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Abstract
There is a growing need for coastal managers to understand the factors affecting their coastal zones and
the effectiveness of current management strategies, especially in view of the highly dynamic
characteristics of the coastal environment, human impact and the predicted effects of a changing
climate. It was recognised in the Fifth Assessment Report by the IPCC, that coastal monitoring needs to
integrate a broad range of spatial and temporal scales to more effectively understand the likely impacts
of climate change. A research project was undertaken within the Kiama Local Government Area (LGA),
south-eastern Australia, which summarised key baseline information for the coastal zone; and attempted
to integrate several methodologies that operate at differing spatial and temporal scales. This will assist
the Kiama Municipal Council to assess the effectiveness of current management regimes and develop
ongoing management strategies for the future.
There are 13 beach systems within the Kiama LGA that all predominantly possess an easterly aspect, and
range from the large prograding Seven Mile beach, to intermediate embayed beaches to finally the small
pocket beach compartments. The 13 beaches were classified in terms of their morphological
characteristics (i.e. barrier form and compartment nature), and surveyed noting vegetation structure and
composition. This was done using Real Time Kinematic (RTK) GPS profiling, and field observations.
Two beaches of similar size and aspect (Bombo and Werri) were examined in more detail due to their
differing management histories. Changes over long and short time scales, as well as subaerial beach and
dune morphology at Bombo Beach were compared with Werri Beach, using aerial photography, geospatial
analyses and GPS surveying. A Time-lapse camera was also installed at both ends of Bombo Beach, to
evaluate a low cost method for assessing and forecasting short-term beach change (hourly change). The
short-term study found that the two study beaches were highly dynamic and are prone to significant
storm impact. A maximum sand volume of 60m3 at Bombo and 70m3 at Werri was lost during the June
storm, 2013. When compared with previous storm activity, a full recovery is anticipated to take over 5
years to reach. The long-term study suggested Kiama’s beach systems as oscillating, with periods of
clear erosion (1974, 1996) and accretion (1971, 2012) occurring.
This study provides baseline knowledge for further coastal hazard assessment and will help better
understand the relationship between climate, coastal processes and human behaviour on our coast. More
importantly, it indicates the types of data that can be acquired by coastal land managers and illustrate
cost-effective methodologies for monitoring and managing beach-dun
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ABSTRACT
There is a growing need for coastal managers to understand the factors affecting their coastal
zones and the effectiveness of current management strategies, especially in view of the highly
dynamic characteristics of the coastal environment, human impact and the predicted effects of a
changing climate. It was recognised in the Fifth Assessment Report by the IPCC, that coastal
monitoring needs to integrate a broad range of spatial and temporal scales to more effectively
understand the likely impacts of climate change. A research project was undertaken within the
Kiama Local Government Area (LGA), south-eastern Australia, which summarised key baseline
information for the coastal zone; and attempted to integrate several methodologies that operate
at differing spatial and temporal scales. This will assist the Kiama Municipal Council to assess the
effectiveness of current management regimes and develop ongoing management strategies for
the future.
There are 13 beach systems within the Kiama LGA that all predominantly possess an easterly
aspect, and range from the large prograding Seven Mile beach, to intermediate embayed beaches
to finally the small pocket beach compartments. The 13 beaches were classified in terms of their
morphological characteristics (i.e. barrier form and compartment nature), and surveyed noting
vegetation structure and composition. This was done using Real Time Kinematic (RTK) GPS
profiling, and field observations.
Two beaches of similar size and aspect (Bombo and Werri) were examined in more detail due to
their differing management histories. Changes over long and short time scales, as well as
subaerial beach and dune morphology at Bombo Beach were compared with Werri Beach, using
aerial photography, geospatial analyses and GPS surveying. A Time-lapse camera was also
installed at both ends of Bombo Beach, to evaluate a low cost method for assessing and
forecasting short-term beach change (hourly change). The short-term study found that the two
study beaches were highly dynamic and are prone to significant storm impact. A maximum sand
volume of 60m3 at Bombo and 70m3 at Werri was lost during the June storm, 2013. When
compared with previous storm activity, a full recovery is anticipated to take over 5 years to
reach. The long-term study suggested Kiama’s beach systems as oscillating, with periods of clear
erosion (1974, 1996) and accretion (1971, 2012) occurring.
This study provides baseline knowledge for further coastal hazard assessment and will help
better understand the relationship between climate, coastal processes and human behaviour on
our coast. More importantly, it indicates the types of data that can be acquired by coastal land
managers and illustrate cost-effective methodologies for monitoring and managing beach-dune
systems into the future.
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1. INTRODUCTION
Australia possesses many of the world’s most dynamic, ancient, largest, diverse,
beautiful and untouched coastlines. ‘The Beach’ is a national Australian icon. Australians
view the beach as a natural place for ‘sun, sea, surf and sand’, a place to relax, walk the
pets, and a desirable place to build a home. The Australian beach inadvertently is a place
that supports very strong but diverse self-indulgent socio-cultural activities (James,

2000). In fact, 50% of our population lives within 7km of the shoreline (Chen and
McAneney, 2006). Despite the beach or the coast being of such cultural and social
importance to us, it also is a recognizable ecosystem that provides various services and
holds great ecological value. Beaches and dunes, also act as a buffer zone that protects
the land from oceanic hazards and extreme events, Figure 1.1 displays a clear example
of this (Short, 1999; James, 2000).

Figure 1. 1: The damage done from the February storm and cyclone event, Seven Mile beach, Gerroa, NSW.
Note the scarp line along the beach and cyclone path through the back-beach vegetation. Demonstrating the
need for continual and effective coastal management.

Understanding the importance of the coast has become more essential and relevant than
ever before; examining how humans are increasingly impacting on it, and considering
future global trends (now with new technology being able to project impacts from
climate change and sea level rise) requires improved and effective coastal management.
Coastal zone management plans and coastal hazard studies are now mandated, in order
to that make it easier to maintain the sustainability of our local coastlines.
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The NSW Office of Environment and Heritage has a program for Coastal Zone
Management Planning (CZMP), which aims to reduce the impact of coastal hazards such
as coastal erosion, and works with local governments to develop these plans. Kiama
Municipal Council (KMC) (southern NSW) is in the process of preparing one of these
plans. This study examines what is required for an effective management plan, and
reviews how a council may efficiently and effectively attain the required information.
This is important, as adequate understanding will help to ensure the coasts’ resilience is
given the best chance possible for this area.

1.1 Background
Improving coastal management on a global scale was a key need recognised in 1992 at
the United Nations Conference on Environment and Development (UNCED, 1992) in
Brazil. This was organized as a response to increasing coastal development from the
world’s expanding population, which had an increased affluence and demand for costal
leisure (McLachlan et al., 2013). The UNCED (1992) and findings presented at the World
Coastal Conference in Noordwijk, in the Netherlands (1993), recommended adoption of
Integrated Coastal Zone Management (ICZM).

These findings; the “Noordwijk

Guidelines” on ICZM have later been updated and expanded but have become the core
principles still applied to ICZM today (Post and Lundin, 1996).
The importance of understanding and managing the coastline was actually highlighted
in Australia in the early 1970s when a series of severe storms struck the north to central
east coast of Australia (the most severe storms occurred in 1974). These destroyed over
20 houses and caused millions of dollars worth of damage. Such events resulted in the
passing of initial coastal legislation in Australia. Acts included the Queensland
Government Beach Protection Act (1963), the South Australian Government’s Coast
Protection Act (1972), and the New South Wales (NSW) Government introduced the
Coastal Lands Protection Scheme (1973) and then the Coastal Protection Act in 1979.
The NSW Coastal Protection Act also established the Coastal Council, which was an
advisory body to the Minister for Planning and Environment (NSW-Government, 1990).
Despite many Acts and protection schemes for the coast being instigated during the
1970’s and 1980’s, recognition and understanding for coasts as multidimensional
systems was only seen to occur during the 1990’s. With the release of the NSW
Government’s “NSW Coastal Policy 1997”, “Coastline Management Manual” (1990), the
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House of Representative’s Injured Coastline (1991) Report, and the Resources
Assessment Commission’s Coastal Zone Inquiry (1993) a new focus was forged for
coastal management. One that was more integrated, especially between the nature of
decision making involving the three levels of government (Federal, state/territory and
local) (Short and Woodroffe, 2009).
The Coastal Zone Inquiry (1993) by the Resources Assessment Commissions, motivated
the Commonwealth Government, or more specifically the then Department of
Environment and Heritage (now, the Department of Sustainability, Environment, Water,
Population and Communities) to create the Framework for a National Cooperative
Approach to Integrated Coastal Zone Management in 2006. The fundamental goal of this
framework was, and remains, to “maintain, restore or improve the quality of coastal
ecosystems and the societies they support”. The unique quality about ICZM is that it
attempts to accommodate both development and conservation needs in a coastal area,
within a certain timeframe (Natural-Resource-Management-Ministerial-Council, 2006).
This government document not only highlighted major coastal pressures for coastal
managers to understand but it more importantly helped shift the whole study of coastal
management from one focusing on reactive planning, to encourage forward thinking
(especially through identification of coastal hazards and pressures) and informed
management decision making (Baker, 2006).
In 1997, the NSW Coastal Policy was released, which attempted to identify and reduce
much of the pressure placed on Australia’s coastal resources. It set the most effective
context for when population grows and economic development occurs, while also
defending the natural, cultural, spiritual aspects and heritage of the coastal
environment. This is achieved through promoting a very integrative philosophy based
on the idea of ecologically sustainable development (NSW-Government, 1997). This
policy further highlighted the need to protect our coast, and provided a thorough
foundation for coastal zone management plans.
The NSW Coastal Policy, like the Coastal Zone Inquiry, motivated the NSW Government,
Department of Environment, Climate Change and Water, in 2010 to create the
“Guidelines for Preparing Coastal Zone Management Plans”. This report aims to replace
both “The Coastline Management Manual” (1990) and the “Estuary Management
Manual” (1992), but also keep to the requirements of both the Coastal Protection Act
1979 and the NSW Coastal Policy. It provides invaluable guidance for local councils, their
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consultants and coastal communities on the preparation of a CZMP (NSW-Government,
2010).

