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INTRODUCTION

This report was prepared by Water Research Laboratory (WRL) for Gold Coast City
Council. It is the first in a series of reports to be provided twice per year, to describe and
quantify the coastline response to the implementation of the Northern Gold Coast Beach
Protection Strategy (NGCBPS).

1.1

General

In July of 1999, an ARGUS coastal imaging system was installed at the northern Gold
Coast by WRL, with the assistance of WL|delft hydraulics (The Netherlands) and the
Australian Defence Force Academy. This leading-edge technology was selected by Gold
Coast City Council to provide quantitative, continuous and long-term monitoring of the
growth of the beach that is predicted to occur. It is the ability to provide quantitative
information that distinguishes the ARGUS coastal imaging system from conventional
‘webcam’ technology.
This is the first time that coastal imaging has been used in Australia to monitor the
regional-scale response to major coastal engineering works, and it is fitting that this new
technology should be used in conjunction with the implementation of the innovative
NGCBPS project.
The coastal imaging system installed at the northern Gold Coast became fully operational
on 1st August 1999. This timing coincided with the commencement of reef construction.
Beach nourishment commenced approximately six months prior to the installation of the
coastal imaging system, in February 1999. At the time of writing, reef construction and
beach nourishment are continuing.

1.2

Report Outline

Following this introduction, Section 2 of this report provides a brief overview of the
Northern Gold Coast Beach Protection Strategy, including the objectives of the Strategy
and a description of the engineering works presently under way at the Gold Coast.
Section 3 contains a more detailed description of the ARGUS coastal imaging system. The
design and installation of the system are described, including the critical steps of camera
calibration and establishing ground control points (GCPs) within the project area. Section 4
introduces and illustrates the images types presently being collected on a routine and
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automated basis by the system. Also included is a description of the basic digital image
processing techniques of image merging and image rectification that together underpin the
coastal imaging technique.
The web site established to promote the monitoring program is introduced in Section 5.
Description includes the web-based image archive that provides unrestricted access to all
images, and ‘time-lapse’ animation files that are updated on a monthly basis.
Section 6 introduces the beach morphodynamic classification model of Wright and Short
(1983), that is then used to describe beach changes observed from the time-series of
images for the period August 1999 – February 2000. Particular emphasis is given to the
identification of features that can be attributed to the beach nourishment and reef
construction works.
A new image analysis technique was required for this project to detect and map the
shoreline using images selected at weekly intervals. A brief description of this
methodology is provided in Section 7.
The quantitative analysis of shoreline change for the period August 1999 to February 2000
is then detailed in Section 8. This task is at the core of the monitoring project. Through the
presentation of the initial seven months of shoreline data and results, the various techniques
and format for future ongoing shoreline analysis are established.
Finally, Section 9 presents conclusions and identifies future work.
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2.

BACKGROUND

2.1

Northern Gold Coast Beach Protection Strategy

2-1

The Northern Gold Coast Beach Protection Strategy (ICM, 1997) proposed a long-term,
sustainable plan to maintain and enhance the beaches at Surfers Paradise, Gold Coast
Queensland, Australia (Figure 2.1). Tourism is the Gold Coast’s largest industry, however,
the tourist economy is at risk of significant losses due to storm beach erosion.
The Northern Gold Coast Beach Protection Strategy (NGBPS) aims to decrease the risk of
economic loss following storm events by increasing the volume of sand within the storm
buffer seaward of the existing oceanfront boulder wall. The NGBPS has the dual objectives
of increasing the sand volume within the dunal buffer through sand nourishment and
improving surf quality through the establishment of an artificial surfing reef (McGrath et
al., 2000).
The NGBPS is specifically concerned with the 1.75 km of beaches between Main Beach
and Cavill Avenue and Surfers Paradise (refer Figure 2.1). The reef is being constructed at
Narrowneck. This section of coastline is part of the Gold Coast coastal compartment
between the Gold Coast Seaway in the north and Burleigh Heads 20 km to the south. The
Master Plan for the engineering works under way at the northern Gold Coast is summarised
in Figure 2.2.

2.2

Progress of Reef Construction

Construction of the artificial reef at Narrowneck commenced in August 1999. The reef is
being constructed using approximately 350 sand-filled geocontainers (up to 500 tonnes).
The reef design consists of two primary layers of stacked geocontainer units.
Figure 2.3 shows the progress of reef construction for the period August 1999 – February
2000. The total number of geocontainer units installed per month is shown in the upper
panel, and the cumulative total in the lower panel. Construction of the upper layer
commenced in late February.

2.3

Sand Nourishment Progress

Nourishment of the northern Gold Coast beaches commenced six months prior to
reef construction in February 1999. Cumulative nourishment volumes for the period
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February 1999 to February 2000 are shown in Figure 2.4. At this time, approximately
750,000 m3 of sand had been place on the beach and nearshore. The four sand nourishment
deposition areas shown in this figure are indicated in Figure 2.5. For the purpose of
orientation, the location of the reef construction site at Narrowneck is also shown in this
figure. The base map for this figure is a merged and rectified time-exposure image created
from four individual cameras. Further descriptions of these and other image types obtained
by the coastal imaging system are provided in Section 4.
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PROGRESS OF REEF CONSTRUCTION
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3.

DESCRIPTION OF THE NORTHERN GOLD COAST COASTAL
IMAGING SYSTEM

3.1

What is Coastal Imaging?

3-3

'Coastal imaging' simply means the automated collection, analysis and storage of pictures,
processed to observe and quantify coastline behaviour..
Until about ten years ago, most of the information coastal scientists and coastal engineers
collected in the field about phenomena such as beach erosion and accretion, the movement
of sandbars, and the location of breaking waves and rip currents, was obtained using
specialised electronic instrumentation placed in the water during intensive field
experiments. This can be very expensive and, as many coastal researchers will know, the
deployment of equipment in the active surf zone can be very challenging and frustrating.
And of course, each instrument can generally only measure at a single point.
To monitor regional scale coastal behaviour, aerial photography has been the tool most
commonly used by coastal managers. But this is expensive, and therefore coverage is often
‘patchy’ and incomplete. And of course, pictures are only obtained when the aeroplane is
in the air and visibility is satisfactory, often resulting in a limited number of suitable
pictures per year (at most), with no information about the behaviour of the beach between
flights.
In contrast, one or more automated cameras can be installed at a remote site, and via a
telephone or internet connection, can collect and transfer to the laboratory a time-series of
images, that can cover several kilometres of a coastline, taken at regular intervals every
hour of the day for periods of years. Not every image need be subjected to detailed
analysis, but by this method the coastal manager can be confidant that all ‘’events’ will be
documented, and available for more detailed analysis as required.
Sophisticated image processing software is used to analyse the images, enabling
measurements to be made of a wide range of coastal features and processes. Applications
include: beach erosion and recovery, wave heights, the impacts of coastal engineering
structures, the location and movement of sand bars, beach safety, rip currents, longshore
currents, water depth, beach usage, and much more.
As well as greatly improving our understanding of coast processes, coastal imaging can
provide coastal managers with a practical tool to better preserve and protect our coastal

WRL TECHNICAL REPORT 00/12

3-4

environments. Coastal imaging will never replace the expert coastal scientist, engineer and
manager, however, it does provide these professionals with a practical means of observing,
quantifying and analysing the coast.

