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ABSTRACT   

 

CASTELLE, B., TURNER, I.L., RUESSINK, B.G., AND TOMLINSON, R.B., 2007. Impact of storms on beach erosion: 
Broadbeach (Gold Coast, Australia). Journal of Coastal Research, SI 50 (Proceedings of the 9th International 
Coastal Symposium), 534 – 539. Gold Coast, Australia, ISSN 0749.0208 

The 70 km long Queensland Gold Coast has been one of Australia’s premier coastal holiday resort destinations 
for more than 40 years. Extreme events, particularly tropical cyclones approaching the area, can generate storm 
waves and surges which have caused widespread episodic damage to the local economy. Broadbeach, located on 
the Gold Coast, is a double-barred beach which is representative of most of the Gold Coast beaches. The present 
study aims to quantify Broadbeach response to storm events in order to assess the ability of this beach to 
withstand extreme events and to recover during periods of lower wave energy. From the 1st of March to the 10th 
of July, 2006, 35 accurate subaerial beach surveys were undertaken. ARGUS images were used to estimate the 
location of the nearshore bars. During this period, Broadbeach experienced three storm erosion events. Offshore 
buoy measurements are used to estimate wave conditions that occurred. The first storm (from the 2nd to the 6th of 
March) was a hybrid-cyclone which generated one of the most energetic wave conditions on the Gold Coast of 
the past 30 years, with measured offshore significant wave height reaching 5.3 m, and maximum wave height 
10.7 m at the Gold Coast Seaway buoy. During the two other storm wave events, wave conditions were much 
less energetic than during the first storm, with significant wave heights ranging from 2 to 3 m. The early March 
extreme event resulted in a 48m3/m erosion of the subaerial beach and a 70 m seaward migration of the outer bar 
in just a few days. Abnormally high erosion rates were measured during both the second and third storm wave 
events. This may be explained by the outer bar decay following the early March extreme event, which did not 
provide any significant protection during the subsequent two storm wave events. The severe erosion measured in 
this study suggests that the current average beach width may be too narrow to withstand an extreme event 
succession similar to the conditions that occurred in 1967. 

ADDITIONAL INDEX WORDS: Subaerial beach, intermediate beach, video imagery, wave buoy 
 

INTRODUCTION 
Queensland’s Gold Coast has been one of Australia's premier 

coastal holiday resort destinations for more than 40 years and has 
achieved iconic status within the local, national and international 
community. The potential of a tropical cyclone approaching the 
Gold Coast and generating storm waves and surges causing 
widespread damage to the local community is high. Beach 
nourishments and artificial sand bypassing systems have been 
implemented in order to enhance the ability of the Gold Coast 
beaches to withstand future cyclone attacks (DYSON et al., 2001; 
CASTELLE et al., 2006; 2007). A significant amount of beach 
surveyings have been undertaken by the Gold Coast City Council 
on an annual or monthly basis, however existing studies looking at 
the impact of a single storm on the response of the Gold Coast 
beaches are rare (MCGRATH, 1967). Thus, the current ability of the 
Gold Coast to withstand extreme events is poorly understood. The 
period since 1974 has been a relatively quiet period for the Gold 
Coast beaches with no severe erosion events. Currently, some key 
climate parameters like the cumulative Southern Oscillation Index 

(SOI) indicate that more cyclone events are likely within the next 
few years or decades (ALLEN and CALLAGHAN, 1999). 

The first half of 2006 experienced very energetic conditions 
with, in particular, the largest recorded peak maximum individual 
wave height (16.75 m) at the Brisbane wave buoy over the past 30 
years. This study aims to quantify the beach response to storm 
events using both accurate subaerial beach surveys and video 
imagery. This paper assesses the ability of Broadbeach, one of the 
most popular and developed regions along the Gold Coast 
beachfront, to withstand extreme events and to recover during 
periods of lower wave energy. 