The guideline not only demonstrates how to prepare a CZMP, but it also

describes effective action against major pressures and management issues on the coast.
For example, action that will help with managing risk to public safety and built assets,
pressures on coastal ecosystems or Community uses of the coastal zone.
The KMC had no coastal specific management plans/schemes until the early 1990’s.
With the Australian Coastal Conference being held in Kiama in 1992, a lot of work was
prepared for this event. For example, in 1992, the Kiama and Shellharbour councils
formed the Minnamurra River Estuary committee, which oversaw the creation of an
estuary management plan for Minnamurra. In 1996, a Foreshore Plan of Management
was released which did look at some areas of the coast, such as dune preservation, weed
control, foreshore erosion, access, public safety, and interestingly the formation of an
integrated open space network. From 2001 to 2004 the KMC ran various small-scale
management plans for specific beaches, among these Jones Beach, Kendall’s, Werri and
Walker’s beaches were targeted. In 2003 the Minnamurra Estuary Management plan
was also reviewed, along with the creation of the Crooked River Estuary Management
Plan. In 2007 a Coastal hazard study was done on Surf Beach. There was another State
conference held in Kiama in 2012, which among other things, highlighted the reviews of
the Crooked River and Minnamurra River estuary management plans.
More important than implementing management procedures and programs on our
coasts however, is making sure the management currently in practice is successful,
effective and suited to each coastal area. Beach management in Australia has largely
been concentrated on protecting the coast and property from geomorphic hazards (i.e.
beach erosion, storm activity and flooding), or providing protection and structures for
recreational use of the beach, for example ensuring clean water for beach swimmers
(James, 2000). This type of management often referred to, as ‘hazards and playgrounds’
view is quite widespread in Australia (James, 2000), but does not take into account some
very important aspects of the coast.
The successful management of the Australian coast, and coasts worldwide, also requires
a thorough understanding of coastal morphodynamics and the cyclic processes that
occur on them (i.e. erosion and accretion). Coastal management needs to stop focusing
on sustaining just aesthetic coastal resources, and base future management approaches
to process interpretation and understanding. Management needs to take into account
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how the coast operates and look at process operation and longer term reconstruction of
coastal behaviour at time scales that are relevant to planning and sustainable coastal
resource usage (Woodroffe, 2003). Informed coastal management sees the coast as a
‘multidimensional’ environmental system, a coastal environment, rather than the onedimensional approaches that have dominated past management (James, 2000).
The work and scientific research undertaken on Australian beaches, particularly southeastern beaches by Short (1988, 1993, 1999, 2006), Short and Hesp (1982), Chapman et
al. (1982), Harley et al. (2011a&b), Thom (1968, 1984a&b), Bryant (1983, 1988, 1980)
as well as Clarke and Eliot (1983, 1988a&b), have demonstrated the great importance in
understanding the multidimensional systems found on the coast, and highlight the fact
that each coastal system is unique. Especially through their beach-dune classification
systems, hazard rating, and process and geomorphic study initiatives. The dynamic and
ever changing coastal environment of Kiama as well as the future threats of climate
change (e.g. sea level rise, storminess, erosion) further emphasizes the importance of
beach change monitoring and research, particularly for management purposes.
Considering the government reports available for CZM Planning, KMC now have the
resources and the means to conduct such a plan, but lack the research. This study will
attempt to fill that research gap, by analysing and documenting the most crucial coastal
features and processes occurring or those that have occurred within Kiama. Multi-scaled
techniques will also be explored to attain this needed research, which as a result will
assist in the forecast of expected change and sustainability of the KMC area.
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1.2 Project Rational
The Kiama coast contains 13 beaches and extends from Jones/Boyd’s Beach to Seven
Mile Beach, in Gerroa. The KMC and the NSW OEH have recognized the need for Coastal
Zone Management Plans for at risk areas of the Kiama municipality. This project will
provide background information for use in preparing Coastal Zone Management Plans
for the Kiama municipality. The proposed plan of management will comply with
appropriate government policies, however this project will also consider suggestions,
policies and statutory regulations from; the Environmental Planning and Assessment
Act, 1979; the Crown Lands Act, 1989; the NSW Government Coastal Policy, 1997; and
the State Environmental Planning Policy No 71—Coastal Protection Regulation which
had been amended from the original NSW Coastal Protection Act (1979), and
commenced in 2011. The following management objectives and principles, extracted
from both the Department of Environment, Climate Change and Water’s, ‘Guidelines for
Preparing Coastal Zone Management Plans’ (NSW-Government, 2010) and the National
Climate Change Adaptation Research Facility’s ‘Approaches to risk assessment on
Australian coasts’ (Woodroffe et al., 2012), form a potential starting baseline for not
only this project but also the Coastal Zone Management Plans of Kiama municipality.
The principles include:
-

Base decisions on the best available information and reasonable practice;
acknowledge the interrelationship between catchment, estuarine and coastal
processes; adopt a continuous improvement management approach

-

Develop a modeling framework that integrates geomorphological, engineering
and economic approaches that ensure climate change impact projections and
methods best suited at different time scales (years, decades, centuries) for
assessing risk for the Australian coast.

-

Optimise links between plans relating to the management of the coastal zone

-

Adopt a risk management approach for managing risks to public safety and
assets; adopt a risk management hierarchy involving avoiding risks where
feasible and mitigation where risks cannot be reasonably avoided; adopt interim
actions to manage high risks while long-term options are implemented

-

Adopt an adaptive risk management approach if risks are expected to increase
over time, or to accommodate uncertainty in risk predictions

-

Maintain the condition of high value coastal ecosystems; rehabilitate priority
degraded coastal ecosystems
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-

Maintain and improve safe public access to beaches and headlands consistent
with the goals of the NSW Coastal Policy

-

Support recreational activities consistent with the goals of the NSW Coastal
Policy

The coastal risk/hazard management aims and goals that relate to the above principles
are most successfully achieved when based on in-depth understanding of not only the
dynamic processes at work within the coastal zone, but also acknowledging the
multidimensional environmental system that the coast has become (James, 2000; Baker
2006). From current reviews of coastal management practice in the NSW region,
assessment of coastal processes and risk, coastal change; especially when considering
climate change and sea level rise, have become powerful and vital themes in any coastal
management planning or decision making plan (Hanslow et al., 1997; Woodroffe et al.,
2012).