3.2

What is the Difference between Coastal Imaging and a ‘Webcam’

At the core of the coastal imaging technique is the ability to extract quantitative data from
a time-series of high quality images. In contrast, conventional Webcams are very useful to
applications where a series of pictures of the coastline is sufficient, and these types of
images can be used to develop a qualitative description of coastal evolution.
The extraction of quantitative information from the coastal imaging system is achieved by
careful calibration of the cameras and the derivation of a set of mathematical equations that
are used to convert between two-dimensional image coordinates and three-dimensional
ground (or 'real world') coordinates. Sophisticated digital image processing techniques are
then used to extract and quantify information contained within the images.

3.3

What is an ARGUS Station?

The ARGUS coastal imaging system has developed from ten years of ongoing research
effort based at Oregon State University, Oregon USA (Holman et al., 1993). A schematic
of a typical ARGUS station is shown in Figure 3.1. The key component of an Argus station
is one or more cameras pointed obliquely along the coastline. The camera(s) are connected
to a small computer (Silicon Graphics SGI workstation), which controls the capture of
images, undertakes pre-processing of images, and automatically transfers the images via
modem from the remote site to the laboratory. The charge-coupled device (CCD) cameras
installed at the northern Gold Coast are fitted with high quality lenses. A switching
interface between the cameras and computer maintains synchronisation of the captured
images. The SGI workstation incorporates an internal analog I/O card that enables all
images to be captured, stored and distributed in standard jpeg digital image file format.
Within the laboratory a host computer stores all images as they are received from the
remote site, within a structured archive (at WRL a DEC Alpha workstation is used for this
purpose). This workstation also serves as a world-wide web server, with the images made
available to all visitors to the web site to view and download within minutes of their capture
and transfer from the northern Gold Coast to WRL. Post-processing of the images is
completed using a variety of standard Unix- and pc-based computer hardware and custom
image processing software.
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Design of Optimum Camera Layout for the Northern Gold Coast

Prior to the installation of the coastal imaging system at the northern Gold Coast, modelling
was undertaken to determine the optimum camera/lens specifications. The following
criteria for the system were identified:
•

Coverage to include the reef construction site at Narrowneck and the beach nourishment
areas to the south at Surfers Paradise.

•

Image resolution sufficient to enable 5 m or better resolution of the position of the
shoreline within the area of interest.

•

Cameras to be mounted at a single location only.

It was determined that a minium of four cameras were required to obtain the necessary
coverage. The results of this modelling are shown in Figure 3.2. The upper panel depicts
the cross-shore pixel resolution of the optimised system, and the lower panel depicts the
longshore pixel resolution. In both panels of this figure, the cameras are located at the
longshore coordinate y = 0 m, with the location of the reef at approximately y = 900 m.
The shoreline is located at the cross-shore coordinate of approximately x = 0 m. The region
being modelled therefore extends 2000 m north of Narrowneck and 3000 m south along the
Surfers Paradise beach front, for a distance of approximately 500 m offshore.
The conclusion from this modelling was that cross-shore pixel resolution (and hence
distance of the shoreline from the dune line) of better than 4 m could be achieved within the
region of interest. Long-shore resolution deteriorates away from the reef and nourishment
sites, however for the task of shoreline mapping and calculation of beach width this is less
critical. The lenses required to obtain this optimum layout require focal lengths (from north
to south) of 9 mm, 4.5 mm, 6 mm and 9 mm respectively.

3.5

Installation

The ARGUS coastal imaging system was installed at the northern Gold Coast in late July
1999. The system is located at an elevation of approximately 100 m above the ground,
within a roof services area of the Focus Building (Figure 3.3). The Focus Building is
located approximately 60 m landward of the dune line, approximately 900 m to the south of
Narrowneck.
The cameras are mounted externally to the building, and are protected within weatherproof
housings (Figure 3.4). The SGI workstation is housed within an air-conditioning services
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room, where 240V power and a dedicated phone line are provided. The system is designed
to run autonomously, and is self-recovering, should an interruption to the mains power
supply occur. Routine maintenance of the system is achieved by dialling in to the remote
system from WRL.

3.6

Calibration

As noted previously, fundamental to the use of image data to quantify coastal behaviour is
the ability to convert between image coordinates (i.e., individual pixels) and real-world
ground coordinates (Holman et al, 1993; Holland et al., 1995). For any particular object
located by its three-dimensional (3-D) ground coordinates, the associated two-dimensional
(2-D) image location can be found uniquely using one of several transformation algorithms.
The opposite process, the determination of the 3-D ground location of a 2-D image feature,
is undetermined in a mathematical sense, and further information is needed.
A common photogrammetric solution is to use stereo techniques, requiring two or more
independent cameras focussed on the point of interest from two or more different locations.
Alternatively, several situations occur in which image features are naturally constrained.
For example, at the coastline waves can be assumed to occur on a horizontal plane whose
elevation can be estimated by a locate tide gauge.
A requirement for these calculations is knowledge of lens distortion, and the camera
location, field of view, azimuth, tilt, focal length and roll. While these latter parameters can
be measured directly, a least-squares inverse algorithm – based upon control points at
known ground and measurable image locations – is the preferred method to solve for
geometric image parameters.
The full details of the camera model calibration technique are documented in Todd et al.
(1995). Summarised below is the methodology applied at the Gold Coast site to derive the
required geometric image parameters.

3.6.1 Lens/Camera Calibration
Video image acquisition requires the digitisation of analog video signals as individual
frames. This digitisation process involves the determination of image scale factors, which
essentially determine the ‘squareness’ of pixels. The process of digital image capture is not
perfect, and the error introduced is referred to as the ‘horizontal scale factor’. A pixel being
slightly out of square is not important if the object of interest is close to the camera, but as
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objects of distances up to several 1000’s of metres are important for coastal imaging, a
small error will become very much magnified as the area covered by each individual
increases with increasing distance from the camera.
Lens distortion can also introduce significant errors. Radial symmetric lens distortion
(distortion along radial lines from the centre of the image) has been shown to be the largest
source of distortion error. In addition, the image centre coordinates are often chosen as the
centre of the image frame, however, the true image centre for CCD cameras can deviate
significantly from this position.
To calculate the above intrinsic camera model parameters (i.e., horizontal scale factor, lens
distortion and image centre error), the cameras and lenses were individually calibrated in
the laboratory to determine the appropriate calibration factors. To achieve this, each
camera / lens pair was mounted in an optical rail and focussed on a control point test field
comprising of regularly spaced white circles on a black background (Figure 3.5).
Calibration parameters where then derived using proprietary software to solve for the
deviations between predicted and observed image coordinates.

3.6.2 Ground Control Point (GCP) Survey
Having installed the cameras at the Focus building, the remaining extrinsic camera model
parameters were obtained by the completion of a detailed differential GPS survey. The
objective of such a survey is to identify ground control points (GPSs) in the camera fields
of view, as well as the precise locations of cameras. This survey was assisted by staff of
the Gold Coast City Council.
By constraining the camera coordinates in 3-D space to their surveyed position, the system
of equations used to solve for the problem of converting between image and world
coordinates can be uniquely determined given two GCPs only. Having more control points
leads to an over-determined system in the mathematical sense, with redundant information
that can be solved in a least-squares sense.
For the two cameras pointing north (camera C4) and south (camera C1) respectively,
permanent features visible in the camera images were used as GCPs. These features
included the base of lamp posts, the corners of buildings and permanent road markings. For
the two cameras looking northeast (camera C3) and southeast (camera C2), the field of
view includes only the beach and ocean, and therefore few permanent GCP features were
available. The front wheel of a vehicle moved across the beach within the field of view of
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each of the four cameras was used to create temporary GCPs, which were surveyed at the
same time that the images of the vehicle were captured. To illustrate, Figure 3.6 shows a
composite image of all mobile GCPs surveyed within the field of view of camera C2.
By this method, GCPs were obtained for all four cameras.
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IMAGE TYPES AND BASIC IMAGE PROCESSING

At the present time, the ARGUS coastal imaging system installed at the northern Gold
Coast is configured to collect three different types of images. A fourth image type is
created by automated post-processing at the completion of each day of image collection.
Images are collected every daylight hour. The image collection procedure is fully
automated, and controlled by the SGI workstation at the remote site. Prior to commencing
the hourly image collection routines, a test is undertaken to determine if there is sufficient
daylight to proceed with image collection. If the ambient light threshold is exceeded,
image collection commences. The reason for first checking for daylight conditions is to
avoid unnecessary image collection at night, without excluding image collection earlier in
the morning and later in the evening during extended summer daylight hours.