STUDY AREA 
Broadbeach is located on the Gold Coast (Queensland, 

Australia, Fig. 1). This beach is representative of Gold Coast 
beaches. The tidal cycle is semidiurnal and varying from 0.2 to 2 
m with a mean tide range of 1 m. Tide-induced nearshore currents 
are not significant in comparison with wave-induced currents. 
Three swell regimes can be considered dominant on the coastal 
dynamics (ALLEN and CALLAGHAN, 1999). The first one is S to SE 
swells in winter and spring, generated by winter lows in the  
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Tasman Sea, which contribute to the main component of the 
northerly littoral drift. The second high wave regime is generated 
by tropical cyclones which have the highest potential for 
destruction (HOBBS and LAWSON, 1982), with significant wave 
height up to 8 m with a E-NE direction. The relatively narrow 
continental shelf affords a significant protection against tropical 
cyclone induced storm surge (HARPER, 1998), which can reach 
about 1 m in the Gold Coast region (AGSO, 2001). The third 
swell regime is generated by east coast lows which are common 
storm types for the Gold Coast region often resulting in SE to NE 
high waves, strong wind gusts and storm surges (ALLEN and 
CALLAGHAN, 1999). 

 The Gold Coast beaches sediment consists of fine sand 
(d50=200 μm). The estimated net rate of littoral sand transport is 
500 000 m3/y toward the north (TURNER, 2006) which comprises 
approximately 650 000 m3/y toward the north and 150 000 m3/y 
toward the south (TURNER et al., 2006).  

The nearshore morphology at Broadbeach is characterised by 
the presence of two alongshore sandbars that evolve at differing 
rates and frequently exhibit differing morphologies (VAN 
ENCKEVORT et al., 2004). The inner bar morphology varies from 
an alongshore uniform bar and trough system to a Low Tide 
Terrace (LTT) morphology, as defined by WRIGHT and SHORT 
(1984). The outer bar can go through the same states; in general, 
the outer bar develops more slowly than the inner bar and 
accordingly, is typically in a more dissipative state than the inner 
bar as the latter is subject to less wave energy because of wave 
breaking across the outer bar (VAN ENCKEVORT et al., 2004). 

METHODOLOGY 

Wave buoy data 
Two wave rider buoys maintained by the Environmental 

Protection Agency (EPA) and located close to the Gold Coast 
(Fig. 1) have been used in this study: the non-directional Gold 
Coast buoy (27o 57.84’S, 153o 26.55’E, 18 m water depth) and the 
directional Point Lookout buoy (27o 29.75’S, 153o 37.71’E, 73 m 
water depth). Data was logged at 30 minute intervals over the time 
period of the study. In the following, both significant wave height 
Hs and peak wave period Tp at the Gold Coast Seaway, and peak 
wave period direction Dp at the Brisbane buoy have been used to 
estimate wave conditions at Broadbeach.  

 

Figure 2. 3D view of 3 typical Broadbeach morphologies measured during the survey period. The thick line shows the location of the 
specific beach transect where beach volumes have been computed. 

 

Figure 1. Location of Broadbeach on the Gold Coast 
(Queensland, Australia), with location of the EPA wave 
buoys used in this study 



 

Journal of Coastal Research, Special Issue 50, 2007 

536 Castelle et al. 

Beach surveys 
35 subaerial beach surveys were undertaken with a laser 

theodolite over a 4 month period at low tide, from the 1st of March 
to the 10th of July, 2006. This period was chosen because it is 
within both the tropical cyclone and the east coast low period, 
which often results in the most erosive events on the Gold Coast. 
The surveys were always on the same segment of beach (15 m 
spacing for a 60 m long segment). When there was a rip channel 
development, additional survey transects were undertaken in both 
longshore directions of the beach segment. The sand elevation was 
corrected using the position of the closest base station. The 3D 
beach maps were computed using triangular interpolation on 
regular rectangular grid (2.5 m meshes in both directions).  Figure 
2 shows some examples of computed 3-dimensional beach 
morphology within the survey period.  

For each survey site, the beach volume is calculated from the 
dune start to the shoreline position. There is an extensive range of 
shoreline indicators reported in the literature (BOAK and TURNER, 
2005). In the present study, the shoreline position is defined as the 
intersection of the beach profile with Mean Sea Level which, for 
the Gold Coast beaches, corresponds approximately to 0 m 
Australian Height Datum (AHD).  

For the present study, a specific beach transect is chosen to 
compute the beach volume and the shoreline position (thick line 
transects on Fig. 2). The beach volume (m3/m) is then obtained for 
each beach survey, with, respectively, VO and V1 the volume from 
0 AHD to the upper dune and from +1 AHD to the upper dune. 
The reference beach volume is defined as the beach volume 
computed during the first survey (1st of March 2006).  

