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Executive Summary 
Cottesloe is one of the most iconic beachside suburbs in Australia and, as such, the land and infrastructure 
along its coastline holds significant financial and historical value. As for coastlines throughout the world, the 
effects of climate change and subsequent sea level rise pose significant threat to beaches and adjoining land 
�D�O�R�Q�J���&�R�W�W�H�V�O�R�H�¶�V���F�R�D�V�W�O�L�Q�H���� 

The Town of Cottesloe (ToC) commenced a long-term monitoring program in 2014 to gain knowledge of the 
patterns in beach changes along its coastline and potentially identify longer-term trends in erosion and/or 
accretion. The program involves shoreline surveys undertaken approximately every 6 months, spread along 
�W�K�H���V�S�D�Q���R�I���W�K�H���7�R�Z�Q�¶�V���V�K�R�U�H�O�L�Q�H�����&�R�P�S�O�H�P�H�Q�W�D�U�\���W�R���W�K�L�V�����P�R�Q�L�W�R�U�L�Q�J���E�\���U�H�P�R�W�H���F�D�P�H�U�D���X�Q�L�W�V��have provided 
�L�P�D�J�H�V���H�Y�H�U�\���K�R�X�U���R�I���W�Z�R���N�H�\���V�H�F�W�L�R�Q�V���R�I�� �W�K�H���7�R�Z�Q�¶�V��shoreline; Cottesloe Main Beach and North Cottesloe 
Beach. A third camera unit was also installed in June of 2016, to monitor a section of beach directly to the 
north of the Beach Street Groyne. Cardno has been commissioned to facilitate this photo monitoring since the 
end of 2015 and provides ongoing analysis and reporting of the captured imagery and survey data.  

This report summarises an observation period of 5 years, from the start of April 2014 to the end of March 2019, 
and includes an analysis of all captured imagery and surveyed profiles achieved during this time. The data has 
been assessed with respect to local water level and wave data collected by the Department of Transport (DoT) 
and wind data from the Bureau of Meteorology (BoM), to provide context and explain possible drivers of 
observed change.  

Hourly high-resolution images of the shoreline at Cottesloe Main Beach, North Cottesloe Beach and the beach 
to the north of the Beach Street Groyne were visually inspected. This allowed identification of shoreline 
movement, which generally followed seasonal trends, and an approximation of the timing of the most receded 
and advanced shoreline positions at each beach section. Imagery was also analysed at three locations to 
detect shoreline movement, providing a quantified estimate of shoreline position for three images per day. 
Shoreline movement trends were comparable to those detected visually.  

Shoreline survey campaigns were undertaken around October and April each year of the observation period, 
�D�W���������W�U�D�Q�V�H�F�W���O�R�F�D�W�L�R�Q�V���D�O�R�Q�J���W�K�H���7�R�Z�Q�¶�V���V�K�R�U�H�O�L�Q�H. Comparisons of the surveys were made to assess changes 
in beach morphology over the observation period, at approximately the same point in the seasonal cycle. Both 
of these comparisons show net overall loss of sediment from the beach within the study area, most prominently 
to the north of the Cottesloe Groyne. There are also areas that appear to have accreted over this period, 
predominantly to the south of the Cottesloe Groyne. Given the high variability of shoreline positions and beach 
profiles across the study area, it is difficult to confirm this sediment deficit as an ongoing trend. 

Metocean conditions including local wind, water level and wave records were relatively typical for the 
observation period overall. Relatively energetic wind and wave conditions were observed in 2017 and 2018, 
while 2015 was relatively mild. No significant variation in mean water level was observed for the observation 
period, in comparison to the historical record.  

Storm monitoring data captured so far suggests that early winter storms have the greatest potential to erode 
the beach and generate storm surge at Cottesloe Main Beach. The impact to the beach profile of major winter 
storms monitored has been negligible. This observed difference could be due to a range of factors, including 
the vulnerability of the beach at these times due to seasonal erosion and accretion trends, as well variability 
in local coastal process from the start to the end of the winter season.  

