundra -26.85 153.16 12 Directional Waverider QLD DSITI 

12 08/03/2010 08/03/2010 North Moreton -26.9 153.28 35 Directional Waverider QLD DSITI 

13 31/10/1976 20/01/1997 Brisbane -27.5 153.63 73 Directional Waverider QLD DSITI 

14 21/03/1987 17/07/2007 Gold Coast -27.97 153.44 18 Directional Waverider QLD DSITI 

15 6/06/2017 6/06/2017 Tweed Heads -28.18 153.58 25 Directional Waverider QLD DSITI 

16 14/10/1976 26/10/1999 Byron Bay -28.87 153.69 62 Directional Waverider OEH/MHL 

17 26/5/1976 19/8/2011 Coffs Harbour -30.36 153.27 72 Directional Waverider OEH/MHL 

18 10/10/1985 19/08/2011 Crowdy Head -31.81 152.86 79 Directional Waverider OEH/MHL 

19 3/3/1992 3/3/1992 Sydney -33.77 151.41 92 Directional Waverider OEH/MHL 

20 7/2/1974 20/06/2012 Port Kembla -34.47 151.02 80 Directional Waverider OEH/MHL 

21 27/5/1986 23/02/2001 Batemans Bay -35.71 150.34 62 Directional Waverider OEH/MHL 

22 8/2/1978 16/12/2011 Eden -37.26 150.19 100 Directional Waverider OEH/MHL 

23 23/07/2008 n/a Kingfish B -38.6 148.19 78 Laser Wave Gauge ESSO 

24 2/01/1998 n/a Cape Sorell -42.08 145.01 100 Waverider BOM 

25 1/11/2000 n/a Cape Du Couedic -36.07 136.62 80 Waverider BOM 

26 18/06/2006 1/01/2012 Esperance -34 121.9 52 Directional Waverider WA DOT 

27 26/07/2005 3/09/2008 Albany -35.2 117.17 60 Directional Waverider WA DOT 

28 28/05/1999 11/02/2010 Cape Naturaliste -33.36 114.78 50 Directional Waverider WA DOT 

29 12/06/2014 12/06/2014 Mandurah -32.45 115.57 30 Directional Waverider WA DOT 

30 11/03/1994 14/09/2004 Rottnest Island -32.11 115.4 48 Directional Waverider WA DOT 

31 01/01/1998 27/10/2009 Jurien Bay -30.29 114.91 42 Directional Waverider WA DOT 

32 25/06/2016  25/06/2016 Ashburton -21.54 115.03 11 Directional Waverider PPA 

33 6/09/2000 n/a North Rankin -19.59 116.14 125 Waverider WOOD 

34 8/12/2015  8/12/2015 Dampier -20.44 116.73 15 Directional Waverider PPA 

35 10/12/2015 10/12/2015 Port Hedland -20.01 118.44 17 Directional Waverider PPA 

 

Table 1  Details of wave observing platforms in the National buoy network. Acronyms in the ‘Owner’ Column are as follows: QLD 

DSITI: Queensland Department of Science, Information Technology and Innovation; ESSO: Esso Pty Ltd.; OEH/MHL: New South 

Wales Office of Environment and Heritage/Manly Hydraulics Laboratory; BoM: Bureau of Meteorology; WA DOT: Western Australia 

Department of Transport; PPA: Pilbara Ports Authority; WOOD: Woodside Pty Ltd.  
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This work aims to identify potential gaps in the existing Australian wave observing network, through quantitative means, in 

order to provide guidance for prospective future deployments. This analysis presently focusses on the ability of the network 

to support wave climate studies, with the potential to extend the analysis to other applications mentioned above. The 

technique used also allows us to easily identify which are the key locations in the existing network. The method is 

described in Section 2 and results are presented and discussed in Section 3. Conclusions are summarized in Section 0 and 

some further discussion is also included in that section. 

2 Method 

While it might seem appealing to propose a network consisting of a series of buoys placed evenly around the Australian 

coastline, this would not take into account the spatial characteristics of the wave climate. The method used here is based on 

assessing the spatial coherence of the wave field. The key assumption is that in areas where the wave field varies on large 

spatial scales, less dense observations are needed, and in areas where the wave field varies on small spatial scales, a denser 

observational network would be needed. Other factors such as proximity to population centres are also relevant – these 

issues are discussed further in Section 0.  