This project will address these issues of understanding the core coastal

processes, risk even short and long-term change within the Kiama area. This is
important, as no in-depth studies have occurred for the whole LGA yet. Additionally, this
understanding will be applied to management, and adaptation options for the Kiama
coastal zone.
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1.3 Research Aims and Objectives
The aim of this project is to collate key data about the physical characteristics of Kiama’s
beaches and dunes that can be used in their CZMP. Particular focus will be given to
erosion patterns, key processes and short- and long- term beach-dune change. The study
will also explore potential techniques to undertake rapid assessments of beaches, which
will hopefully provide coastal land managers with simple but effective methodology or
technique for monitoring and managing beaches into the future. Specific objectives of
this study are:
To collect and classify fundamental data on the physical characteristics and
behaviour of Kiama’s beach-dune systems. Such data includes determining the
state of each beach, including its morphology, barrier nature, stability of dunes
and the extent and diversity of coastal vegetation. Hazard rating will also be
briefly determined.
To create and apply methodologies that can be used to identify and record
patterns of short–term beach state change, especially from differing wave
climates and storm events. This includes trialing the use of simple imagery
technology (i.e. Time lapse camera). Captured data will be compared with wave
and climate records to infer connections and patterns between them all.
To assess and document the long-term change of 2 beach-dune systems in detail:
Werri beach and Bombo beach. Past management practices will be considered,
but investigation will focus on cataloging environmental features such as erosion
or accretion periods, system response to storm events, and associated natural
coastal hazards.
To identify the management consequences of the study’s components and
recommend the most appropriate strategy for future risk/ hazard management
and/or coastal beach-dune management. Demonstrating the importance and
usefulness of multi spatial and temporal scaled analyses.
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1.4 Project Outline and Scope
This thesis is divided into the following chapters: Chapter 1 the Introduction, introduces
Kiama, the rationale, aims and objectives of the study. In Chapter 2, the coastal zone and
a Coastal Zone Management Plan are defined. A review of related studies and current
CZMPs done in other areas are presented. Key coastal processes are then explored to
help broaden understanding of their importance. The chapter finishes with an
examination of management techniques in order to identify the most relevant
approaches for use in Kiama’s beach-dune systems. Chapter 3 provides an overview of
the study area, and management history of the two main study areas: Bombo and Werri
beaches. In Chapter 4 the methods used to collect, process and analyse data are outlined.
Chapter 5 presents the results of the analyses, in relation to beach-dune morphological
classification and assessment, and short- and long- term beach-dune system change.
This is followed by a discussion of the relevance of these results, in particular relation to
the broader literature and their implications to management (Chapter 6), which will also
acknowledge the limitations to the study. Finally, in Chapter 7 the recommendations for
future management of the Kiama LGA and identification of broader conclusions of this
study are presented.
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2. LITERATURE REVIEW
In 1997, the NSW Coastal Policy gave local councils the responsibility of implementing
coastal management schemes and plans for protecting and maintaining our coastline.
However the decisions made by coastal councils and policy makers need to be based on
understanding key processes and realistic projections of the future. By understanding
these processes, it may be possible to gain insight into how the beach systems will
change into the future.
Beach management in Australia has developed and grown dramatically since its first
inception. Ever-increasing understanding of the coast has made it possible to test,
predict, and study coastal environments in much more effective ways. Coastal zone
management plans and coastal hazard studies now exist that make it easier to maintain
the sustainability of our local coastlines.
This chapter will first outline the main components of a beach-dune system, and review
the current literature available on the NSW coast. This will be followed by a description
of the types of plans used in coastal management, particularly Coastal Zone Management
Plans (CZMP). The components of CZMPs will be explored, and current plans already in
place but in other LGA’s will be compared with key themes cited in the literature, to
determine what Kiama needs to know about their coastal environment. Common themes
identified will then be summarized and presented. The chapter will end with a review of
techniques available for coastal change studies to determine the most suitable for this
project.
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2.1 The NSW Coastal Scene
2.1.1 The NSW Beach-dune System
The Australian coast had more than 10,000 beaches, which comprises about half the
open coast. It is crucial to understand the core components of these beach systems
(Figure 2.1) so coastal managers can easily identify the issues needing management.

Figure 2. 1: The beach environment is the most dynamic part of the earth’s surface, and it contains
elements of all four spheres that make up the earth, namely the atmosphere, the hydrosphere (ocean and
rivers), the lithosphere (or geology) and the biosphere (living things). These four spheres interact in
differing ways to produce different types of beach systems throughout the world (Short, 1999).

Sandy, wave-dominated beaches found in NSW are only one component of the larger
coastal system. It begins offshore and extends landward to encompass the nearshore
bars, the surf zone, the beaches themselves and the adjoining dunes (NSW-Government.,
2001). The dry subaerial beach is where most people consider ‘the beach’ and is affected
by swash or the intertidal zone. The surf zone is where waves exert most of their energy
to change the morphology (or shape) of the seabed. Beyond the breaker waves, is the
nearshore zone, which is where eroded sand from the beach face is deposited, and is
either lost to the ocean or re-deposited back onto the beach during recovery periods
(Short, 1993) (Figure 2.2).
The back beach or dune area is an important, but often overlooked part of the
environment, as it is the last natural line of defense against erosion and storms, as well
as being a unique habitat. Dune systems have several components to them (Figure 2.2).
The incipient dune is a new or developing dune and if sand accumulates over time it can
become a foredune. It is often marked by having only pioneering plant species present
on it (GHD, 2013). The foredune is an established incipient dune, which is characterised
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by its higher morphology, geographic position (i.e. further behind the beach), and the
presence of intermediate plant species (e.g. grasses and shrubs) (GHD, 2013). The hind
dune system is the furthest landward feature of the dune system, and is an accumulation
of older foredunes with established tertiary vegetation species present (e.g. forests and
trees).

Figure 2. 2: A traditional cross section of a typical NSW Wave-dominated beach-dune system. It shows the
dune system and associated vegetation zones, and the dry subaerial beach above the shoreline; the surf
zone, which contains bars, troughs and breaking waves; and the Nearshore zone that extends out to the sea
(Short, 1993).

Many beaches throughout NSW and particularly in Kiama curve towards their southern
end; this is due to the dominance of southerly waves, combined with the presence of
headlands at their southern ends. The waves influencing the southern section of beaches
are refracted more significantly, which decreases the wave height and energy. This
causes the beach to be wider in the south, as the headland protection allows sand to
accumulate (accrete) (Short, 1993; Short, 1999) (Figure 2.3).
a)

b)

Figure 2. 3: Beach form variation due to wave refraction and energy loss from south headland, causing
alteration of wave height and direction along the beach. a) Schematic demonstrating wave refraction from
headland (Short, 1999). b) Werri beach, 2001, clearly showing the wider south end due to refraction.
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2.1.2 Types of studies undertaken on NSW beaches
Prior to the 1970’s there was little research into both the Australian and NSW coastal
environment. After which however, more concerted research began (Short, 2012),
eventually establishing some of the best beach study sites in the world.
Research has focused extensively on both short-term (hourly- weekly- yearly) and long
-term (decades or centuries) coastal change, dune and beach evolution, dune and beach
erosion, beach and barrier morphodynamics, shoreline oscillation and modeling the
effects of climate change and associated sea level (see Table 2.1). The major themes of
these studies are outlined below:
- Short- term beach change and the modeling of climate change effects is a growing area of
knowledge. Using techniques ranging from beach profiling, to mathematical models, to
aerial photographic analysis and observation, it is now possible to predict the effects of
storms and erosion on beach systems. Beach response to differing wave conditions
seemed to be the most significant findings within this theme, especially beach response
to large erosive events like storms, and predicting future behaviour of storms and how
they will impact the coast (Eliot, 1973; Bryant and Kidd, 1975; Chappell and Eliot, 1979;
Short, 1979; Wright, 1980; Wright et al., 1987; Callaghan et al., 2013).
- Longer- term beach change used periodic beach profiling methods and aerial
photography to identify cycles of sediment exchange and movement across and along
the beach, changing widths, volume and shape of beaches as well as documenting
periods of erosion and accretion due to differing wind, wave or climatic conditions
(McLean and Thom, 1975; Eliot and Clarke, 1982; Clarke and Eliot, 1988a; Clarke and
Eliot, 1988b; Thom and Hall, 1991; McLean and Shen, 2006; McLean et al., 2010).
- Dune and beach evolution, used different profiling techniques, physical observation and
auger drilling as the main methods of investigation. The most significant findings from
this theme include the creation of models that use the history of the NSW coast, that is
embayment and barrier types, and evolution cycles to then predict future behaviour
(Jones et al., 1979; Chapman et al., 1982; Short and Hesp, 1982; Thom, 1984a; Thom,
1984b; Thom and Roy, 1985; Short, 1988; McLean and Shen, 2006; Short, 2010).
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- Beach and Barrier Morphodynamics, is another major theme mentioned and focused on
throughout the literature. Short (1985, 1993, 1999, 2012) and Wright (1984) used
beach profiling, field observation and years or past research, to generate classifications
of beach types and barriers. Additionally, links and processes between the surf zone,
beaches and dunes were understood (Short and Hesp, 1982; Wright and Short, 1984;
Short, 1985; Short, 1993; Short, 1999; Ranasinghe et al., 2004b; Short, 2012).

- 14 -

Doyle, TB (2013) Coastal Erosion… A “Shore” thing?
Table 2. 1: A summary of literature on NSW beach environments, highlighting the dominant themes the literature groups into.

Table 2.1
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Insert table 2.
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Despite detailed studies at Narrabeen, Moruya (or Durras), and Warilla beaches there
has been little to no research or study done on many sections of the NSW coast (see
table 2.1). The beaches found within the Kiama LGA have had very few studies
undertaken on them, with the exception of Seven Mile Beach (Bryant and Kidd, 1975;
Bryant, 1980; Wright, 1980; Abuodha and Woodroffe, 2010). Therefore showing that
that relative history of the area, processes and features found in the Kiama coastal
environment are not fully known, and that if a management plan was to be conducted,
understanding this gap is essential for it to be successful.