4.1

Images Types

4.1.1 Snap-shot ‘snap’ Images
The simplest image type is the snap-shot image. This is the same image that you would
obtain if you took a picture of the beach using a conventional digital camera. Snap-shot
images provide simple documentation of the general characteristics of the beach, but they
are not so useful for obtaining quantitative information. An example of a snap image is
shown in Figure 4.1 (upper panel).
4.1.2 Time-Exposure ‘timex’ Images
A much more useful image type is the time-exposure or ‘timex’ image. Time-exposure
images are created by the 'averaging' of 600 individual snap-shot images collected at the
rate of 1 picture every second, for a period of 10 minutes.
A lot of quantitative information can be obtained from these images. Time exposures of the
shore break and nearshore wave field have the effect of averaging out the natural variations
of breaking waves, to reveal smooth areas of white, which has been shown to provide an
excellent indicator of the shoreline and nearshore bars (Lippmann and Holman, 1989). In
this manner, a quantitative 'map' of the underlying beach morphology can be obtained. An
example of a timex image is shown in Figure 4.1 (middle panel).
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4.1.3 Variance ‘var’ Images
At the same time that the timex images are being collected, an image type called a variance
or ‘var’ image is also created. Whereas the time-exposure is an ‘average’ of many
individual snap-shot images, the corresponding variance image displays the variance of
light intensity during the same 10 minute time period.
Variance images can assist to help identify regions which are changing in time, from those
which may be bright, but unchanging. For example, a white sandy beach will appear bright
on both snap-shot and time-exposure images, but dark in variance images. Because of this,
other researchers have found that variance images are useful at some specific coastal sites
for analysis techniques such as the identification of the shoreline, as the (bright) changing
water surface is readily identifiable against the (dark) beach. An example of a var image is
shown in Figure 4.1 (lower panel).

4.1.4 Day Time-Exposure ‘daytimex’ Images
The fourth image type routinely obtained from the coastal imaging system installed at the
northern Gold Coast is referred to as a daytimex image. It is created at the end of each day
of image collection, by the averaging of all timex images collected that day. This has the
effect of ‘smoothing’ the influence of tides, and for some conditions may enhance the
visibility of the shore break and bar features in the nearshore. An example of a daytimex
image and a timex image for comparison, are shown in Figure 4.2.

4.2

Basic Image Processing – Merge and Rectification

As noted earlier in Section 3.2, the key distinguishing feature of coastal imaging
technology from conventional webcam systems is the ability to extract quantitative
information from the images. This is achieved through the solution of the camera model
parameters (Section 3.6) to extract 3-D real-world position from 2-D image coordinates,
and the application of image processing techniques to identify, enhance and manipulate the
image features of interest.
The two basic image processing tools used to enable the shoreline to be mapped at the
northern Gold Coast are image merging and image rectification, as described below.
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4.2.1 Merging of Multi-Camera Images
Every hour, snap, timex and var images are obtained from each of the four cameras
installed at the Focus building. Although each of these images can be looked at separately,
to discern regional trends it is more informative to combine them into a single image of the
entire northern Gold Coast beaches.
Merging is achieved by the solution of camera model parameters for individual cameras,
then the boundaries of each image are matched to produce a single composite image. One
product of this merging process is illustrated in Figure 4.3. In the top panels four individual
timex images are shown, from each of the four cameras installed at the northern Gold
Coast. In the lower panel a ‘pan view’ image created from the merging of these four
images is shown. Note that the black triangular region in the middle of this image is the
region within the otherwise 180° field of view that is not covered by the four-camera
system. To include this region in the merged image would require a fifth camera, which
budget constraints could not justify. This missing region is relatively unimportant however,
as it occurs seaward of the surfzone.

4.2.2 Image rectification
The second basic step in the processing of images from the northern Gold Coast is image
rectification. This is the process whereby the dimensions of the image are corrected so that
each pixel represents the same area on the ground, irrespective of how close or far it may
from the camera position. In contrast, for an unrectified image the area represented by each
pixel increases with increasing distance from the camera.
Image rectification is achieved by using the calculated camera model parameters to fit an
image to a regular grid that defines longshore and cross-shore distance. The results of
rectifying a single timex image are shown in Figure 4.4. Note that, due to the field of view
of the camera (in this case C4) increasing with distance from the Focus Building, in regions
closer to the camera a lesser area of the beach and nearshore is visible, whereas further way
from the camera the field of view is larger, and hence the rectified image extends further
offshore.
Merged images can also be rectified, to produce a ‘plan view’ of the area covered by all
four cameras. This is illustrated in the upper panel of Figure 4.5 which was created from
the same four timex images shown in Figure 4.3. This merged and rectified image created
from four oblique images is analogous to a montage of distortion-corrected photographs
taken from an aeroplane flying directly overhead the northern Gold Coast. For
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convenience, the longshore and cross-shore dimensions of this image are reference (in
metres) to the location of the cameras.
4.2.3 Image Referencing to Real-World Coordinates
The final step in the routine processing of images at the northern Gold Coast is the
referencing of merged / rectified images to a convenient map reference system. As the
coordinates of the cameras are know, this final step is relatively easy to achieve. The lower
panel of Figure 4.5 shows the same timex image referenced to Australian Map Grid (AMG)
eastings and northings.
With a fully reference and merged / rectified image, the image information can now be
combined with other map-based in formation. For example, In Figure 4.6 a timex image
has been overlayed by a variety of information including cadastral boundaries, streets, and
commercial buildings. The centre of the reef construction area is indicated by the red
cross-hair. Figure 4.7 shows the same timex image overlayed by the reef design, showing
the outline of individual bags. As illustrated in the upper panel of this figure, it is possible
to zoom in to particular regions of interest within an image, to examine in greater detail that
region of the beach or nearshore.
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COASTAL IMAGING WEB SITE

5.1

Coastal Imaging Home Page
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To promote the dissemination of information about the northern Gold Coast coastal
monitoring project, and to provide a convenient means to distribute images as they are
collected, a coastal imaging site was established on the world-wide web.
The address to access this web site is: http://www.wrl.unsw.edu.au/coastalimaging
The coastal imaging home page is shown in Figure 5.1. The most recent snap images are
displayed here and updated every hour, enabling visitors to the site to observe the current
beach conditions at the northern Gold Coast. This page also includes a number of links to a
variety of background information including a description of the coastal imaging system,
images types and image processing techniques. Links are also provided to the Gold Coast
City Council web site and the NGCBPS web site maintained by International Coastal
Management.
During the present phase of reef construction, information is also provided on the progress
of the engineering works. Figure 5.2 shows an example of the reef construction
information that is updated as the works progress. This information is provided on a
regular basis by International Coastal Management.
For general interest, a record is maintained of the number of visitors to the web site and the
countries they are from. At the time of writing, approximately 24,000 hits to the site have
been recorded. Visitors from Australia and the USA each account for approximately one
third of the total visitor numbers, with the remaining visitors to the site coming from over
60 countries around the world.