The underlying data set used to assess this is the Centre for Australian Weather and Climate Research (CAWCR) wave 

hindcast.This is a global hindcast using the third-generation wave model WAVEWATCH III (Tolman, 2009) at a spatial 

resolution of 4 arc minutes (approximately 7 km) in the Australian nearshore region. Sub-grid scale parametrisation is 

incorporated in order to account for islands that are unresolved at this resolution. The wave model is forced with hourly 

surface winds from the Climate Forecast System Reanalysis (CFSR; Saha et al., 2010). Further details on the hindcast can 

be found in Durrant et al. (2014) and Hemer et al. (2017). A comprehensive set of modelled wave parameters is available at 

all grid points at hourly intervals from January 1979 to the present (it is regularly updated).  The hindcast has been shown 

to verify very well against altimeter and in situ buoy observations with a root-mean-square error in Significant Wave 

Height (Hs) of approximately 0.4 m (Hemer et al, 2017) for the hourly model data. The error for monthly means would be 

expected to be even smaller than this. 

For the present work, monthly modelled means of Hs, mean period (Tm, defined as the second-order moment of the wave 

spectrum) and mean wave direction (θm; monthly means are computed component-wise) are computed at each model grid 

point in the Australian region for 448 months from January 1979 to April 2016. These three wave model parameters are 

considered because they are the parameters recommended for studies of future wave climate by the international 

Coordinated Ocean Wave Climate Project (COWCLIP; Wang and Hemer, 2016) and monthly means are considered due to 

the present focus on wave climate rather than short-term variability. In addition to monthly means, extremes are examined 

through the assessment of 95th percentiles for Hs and Tm, i.e. for any grid point, the Hs values are ranked during each one 

month period, and the 95th percentile is the value for which only 5% of the Hs values are higher. Some examples of this 

data are shown in Figure 2.  

For each modelled data point, co-incident correlations between modelled variables at that location and modelled variables 

at the location corresponding to each observation site were calculated, providing a total of 35 correlation values for each of 

the five variables, i.e. three monthly means and two 95th percentiles. Note that these are correlations between model 

hindcast data only – wave observations themselves are not used directly.  For Hs and Tm, the standard Pearson correlation 

coefficient (R) was used, i.e.  

𝑅 =
∑ (𝑥𝑖−�̅�)(𝑦𝑖−�̅�)
𝑛
𝑖=1

√∑ (𝑥𝑖−�̅�)
2𝑛

𝑖=1 √∑ (𝑦𝑖−�̅�)
2𝑛

𝑖=1

      (1) 

where xi = time series of modelled variable at point x, yi = time series of modelled variable at point y, and n = 448 is the 

number of monthly values in the time series.  The overbar represents the temporal mean value. For correlations of the mean 

wave direction, we follow Jammalamadaka and SenGupta (2001) and use: 

𝑅𝜃 =
∑ sin(𝑥𝑖−�̅�)sin(𝑦𝑖−�̅�)
𝑛
𝑖=1

√∑ sin2(𝑥𝑖−�̅�)
𝑛
𝑖=1 √∑ sin2(𝑦𝑖−�̅�)

𝑛
𝑖=1

           (2) 
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Figure 2  Mean monthly Hs (top left panel), monthly mean Tm (top right panel), 95th percentile of Hs (bottom left panel) and 95th 

percentile of Tm (bottom right panel) from the CAWCR hindcast for the month of April 2016. Crosses represent 

observation locations. 

In terms of statistical significance, all the time series from which correlation values are computed in this work are the same 

length (448 months). Based on a test of the null hypothesis and using the Student-T distribution, any correlation values 

greater than 0.11 are found to be significant at the 99% level. 

For each modelled grid point, the maximum of these 35 correlation values for each variable was then identified. This 

maximum correlation value provides an indication of how well the wave climate characteristics at that particular location 

are able to be represented by any of the observation locations. In addition, the specific observation location that provided 

the maximum correlation value for that modelled grid point was identified. 