Video imagery 
The ARGUS video station (TURNER et al., 2006), installed in 

1999 at Surfers Paradise (Fig. 1), consists of four cameras pointed 
obliquely along the beach, providing 180 degree uninterrupted 
coverage of the northern Gold Coast region.  Each daylight hour 
the station routinely collects a 10-minute time-exposure image for 
every camera, created by the averaging of 600 individual snap 
images sampled at 1 Hz. The most conspicuous elements of such 
an image are the high-intensity, alongshore continuous bands, 
which reflect the position of predominant wave breaking on the 
sandbars (Fig. 3).  

Here, all (daily) low-tide time-exposure images from late-
February to mid-July, 2006 of each camera were rectified and 
merged to yield a daily planview image extending 3 km and 0.7 
km in the alongshore and cross-shore direction, respectively. 
Provided wave breaking was sufficiently pronounced to create an 
alongshore continuous breakerline, an optical crest line was 
estimated for the inner and outer bar (VAN ENCKEVORT et 
al., 2004). The alongshore-averaged value of each crest line 
represents the overall cross-shore position of the bar, while the 
corresponding standard deviation is a measure of how well 
crescentic or rip patterns are developed. 

 RESULTS 

 Storm erosion events 
 During the survey period, the Gold Coast experienced three 

significant erosion events. Only the early March high wave event 
was exceptional, while the two other high wave events were of a 
common type on the Gold Coast. They also resulted in significant 
erosion of the subaerial beach.   
•  The first high wave event (from the 2nd to the 6th of March) 

resulted in the second highest significant wave height 

recorded at the Brisbane Buoy (Fig. 1) since automated wave 
recording commenced in 1976. Significant wave height 
reached 5.3 m at the Gold Coast Seaway buoy (Fig. 1). An 
important characteristic of this event is that it occurred over a 
long period, with measured significant wave height larger 
than 3.5 m for three days at the Gold Coast Seaway buoy. 
The low pressure system that generated this high easterly 
wave event was not a standard tropical cyclone but rather a 
sheared-type hybrid with storm-force winds with at times a 
large and clear “eye-like” feature visible through satellite 
imagery. The low was located about 200 km northeast of the 
Gold Coast. This event resulted in an intense erosion of 
Broadbeach (Figure 4) and a maximum measured storm surge 
of 0.38 m (EPA, 2006). The storm tide did not exceed the 
Highest Astronomical Tide (HAT) as the event occurred 
during tides with ranges well below spring-tides (EPA, 
2006). 

Figure 3. Plan view images at Surfers Paradise showing the 
temporal evolution of both inner and outer sand bars, see text for 
further explanation. 

Figure 4. Photographs of Broadbeach Beach before and after the 
early March extreme event with the formation of a 1.5 m dune 
cliff. 
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•  The second high wave event (from the 23rd to the 28th of  
March) was generated by tropical cyclone Wati which formed 
in Fijian waters and then tracked southeast, parallel to the 
Queensland Coast and eventually weakened over cold waters. 
The cyclone did not cross the Gold Coast but generated 
significant wave heights up to 3 m, with an E-SE incidence.  

•  The third high wave event (from the 22nd to the 29th of April) 
was complex as it was generated by three distinct low 
pressure systems. SE swell was generated by a succession of 
2 deep low pressure systems: the first system quickly 
deepened and weakened off the New South Wales Coast and 
the second system remained quasi-stationary over New 
Zealand between the 24th and the 28th of April. Both storms 
generated high energy SE waves with significant wave 
heights of about 2 m. At the same time, a long range E-NE 
swell was generated by the combination of a low pressure 
system eastward of New-Caledonia and a high pressure 
system over the Tasman Sea.   