5.2

Image Archive

In addition to the snap images which are updated on an hourly basis, all previous images
are archived and made available to view and downland via the web site. To minimise
communication overheads, snap images are transferred every hour through the day, but the
transfer of hourly var and timex images occurs once per day during the evening.
All present and past images can be accessed via the image archive. This provides a
convenient and readily navigable structure to quickly locate the image(s) of interest.
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Figure 5.3 shows an example of a daily page contained within the image archive. These
images are provided freely to encourage their use by students, researchers, managers and
other non-commercial organisations.

5.3

GIF Animations

At the beginning of each month, an animation is created that enables visitors to the web site
to view a ‘movie’ of the preceding month at the northern Gold Coast. These animations are
created from one timex picture for each day of the month, taken at the same stage of the
tide. The animations provide a particularly informative means of observing beach changes
through time. The animations are also made freely available for download by visitors to the
webs site. Over time, animations covering longer time periods will be made available via
the web site.

Figure
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MORPHODYNAMIC DESCRIPTION OF THE GOLD COAST BEACHES:
AUGUST 1999 – FEBRUARY 2000

During the period August 1999 to February 2000, by examining the daily images – or
even more clearly, by watching the monthly animations available at the coastal imaging
web site – it is evident that the beaches of the northern Gold Coast were continually
changing as bars moved on and offshore and varied in shape, rips came and went, and the
shoreline steepened and flattened.
To summarise these observed changes in some structured manner, and in particular to
identify any particular beach features that can be attributed to the concurrent beach
nourishment and reef construction works, it is useful to first outline a systematic beach
classification scheme with which to undertake this qualitative analysis.

6.1

A Morphodynamic Classification of Beaches

Despite the seemingly endless range of changes that are observed at any sandy coastline, in
fact it has been shown that beaches tend to exhibit certain characteristics that vary in a
systematic and predictable way. One such scheme for describing these changes is the
‘Morphodynamic Beach Stage Model’ first outlined by Wright and Short (1983),
hereafter referred to as WS83. This beach classification scheme was developed in
Australia, and is now the most widely-used descriptive beach model internationally. The
term ‘morphodyamics’ derives from the combination of the words ‘morphology’ and
‘hydrodynamics’, emphasising the strong linkage between the shape of a beach and the
associated wave and current conditions.
Beaches can be classified by the WS83 scheme as being one of six beach ‘states’. The
generalised cross-section and planform characteristics of these six beach states are
summarised in Figure 6.1. A brief description of each of these states is provided below.
At one extreme is the dissipative beach state (Figure 6.1a), which is characterised by a very
low profile slope and wide surfzone. Dissipative beaches are generally composed of fine
sand and occur along coastlines exposed to high wave energy. Nearshore topography
is usually characterised by one or more straight and shore-parallel bars. The term
‘dissipative’ is used to describe beaches that exhibit these characteristics because wave
energy is essentially dissipated by extensive wave breaking across the surfzone, before it
can reach the shoreline.
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At the other end of the beach state spectrum, reflective beaches (Figure 6.1f) are invariably
steep, with no nearshore bars. Waves tend to break close to or right at the shoreline, and
hence very little wave energy is dissipated, instead it is reflected by the beach face and
propagates offshore. These beaches tend to be composed of coarse sediments and/or are
generally located in protected or low wave energy coastal regions.
Between the dissipative and reflective extremes, four intermediate beach states can be
identified. These incorporate elements of both the reflective and dissipative domains. The
four intermediate beach types are referred to as longshore bar-trough LBT (Figure 6.1b),
rhythmic bar and beach RBB (Figure 6.1c), transverse bar and beach TBB (Figure 6.1d)
and low tide terrace LTT (Figure 6.1e). Together, these intermediate beach types form a
sequence of characteristic beach states related to the movement of sand onshore (decreasing
wave conditions) and offshore (increasing wave conditions). The onshore-offshore
movement of sand is most easily recognised by the movement and changing shape of bars
within the nearshore shore.
Following the characteristic offshore movement (i.e., erosion) of sediment during a major
storm, typical post-storm beach recovery includes the gradual onshore migration of
nearshore bars and the development of weak and then stronger rips (TBT à RBB à TBR).
If low wave conditions persist, bars ultimately disappear as the bar becomes welded to the
beach to form a terrace (LTT). Beaches of the moderately high energy east Australian open
coast are typically observed to transfer between these four morphodynamic states, in
response to lower wave conditions interspersed by episodic storm events.

6.2

Morphodynamic Interpretation of Daily Images

All daytimex images for the period August 1999 to February 2000 are presented in
Appendix A. Each of these figures shows a week (7 days) of sequential daytimex images,
with the date indicated. The region shown in these figures extends 3000 m alongshore,
from approximately 1000 m north of the reef construction site at Narrowneck to 2000 m
south along the Surfers Paradise Esplanade. The colour contrast of these figure has been
increased to enhance the visibility of nearshore features.
To assist the interpretation of these images, Appendix B contains monthly summaries of
wave height and period, obtained from the Gold Coast Waverider buoy and supplied to
WRL by the Queensland Department of Environment.
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6.2.1 August 1999
Significant wave heights were generally at or below 1 m until late in August. As a result,
the inner bar was observed to move progressively onshore as the beach decreased in beach
state from RBB to TBR, and by the latter part of the month towards LTT. The distinctive
crescentic shape of the inner bar decreased by the end of the first week, as welded bars
separated by rips predominated. By the end of August the bar was near fully welded to the
beach face, to form a terrace cut by runnels.
A distinctive feature of the nearshore morphology during August was the unusual
configuration of the inner bar in the region immediately north of the reef construction site.
It is particularly clear in the images from the first few days of this month that the inner and
outer bar converged at this point, and it is not until the end of the month that the inner bar
moved landward. The crescentic shape of the inner bar that was evident to the south of the
reef was also largely absent in this region. The reason for this rather unusual morphology is
attributed to the beach nourishment that was continuing at this location (refer Section 2.3
and Figure 2.4). A surfeit of sand within the nearshore would tend to decrease the
profile gradient, resulting in an increase in wave dissipation across the surfzone. This
effectively forced the beach towards an increased dissipative state, evident by the beach in
this region exhibiting the characteristics of LBT, while the beach to the south decreased
from RBB to TBR.

6.2.2 September 1999
Significant wave heights continued around Hs ≈ 1 m until the latter part of September. The
inner bar along much of the 3000 m of coastline virtually disappeared as the beach state
decreased to LTT. A deep gutter, runnels and mini-rips were observed to develop across
the shoreline terrace.
The reef construction site and the region immediately to the south continued to exhibit
distinctive nearshore morphology in response to the ongoing nourishment in this region. A
complex bar system developed across the lower gradient (and hence shallower) region of
the profile, with a stranded section of the inner bar remaining offshore of the shoreline
terrace.
In the final week of September, significant wave heights increased to 2 m. Wave breaking
on the outer bar recommenced and the runnel and gutter features of the terrace became less
distinctive.
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6.2.3 October 1999
October was characterised by low wave conditions (Hs < 1 m) through to the last few days
of the month. The LTT beach state persisted, with the shoreline-welded terrace developing
shore-normal runnels and associated mini-rips at quasi-regular spacing alongshore. The
outer bar was often not visible in the images, due to the lack of wave breaking. Localised
wave breaking is visible across the outer bar in some images in the region to the south of
the reef site. This indicated that the lower gradient profile persisted in this region as the
result of nourishment, with wave breaking occurring due to shallower water depths across
the bar.