Only co-incident correlations are examined in this work. An assessment of the correlations with a lag of one month was 

also considered, however the maximum correlation values were found to be significantly lower than those of the co-

incident correlations so they are not considered further here. Temporal lags are likely to be more important for analysis of 

the higher frequency record (see Section 0). 
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3 Results 

3.1 Key Gaps 

The maximum of the 35 correlation values for each modelled data point for monthly mean Hs are plotted in Figure 3. 

Figure 4 identifies which observation location is most highly correlated with each modelled data point. Any values in this 

figure where the correlations are less than 0.7 are shown in a very light grey colour, in order to highlight the gaps.  

At first glance, it can be seen from Figure 3 that there is considerable variability in the magnitude of the maximum 

correlation values around the coast.  In particular, there are a number of areas for which monthly mean Hs is not well 

represented by the existing network. For example, the coastline of the Northern Territory (NT) shows low correlation 

values. This is not surprising as there is only a single buoy across the north of the country, located in Weipa on the eastern 

coast of the Gulf of Carpentaria. The Gulf, Arafura and Timor Seas have a strongly seasonal wave climate and are 

relatively fetch-limited, so it is unlikely that one site would be able to resolve all the regional differences. Indeed, Figure 4 

shows that a significant portion of the NT coastline (the western coast of the Gulf of Carpentaria) is best represented by 

location 2 (Cairns), on the eastern Queensland coastline, i.e. the beige colour along the north Queensland coast can also be 

seen along the NT coastline. This reflects the seasonality of the south-easterly trades and north-west monsoon driving 

similar wave climates in each region. The region within the sheltered South Australian Gulfs also shows low correlations, 

despite having a buoy located on the exposed South Australian shelf relatively nearby. This suggests that the wave climate 

has low spatial coherence in this region. This can be explained by the fact that the orientation of the Gulfs and blocking by 

Kangaroo Island is such that swell in the Great Australian Bight does not propagate into the Gulfs.  A similar argument 

holds for Shark Bay, near the central Western Australia (WA) coast. A region off the southeast coast of Tasmania also 

shows low correlation values.   

Inspection of Figure 4 suggests there are some buoys that are located well in order to represent the wave climate around 

them. For example, despite the relatively even distribution of buoys along the New South Wales (NSW) coastline, buoy 18 

appears to best represent the offshore wave climate in that area whereas buoy 20 represents only a short area of the 

coastline.  

Figure 5 and Figure 6 show the equivalent figures to Figure 3 and Figure 4 but for the 95th percentile of Hs. In general, the 

maximum correlations show a similar pattern to those for the mean monthly Hs but are slightly lower in value. This 

suggests that the extreme values of Hs are less spatially coherent than those of the monthly mean. The region best 

represented by each observation location (Figure 6) is also similar to that of monthly mean Hs, except that the ‘gaps’ (i.e. 

area where the correlations are less than 0.7) are larger, particularly around the northern coastline. 

For the mean Tm results (Figure 7 and Figure 8) the same areas of low maximum correlations can be identified, namely the 

Gulf of Carpentaria and NT coast, the South Australian Gulfs, Shark Bay and eastern Tasmania. In addition, Bass Strait 

shows relatively low maximum correlations, and an area away from the coast off northwest Australia shows very low 

maximum correlations.  Northern Queensland also shows lower correlations for monthly mean Tm than for monthly mean 

Hs. 

The maximum correlations for the 95th percentiles of Tm (Figure 9 and Figure 10) are again similar to those of mean Tm, 

but slightly lower in value. There are some slight differences along the Queensland coast. For example, buoy 5 represents a 

reasonably large portion of the coast in terms of monthly mean Tm, but buoy 2 represents this area better for the 95th 

percentile of Tm. 

The correlations for θm are initially determined here only for directional wave buoys (see Figure 1). These results are 

shown in Figure 11 and Figure 12. While the same broad regions of low maximum correlation can be seen here (namely, 

the NT coast, SA Gulfs, south-eastern Tasmania, Bass Strait), there are some interesting smaller scale features of these 

mean wave direction maximum correlation maps. In particular, the GBR region generally shows low maximum correlations 

except for a narrow strip near the coastline where correlations are high. Also there is a distinct area of low maximum 

correlations oriented east-west along the NT coastline and an interesting feature perpendicular to the coast near the North 

West Cape.  

Looking first at the GBR region, low maximum correlations are seen for θm, but are not seen here for Hs (see Figure 3). 