Data collected during the observation period has pointed to key drivers of sedimentation and erosion within 
the study area. These are likely to be: the frequency, energy and duration of wave conditions, as well as 
coinciding water levels; and the strength and direction of longshore currents. However, the individual influence 
of these components and how they interact is not yet clearly defined. The inputs of sediment to the study area, 
likely to be mainly longshore transport from the south and cross-shore supply from offshore sources, are also 
yet to be properly quantified. As the monitoring program continues and additional data collection exercises are 
included, such as those recommended in this report, these key drivers and influences will be better understood. 
This information will be highly valuable in preparing Cottesloe to adapt to the changes anticipated with a 
changing climate.   
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1 �,�Q�W�U�R�G�X�F�W�L�R�Q 

1.1 Study Site  

The Town of �&�R�W�W�H�V�O�R�H�����K�H�U�H�L�Q���U�H�I�H�U�U�H�G���W�R���D�V���µ�W�K�H���7�R�Z�Q�¶���� �L�V���V�L�W�X�D�W�H�G���D�E�R�X�W�������� �N�P���W�R���W�K�H���Z�H�V�W���R�I�� �3�H�U�W�K�¶�V���F�L�W�\��
centre in Western Australia (Figure 1 -1). With approximately 4 km of highly developed Indian Ocean coastline 
���µ�W�K�H�� �V�W�X�G�\�� �D�U�H�D�¶��, Cottesloe has earned a reputat�L�R�Q�� �D�V�� �R�Q�H�� �R�I�� �$�X�V�W�U�D�O�L�D�¶�V�� �L�F�R�Q�L�F�� �E�H�D�F�K�� �G�H�V�W�L�Q�D�W�L�R�Q�V����
�6�X�E�V�W�D�Q�W�L�D�O�� �S�X�E�O�L�F�� �D�Q�G�� �S�U�L�Y�D�W�H���L�Q�I�U�D�V�W�U�X�F�W�X�U�H���O�L�H�V�� �D�G�M�D�F�H�Q�W�� �W�R�� �W�K�H�� �7�R�Z�Q�¶�V�� �V�K�R�U�H�O�L�Q�H���� �K�R�O�G�L�Q�J�� �V�L�J�Q�L�I�L�F�D�Q�W���Y�D�O�X�H����
This value takes various forms, including: private and commercial property, commercial business through 
several bars, restaurants and shops, public amenity through the beach itself, adjoining walkways and parks, 
key infrastructure, such as roads, and touristic and historical value. Given the close proximity of infrastructure 
to the shoreline and the inherent value provided by the coast itself, predicted rising sea levels and potential 
changes to coastal processes in the area pose management challenges for the Town. 

1.2 Study Purpose  

�%�H�D�F�K�H�V�� �D�O�R�Q�J�� �W�K�H�� �7�R�Z�Q�¶�V�� �F�R�D�V�W�O�L�Q�H�� �H�[�S�H�U�L�H�Q�F�H�� �V�K�R�U�W-term, event based and seasonal erosion, as well as 
accretion of sediment in some areas. CZM & Damara (2008) suggested that the overall coastline may be 
exhibiting a trend of long-term erosion. In November 2014 the Town commenced a monitoring program to 
gather ongoing data that will improve its understanding of patterns of shoreline change. This data will be used 
to develop an adequate basis for future planning; to mitigate potential coastal hazards through management 
and adaptation. Anticipated major threats to the coastline are those associated with climate change, including 
predicted sea level rise and potential changes to meteorological and hydrodynamic conditions in the region. 

�$�W�� �S�U�H�V�H�Q�W���� �W�K�H�� �7�R�Z�Q�¶�V�� �R�Q�J�R�L�Q�J�� �P�R�Q�L�W�R�U�L�Q�J�� �S�U�R�J�U�D�P�� �L�Q�F�O�X�G�H�V�� �W�K�H�� �U�H�J�X�O�D�U�� �F�D�S�W�X�U�H�� �R�I�� �L�P�D�J�H�U�\�� �R�I��three key 
sections of coastline. In addition to this, surveys of 39 shoreline transects, at roughly 100m intervals along the 
�7�R�Z�Q�¶�V���F�R�D�V�W�O�L�Q�H���D�U�H���X�Q�G�H�U�W�D�N�H�Q���D�S�S�U�R�[�L�P�D�W�H�O�\���H�Y�H�U�\���V�L�[���P�R�Q�W�K�V�����&�D�U�G�Q�R���Z�D�V���F�R�P�P�L�V�V�L�R�Q�H�G���D�W���W�K�H���V�W�D�U�W���R�I��
2018 to maintain the cameras, to continue the capture of remote imagery for a further 12 months. Alongside 
this, Cardno are to provide summary reporting on data collected over the past five years, noting observed 
coastal changes and linking this to possible drivers. This work will be carried out in the context of previous 
studies and collected data at the site to build, in an ongoing manner, a baseline for coastal processes and 
shoreline behaviour assessments. 