6.2.4 November 1999
Significant wave heights in the range of 2 m – 2.5 m occurred for two periods during the first
half of November, and wave breaking at the reef was detected by the coastal imaging
system for the first time. Between 2 – 4/10/99 wave breaking is visible in images on both
the northern and southern reefs, extending seaward of wave breaking on the outer bar.
During this and the following week the beach state was in transition as the terrace feature
began to detach from the beach face to reform the inner bar. By the end of the first week in
November the outer bar developed a distinctive landwards ‘dip’ as it appeared to follow the
inshore edge of the partially competed reef.
During the second higher wave event between 11 – 12/11/99, the outer bar re-straightened
and a wave shadow zone inshore of the reef became evident. As significant wave heights
decreased to approximately 1 m for the following two week period, the inner bar moved
onshore again as the beach state reverted to LTT. Runnels and associated mini-rips
developed across the shore-welded terrace.
In the final two days of November wave heights increased to 2 m – 2.5 m and the inner bar
detached again from the beach face. The wave shadow zone located in the lee of the reef is
quite distinct in these images, and a second channel or shadow zone adjacent to the
northern side of the reef is visible for this period.

6.2.5 December 1999
Wave heights were generally around 1 m during the first half of December, and the inner
moved onshore again to form a terrace cut by multiple mini-rips and gutters. The number
of rips decreased as the bar become fully welded to the beach face, and the beach state

WRL TECHNICAL REPORT 00/12

6-5

reverted from TBR to LTT. Due to the generally low wave energy conditions, the outer bar
remained inactive, and maintained its generally straight and longshore form.
Around 18th December wave heights increased to 1.5 m; the images indicate that the outer
bar to the north of the reef construction site began moving progressively onshore along an
approximately 500 m stretch of the beach. This continued until 28th December when
significant wave heights increased to 2 m and the outer bar straightened. This rather
unusual bar behaviour was most likely due to the nourishment underway at this location.
Nourishment caused the nearshore to be shallower in this region, and hence the outer bar
remained active and moving onshore in contrast to the outer bar located in deeper water to
the north and south.
The two wave shadow zones (or possibly deeper shore-normal channels) in the lee and to
the immediate north of the reef were again evident in the images during the period
16 – 27 December. The development of these features will require further analysis once the
reef construction is completed.

6.2.6 January 2000
The wave climate in January was predominantly low (Hs < 1 m) during the majority of the
month, interrupted by a short duration storm event where significant wave heights reached
3 m on 13th January. Prior to this storm, waves were breaking infrequently across the outer
bar, but wave breaking on the inshore edge of the reef is visible in the daily images. This
was the first occurrence of wave breaking on the reef in the absence of wave breaking on
the adjacent outer bar. The beach remained in a low energy LTT state with limited gutters,
runnels and mini-rips developing.
Following the short duration storm on 13th January, the TBR beach state that developed
exhibited more prominent welded bar and rip features that became stranded in the nearshore
as wave energy rapidly declined to leave these features inactive. During the period
20 – 23/1/00 very little wave breaking is recorded in the images, and the morphology of
both the welded inshore bar and linear outer bar are discernible through the water column.
During the last week of the month significant wave height increased to nearer 1 m,
reactivating the inner bar and causing sand to move onshore and the beach state to revert
again to LTT. The terrace became fully welded to the beach face, with runnels and remnant
mini-rip features remaining.
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6.2.7 February 2000
During February increased wave activity resulted in the re-activation of the outer bar
as significant wave heights exceeded 1 m during the first half of the month and around
6-7th and 11-12th reached 2 m. Dominant in the images is the landward translation of the
outer bar adjacent to the nourishment site south of the reef construction site, as the surfeit of
sand resulted in a shallowing of the trough that separated the outer bar and inshore terrace.
Wave breaking continued for the majority of the month on the outer bar, with the now
common wave shadow zones in the lee and to the immediate north of the reef visible in
images between the 2 – 8/2/00.
Commencing on 10/2/00 the outer bar began to develop alongshore rhythmic features that
were especially pronounced during the final week of the month. This is consistent with the
re-activated outer bar transitioning from LBT to towards a lower energy RBB beach state,
as indicated by the change from a linear to a more crescentic bar system. To the south
along the Surfers Paradise Esplanade, the characteristic development of a more rhythmic
shoreline was also evident. To the north such features appear to have been obscured by the
supply of surfeit sediment to the beach face and nearshore by ongoing beach nourishment.

6.3

Qualitative Assessment of Beach Widening (August 1999 – February 2000)

During the time period covered by this period of 1st August 1999 to 29th February 2000,
approximately 750,000 m3 of sand was used to nourish the northern Gold Coast
beaches (refer Section 2.3 and Figure 2.4). The positive affect of this nourishment to widen
the beach is readily discernible in the images obtained by the coastal imaging system.
A ‘first look’ qualitative assessment of the wider beach can be seen by comparing images
of the beach in the vicinity of Narrowneck in August 1999 and seven months later in
February 2000.
Figure 6.2 shows the snap images obtained from camera 4 on 1/8/99 and 29/2/00
respectively. Both these images were obtained at mid tide. For interest, note the pipe work
used to deliver the nourishment sand to the beach that is visible in the middle and
foreground of the image taken in February 2000.
The results of beach nourishment through the period spanned by the two images is clearly
visible. In August 1999 the high tide line was close to the vegetation line, but this had
translated a significant distance seaward by the end of February 2000. In addition to
increased beach amenity, the translation of the sub-aerial and nearshore profile seaward
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provides a greater sand reserve that would act as a buffer to the impacts of a major storm
event.
A quantitative assessment of the response of the northern Gold Coast beaches to beach
nourishment for the period August 1999 to February 2000 is detailed in Section 8.

6.4

Summary of Beach and Nearshore Changes

The period August 1999 to February 2000 was characterised by generally low wave
activity. Modal wave conditions of Hs < 1 m prevailed, and as a result the beaches of the
northern Gold Coast exhibited lower intermediate morphodynamic beach states. LTT
beach and nearshore morphology prevailed, interspersed by temporary transition to RBB
and TBR in response to minor storm events (2 m < Hs 3 m). Due to the generally low
waves, the outer bar remained predominantly inactive during much of this period.
The dominant feature of beach and nearshore change was the increased beach width that
occurred as the result of sand nourishment. The nearshore region in the vicinity and to the
north of the reef construction site shallowed due to the surfeit of sediment at this location.
Marked wave breaking on the reef (in the absence of wave breaking on the adjacent outer
bar) was first observed in November 1999. Two wave shadow zones (or possible deeper
channels) in the lee of the reef and adjacent to the north flank of the reef were observed as
the construction of the reef continued and began to provide a degree of wave shelter to the
inshore. These feature will warrant further analysis once construction of the top layer of
the reef progresses.
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e)
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TECHNIQUE FOR MAPPING SHORELINE CHANGE

To map the position of the shoreline and its changing location through time, a rigorous
image analysis methodology was required to enable the extraction of this information from
the ARGUS images. At the commencement of this monitoring project it was presumed that
techniques that have been applied elsewhere in the world would be applicable. However,
due to a particular characteristic of the northern Gold Coast beaches, it became apparent
that these existing techniques were insufficient. A new approach to shoreline mapping was
developed.