Buoy 2 appears to represent the entire reef area in terms of Hs, but only a very small region for θm. This suggests that θm 

varies more in this area than Hs does, possibly due to the GBR causing dispersion and refraction of waves. It should be 

noted that the model hindcast has  notable  biases  relative to in - situ and satellite altimeter  observations through the  GBR  



Greenslade. Journal of Southern Hemisphere Earth Systems Science doi:10.22499/3.6801.010 

 

Corresponding author: Diana Greenslade, Bureau of Meteorology, GPO Box 1289, Melbourne, VIC, 3001, Australia 

Email: diana.greenslade@bom.gov.au 

 

 

Figure 3  Maximum correlation values for monthly mean Hs. For each location, correlations between monthly mean model Hs at 

that location and monthly mean model Hs at each of the 35 observation sites are calculated and the maximum of the 35 

calculated correlation values is plotted in this figure. Crosses represent observation locations. 

 

Figure 4  Regions correlating most strongly with each buoy location for monthly mean Hs 
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Figure 5  Same as Figure 3 but for 95th percentile of Hs 

 

 

Figure 6  Regions correlating most strongly with each buoy for 95th percentile of Hs 
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Figure 7  Same as Figure 3 but for monthly mean Tm 

 

 

Figure 8  Regions correlating most strongly with each buoy for monthly mean Tm 
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Figure 9  Same as Figure 3 but for 95th percentile of Tm 

 

Figure 10  Regions correlating most strongly with each buoy for 95th percentile of Tm 
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Figure 11  Same as Figure 3 but for θm. Only buoys providing wave direction are included here 

 

 

Figure 12  Regions correlating most strongly with each buoy for θm. Only buoys providing wave direction are included here 
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Figure 13  Same as Figure 3 but for θm. All buoys are included here, i.e. correlations if all buoys were upgraded to directional. 

 

Figure 14  Regions correlating most strongly with each buoy for θm. All buoys are included here. 
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region (Hemer et al., 2017), which have been attributed to inadequate parameterization of the reef in the model. Thus, these 

results pertaining to spatial gradients in wave variables associated with reef interactions should be treated with caution.  

The area near the North West Cape is of particular interest. It shows a significant reduction in maximum correlations over a 

relatively small narrow band orientated approximately perpendicular to the coastline. Looking at the regions that correlate 

most strongly with each observation location for θm (Figure 12) it can be seen that this narrow band represents a dividing 

line between two wave climates, such that θm to the south is well represented by location 31 and representative of the 

region influenced by Southern Ocean generated swell, whereas θm to the north is better represented by location 32, which 

is sheltered from this Southern Ocean swell.  

It is of interest to investigate how the maximum correlations might change if the 5 non-directional observation sites were 

upgraded to directional buoys. The relevant figures for this case are shown in Figure 13 and Figure 14. The small scale 

features of Figure 11 are still seen here, but in general the maximum correlation values are increased, particularly around 

the southern margin and within Bass Strait. This is not surprising as this is where three of the existing non-directional 

observations are located. However, the region adjacent to south-east Tasmania remains poorly represented. The average 

maximum correlation value over the entire domain increases from 0.79 to 0.84 with the inclusion of the 5 directional buoys, 

which demonstrates the added value provided by the possible upgrade of these sites. 

In order to identify the key gaps overall, we consider all 5 variables examined, and plot the locations where the maximum 

correlation values are less than 0.75 for all variables. These regions are shown in red in Figure 15. It is possible to identify 

5 main areas here: the Northern Territory, Shark Bay, SA gulfs, Eastern Tasmania and Far North Queensland. Perhaps of 

more interest are the areas that have not been found to be key gaps. In particular, despite there being very few observation 

locations along the southern coastline, this region is not identified as being a key gap here. This is because the wave climate 

at one location in this region is highly correlated with the wave climate at other locations, so in principle, if one knows the 

wave climate at one location, a simple linear regression can be applied to provide information about the wave climate in 

other locations. The northwest shelf of Australia is also an area one might expect to see a ‘gap’ due to the lack of buoys in 

the region, but this analysis demonstrates that the wave climate is spatially coherent in this area as well. 

 

Figure 15  Regions shaded red are where the maximum correlations are less than 0.75 for all 5 modelled variables 
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3.2 Key locations 

In addition to identifying the key gaps in the existing network, this technique allows an identification of the key locations. 