2.2 Governance of the NSW coast
The responsibility for coastal protection and management in NSW is divided between
State and local governments. Most coastal management powers however, are indicated
in various pieces of state legislation, for NSW the Coastal Protection Act (1979) and NSW
Coastal Policy (1997) outline that the responsibility for coastal management and
development control falls into the local government authorities (Harvey and Caton,
2003). The NSW Coastal Policy clearly states, “Local councils have primary responsibility
for planning and development in the coastal zone” (NSW-Government, 1997). The policy
recommends local councils to address their application of the Coastal Policy through the
management plans created in the Local Government Act, 1993 (NSW-Government,
1997). Since this time however, more improved and advanced management and
research plans have become available within the coastal scene, in theory, making it
possible to have even more effective plans implemented.
The Minister for Planning also has a general responsibility for coastal areas, usually
having a role, which either approves or declines proposed developments. The Coastal
Council however have consultative and consent functions for proposed developments in
the coastal zone and coastal protection works.
2.2.2 The Coastal Zone Management Plan (CZMP)
Under the Coastal Protection Act 1979, Kiama Municipal Council therefore may develop a
Coastal Zone Management Plan (CZMP) for the Kiama local government area (LGA). The
principle purpose of a CZMP is to describe the various programs a council, other public
authorities or even a company from the private sector, wish to implement to address
important management problems within the coastal zone (NSW-Government, 2010).
These management issues should include the following areas:
-

Managing risks to public safety and built assets
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-

Pressures on coastal ecosystems

-

Community use of the coastal zone.

An effective CZMP should also sustain the goals and objectives of the NSW Coastal Policy
1997, as well as keeping to the guidelines developed within the Coastal Protection Act
1979 (NSW-Government, 2010).
The ‘Guidelines for Preparing Coastal Zone Management Plans’ has developed a set of
coastal management principles that inform councils to strategic considerations in
coastal management, including the preparation required for CZMP’s (NSW-Government,
2010) (Figure 2.4). The coastal management principles are divided off into 4
sections/stages; the first are the principles that relate to CZMP preparation (Stage 1;
principles 2,3,4,5), these 4 principles highlight a very important stage of a CZMP, they
advise optimizing links between plans already in effect that relate to the coastal zone,
involving the community in decision making, aim for long-term results and instruct
councils to base decisions on coastal process understanding. Next are those principles
that assist coastal risk management (stage 2; principles 6 and 7), which involves
describing major processes of the region and explain the nature of risk associated with
those processes. This stage also requires councils to create adaptation plans for the
identified risks. Principle 8 conveys attention to coastal ecosystem health, advising that
condition of ecosystems is kept at a high standard and rehabilitation is implemented if
this is not the case (stage 3). Finally, the last few principles pertain to community use of
the coastal zone, highlighting the significance of public access to, and recreation on, the
beaches of the coastal zone (stage 4; principles 9 and 10)(NSW-Government, 2010).
Figure 2.4 summaries and further explains these principles and associated stages.
This project aims to help provide some background details for each of these stages, but
especially stages 1, and 2.
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Stage 4

Figure 2. 4: The Coastal Management Principles, constructed by the NSW Department of Environment,
Climate Change and Water. Note the sections each principle is connected to (NSW-Government, 2010).
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2.2.3 CZMP’s within the Illawarra
Both the Wollongong City and Shellharbour City council’s have conducted CZMP’s within
their LGA’s. Each has started the CZM process; Wollongong in 2010 and Shellharbour in
2012. Despite taking a slightly different approach to creating a CZMP, each council still
kept to the DECCW’s guidelines (NSW-Government, 2010). Table 2.2 summaries the two
processes Wollongong and Shellharbour used to create a CZMP.
Table 2. 2: Summary of the two different approaches Wollongong City and Shellharbour City council have
taken, or aim to take, to generate a Coastal Zone Management Plan.

Coastal Zone Management Processes in the Illawarra.
Wollongong City Council
- Began in 2010

Shellharbour City Council
- Began in 2012, so not completed yet.

- Have split their CZMP into 2 stages.

- Have split CZMP into 4 stages.

- The first is a ‘Coastal zone study’, which documents
coastal processes, risk from those processes, as well
as risk from climate change and sea level rise.

- First stage involves a ‘Coastal hazard definition
study’, which looks at the coastal processes and
hazards impacting LGA.

- Another major focus of this zone study is
identifying hazards along the coast, esp. erosion,
ocean inundation and geotechnical stability in the
event of storm activity and differing sea levels.

- Second stage involves a risk assessment of costal
zone; identify levels or risk at different coastal
locations.

- Second stage involves a ‘Management plan’, that
considers the various management options available
for issues raised in stage one, and then determine
the best options for each area.

- Stage three, aim to prepare a ‘Coastal zone
management study’, which details the range of
management options available for the areas risks
and hazards.
- Final stage is preparation of a CZMP, where the
best-suited management actions are selected for
implementation.
- Council publicizes community involvement at each
stage of the process.

Additionally, the Wollongong City council has also just released a draft Dune
management Strategy, which is an example of a focused study that arose from an issue
of noticeable concern coming out of a CZMP. The main aim of the strategy is “to identify
management options to address safety and recreational amenity issues, whilst
considering biodiversity values and without compromising the role of dunes in coastal
processes” (GHD, 2013).
It is quite clear nevertheless, that from just looking at these two examples of CZMP
preparation, that a process study is crucial to begin the CZM creation, followed by a
management study. Plus this is the recommended sequence in the ‘Guidelines for
Preparing Coastal Zone Management Plans’ (NSW-Government, 2010).
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2.3 A Coastal Process Study
It is important to understand the coastal processes occurring within any potential study
area, as full understanding leads to a much more informed and therefore effective
coastal management plan (Harvey and Caton, 2003). As previously inferred,
understanding the coastal processes of a length of coastline helps to identify hazards,
risks and potential hazards for that area (GHD, 2013). What coastal themes or processes
are most useful in understanding however, for the most effective CZMP?
2.3.1 Important coastal processes
It is difficult to create a single list of coastal processes to focus on, due to the dynamic
nature of the coastal system. Several key themes/ processes however, are highlighted
from the comparison of the two Coastal Zone (CZ) Process studies done in the Illawarra
and NSW coastal literature (See Table 2.3).
Table 2. 3: Summary of Illawarra CZ Process studies and major themes in Illawarra Coastal research.

Wollongong City Council‘Coastal zone study’
- Storm impact
- Water levels & wave climate
- Wave run-up & over topping
- Historic beach change – longterm shoreline recession
- Geotechnical hazards (i.e.
slope & cliff stability)

Shellharbour City Council‘Coastal Hazards Definition
Study’
- Storm impact
- Wave climate & water levels
- Wave run-up and over topping
- Shoreline recession – &
therefore historic beach change

Processes highlighted
through the literature review
- Short-term beach change (i.e.
storm impact)
- Long term beach change
- Barrier (Dune & beach) &
compartment evolution
- Shoreline Oscillation
- Beach & barrier
morphodynamics

There are also some processes that neither Wollongong or Shellharbour have addressed
in their CZMP, but that are still important to include in future CZMP studies. Those
processes include dune and beach evolution, as shown by Wollongong’s recent Dune
Strategy (GHD, 2013). Beach and Barrier morphodynamics is another important process
raised in the literature as well as understanding coastal compartment features and
considering the notion of beach rotation. Understanding such knowledge can provide
key insights into the stability of the shoreline and can be used to gain insight into future
coastal environments (Abuodha and Woodroffe, 2010).
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2.4 Sandy Barrier Systems and Long-term Beach Change
Understanding the long-term evolution of a coastal system is crucial for any CZMP as it
can give insight into not only how the system has changed over time but how it may
change in the future. This, for example provides understanding into cumulative
movement of beaches, establishing whether the beach is in a state of retreat (moving
landward), accretion (moving seaward) or remaining stable (Woodroffe, 2003). To fully
understand this long-term movement, a coastal system’s ‘compartment’ type, barrier
type, and evolution as well as the associated processes need to be examined.

2.4.1 Beach Compartments and Sediment Budgets
Coastal Compartments
Coastal compartments are segments of coast bounded by distinctive feature like
headlands, reefs, rock platforms, that enable sources, pathways and sinks of sediment to
be quantified (Woodroffe, 2003). The compartmentalization of the NSW coast has
become an important notion to understand as it can be used to estimate the movement
of sediment from sources to sinks due to a variety of different transport mechanisms
(Clayton, 1980). There are four main compartment types fond along the coast of
southeastern NSW, and each has a differing degree of sediment sharing and equilibrium.
By identifying types of coastal compartments along a section of coast, the vulnerability
of those compartments can be assessed (Woodroffe 2003; Woodroffe et al., 2012;) (see
figure 2.5).
1) Swash Aligned Compartments are those that face into the prevailing winds, and
dominant wave conditions, so waves arrive parallel to the shore. They commonly
have large dune systems form behind their active beach environments (e.g.
Bherwherre Beach, figure 2.5).
2)

Pocket or sheltered Beach compartments are bound by prominent headlands, which
can interfere with much sediment movement (esp. longshore). Easts beach in
Figure 2.5 for example is flanked by major headlands, which do prevent the import
or export of sand masses. These beaches remain in a static equilibrium, which
means the beach environment within the compartment doesn’t really change over
time. It is predominantly too sheltered to change state in response to variations in
wave energy or storms.