7.1

Previous Techniques for Shoreline Detection

Until now, the most common approach to the detection of the shoreline from ARGUS
images used greyscale intensity images (e.g., Plant and Holman, 1997). These are images
in which the colour information is converted to a linear greyscale of pixel intensity. The
corresponding variance image can be created, revealing high intensity areas that correspond
to the location of wave breaking within the surfzone and at the beach face. If the beach is
moderately steep and if bars are absent or remain offshore, the shore break occurs in a
distinctive narrow band that shows up as a high intensity ‘line’ in the variance image
(Figure 7.1a). The extraction of such an image feature is relatively amenable to standard
edge-detection image processing techniques.
The problem with applying this approach at the Gold Coast became apparent within the
first months of image collection. During this period, it was commonly observed that the
inner bar was partially or fully welded to the beach face (refer Section 6), resulting in a
wide and indistinctive shore break zone (Figure 7.1b). Such a feature cannot be regarded as
a rigorous and repeatable indicator of the shoreline position.

7.2

An Improved Technique for Shoreline Detection

An improved shoreline technique was developed for this project, utilising the full colour
information available at the northern Gold Coast site. A comparable full colour technique
is also under development in The Netherlands, for detail refer Aarninkhof (1999). The
ability to merge and rectify full-colour images became more generally available to ARGUS
users in February 2000, making the use of colour image information, a practical and timely
alternative.
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The full-colour image detection technique developed to analyse the images from the
northern Gold Coast utilises the different reflectance properties of ‘wet’ and ‘dry’ regions
within the images. Referring to Figure 7.2, if a shore-normal line is selected at any point
along the beach (upper panel), the relative pixel intensities along this line can be
determined for each of the red, green and blue (RGB) components which make up the
visible colour range (middle panel). At some point in this line, the relative intensities of the
RGB components can be seen to diverge. This is to be expected for a number of reasons,
including the adsorption of red light by water (which accounts for the ocean appearing blue
to the observer).
This divergence of RGB image components is exploited to detect the shoreline. Using
image processing techniques, each colour component can be manipulated separately. For
example, in the lower panel of Figure 7.2, the difference between blue and red pixel
intensities is plotted along the shore-normal line. If this procedure is repeated for all pixels
within the image, this produces a false colour image of the type shown in the upper panel of
Figure 7.3 (based on same image as Figure 7.2). It is apparent from this image that when
the RGB information is manipulated in this manner, the region of dry land is distinct from
the ocean. This manipulated image can then be further digitally processed, to define a line
that distinguishes the boundary between the ‘wet’ and ‘dry’ pixels. Shown in Figure 7.3
(lower panel), this line provides a raw estimate of the position of the shoreline. Following
this approach, a software tool was written to refine and standardise the full-colour shoreline
detection method. The user-interface for this new software tool is shown in Figure 7.4.

7.3

Procedure for Shoreline Mapping

The procedure used to map the shoreline at weekly (nominal 7 day) intervals is summarised
in Figure 7.5. First, predicted tide information is used each day to determine the hourly
timex images that correspond to mid tide (0 m AHD). The corresponding merged-rectified
4-camera image is then created. The database of wave information is also searched to
determine the wave height (Hs) and wave period (Tp) that correspond to these daily mid-tide
images.
Based on a seven day cycle, the corresponding mid-tide image is checked to confirm that
the wave height satisfies the low-pass criteria Hs ≤ 1.0 m. This wave height criteria was
used for shoreline mapping as, above this wave height, wave runup at the beach face
increases and the width of the swash zone widens, introducing a corresponding uncertainty
in the cross-shore position of the shoreline. If the wave height is less than 1.0 m, then the
shoreline is mapped. If the wave height exceeds the Hs = 1.0 m threshold, then the mid-tide
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image for the proceeding day is checked. If this image still does not satisfy the wave height
criteria, then the following day’s mid-tide image is checked. This process is repeated for up
to +/− 3 days from the original target weekly image, to locate a mid-tide image for which
the wave height did not exceed 1.0 m. If no mid-tide images are available in any one seven
day cycle that satisfy this criteria, then no shoreline is mapped for that week. During the
seven month period August 1999 to February 2000, this occurred on four occasions only.
Once the mid-tide image to be processed has been identified, the shoreline is mapped. The
position of the shoreline is picked at regular 25 m increments alongshore, and then
smoothed using a five-point running mean. This final step of smoothing the raw shoreline
position is used to exclude the potential aliasing by beach face cuspate features which
typically exhibit alongshore wave lengths of the order of 20 – 30 m. Beach width is then
calculated relative to a dune reference line. By repeating this procedure every seven days, a
growing data base is developed that contains the time-series of weekly shoreline positions
obtained at each 25 m distance along the shore. These data are then subjected to a range of
analyses, as described in the following Section 8.
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QUANTITATIVE ANALYSIS OF SHORELINE CHANGE: AUGUST 1999 –
FEBRUARY 2000

Analysis of shoreline position and beach width provide an objective measure to assess the
achievement of the NGCPBS to meet the objectives of enhanced beach amenity and
increased storm buffer.
As noted previously, the primary function of the coastal imaging system installed at the
northern Gold Coast is to quantify shoreline changes during and post construction of the
Gold Coast artificial reef and associated beach nourishment. At this beginning stage of the
anticipated three year monitoring program, it is too early to identify conclusive results.
However, analysis of the first seven months of shoreline monitoring does reveal some early
trends. It is anticipated that, as the shoreline monitoring program continues, ongoing
analysis will enable the regional shoreline response to these engineering works to be
assessed and quantified.
The objective of the following discussion is to identify the early trends in measured
shoreline behaviour, and in particular to establish the range of data analysis techniques that
will be applied as the available data becomes more extensive with time.

8.1

Weekly Shorelines

All weekly shorelines obtained for the period 1/8/99 to 29/2/00 are shown in Figure 8.1.
For reference, these measured shorelines are overlayed onto a representative
merged/rectified timex image (27/2/99). The image represents a 3000 m length of the
beach, extending approximately 2000 m to the south of Narrowneck and approximately
1000 m to the north. AMG coordinates are indicated, and the outline of the reef
construction plan is also shown to identify its location relative to other features.
The location of the cameras can be identified by the limited offshore region in front
of the Focus building that is outside the camera fields of view. As noted previously in
Section 4.2, this black triangular region occurs in all merged images because it falls
between the fields of view of cameras C2 and C3. The landward dune reference line used
to calculate beach width is also indicated (red line).
To see more clearly the range of shoreline positions mapped during this seven month
period, Figure 8.2 shows a plot of the position of the weekly shorelines relative to the dune
reference line. The distance of shorelines from the dune line is potted in the upper panel,
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and for convenience the alongshore position in this figure is relative to the location of the
ARGUS station (0 m). In the lower panel of this figure the same mid-tide timex image
used in previous figures is shown for reference. The hopper barge being used to construct
the reef was on site and relatively stationary at the time this 10 minute time-exposure image
was captured, and its location in the image (as indicated by the dark patch around 542600E
6904000N) provides a useful reference point.
During the monitoring period 1/8/99 – 29/2/00 it can be seen from Figure 8.2 that the beach
along the 3000 m study region varied from approximately 50 m to 150 m in width. This
indicates significant variation in shoreline position both alongshore and cross-shore during
this initial seven month monitoring period. A subtle trend visible in the data suggests that
the beach tended to be 20 – 30 m wider (relative to the dune line) in the central 1000 m of
this region of the coast. These data similarly suggest that this central region of the beach
also experienced greater variability in the position of the shoreline, as indicated by the
approximately 100 m range of measured beach widths.
It should be noted that a limited number of shorelines (total of four) are discontinuous
immediately in front of the camera’s location. This occurred because, at the beginning of
the shoreline monitoring program in August 1999, the beach was so narrow at this point
that the shoreline was outside the camera fields of view (i.e., too close to the base of the
Focus Building to be visible). By mid September 1999 beach width had increased and this
was no longer the case. However, because of the limited number of shorelines that are
included in this initial analysis, these missing data do have some impact on the statistical
results reported below. Where this occurs is noted.