The purpose of this report is to analyse data attained over the course of the monitoring program (BMT 
Oceanica, 2015; Cardno, 2016; Cardno 2017, Cardno 2018). The time period assessed in this report was from 
the 1st of April 2014 to the 31st �R�I���0�D�U�F�K���������������Z�K�L�F�K���L�V���K�H�U�H�L�Q���D�O�V�R���U�H�I�H�U�U�H�G���W�R���D�V���µ�W�K�H���R�E�V�H�U�Y�D�W�L�R�Q���S�H�U�L�R�G�¶�� 
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1.3 Background  

1.3.1 Climate and Metocean Conditions  

The study site is influenced by two dominant seasonal weather patterns. The summer period is characterised 
by south to south-westerly sea breezes that generally increase through the afternoon and can be very strong 
at times, reaching up to 50km/hr. The winter period is characterised by intermittent storms attributed to mid 
latitude low pressure systems, bringing more west to north-westerly wind conditions that can exceed 75 km/hr 
during storms.  

The two seasonal weather modes dominate the local wave climate with locally generated seas from the south, 
south-west interrupting generally calm conditions during summer. Storms during winter lead to higher energy 
wave conditions and a greater presence of off-shore derived swell, which generally propagates from the south-
�Z�H�V�W�����7�U�R�S�L�F�D�O���F�\�F�O�R�Q�H�V���W�K�D�W���G�H�Y�H�O�R�S���G�X�U�L�Q�J���W�K�H���V�X�P�P�H�U���P�R�Q�W�K�V���R�I�I���:�$�¶�V���Q�R�U�W�K-west coast rarely track down 
�W�R�� �W�K�H�� �V�W�X�G�\�� �D�U�H�D�¶�V�� �O�D�W�L�W�X�G�H���� �E�X�W�� �K�D�Y�H�� �E�H�H�Q�� �U�H�F�R�U�G�H�G�� �L�Q�� �W�K�H�� �U�H�J�L�R�Q�� �D�Q�G�� �F�D�Q�� �F�D�X�V�H�� �Vignificant erosion and 
damage to coastal infrastructure. 

The study area is afforded protection from offshore wave conditions by Rottnest Island to the west and fringing 
limestone reef structures scattered adjacent to the coastline (visible in Figure 2 -3 below). Groynes constructed 
�R�Q�� �W�K�H�� �7�R�Z�Q�¶�V�� �F�R�D�V�W�O�L�Q�H�� �F�D�Q�� �S�U�R�Y�L�G�H�� �O�R�F�D�O�� �V�K�H�O�W�H�U�L�Q�J�� �I�U�R�P�� �L�Q�V�K�R�U�H�� �Z�D�Y�H�V�� �I�R�U�� �V�R�P�H�� �F�R�D�V�W�O�L�Q�H�� �V�H�F�W�L�R�Q�V����
depending on the wave direction. 

The study area experiences low tidal range from mixed but mainly diurnal tides. The tidal range varies from 
0.3 m during neap tides to 0.7 m during springs. This small tidal movement allows wind to be a major driver of 
currents, particularly at the nearshore zone. Longshore currents correspond to seasonal wind and wave 
conditions, predominantly propagating northward during summer and to the south during winter. The 
interaction of these currents with shoreline features can form local eddy and rip currents, particularly when 
swell is present, driving substantial water movement perpendicular to the shore. 

1.3.2 Sediment  Dynamics  

Shoreline sediments within the study area are primarily calcium carbonate sands, made up of biogenic material 
derived from offshore and eroded limestone material derived from the land (CZM & Damara 2008). Under the 
Department of Transpo�U�W�¶�V���V�H�G�L�P�H�Q�W���F�H�O�O���K�L�H�U�D�U�F�K�\�����W�K�H���V�W�X�G�\���D�U�H�D���O�L�H�V���Z�L�W�K�L�Q���3�U�L�P�D�U�\���6�H�G�L�P�H�Q�W���&�H�O�O���)��- South 
Mole Fremantle to Pinaroo Point. Within this primary cell the study area is covered by two secondary sediment 
cells (25 and 26) and subsequently by two tertiary cells; 25b �± Leighton salient to Mudurup Rocks and 26a �± 
Mudurup Rocks to north Swanbourne pipe. The division of the study area into two secondary/tertiary sediment 
cells at Mudurup Rocks means different mechanisms of coastal change could be expected in the two cells 
over the short to medium term (i.e. interannual to decadal timescales).  