3) Embayed or Exposed Beach Compartments are strongly curved at their southern end,
which is due to the shelter provided by the headlands present (see 2.1.1). These
compartments have a metastable equilibrium, which show a fluctuating beach-dune
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nature in response to differing wave conditions. They vary from accreting to
eroding, as a result of storm cut (high energy) and stable (low energy) wave
climates.
4) Drift Aligned or River-fed beach Compartments are beaches that are parallel to the
direction sediment travels in, and for NSW it is northerly. They are continually fed
new supplies of sediment via river sources, and have frequent waves that contain
the energy needed to move this new sediment along the beach. Such compartments
often undergo periods of erosion from storms. Due to continual supply of river
sediment however, the overall sand volume is subject to long-term increase and
often promotes the formation of dunes and beach ridges (dynamic
equilibrium)(Figure 2.5).

Drift
Aligned/
River Fed
Beach

Embayed/
Exposed
Beach
Pocket/
Sheltered
Beach
Swashaligned
Beach

Figure 2. 5: Schematic example of the types of compartments found along the SE Australian coast, (left)
with differing degrees of sediment sharing. The Satellite images (middle) shows portions of the Kiama
region with a series of different beaches that exhibit the different coastal compartments. Finally, dominant
equilibrium types (right) are displayed for the top three beaches (adapted from Woodroffe, 2003;
Woodroffe et al., 2012).
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Sediment Budgets
The concept of a sediment budget aims to quantify the gains and losses of sand or
sediment from a coastal area, such as a coastal compartment (Figure 2.6)(Woodroffe et
al., 2012). Johnson (Johnson, 1959) highlighted the importance of calculating such
budgets, as shoreline advancement or retreat can be determined. Whether sediment
gains exceed, balance or are less than losses determines if the beachface will gain sand
(prograde), remain stable or erode over the long term. Davies (Davies, 1974) envisaged
that by recognizing the different types of compartments along our coast would provide
the key to quantifying the sediment budgets of those systems, and therefore offering a
greater insight into the long-term stability of each of the coastal areas. Key sediment
sources and sinks are shown in Figure 2.6.

Figure 2. 6: Principle components of the sediment budget within a coastal compartment (Woodroffe, 2003).

2.4.2 Coastal Barrier Systems
A combination of the beach shoreface, subaerial beach and dune system make up coastal
barriers (Figure 2.7) (Abuodha and Woodroffe, 2010). Coastal sand barriers are sand
bodies that are elongated, parallel to the shore, and extend above the sea level (Roy et
al., 1994).

Figure 2. 7: An example of a sandy barrier system, comprising the beach shoreface, subaerial beach and
dune system (Adapted from Coastline 2D: sand dune system, Integration and Application Network,
University of Maryland Center for Environmental Science (ian.umces.edu/imagelibrary/)).
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There are many different types of barriers along the NSW coast, each with a different
evolutionary history. Understanding those types, and being able to identify them is
important, not only because they are the first line of defense against storms and sea
level rise, but also because the different barrier types record different modes of
shoreline development over time. This can further be used to distinguish different
shoreline behavior at millennia timescales; providing insight into not only present day
changes to barriers, but also indicate future behavior and sensitivity to a changing
environment (Abuodha and Woodroffe, 2010).
Barrier Formation Processes
Coastal barriers can consist of sand or gravel which is delivered to the beach system by
long shore drift or is carried in by wave action (Bird, 2000). Sand Barriers form in a
range of ways; the most prominent will be briefly outlined. Some Barriers have been
formed by longshore growth of spits (Gilbert, 1885); others result from the emergence
of an offshore bar during a phase of sea level lowering, the vertical accretion of an
offshore bar (Davis et al., 2003), or the partial flooding of a pre-existing coastal
topography during a phase when sea level was rising. Some other barriers are formed
from shoreward sweeping of sand during the Late Quaternary marine transgression
period (Bird, 2000). Overwash processes also form barriers, which cause sediment to
wash over the beach face by waves and into back barrier lagoon systems, which then in
turn cause barrier rollover and shoreward movement of the locations’ dune system.
Transgressive barriers form from this process along the continental shelf during periods
of lower sea level (Tribe and Kennedy, 2010).
Beach- Dune- Barrier Interactions
There are two elements that influence barrier evolution; one is the pattern of past
shoreline movement, which is indicated by the barrier being prograded (gaining sand),
stationary or receded (losing sand); and the second, is the extent of dune development
and height (Woodroffe et al., 2012).
Coastal dunes are part of barrier systems, and are most extensive where there is
suitably strong onshore wind, sufficient sediment supply and abundant coastal
vegetation to assist in trapping the sand (Goldsmith, 1989). Even though the dune
system acts independently to the beach, it is an important feature, as dunes are the
beaches main natural mode of protection from extreme events.
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A range of dune types can form behind beaches (outlined in Figure 2.8), and it is the
differing beach and dune sand budgets that determines those types (Sherman and
Bauer, 1993). The main dunes found on Kiama beach systems are the beach ridge,
foredune and single accreted foredune types. A system with an abundant sand supply
but no wind activity forms a beach ridge plain (Figure 2.8 a). In a similar setting, with a
positive beach budget but higher wind energy, and sufficient vegetation, a series of
foredune ridges can form (Figure 2.8 b) (Eliot et al., 1998; Woodroffe, 2003). If
vegetation is very dense and efficient at trapping sand, a single vertically accreting
foredune ridge can be created (Fig 2.8 d) (Hesp, 1988). Understanding the dunes within
a compartment is important as it can help coastal managers to identify the type of
barrier present as well as the sand budget of the area.

Figure 2. 8: The nature of a sand barrier and its dune system as a function of the relative balance of the
foredune and beach sand budgets. Note the six dune types, most of which do not occur in Kiama (Adapted
from Woodroffe, 2003).
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Figure 2. 9: Summary of barrier types found in NSW, with reference to their classification, evolutionary
history and dune elevation. A representative example (right) of each is displayed via Google Earth images
from the NSW coast. 1) Seven Mile, southern Kiama, 2) Seal Rocks, north NSW, 3) Werri Beach, south Kiama,
4) Bulli Beach, northern Illawarra and 5) Shelly Beach, southern Kiama (Adapted from Chapman et al., 1982;
Woodroffe et al., 2012).

- 27 -

Doyle, TB (2013) Coastal Erosion… A “Shore” thing?

Coastal Barrier Types
Understanding barrier types is important for predicting likely coastal change. Chapman
et al. (1982) has highlighted three steps to evaluate coastal change using the barrier
geological model: this first step is to identify the barriers type, next involves assessing
their mode of origin and the final step is to evaluate the barrier type in relation to future
shoreline change. Coastal literature recognizes five different barrier types; a) Prograded,
b) Episodic transgressive dune c) Stationary, d) Receded and e) Mainland beach (see
figure 2.9).
1) Prograded barriers are characterized by multiple, foredune ridges parallel to the
coast, which have built seawards over time (Abuodha and Woodroffe, 2010; Chapman et
al., 1982). These barriers form on low gradient shallow shelf complexes that
experienced moderate to large continual supplies of sand (Roy et al., 1994). The Seven
Mile beach in southern Kiama LGA is a good example of this barrier system, with wellformed prograding beach ridges, and relic foredunes preserved within the ridges.
Barrier progradation is considered as a sign for a positive sediment budget, and
therefore such systems are considered less sensitive to a changing sea level or climate,
because it has the needed sediment stored and being delivered, to respond to changing
conditions (Thom et al., 1978).
2) Episodic transgressive dune barriers typically have low gradient shelves and are
found with extensive stabilized or mobile transgressive dune systems. Such barriers are
not found in the Illawarra, and more specifically the Kiama LGA. Myall Lakes, north of
Newcastle has excellent examples of transgressive dune barriers (Roy et al., 1994;
Chapman et al., 1982; Abuodha and Woodroffe, 2010).
3) Stationary sand barriers are usually recognised by either lacking progradation and/
or possessing a single prominent dune ridge structure (Figure 2.9). They form on
moderate to low gradient shelves, and the low sand supply is balanced by the low sand
loses. In South-eastern Australia stationary barriers tend to occur in Embayed
compartments that once lacked the sand needed for barrier building. Due to the limited
sand supply, it has been projected that a change in climate may induce erosion in such
barrier systems, so are considered moderately sensitive to climate change and sea level
rise (Thom, 1984a; Roy et al., 1994).
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4) Receded barriers are those that have lost sand over time and can be distinguished
by having clays or peats on the beach face. This barrier type is not found readily in the
Kiama LGA, the closest example would be in Bulli, which demonstrates muds and
mangrove deposits being exposed on the beachface (Jones et al., 1979). Due to the
limited sediment already on these barriers and limited supply, this type of barrier is
considered to be quite prone to future recession as it will have little sediment to
respond to any future changes. It therefore has been classified as the most sensitive
barrier to climate change (figure 2.9) (Chapman et al., 1982; Abuodha and Woodroffe,
2010).
5) Mainland beach barriers characteristically comprise thin layers of beach and
shoreface sand deposits, which average about 5m thick, and usually are bounded against
a bedrock coastline (Figure 2.9). Such barriers are considered quite similar to receded
barriers, except when recession of mainland beaches occurs, rock reefs are often
exposed on the nearshore, rather than muds or estuarine deposits. Shelly beach near
Gerroa is a good example of this barrier type, as a rocky reef fronts this beach. Mainland
beach form indicates past and current erosion, however due to the newly added
protection of the rocky shore these barriers are still considered to have a low sensitivity
to sea level change (Chapman et al., 1982; Roy et al., 1994; Abuodha and Woodroffe,
2010).
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2.5 Beach Morphodynamics
Coastal morphodynamics has been termed the mutual co-adjustment of coastal form
and process, as they occur at differing time and space scales (Wright and Thom, 1977).
This approach, for the first time, considers the interactions between hydrodynamics,
geomorphology, aerodynamics, morphostratigraphic and sedimentological areas of
coastal science, which together form a greater understanding of coastal zone change
(Short, 2012; Wright and Thom, 1977).
More importantly, understanding beach morphodynamics can also provide insight into
present and future response to extreme events, climate change and altered
meteorological conditions, like sediment movement cycles, wave climates, rips, severe
storms, sea level rise and El Nino events (Bryant, 1988; Woodroffe et al., 2012; Short,
1985; Ranasinghe et al., 2004).