8.2

Shoreline Variability - Mean, Maximum, Minimum , Standard Deviation

The alongshore variability of the measured shoreline positions is quantified in Figure 8.3.
The upper panel of this figure shows a plot of the mean, maximum and minimum shoreline
position, as a function of distance alongshore. The mean beach width along the 3000 m
stretch of coastline during the period 1/8/99 – 29/2/00 was approximately 80 m, but can be
seen to have varied from 70 m to 120 m. As was discernible from the previous Figure 8.2,
the mean beach width was greatest in the central region of the 3000 m monitoring area,
averaging approximately 100 m. Also note that the minimum beach width is not shown for
the region in front of Focus, as the missing shorelines at this location would tend to bias
these results.
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The analysis of maximum and minimum beach width show some interesting early trends
that can be related in part to the sand nourishment that was occurring during this time
period. Beach nourishment to the north of the reef construction site (deposition areas A1
and A2) commenced in February 1999 (refer Section 2.3 and Figure 2.5), but commenced
at the reef construction site and the region immediately to the south of Narrowneck
(deposition area A3) in the two months prior to the start of shoreline measurement. As a
result, it can be seen that the range of measured beach widths is greatest around
Narrowneck and the beach to the immediate south, as nourishment caused the beach here to
increase in width at an enhanced rate. Similarly, the beach to the north of Narrowneck
(deposition areas A1 and A2) exhibits the smallest beach width range, as the prior
nourishment had caused the shoreline to translate seaward prior to August 1999.
The middle panel of Figure 8.3 shows the standard deviation of the mean shoreline position
alongshore. Consistent with the above discussion of maximum-minimum shoreline
position, the greatest variability in beach width was at Narrowneck, and the minimum
variability around the deposition areas to the north. Interestingly, a high standard deviation
of the shoreline position is also evident at the northern extreme of the 3000 m study region.
This is likely to have occurred due to the northward littoral drift of sand nourishment
material from deposition areas A1 and A2 extending to this northward section of beach
during the monitoring period. At the southern end of the study region in front of Surfers
Paradise a lower standard deviation of the measure shoreline positions is also evident. This
region is yet to be influenced by the reef construction and nourishment engineering works,
and the relatively stable shoreline at this location is consistent with the generally low wave
regime that prevailed during the 7 month monitoring period.

8.3

Average Accretion/Erosion Rate: August 1999 – February 2000

The position of the shoreline measured once per week at 25 m intervals alongshore provides
the ability to assess accretion and erosion rates and trends, and how these may be varying
alongshore. As the database of measured shorelines increases with time, such analysis will
permit the extraction of generalised information about the response of the northern Gold
Coast to the reef and sand nourishment.
To illustrate the early data that has been collected, Figure 8.4 shows a plot of the weekly
position of the shoreline at each 25 m increment alongshore. To assist the interpretation of
this figure, at each 500 m spacing alongshore the time-series of weekly shoreline positions
is plotted in red. Each of these can be tracked to identify periods of beach stability,
accretion or erosion. Note that blank areas in August and September correspond to weeks
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when wave heights exceeded the threshold for shoreline mapping, and the more limited
gaps in the data in November and January correspond to limited regions of the beach which
for technical reasons were unsuitable for image analysis.
These data can now be analysed to quantify the mean rate of beach change observed during
the initial monitoring period. In Figure 8.5 the position of the shoreline is plotted spaced
500 m alongshore (corresponding to the highlighted locations in Figure 8.4). Regression
was used to obtained the linear best fit to these data.
The results plotted in Figure 8.5 show that at each of the five locations spaced at 500 m
alongshore the northern Gold Coast beaches experienced net accretion during the seven
month period August 1999 to February 2000. The greatest accretion rate of 1.20 m per
week occurred within nourishment area A3 to the immediate south of Narrowneck
(y = 500). The lowest accretion rate was to the north of Narrowneck (y = 1500), at 0.32 m
per week. At Narrowneck itself (y = 1000), an intermediate accretion rate of 0.76 m per
week was recorded. The beach in deposition area A4 accreted at a rate of 1.03 m per week,
while to the south in front of the Surfers Paradise Esplanade the shoreline was measured to
have accreted seawards at the mean rate of 0.59 m per week.
The mean rate of shoreline change along the entire northern Gold Coast study area for the
period August 1999 to February 2000 was calculated, and these results are summarised in
Figure 8.6. The left panel shows the coastline and sand nourishment deposition areas for
reference, and the right panel shows the corresponding shoreline accretion/erosion rate.
As expected, these early data show a degree of variation in the measured rate of beach
width change. The rate of shoreline change varied from close to 2 m per week of beach
growth in the extreme north of the study site, to minor and very limited shoreline erosion
(less than 0.1 m per week along a stretch of beach of total length less than 100 m) in the
extreme south.
The dominant trend in these data is that the beaches of the northern Gold Coasts accreted
during the seven month monitoring period. The four regions of enhanced shoreline growth
(at a rate in excess of 1 m accretion per week) correspond to the southern side of each of the
four sand nourishment disposition areas A1 – A4. It is concluded that outside the
nourishment areas the beaches of the northern Gold Coast were generally stable or
marginally accreting during the seven month period August 1999 to February 2000. Within
the nourishment areas accelerated accretion rates in excess of 1 metre per week were
observed.
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Principal Components Analysis of Shoreline Change