Longshore sediment transport within the study area has been shown to be mainly northward from September 
to April, associated with prevailing currents over the summer period. A southward movement of sediment is 
usually observed during the winter months of June and July. The result is a net northward movement of material 
annually (CZM & Damara 2008). Nearshore structures can obstruct this sediment movement. The most notable 
example of this is the Cottesloe Groyne which exhibits accretion of sediment at its northern side in winter and 
alternatively erosion at the same site during summer. 

Cross-shore sediment movement is also seasonal with sporadic periods of swell pushing sediment onto the 
shore, steepening the beach profile. Mid-year the beach is reformed by the energy of winter storms eroding 
the beach face and redepositing sediment to form sandbars just offshore. These formations become stable 
towards the end of winter and act as a buffer, preventing wave breaking at the shore and the substantial shifting 
of sediment it can cause. 

1.3.3 Coastal  Geology and Geomorphology  

Cottesloe Main Beach is classified as a reef-protected, reflective sandy beach with strong currents, and North 
Cottesloe Beach is classified as a reflective (steep) beach (BMT Oceanica, 2015). The stable component of 
�W�K�H���V�W�X�G�\���D�U�H�D�¶�V���J�H�R�P�R�U�S�K�R�O�R�J�\�� �L�V���W�K�H���7�D�P�D�O�D���/�L�P�H�V�W�R�Q�H���Z�K�L�F�K���X�Q�G�H�U�O�L�H�V���D�Q�G���E�D�F�N�V���W�K�H���E�H�D�F�K�H�V���D�Q�G���D�O�V�R��
forms headlands and offshore reefs.  
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The Town commissioned GPGMAPS to undertake geotechnical surveys in 2010 and 2011 to address the key 
�N�Q�R�Z�O�H�G�J�H�� �J�D�S�� �L�Q�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �W�K�H�� �V�W�X�G�\�� �D�U�H�D�¶�V�� �O�R�F�D�O�� �J�H�R�O�R�J�\���� �%�D�V�H�G�� �R�Q�� �W�H�V�W�L�Q�J�� �R�I�� �D���O�R�Q�J�V�K�R�U�H�� �V�H�J�P�H�Q�W��
between Curtin Avenue and North Street, the depth between ground level and bedrock ranged between 
approximately 5 metres and greater than 10 metres. Between just south of Curtin Avenue and Gibney Street 
this bedrock was mainly at or above mean sea level (MSL). Other sections of the survey showed that bedrock 
was below MSL, by greater than 2 metres in places. The compaction of beach sediment was found to be 
variable with depth along the tested segment, with generally poor compaction in the first 5 metres below the 
surface. Testing along a transect perpendicular to the shoreline revealed high variability in the depth from 
surface to bedrock; ranging from 2 metres to greater than 10 metres.  

1.3.4 Engineered structures  

Some manmade structures also play an important role in the local hydrodynamic and sediment regimes. The 
most notable structures are two groynes. One large groyne constructed at Mudurup Rocks (Cottesloe Groyne), 
�I�R�U�P�L�Q�J�� �W�K�H�� �V�R�X�W�K�H�U�Q�� �E�R�X�Q�G�� �R�I�� �&�R�W�W�H�V�O�R�H�¶�V�� �P�D�Ln beach, and a shorter groyne adjacent to Beach Street. A 
concrete seawall has also been constructed between Warnham Road and Cottesloe Surf Life Saving Club. 