This is determined by removing each observation site individually from the network and calculating the average maximum 

correlation across the remaining network for each modelled variable. The location whose removal causes the greatest 

decrease in average maximum correlation can be regarded as the most significant observation location in the network.  

The results of this analysis are shown in Table 2. The columns in this table show how the average maximum correlation 

value for that modelled variable decreases if that observation location is removed from the network, with the first column 

showing the absolute value of the resulting average maximum correlation, and the second column showing the percentage 

decrease from the value for the full network (shown in the bottom row). 

For the wave direction calculations, the assumption is that if any of the 5 non-directional observation locations are removed 

from the network, then there is no impact on the resulting average maximum correlation. For example, from Table 2 it can 

be seen that for the full network, the average maximum correlation is 0.79. If location 25 is removed from the network, the 

average maximum correlation is still 0.79, reflecting the fact that that particular location contributes nothing to the 

description of wave direction in the Australian region. 

The final column in Table 2 shows the average percent decrease over all 5 variables.  Locations are sorted in decreasing 

order according to this value. Overall, the most important location in the network according to this analysis is location 1. 

This can be seen to have a significant effect on the network if it were to be removed and the effect is large for all 

parameters. This is perhaps not surprising as it is the only observation on the northern coastline. 

The second two most important locations in the network are locations 25 (Cape de Couedic) and 24 (Cape Sorell), on the 

southern coastline. Location 2 (Cairns) comes in 4th on the list and location 27 (Albany) rounds out the top 5.  The next on 

the list is location 23, the laser wave gauge on Kingfish B platform. At the time of writing, this location was not providing 

any data due to a sensor failure. This provides some insight into how the network might be managed if it were a truly 

national network, with central co-ordination, rather than a patchwork of several separate networks owned and operated by 

different entities. Given the high importance of location 23 to the national network, resources could be allocated to ensuring 

this location, and others near the top of the list, were maintained. 

Interestingly, 3 out of the top 6 locations do not currently provide observations of wave direction - they have been found to 

be important to the network despite this and would certainly increase in importance if they were to be upgraded to include 

wave direction. 

A related aspect of these results is that in fact few locations show any significant effect on the determination of monthly 

mean wave direction. The exceptions to this are location 1 and to a lesser extent location 27. This suggests that monthly 

mean wave direction is relatively coherent over the rest of the domain. 

This analysis also provides an indication of which are the least important locations in the network. This is potentially just as 

important for network managers as it provides guidance as to which buoys might have a lower priority for maintenance. 

Table 2 suggests that there are a number of locations that will cause little impact on the network’s ability to monitor wave 

climate if they are not providing data, specifically locations 6, 7, 11, 12, 14, 15, 17, 20, 21, 29 and 30. These are all located 

in regions where there is a relatively high density of buoys or redundancy in the network, so it is intuitive that their removal 

might have minimal impact on the network. However, note that there are several ‘pairs’ of buoys here where two buoys are 

located relatively close to each other, for example buoys 29 and 30. It is likely that if, for example, buoy 29 was not 

functioning, then buoy 30 would increase in importance. It is important to note that these results are based on removing 

only one buoy at a time from the network – the assumption is that all other buoys are still in place and fully functional. 

Further analysis that would be useful for network managers could be to assess which are the most important locations in the 

event that any particular buoy is not functioning. 

There are further caveats to this analysis that should be borne in mind when considering these results, such as the spatial 

and temporal scales analysed. These are discussed further in Section 0. 
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Buoy Hs Hs (%) Hs_95 Hs_95 (%) Tm Tm (%) Tm_95 Tm_95 (%) θm Θm (%) Average % 