As noted previously, with only seven months of shoreline monitoring data presently
available, it is too early to anticipate that generalised patterns of shoreline adjustment can
be identified from these data. However, as the engineering works are completed and the
northern Gold Coast coastline adjusts to nourishment and the reef, it is anticipated that
future results to be presented from this shoreline monitoring program will enable such
trends and patterns to be identified.
One analysis technique which frequently proves particularly useful for the identification of
underlying shoreline trends is termed Principal Components Analysis (PCA), or sometimes
alternatively referred to in the coastal literature as Empirical Orthogonal Function (EOF)
analysis. For the sake of consistency with future reports, at which time a longer time-series
of shoreline data will be available for PCA, this technique is briefly described, and used to
provide a ‘first look’ at the available seven months of shoreline monitoring data.
PCA is a statistical technique first introduced by meteorologists but now used in a diverse
range of scientific fields. The application of PCA to the analysis of beach changes is
widespread. The real strength of the PCA technique is that it provides a rigorous means to
objectively identify underlying patterns in the covariance of large data sets. In the simplest
of terms, the change in value of one variable (e.g. the width of the beach at a particular
location along the northern Gold Coast) is commonly related to the variation of other
variables (e.g. the beach width at other locations along the beach, either close by or some
distance away). Conceptually, when applied to a data set consisting of surveyed shorelines,
PCA separates the dominant spatial and temporal scale of changing shoreline position.
Briefly, the data are transformed about n (the total number of locations at which the
shoreline is measured) orthogonal axes in such a way that the first axis accounts for as
much of the total variance as possible; the second axis accounts for as much of the variance
that remains; the third accounts for as much of the total variance unaccounted for by the
first two axes; and so on. Because n axes occupy n-dimensional space, orthogonality
ensures that each consecutive axis is uncorrelated. In reality, the vast majority of variance
is frequently accounted for by the first few ‘principal components’, and hence the technique
provides a very practical means of summarising the variance of large data sets by
identifying two or three recurring patterns which underlie the daily changes observed at the
beach.
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For the sake of completeness, the results of PCA of the first seven months of weekly
shorelines are illustrated in Figure 8.7. Following removal of the mean shoreline position,
the upper panel shows the first three dominant trends in the spatial variability of shoreline
position, and the middle panel shows the corresponding temporal variability of these trends.
The merged and rectified image is included in the lower panel. As expected, no discernible
patterns or trends are identifiable at the present time. This is as anticipated, due to the
insufficient monitoring period upon which this analysis is based, and the fact that the
beaches of the northern Gold Coast are currently undergoing rapid change. However, once
the construction and nourishment works are complete, it will be interesting to repeat this
analysis using the extended shoreline data set that will be available at that time.
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CONCLUSIONS AND FUTURE WORK

The objectives of this report were to describe the northern Gold Coast coastal monitoring
program that was implemented in mid-1999, and to describe and analyse the first seven
months of shoreline monitoring data for the period August 1999 to February 2000. This is
the first of a series of reports to be produced at six monthly intervals.
The period August 1999 to February 2000 was characterised by generally low wave
activity. Modal wave conditions of Hs < 1 m prevailed, and as a result the beaches of the
northern Gold Coast exhibited lower intermediate morphodynamic beach states. Low Tide
Terrace beach and nearshore morphology prevailed, interspersed by temporary transition to
Rhythmic Bar and Beach and Transverse Bar and Rip beach states in response to minor
storm events (2 m < Hs 3 m). Due to the generally low waves, the outer bar remained
predominantly inactive during much of this period.
The dominant feature of beach and nearshore change was the increased beach width that
occurred as the result of sand nourishment. The nearshore region in the vicinity and to the
north of the reef construction site shallowed due to the surfeit of sediment at this location.
Through the seven month period August 1999 to February 2000 mean shoreline accretion
rates in excess of 1 m per week were measured at all beach nourishment deposition areas.
Mean accretion rates of close to 2 m per week were measured. A 100 m stretch of beach at
the extreme southern extent of the 3000 m study area (i.e., outside influence of the
nourishment and reef construction works) was the only area that experienced a mean
erosion rate (of less than 0.1 m per week) during the initial seven month monitoring period.
Marked wave breaking across the reef in the absence of broken waves on the adjacent outer
bar was first observed in November 1999. The development of two wave shadow zones (or
possibly deeper channels) in the lee of the reef also became apparent around this time. This
indicated that the structure was beginning to provide a degree of protection to the inshore
region at Narrowneck. The growth of this zone of wave sheltering is anticipated to increase
as the construction of the top layer of the reef progresses.
The seven month duration of this shoreline monitoring program is presently insufficient
to enable the detection of more generalised patterns of coastline adjustment to nourishment
and reef construction. It is anticipated that regional trends will become identifiable
following the completion of the reef construction and beach nourishment works.
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In addition to the ongoing measurement and analysis of shoreline changes at northern Gold
Coast Beaches, two further tasks have been identified for future work. The first is to
‘ground-truth’ the measured shorelines using beach survey data. It is understood that some
surveys have been undertaken since reef construction commenced, and further surveys are
planned. The comparison of these two data sets will enable the shoreline data obtained
from images to supplement the less frequent survey work.
The second task identified for future investigation is the comparison of the various
predictions of shoreline change with measured shoreline changes at the northern Gold
Coast. As a component of NGCBPS Stage Two impact assessment, a physical model study
(Turner et al., 1998a) and numerical modelling studies (Black et al., 1998; Turner et al.,
1998b) were used to predict the extent of shoreline adjustment to the reef and nourishment.
As the beaches of the northern Gold Coast move towards a new post-construction
equilibrium shoreline position, comparison with the various predictions can be undertaken.

WRL TECHNICAL REPORT 00/12

10.

10-1

ACKNOWLEDGMENTS

The authors wish to acknowledge and thank a number of individuals who have contributed
to the implementation of the northern Gold Coast coastal imaging project.
Irv Elshoff and Stefan Aarninkhof of WL|delft Hydraulics advised WRL on the design of
the system, and Irv assisted to install the system at the Gold Coast and WRL laboratories.
Tony Jancar of WRL managed the computer operations for remote communications, image
storage, off-line image archiving and web serving at WRL.
Graham Symonds of the School of Oceanography and Geography, Australian Defence
Force Academy, also provided assistance during the design and installation of the system.
In particular, Graham is acknowledged for originally proposing the RGB-based image
analysis technique, which was then developed and implemented by WRL to enable
improved shoreline detection at the Gold Coast.
The owners of the Focus Apartments and building manager Howard Macnamara are
thanked for permitting the ARGUS system to be installed within the roof of the Focus
Building.
The Queensland Department of Environment is acknowledged for the ongoing provision of
deepwater wave climate observations from the Gold Coast wave-rider buoy.
Finally, Professor Rob Holman and his team of past and present students and colleagues at
Oregon State University are acknowledged for their 10 years of ARGUS development.
These efforts have enabled coastal imaging techniques to become practical tools for coastal
monitoring and management.

WRL TECHNICAL REPORT 00/12

11.

11-1

REFERENCES

Aarninkhof, S.G.J and Roelvink, J.A., (1999), “Argus-Based Monitoring of Intertidal
Beach Morphodynamics”, Proceedings, Coastal Sediment ’99, 2429-2444.
Black, K.P., (1998), “Narrowneck Reef: Report 3 – Sediment Transport”, Centre of
Excellence in Coastal Oceanography and Marie Geology, Department of Earth
Sciences, University of Waikato, National Institute for Water and Atmospheric
Research Ltd.
ICM, (1997), “Technical Report and Recommendations for Northern Gold Coast Beach
Protection Strategy”, Prepared for Gold Coast City Council by International
Coastal Management Report.
McGrath, J., Boak, L. and Jackson, A., (2000), “Provision of Tourism Infrastructure in
Highly Valued Environments. A Case Study: The Northern Gold Coast Beach
Protection Strategy”, Proceedings, 3rd Queensland Environmental Conference (in
press).
Plant, N.G. and Holman, R.A., (1997), “Intertidal Beach Profile Estimation Using Video
Images”, Marine Geology, 140, 1-24.
Turner, I.L., Leyden, V., Carley, J. and Cox, R.J., (1998a), “Physical Model Study of Gold
Coast Reef”, WRL Technical Report 98/34.
Turner, I.L., Tomlinson, R. and Watson, M., (1998b), “Numerical Modelling of Sediment
Movement and Budget at Seaway”, WRL Technical Report 98/08.
Wright, L.D. and Short, A.D., (1983), Morphodynamics of Beaches and Surfzones I
Australia In Komar, P.D., (ed), Handbook of Coastal Processes and Erosion, CRC
Press, Boca Raton, 34-64.