 Subaerial beach response 
 Figure 5 shows the reference subaerial beach transect measured 

during the survey period. The thick line represents the profile 
measured before the first high wave event in early March. Near 
the upper part of the beach, the erosion reaches 2 m in comparison 
with the initial reference beach profile. The three groups of upper 
beach profiles (Fig. 5) clearly identify the dune retreat during each 
high wave-induced erosion event. Near the lower part of the 
beach, some beach profiles reveal the presence of the inner 
subtidal bar almost welded to the beach. Most of the profiles have 
a plane sloping profile with a relatively constant gradient within 
the intertidal domain of 0.04. Figure 2 shows three typical 3D 
beach morphologies observed during the survey period. On the 1st 
of March, 2006 (Fig. 2.B) the beach exhibited a featureless profile. 
After the early March extreme event (Fig. 2.B), the beach 
exhibited an alongshore uniform concave profile with a dune cliff 
in its upper part. After two weeks of low energy conditions (Fig. 
2.C), a berm in the upper part of the beach and a Transverse Bar 
and Rip morphology were observed. 

 Figure 6 shows the time series of wave conditions, beach 
volume and both inner and outer bar distance to the shore over the 
survey period. The three main high wave events described in the 
previous section are indicated. Over the survey period, 
Broadbeach lost 26 m3/m and 40 m3/m respectively for the beach 
volume V1 and V0. During the first high wave event, Broadbeach 
beach experienced a 48 m3/m loss of sand (V0) over a five day 
period. Given the not so energetic conditions, the two following 
high wave events resulted in surprisingly high erosion rates, which 
will be discussed below. During low energy conditions, maximum 
recovery rates can reach 1.5 m3/m/day (see for example the period 
from the 1st and the 12th of May on Fig. 6, with Hs~0.5 m). A 
synthesis of the averaged erosion and recovery rates at 
Broadbeach is given in Table 1. It shows that erosion rates are 
about an order of magnitude larger than recovery rates. This 
means that Broadbeach, in its current configuration, requires at 
least one month of low energy conditions to recover a three day 
typical high wave event.     

 Sandbar response 
 The bottom panel of Figure 6 shows the evolution of both inner 

and outer bar position and the superimposed standard deviation 
during the survey period. The standard deviation can be 
considered as a measure of how pronounced three-dimensional 
features are. It shows that the early March storm has the most 
significant impact on both bars. Before this high wave event, 
there was no inner bar and the outer bar was welded to the shore 
(Fig. 6) and exhibited a TBR morphology (Fig. 3.A). The early 
March storm induced both a 70 m seaward migration and a 
straightening of the outer bar and the formation of a straight inner 
bar (Fig. 6.B).  

During the months following the early March storm, no 
rhythmic feature developed on the outer bar (Fig. 3.B, 3.C, 3.D, 
3.E, see also the weak standard deviation on Fig. 6). Instead, the 
breaker pattern over the outer bar was rather straight and blurred, 
also suggesting that the outer bar was deeper than usual (VAN 
ENCKEVORT et al., 2004). After the first event until mid-June, the 
outer bar undertook a quasi steady shoreward migration at a rate 
of about 1 m/day (Fig. 6), except during the second and third high 
wave event when the bar position remained rather constant. In 
June, the outer bar eventually welded to the inner bar (Fig. 3.E). 

The inner bar was formed during the early March extreme 
event and remained well developed during all the study period 
(Fig. 3.B, 3.C, 3.D, 3.E). The inner bar behaviour is similar to the 
behaviour observed by VAN ENCKEVORT et al. (2004). During 
lower wave events, the inner bar both migrates shoreward and 
develops three-dimensional features. During higher wave energy 

Table 1: Estimation of erosion (-) and recovery (+) rates 
(m3/m/day) of Broadbeach over the survey period. 

Period Rate 
Early March extreme 
event: 2/3/06-6/03/06 -12.0 

6/3/06-23/3/06 +0.1 
Second High wave event:  

23/3/06-28/3/06 -3.3 

28/3/06-22/4/06 +1.0 
Third High wave event: 

22/4/06-29/4/06 -4.0 

29/4/06-11/6/06 +0.4 

Figure 5. Superimposed beach profiles (at the specific transect, see 
Fig. 2) over the survey period. The thick line represents the profile 
prior to the early March extreme event, and the arrows indicate the 
three distinct groups of upper beach profiles 
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conditions, the inner bar migrates seaward and tends to straighten 
(Fig. 6). 