1.3.5 Coastal Vulnerability  

CZM and Damara carried out a Coastal Vulnerability Investigation for the Town in 2008, which provided an 
assessment of areas at potential risk under various climate change scenarios in 2070. This assessment was 
restricted by a lack of geotechnical data at the time. BMT Oceanica reviewed this assessment in 2015, in light 
of the re�V�X�O�W�V���R�I���*�3�*�0�$�3�6�¶�V���J�H�R�W�H�F�K�Q�L�F�D�O���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V�����$�U�H�D�V���D�W���K�L�J�K���U�L�V�N���X�Q�G�H�U���O�L�N�H�O�\�������������F�O�L�P�D�W�H���F�K�D�Q�J�H��
conditions were analysed against areas deemed to be at risk based on bedrock level relative to MSL. From 
this, the following sections of coastline were deemed to be most at risk of coastal impact: 

> Between North Street and Grant Street 

> South of Grant Street opposite Grant Marine Park 

> Between Eric Street and Eileen Street 

> Between Napier Street and Warnham Road 

> Between Beach Street and Gibney Street 

 

 



Five Year Summary Report �± April 2014 to March 2019 
Cottesloe Coastal Monitoring  

CW1066000_R03_Rev1_Summaryreport.Docx Cardno 5 

2 �0�H�W�K�R�G�R�O�R�J�\ 

2.1 Remote Imagery  

2.1.1 Data Collection  

Remote imagery units were initially installed on the 19th of November 2014 at two locations that monitored two 
�L�P�S�R�U�W�D�Q�W�� �V�H�F�W�L�R�Q�V�� �R�I�� �W�K�H���7�R�Z�Q�¶�V�� �F�R�D�V�W�O�L�Q�H���� �&�R�W�W�H�V�O�R�H���0�D�L�Q���%�H�D�F�K�� �D�Q�G�� �1�R�U�W�K�� �&�R�W�W�H�V�O�R�H���%�H�D�F�K���� �7�K�H�V�H�� �X�Q�L�Ws 
remained in place until the 9th of December 2015. Cardno installed remote imagery units at the same two 
locations on the 23rd of December 2015 to capture the same approximate sections of coastline. A third camera 
unit was installed on the 28th of June 2016. Figure 2 -1 shows the camera locations and the approximate spans 
of shoreline that they monitor. All three camera units have been running continuously from their installation 
dates until present.  

The camera units capture high resolution images hourly, between 05:00 hours and 19:00 each day. Shortly 
after its capture a low resolution sample of each of these photos is transmitted, via mobile network, to a Cardno 
& Town email inbox for daily observation and backup. The units can also be remotely prompted by the user to 
send a high resolution image at the next upcoming capture interval.  

For this summary report Cardno incorporated analysis of all high-resolution images captured between the 19th 
of November 2014 and the 31st of March 2019.  

2.1.2 Data An alysis  

All captured images were combined into time-lapse videos to allow visual observations of shoreline change. 
The most receded and most advanced shoreline positions, each year, were identified through visual 
observation for each camera field of view (FOV).  

Automated analyses of shoreline imagery were undertaken to derive an estimated shoreline position dataset 
at three locations. Methods established by Altinuc, Keceli & Sezer (2014) were incorporated. Shoreline position 
along one survey transect was analysed within each camera FOV. Specifically, shoreline positions along 
survey profile 16 in the FOV for Camera 1, survey profile 8 in the FOV for Camera 2 and survey profile 28 in 
the FOV for Camera 3 were derived. Images taken at 9:00AM, 12:00PM and 3:00PM on each day from 
Cameras 1, 2 and 3 were isolated to be analysed for shoreline detection. A number of image pre-processing 
techniques were applied to the photo datasets, to improve automatic shoreline detection. These were: 

> Orthorectification through the use of set control points to standardise the FOV for each set of photos for a 
particular camera location;  

> Gaussian Blur filter to reduce the influence of noise from a small group of pixels;  

> Conversion of colour space from RGB to HSV so as to better discriminate between land and sea; and 

> Grayscale conversion so that the image can be easily analysed through automatic processes.  

Previous shoreline profiles were used to derive an average beach slope and position for each of the three 
transects. This average position was overlayed on images using field validation data. The field exercise 
involved placing a series of vertical poles along the transect, at known coordinates and elevations, with black 
and white gradations that could be detected in the image. From this, the following steps were undertaken: 

> The line representing the average beach slope and position was superimposed to assess where it was 
intersected by the shoreline; 

> The detected shoreline position was translated along the slope to account for variation in water level. This 
adjustment was based on the difference between the corresponding water level and MSL (0 mAHD) at 
Fremantle for the observation period; and 

> The shoreline position was translated to the horizontal plane to derive a relative horizontal shoreline 
position.    
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