2.5.1 Beach Types
Beaches along the NSW coastline can be classified into 6 different “beach types”,
indicated in Figure 2.10 and below. “Beach type” refers to the prevailing characteristic
form of the beach system. This classification is based on three parameters, wave height
(Hb), wave period (T) and grain size (Ws), or all together; the dimensionless fall velocity
(Ω). Wright and Short (1984) modified the use of this Ω for beach classification,
highlighting that any beach with a Ω<1, the beach tended to be reflective; the lower
energy beach. When Ω>6 the beach was dissipative; the highest energy beach on the
NSW coast, and if the Ω was 2 - 5, the beach is an intermediate type (Short, 1999).
Each of the six beach types also has associated hazards and risks, which count towards
their safety-rating index. This index refers to the scaling of a beach according to the
hazards associated with its dominant state and any local hazards (e.g. rock outcrops). It
ranks beaches from 1, which is a safe beach, to 10, which indicates a dangerous beach
system (Short, 1993).
Dissipative beaches represent the highest energy beach type, and are very rare along the
NSW coast. In fact, they only occur when the seas are very big, like during or following
storm activity. There are strong hazards associated with such a beach type, including
strong breaker waves, rips, wave bores and large water height changes, justifying its
hazard rating of 9 (Figure 2.10, a)(Short, 1993; 1999).
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The Longshore bar and trough (LBT) (Figure 2.10, b) is not very common along the NSW
coast, yet one is found within the Kiama coastline: on Seven Mile beach. This beach type
is depicted by a continuous longshore bar, which is separated by a deep trough. Strong
rips often cross the bar and the beachface is quite flat. Hazards associated with this type
of beach include bar presence, a deep trough, rips and currents within the trough during
low tide, justifying a hazard ranking of 7-8/10 (Short, 1993; 1999).
The rhythmic bar and beach (RBB) classification is the highest energy beach that
commonly occurs on NSW beaches. They comprise distinctive rhythmic or crescentic
shaped bars and matching rhythmic shorelines. These bars not only alternate with
strong rips, but also are separated from the beach by continuous rip feeder channels.
The hazards within this beach type include the deep channels and strong currents that
separate the beach and the bar, as well as frequent strong rips, giving it a hazard rating
of 6-7/10 (Short, 1993).
The transverse bar and rip (TBR) beach type is the most common in NSW and Kiama
(Short, 1993). It forms bars, which are perpendicular to, and attached to the shore. Deep
rip channels and currents separate the bars, and where the bar connects to the beach,
megacusp horns often form (Figure 2.10, d). According to Short (1993), it is this beach
type that gives NSW’s its great surf, but also why there are so many rescues a year, as
the shallow bar tempts swimmers into the surf, while lying either side are the deep rip
channels and currents, earning the hazard rating of 5-6/10.
The low tide terrace beach (LTT) (or ridge and runnel, see figure 2.10, e), it is the lowest
energy intermediate beach type. They are characterized by rather steep beachfaces with
high tide cusps. A terrace or attached bar is welded to the shoreline, which may even be
cut intermittently by shallow rip channels, called mini rips. This beach type is
considered one of the safest of beach types, and only become dangerous when waves
exceed 1m in height, generating dumping waves, strong currents and ‘flash’ rips (Short,
1993). They therefore have a hazard rating of 3-4/10.
The last wave-dominated beach type is the Reflective beach (Figure 2.10, f), it is the
lowest energy of the entire beach spectrum. They are characterized by steep, narrow
beaches, usually comprised of coarse sands and waves less than 0.5m in height. Beach
cusps form on the beach face and due to there being no bars in the swash zone, waves
arrive unbroken to the shore and surge up the face. Low hazards are associated with this
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beach type, particularly under low wave climates, giving the beach type a hazard rating
of 2-3/10 (Short, 1993).
Dissipative and reflective beach types are endpoints in a continuum, and any specific
beach can vary within the continuum or change between types (see Figure 2.10).
Frequently there is one state that a beach more often adopts than any other, and this
known as the modal beach state (Wright and Short, 1984). Sheltered reflective beaches
deep within embayment’s for example, stay highly reflective and show little variation
overtime because wave energy is constantly kept low. Conversely, open or exposed
beaches are subject to a much larger range of wave conditions and therefore can change
state quite rapidly, and readily erode rather than accrete (Wright et al., 1979; Short,
1993). Therefore, there is a greater likelihood that dissipative or reflective end member
beaches remain in those states (Table 2.4)(Short, 1999), where intermediate beaches
are more likely to vary through wider ranges of beach types. Figure 2.10 also illustrates
the different features of morphology these beaches can go through when in either an
erosion or accretion cycle.
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Figure 2. 10: Wave dominated beach types and schematic sequence of beach change for accretionary (right) and
erosional (left) wave conditions, they are a function of wave power, the stronger the power to stronger the erosive
effect (Adapted from Short, 1999; 2006; Woodroffe, 2003).
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2.5.2 Applying Beach type studies
Understanding beach classification can provide further information regarding beach,
dune and barrier interactions, making inferences to past, present and future changes to
the beach- dune environment easier. Relationships can be made between beach types,
breaker wave height and foredune stability. This in turn can be used to determine the
extent and type of dune behaviour of the beach. Table 2.4 summarises the conditions
required, that form the typical dune systems behind each different beach type.
Dissipative beaches commonly have large-scale transgressive dune sheets develop
behind them; intermediate beaches tend to be characterized by large-scale parabolic
dune systems (high energy types), down to small-scale blowouts (low- wave energy);
where reflective beach types tend to have minimal dune growth (Short and Hesp, 1982).
Table 2. 4: Summary of Wave- beach- dune interactions in Southeastern Australia (Short and Hesp, 1982).

2.5.3 Applying Beach-Dune-Barrier studies
The entire barrier system (i.e. dune and beach) can therefore be regarded as key
characteristics for informing long-term beach response to coastal managers. Existing
literature implies that classifying the entire barrier, dune system and beach states,
allows an understanding of likely future beach response, particularly to rising sea level.
Investigating beach-dune-barrier evolution over management timescales (i.e. years to
decades) further allows coastal managers to understand the likely direction of beach
change and help assess past and existing; or form future management strategies.
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2.6 Natural Hazard Studies and Coastal Processes
The CZMP comparison in section 2.3.1 also highlighted the need to include a short-term
hazard and risk study in coastal management plans. Much of the past literature on coasts
and their response to hazards has been established through a reactive paradigm, where
studies were only conducted once the hazard had already impacted the coastal
environment.

Planning measures and remedial management needs to be more

proactive, and consider future risks. This involves consideration of the longer term
geomorphological and morphodynamic characteristics and processes of the coastal
features being studied, and combining this with shorter termed plans to create more
holistic management strategies (Woodroffe et al., 2012).
The increase of community population on the NSW coast has drastically increased the
pressures humans place on the coastal environment. The once stable and stationary
boundary conditions that once existed at the coast are now changing with climate
change and a rising sea level. Considering these changes, it is now more important than
ever for costal managers to identify these hazards, incorporate hazard studies into their
strategies, and introduce longer term planning initiatives along the coast. It is with this
long term planning that understanding morphodynamic and geomorphological
characteristics of a coast become crucial (Woodroffe et al., 2012). Figure 2.11, highlights
an example of the impact a change in boundary conditions will have on storm damage.

a) Stationary Conditions

b) Recession or Sea-level Rise

Figure 2. 11: Time series of coastal erosion under a) stationary boundary conditions, and the impact storms
have on the coast; and b) changing boundary conditions due to either sea level rise or costal recession. Note
the different landward limit of the set back line between the two scenarios; smaller storms in the changed
boundary environment will have more and more of an impact on coastal structures (Jongejan et al., 2011).
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Hazard assessment was noted in the NSW Coastline Management Manual (1990). Which
highlighted that erosion and recession estimations should be considered. In 2010, the
Coastal Risk Management guide demonstrated the usefulness of incorporating sea-level
rise studies into successful management plans (NSW Government, 2010). In 2012, the
NCCARF’s ‘Approaches to risk assessment on Australian Coasts’, highlighted three
important sources of shoreline variability significant for study.
1) Long- term behavioral trends- for example sediment budgets, which can be
understood through barrier studies. Prograded barriers represent positive
sediment budgets, where a receded barrier type represents a negative budget
(see section 2.4 Sandy Barrier Systems and Long-term Beach Change).
2) Short- term ‘process’ fluctuations- for example, storm cut and recovery
progressions, where beaches erode after a storm event and slowly recovers
(accretes) after it.
3) Sea-level change- the expected trajectory of local sea-level also needs to be
determined, instead of assuming stationary boundary conditions.