1 0.85 2.65 0.79 4.50 0.79 3.55 0.71 4.59 0.75 5.04 4.07 

25 0.86 0.69 0.81 1.09 0.81 1.10 0.72 2.56 0.79 0.00 1.09 

24 0.86 1.38 0.81 2.07 0.81 0.61 0.73 0.94 0.79 0.00 1.00 

2 0.85 1.61 0.81 1.09 0.82 0.12 0.73 1.75 0.79 0.00 0.92 

27 0.87 0.12 0.82 0.12 0.81 0.37 0.74 0.81 0.78 2.27 0.74 

23 0.86 1.38 0.81 1.22 0.81 0.37 0.74 0.54 0.79 0.00 0.70 

35 0.87 0.35 0.82 0.85 0.81 0.98 0.73 0.94 0.79 0.38 0.70 

31 0.87 0.23 0.82 0.49 0.81 0.49 0.73 0.94 0.79 0.13 0.46 

22 0.87 0.12 0.82 0.24 0.81 0.37 0.74 0.67 0.79 0.76 0.43 

5 0.87 0.35 0.82 0.24 0.81 0.61 0.74 0.40 0.79 0.25 0.37 

33 0.87 0.35 0.82 0.24 0.81 0.61 0.74 0.54 0.79 0.00 0.35 

32 0.87 0.35 0.82 0.24 0.82 0.12 0.74 0.13 0.79 0.25 0.22 

26 0.87 0.12 0.82 0.49 0.82 0.12 0.74 0.13 0.79 0.00 0.17 

18 0.87 0.23 0.82 0.12 0.82 0.00 0.74 0.13 0.79 0.00 0.10 

3 0.87 0.00 0.82 0.00 0.82 0.24 0.74 0.13 0.79 0.00 0.08 

9 0.87 0.00 0.82 0.12 0.82 0.12 0.74 0.13 0.79 0.00 0.08 

19 0.87 0.00 0.82 0.12 0.82 0.12 0.74 0.13 0.79 0.00 0.08 

28 0.87 0.12 0.82 0.00 0.82 0.12 0.74 0.13 0.79 0.00 0.07 

34 0.87 0.12 0.82 0.00 0.82 0.12 0.74 0.13 0.79 0.00 0.07 

10 0.87 0.00 0.82 0.00 0.82 0.12 0.74 0.13 0.79 0.00 0.05 

13 0.87 0.00 0.82 0.00 0.82 0.12 0.74 0.13 0.79 0.00 0.05 

16 0.87 0.00 0.82 0.00 0.82 0.12 0.74 0.13 0.79 0.00 0.05 

8 0.87 0.00 0.82 0.00 0.82 0.00 0.74 0.00 0.79 0.13 0.03 

4 0.87 0.00 0.82 0.00 0.82 0.12 0.74 0.00 0.79 0.00 0.02 

6 0.87 0.00 0.82 0.00 0.82 0.00 0.74 0.00 0.79 0.00 0.00 

7 0.87 0.00 0.82 0.00 0.82 0.00 0.74 0.00 0.79 0.00 0.00 

11 0.87 0.00 0.82 0.00 0.82 0.00 0.74 0.00 0.79 0.00 0.00 

12 0.87 0.00 0.82 0.00 0.82 0.00 0.74 0.00 0.79 0.00 0.00 

14 0.87 0.00 0.82 0.00 0.82 0.00 0.74 0.00 0.79 0.00 0.00 

15 0.87 0.00 0.82 0.00 0.82 0.00 0.74 0.00 0.79 0.00 0.00 

17 0.87 0.00 0.82 0.00 0.82 0.00 0.74 0.00 0.79 0.00 0.00 

20 0.87 0.00 0.82 0.00 0.82 0.00 0.74 0.00 0.79 0.00 0.00 

21 0.87 0.00 0.82 0.00 0.82 0.00 0.74 0.00 0.79 0.00 0.00 

29 0.87 0.00 0.82 0.00 0.82 0.00 0.74 0.00 0.79 0.00 0.00 

30 0.87 0.00 0.82 0.00 0.82 0.00 0.74 0.00 0.79 0.00 0.00 

All buoys 0.87 
 

0.82 
 

0.82 
 

0.74 
 

0.79 
  

 

Table 2  Impact of removing individual buoys from network for each variable. Final row shows average 

maximum correlation over the domain with the full network, and each row shows the average 

maximum correlation over the domain (and percent decrease) if that particular buoy were to be 

removed. Buoys are sorted according to the value in the final column 
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4 Discussion and Conclusion 

The results presented in the previous section have suggested a number of regions whose wave climate is not 

well represented by the existing wave observing network and could therefore be considered high priority for 

new buoy deployments.  Regions that are highlighted as key gaps for all five variables considered are: the 

Northern Territory, Shark Bay, SA gulfs, Eastern Tasmania and Far North Queensland. In addition, the 

technique has been used to identify the key locations in the existing network. The analysis suggests that the most 

important locations in the network (assuming all other locations are providing data) are: location 1 (Albatross 

Bay), location 25 (Cape du Couedic), location 24 (Cape Sorell), location 2 (Cairns) and location 27 (Albany).  