DISCUSSION 
Investigation of offshore wave conditions erosion/recovery rates 

and sandbar morphodynamics, show that during the study period 
Broadbeach experienced very uncommon conditions. At the end 
of the third high wave event, the subaerial beach had lost 65 m3/m 
(V0) in only 60 days. A similar investigation was undertaken on a 
high energy steep beach in Hawaii (DAIL et al., 2000). DAIL et al. 

(2000) showed that the beach had lost approximately 40-60 m3/m 
during the high wave energy winter period which is in the same 
order as the present study. Given that wave conditions on the Gold 
Coast were considerably less energetic, results suggest that 
Broadbeach beach is significantly vulnerable and is more easily 
eroded than other beaches reported in the literature. Time series of 
offshore wave conditions combined with the evolution of the 
beach volume also suggests that the studied beach is more exposed 
to high erosion rates in the presence of NE to E swell 
(60o<Dp<90o). This trend is in agreement with visual observations 
all along the Gold Coast.  

Figure 6. Panels from top to bottom are time series of Hs at the Gold Coast Seaway buoy, peak wave period at the Gold Coast Seaway buoy 
Tp and peak period direction at the Brisbane buoy Dp, beach volume V0 and V1, both inner and outer alongshore averaged sandbar bar 
position with superimposed standard deviation.  
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 Both the second and third storm wave events are estimated to 
be of a common high wave event type on the Gold Coast. They 
resulted in an abnormal high erosion rate at Broadbeach beach 
(Fig. 6), as for most of the Gold Coast beaches. An explanation for 
the abnormal measured erosion rate during both the second and 
third high wave event may be explained by the outer bar 
behaviour. After the early March extreme event, the outer bar was 
located far offshore and was deeper than usual (VAN ENCKEVORT 
et al., 2004). During the period following the early March extreme 
event, the outer bar never developed rhythmic features, remained 
deep and then might not have provided a significant protection 
against high wave conditions. Our inspection of all available time 
exposure images suggests that similar outer-bar decay could have 
occurred 2 to 3 times in the 1999-2005 period. This will be 
explored in more details elsewhere.  

Despite the survey period reported here coinciding with one of 
the most energetic wave energy periods over the past 30 years, no 
true tropical cyclone or east coast low crossed the Gold Coast 
region, which it is presumed might have resulted in higher waves 
and larger storm surge. The past 30 years of relatively quiet period 
was associated with a generally negative trend of the cumulative 
SOI (ALLEN and CALLAGHAN, 1999). The trend is currently quite 
neutral and some indicators suggest that we could experience a 
positive trend within the next few years. Such a positive trend is 
likely to result in more frequent occurrences of cyclones (ALLEN 
and CALLAGHAN, 1999), and consequently more severe erosion 
events. During 1967, five tropical cyclones combined with three 
east coast lows were estimated to remove 8 million cubic meters 
of sand from the Gold Coast beaches (DHL, 1970). Given the 
severe erosion measured during this study and the current beach 
width, it is reasonable to assume that Broadbeach would not 
withstand a subsequent storm wave event succession. 

 

CONCLUSIONS 
 Broadbeach experienced a succession of large wave events 

during the period March-July 2006. The resulting dune retreat is 
estimated to be about 10-15 m and the dune buffer left is currently 
less than 20 m between the beach and the seawall constructed on 
the alignment of the erosion scarp of the 1967 storms (ROBERTSON 
et al., 2002). The early March extreme event is mostly responsible 
for the measured high erosion rates. This high wave event resulted 
in a 48m3/m erosion of the subaerial beach and a 70 m seaward 
migration of the outer bar in just a few days. The outer bar decay 
following the early March extreme event may have resulted in a 
lack of protection of the subaerial beach from the second and third 
storm wave events, which could explain the abnormally high 
measured erosion rates. Results show that Broadbeach beach is 
vulnerable and that a severe storm may have both an immediate 
impact on erosion and a longer term impact on the ability of the 
beach to withstand extreme events. This study also shows once 
again the key role of nearshore bars on beach morphodyamics and 
erosion processes. To conclude, based on the research presented in 
this paper, it is reasonable to assume that a sequence of storms 
similar to 1967 would erode Broadbeach back to the seawall. The 
severe erosion measured in this study suggests that the current 
average beach width may be too narrow to withstand the extreme 
events.  
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