2.6.1 Short-term variability and Long-term trends of shorelines
NSW sandy beaches are inherently dynamic, undergoing continual change from waves
and tidal variations, but the most noticeable changes occur during storm events. This is
where wave energy rises; causing erosion of the beach, flatten beach profiles, dune
scarps and large wash over deposits. Typically, the sand taken from the beach face is
deposited in nearshore bars, where it is then later reworked back onto the beach during
lower energy situations (termed post-storm recovery) (Short, 2010).
When beaches experience short-term erosion from storm events, but have subsequent
accretion afterwards, no overall sediment tends to be lost or gained, so the beach
environment can be regarded as stable. If the shoreline or beach experiences long-term
retreat, sediment is lost from the system after each storm cut, causing the shoreline to
move landward. Conversely, if sediment is gained after each erosion event, the coastal
system is considered to be in an accretion state, with a positive sediment budget (see
figure 2.12)(Woodroffe et al., 2012).
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Figure 2. 12: Beach reaction to storm cut when in either a receded (a), stable (b) or accreted (c) long-term
system. (t1) depicts before storm environment, (t2) during storm, and (t3) after storm recovery (Woodroffe,
2003).

Storm Activity in South Eastern Australia.
Short and Wright (1981) noted that large wave events occurred in the years 1967, 1974,
1975 and 1978 that contributed to severe beach erosion along the NSW coastline. The
1974 storms, in particular, provided swell conditions that extensively eroded beaches
throughout NSW. The scarp cut created in the event represents the most extreme
recorded state of storm erosion, and when mapped, the path can be used as a hazard
setback line for coastal planning purposes (McLean and Thom, 1975). The impact of the
1974 storm event was documented in detail by Bryant (1988), Bryant and Kidd (1975)
and Thom (1974). All three described the storm causing cliffing of frontal dunes and
seaward migration of beach sediments. The studies indicated that pocket beaches
received the most erosion, as well as Embayed beaches and beaches adjacent to seawalls
and inlet mouths (Bryant and Kidd, 1975).
Bryant (1988) studied the impacts of the 1974 storms on Stanwell Park, and established
an important link between frequency and magnitude of seasonal storms, the position of
the Hadley Cell and sea surface temperatures (SST). This study also recognized a set of
environmental influences such as rainfall, storminess over past years, Southern
Oscillation Index (SOI) and sea level fluctuations as factors that caused the great effects
of the storm and such dramatic erosion of the beaches (Baker, 2006).
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2.6.2 Sea-level rise
The sea level is the result of the “combination of mean sea level, the state of tides, wave
set up, sea level alterations related to air pressure and nearshore winds, and the
contribution of on-shore flows” (Woodroffe et al., 2012). At the most basic level, a rise in
sea-level will likely cause long-term retreat on sandy coastlines. Coastal councils need to
understand the impact a rise in sea level will have on their area’s coastal systems even
though it is no longer required by the Coastal Protection Act 1979 (outlined in table 2.5).
Also distinguishing between the effects of short-term storm events, and long-term
process imbalances is essential (Woodroffe et al., 2012). To determine an estimated rate
of sea level rise for a given coastal area, a council can use an approach derived from the
findings of the Intergovernmental Panel on Climate Change (IPCC) (Nicholls et al., 2011).

Table 2. 5: Summary of the impacts a rise in sea level will have on coastal systems in Australia (adapted
from Nicholls et al., 2011).

Coastal Impacts from Sea level Rise:
1) Inundation, flood and storm damage

a) From sea surges or,
b) River backwater effects

2) Long-term wetland loss and change
3) Altered patterns of erosion and
accretion
4) Saltwater Intrusion

a) From direct morphological change or,
b) Indirect morphological change
a) Into surface water or,
b) Ground-water

5) Rising water tables/ impeded drainage
2.6.3 Techniques to Assess Short-term Coastal Risk or Hazard impact
There are many different models and techniques used in hazard assessment, however it
is up to the coastal councils and managers to determine the suitability and
appropriateness of each model to their local area (Woodroffe et al., 2012). Different
models have been classed based on the main disciple underlying the concept, for
example, there are process-based and morphological models, or geomorphological
models. Table 2.5 highlights the main models in use along Australia’s coast, illustrating
key studies that have used them and explaining the core concepts behind them.
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Table 2. 6: A summary of the techniques/ models available for hazard or risk assessment studies; which highlights the key aims and morphodynamic themes
underpinning most, and limitations, so selecting the right model for any coastal manager or decision maker’s situation is more easy.

Technique/
Model

Stu dies used
in

Aim

Model
Source

Key concept of model

Limitations to
model

SBEACH- the
Storm-induced
BEAch CHange
model

a) Larson &
Kraus (1989)
b) Rollason et al
(2010).

Predict storm cut
variability on beach &
dunes

Processbased

2D numerical model based on cross-shore transport
of sand, & concept of equilibrium profile following
storm event.

Underestimates storm
erosion demand, esp.
in northern NSW.

XBeach

a) Roelvink et al
(2010)
b) Van Dongeren
et al (2009).

Processbased

2D storm impact model using wave propagation, long
waves and mean flow, sediment transport and
morphological changes of nearshore area (beach, dune
and back dunes).

Over predicts erosion
around the mean
water line, &
deposition at the
lower beach face.

PCR- Probabilistic
Coastline Recession

SEM- Shoreline
Evolution Model

SRM- Shoreline
Response Model

a) Ranasinghe et
al (2012)
b) Callaghan et
al (2009).

a) Rollason et al
(2010)

Prediction of nearshore
area response to storm,
hurricane & extreme
beach behaviour (E.g.
Dune erosion, Overwash
and breaching).

Calculates numerous,
long sequences of
erosion & recovery from
storm activity.

Simulates shortgeological time scale
coastline evolution-

including sea-level change.

a) Huxley (2010)
b) Rollason et al
(2010).

Predicts shoreline
response to the
collective impact of wave
climate variability & sea
level rise- over short –

Processbased

Processbased

Processbased

Statistical model, using wave climate, water level &
period parameters b/w storms to generate boundary
conditions. Wave height, period & direction, event
duration, tidal anomalies, event spacing, wave
steepness and event grouping are used to generate
storm predictions.
Model uses a quasi-2D extension of past models to
incorporate both cross-shore & longshore sand
transport &profile response. A time-stepping
approach is employed to simulate sea level and deepwater wave data. SEM also accounts for natural
bedrock headlands, nearshore reefs & coastal
structures.
SRM uses water level (tide, surge & sea-level rise) &
wave input (Significant wave height, period & direction)
to determine shoreline response to altered climate
drivers, e.g. sea-level rise, change in wave direction, storm
wave height & occurrence.

intermediate timescales.
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SCAPE- Soft- Cliff
and Platform
Erosion model

a) Walkden &
Hall (2005)
b) Walkden &
Dickson (2008)

STM- Shoreface
Translation Model

a) Cowell et al
(1990)
b) Cowell et al
(1999)
c) Cowell & Roy
(1992).

SAM- Sediment
Allocation Model

Brunn Rule

Barry et al
(2007).

a) Brunn (1956,
1988)

Simulates recession of
soft rock cliffs &
associated platforms &
beaches.
Sediment- budget model
that simulates
redistribution of
sediments within a
coastal cell, in order to
estimate shoreface
translation under sea
level change.
Another sediment
budget model, but it
simulates atoll-island
development

Estimates shoreline
retreat with a rising sea
level.

Geomorph
ological

Potential retreat is found using the tidal cycles,
erosion potential, & tidal time steps under a slowly
increasing sea level.

Geomorph
ological

STM simulates sea level rise, & the entire shoreface
movement landward. It reconfigures deposits and
overall morphology using surface kinematics relating
to sediment budget. All components of the sediment
budget need to be accounted for, & geometry of
subaerial beach is calibrated using site-specific
surveying.

Geomorph
ological

SAM is based on accommodation principles, which is
a model based on grouped scale, and behaviourorientated information. The model assumes there is a
morphodynamic link b/w island topography &
volume, fluid dynamics, & sediment sequestration.

Engineerin
g- beach
profile

This rule uses an average beach profile shape that is
determined by the shoreface, sediment size and wave
climate. The rule predicts shoreline movement with a
rising sea level, using the concept of conservation of
mass of sediment. Rate of retreat is based on the
slope of the shoreface. It is considered within this
rule, that the shoreline erosion rate is approx. 50- 100
times the rate that sea level rises.
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Has not been tested in
Australia, & therefore
not calibrated for
Australian cliffs.