This analysis has identified key gaps and key observation locations on the basis of the spatial characteristics of a 

modelled wave climate, with the assumption that areas where the wave climate varies on small spatial scales 

need a higher density of observations than areas where the wave climate varies on larger spatial scales. There 

are of course other factors that need to be taken into account when identifying new locations for deployments. 

For example, some locations may have a higher priority due to their proximity to areas of maritime industry or 

to areas of high coastal population density. Logistics and the ability to access an area should also be considered, 

for example, in a very isolated region which is difficult to get to, the costs of deployment and ongoing 

maintenance may be prohibitive. 

There are a number of caveats that should be noted when considering the results presented here. Firstly, it is 

assumed here that the model hindcast is an accurate representation of the true wave field. This is a reasonable 

assumption given the existing verifications of the hindcast to date (Durrant et al, 2014; Hemer et al, 2017).   

A further caveat relates to the spatial and temporal scales of this analysis. The hindcast has a spatial grid 

resolution of approximately 7 km in the Australian region. This means that the analysis will necessarily favour 

those buoys that are well located to observe the broader scale variability of the wave field. Any variability 

occurring on spatial scales less than 7 km will not be represented in these results and many buoys are in fact 

deployed specifically to observe those scales. This is particularly important near complex coastlines, or in 

regions such as the GBR region where complex wave transformations occur across the reef. Furthermore, the 

analysis presented here, through correlating monthly statistics, is focused on the ability of the network to resolve 

low-frequency climatological variability of the wave climate in the Australian region. Synoptic scale systems 

(i.e., individual storm events) have a different spatial extent which is not captured in this analysis. Observation 

of these systems is critical for management of Australia’s coasts which are exposed to wave driven extreme 

erosion events (see, for example, Harley et al., 2017). The analysis presented here could be applied to the 

available hourly modelled wave data in order to assess how well the network observes synoptic scale wave 

fields. This would provide guidance on the optimal network for data assimilation and verification of operational 

wave forecast models. Hourly data would also provide a better framework for consideration of wave extremes. 

While we have attempted to resolve how well the upper tail of the wave distribution is represented by the buoy 

network through consideration of the 95th percentiles, assessing cross-correlations between hourly data would 

better resolve the spatial extent of wave extremes. A further benefit of using hourly data is that since the 

hindcast covers several decades, it would provide a much longer time series and consequently more robust 

results. In such an analysis, lagged correlations should also be considered. Hemer et al. (2008) assessed the 

spatial and temporal coherence of waves observed in the buoy records along Australia’s southern coast and 

found that high correlations could be observed with time lags of hourly scales, as wave events propagated across 

the region.  

The present analysis has been performed on the entire high resolution domain of the CAWCR hindcast which 

covers a relatively wide swath around the Australian coast. This means that the analysis will be biased towards 

buoys that are located away from the coast, and biased against buoys located in the nearshore, since the majority 

of the grid points contributing to the average maximum correlations are located offshore.  This could be 

addressed by limiting the spatial extent of the analysis to a narrower band.  

This work has provided initial broad brush guidance as to potential gaps in the national network for wave 

climate applications. Further guidance could be provided as to where the optimal locations are within these 

regions. This could be done through deploying a series of ‘virtual buoys’ within these regions, recalculating the 

correlations and assessing which of the ‘virtual buoys’ increase the average maximum correlation by the greatest 

amount. Further extensions could involve undertaking the analysis on sub-regions of the domain, to determine 

the optimal locations for specific regional stakeholders. 
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Finally, it should be noted that observational networks, including the network assessed here, are somewhat 

dynamic, with new platforms regularly being deployed, old ones removed, some instruments out of operation 

etc. With increasing recognition of waves as an important climate variable (WMO, 2016), a stable long-term 

observation network is preferred. However should any major changes to the network occur, this analysis should 

be revisited to assess the impacts on our ability to monitor the spatial and temporal variability of our wave 

climate. 
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