Accurate input values
for model algorithms
are generally
unavailable or
imprecise for model
parameters.
This rule has been
criticized for over
simplifying
assumptions that
underpin it. For e.g. it
ignores perturbations
such as seasonal/
storm fluctuations
within its calculations.
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2.7 Techniques for measuring long-term beach change
Long-term beach profiling at Bengello, Narrabeen, and Moruya beaches has revealed
patterns of erosion and accretion, beach and barrier evolution, and shoreline change
and oscillation through volume analysis, observation of profile change and historic
aerial photography (see Table 2.1) (Short and Trembanis, 2004; Ranasinghe et al.,
2004a; McLean and Shen, 2006; McLean et al., 2010).
Techniques that analyze shoreline movement
A common approach throughout the literature to study beach change is through the
recording of historic shoreline movements. Many researchers such as Short and
Trembanis (2004), Leatherman and Eskandary (1999), Ransinghe (et al., 2004a),
Fenster and Dolan (1999), Priest (1999) and Bryant and Kidd (1975) have used aerial
photography to determine relative rates of shoreline movement. This movement is
monitored using erosion reference features or proxy shoreline indicators, which can
include cliffs, bluffs and vegetation lines, and in some studies, mean high water (MHW)
and the high water line (HWL) (Boak and Turner, 2005).
The HWL has been used extensively in USA shoreline studies, and can be coined the
most commonly used as a proxy shoreline change indicator (Fenster and Dolan, 1999;
Leatherman and Eskandary, 1999; Pajak and Leatherman, 2002). The HWL represents
the most visibly obvious wetted markings of the most prior high tide. The MHW mark
represents the intersection between the tidal range and the beach profile (Baker, 2006).
The use and accuracy of both the HWL and MHW as indicators were reviewed by Boak
and Turner (2005), which discovered various problems with the use of such shoreline
indicators. The main problem was the interpretation of the HWL, as it is easily confused
with many past high tide lines or debris lines. The HWL also alters greatly from one day
to the next through different erosion/accretion episodes, tidal maximums, storm events,
differing wind and wave conditions, and changing beach slope and average grain size
(Hanslow, 2007).
Using the MHW mark on the other hand, can offer a more repeatable and accurate
alternative to the HWL, as its use would eliminate the varying effects that
meteorological and oceanographic changes, seasonal variations, earthquake and
periodic sea level change have on the HWL (Camfield and Morang, 1996; Moore et al.,
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2006). Due to the technical needs required for MHW generation, and the lack of data for
the Kiama coastal system, this study has used the HWL.
Other proxy shoreline indicators that have been used to document coastal change
include, the berm crest, vegetation line and escarpment or bluff positions. The berm
crest indicator was used by Guy in 1999, along with aerial photography to map coastal
erosion in the US. This feature was a good erosion gauge, but cannot display accretion
episodes at all (Boak and Turner, 2005). The vegetation line is used frequently to
highlight the seaward extent of dune vegetation (Abuodha, 2009; Leatherman and
Eskandary, 1999). This indicator retreats during periods of erosion, but again does not
capture accretion episodes accurately (Boak and Turner, 2005).
Whatever indicator is used, it is usually collated into a time series of shorelines through
the analysis of historic aerial photography. Regardless of all the studies that have used
time series collections of aerial photography to examine coastline change, there are
distortions and limitations accompanying such a method. These shortcomings add
uncertainty to the accuracy of produced shoreline positions, and include, distortions
introduced through photographic processes, relief displacement, tilt, atmospheric
refraction and distortion due to curvature of the earth (see Table 2.7) (Baker, 2006).
Table 2. 7: The sources of error associated with aerial photography (Baker, 2006).
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Once proxy shoreline indicators have been identified and mapped, there are many
different methods available to mathematically measure the shoreline change. Moore (et
al., 2006) has demonstrated the use of a linear regression analysis, which calculates the
best-fit line through a series of shoreline positions and estimates the rate of shoreline
change. Alternatively, the U.S Geological Survey (USGS) have released the Digital
Shoreline Analysis System (DSAS), an ARC GIS extension that calculates a series of
shoreline ‘rate of change’ statistics from a given set of shoreline indicators. This
extension can also determine the rate and extent of the shoreline change, which
potentially delivers a well-formed historical analysis of a specific coastlines’ evolution
(Baker, 2006).
Beach Profile Change
Gathering a time series of beach profiles is another effective tool for the analysis of
beach change. Additionally, generated profiles can help determine what type of coastal
barrier the beach is part of. Beach profiling can be completed manually in the field,
either by dumpy and height staff or Real Time Kinematic Global Positioning System
(RTK GPS), through photogrammetry manipulation or from Light Detecting and Ranging
(LiDAR) data analysis. Beach profiling is a useful option to use for beach change
analysis, as it offers a less subjective way to monitor the change, as they do no require
definition and interpretation of different and often dynamic proxy shoreline indicators
(Baker, 2006).
RTK GPS Profiling
Real Time Kinematic (RTK) profiling is a relatively contemporary but popular method
for beach profiling (Harley et al., 2011b; Lee et al., 2013). The RTK uses GPS satellites,
3G wireless Internet connections or base stations to determine the height of a point,
with an error of only 0.03m (Harley et al., 2011b). This system, quickly and accurately
(at cm resolution) captures the shape of both the dune and beach, allowing for analysis
of barrier type, sand volume and alongshore variation. The RTK also has applications in
glacier and desert profiling locations (Theakstone et al., 1999).
Photogrammetry
Photogrammetry uses high-resolution spatial knowledge to record and determine beach
changes and rates of those changes. This change information is obtained from aerial
photos, usually from 1940 onwards, as earlier photos were not reliable or detailed
enough (Hanslow et al., 1997). Stereo analytical photogrammetry corrects the distortion

- 43 -

Doyle, TB (2013) Coastal Erosion… A “Shore” thing?

and error found in aerial photos (Table 2.7), so it can be used readily in management
plans (Hanslow et al., 1997). The department of Natural Resources, for example,
monitors coastal erosion and change using photogrammetric analysis to produce beach
profiles, using the three-dimensional models photogrammetry provides. Profiles
created, have the potential to measure erosion in terms of movement of the erosion
scarp (m), generate maximum storm bit/ demand (using past storm data and current
beach processes) or changes in the beach volume (m3/m run of beach) (Baker, 2006).
LiDAR (Light Detecting And Ranging).
LiDAR provides highly accurate digital elevation models (DEM) that can be used to
create digital beach profiles and 3D maps of coastal morphology. This elevation is
produced by the LiDAR technology measuring the direction and propagation time of
laser pulses directed to the ground and back from an aircraft. The accuracy of LiDAR
data has been found to lie within ±0.15m (Harley et al., 2011b). LiDAR has been used
along with topographic and bathymetric surveys in England and Wales, to draw
relationships between dune state and coastal erosion and accretion cycles (Saye et al.,
2005). The study identified the stability of frontal dune systems, and was able to predict
the potential onset of specific dune erosion or accretion periods.

2.8 Chapter Summary
The literature review indicates there are key beach characteristics that provide useful
information about beach behavior. These include understanding barrier type,
understanding beach evolution over management timescales and understanding beach
response to storm events. Barrier type is a regarded as a key characteristic for informing
long term beach response. Therefore existing literature implies that characterizing
barrier type allows an understanding of likely future beach response, particularly to
rising sea level. Investigating beach evolution over management timescales (i.e. years to
decades) allows managers to understand the likely direction of beach change and to
assess past and existing management. This type of analysis is particularly important
given that infrastructure on the coast can affect natural beach response, i.e. what would
be otherwise expected given the natural barrier type alone. Strom events can be
formative events in coastal systems, consequently understanding likely beach response
to individual events (as opposed to high frequency beach processes) are also important
in terms of beach change.
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Despite there being a lot research undertaken on the NSW coast, particularly along the
south-eastern coastline, the literature indicates there is no collective behavioral
response one can adopt for all the beach environments. Each beach system acts
individually as a result of the interaction of geologic factors in combination with preexisting geomorphology, and oceanic and climate processes. This implies the need for
local, beach specific studies in order to understand and ultimately predict beach
behavior. Such studies are therefore required to inform effective coastal zone
management. In the case of this study, there are no specific studies that have been
undertaken on beaches within the Kiama LGA. Providing data on beach system behavior,
such as extent of beach change during storm events and investigating longer term beach
response over decadal timeframes is likely to be of significant worth in terms of
managing Kiama’s beaches.
Coastal Zone Management Plans (CZMP) are considered the best-practice approach to
managing the coastline. However, no CZMP exists for the Kiama LGA. There are several
key background studies that are required before a CZMP is prepared. The most critical
of which (and of greatest relevance to this study) are coastal process studies and coastal
risk assessments, as more thorough understanding in these areas will help tailor a more
effective management plan. Overall, the literature review therefore implies that this
study can most effectively contribute to improved beach management by providing
information on beach processes and risk, which can be used to assist in developing a
CZMP for the Kiama LGA.
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3. REGIONAL SETTING
3.1 The Kiama Coastal Environment
The township of Kiama is 120km south of Sydney (34°39’S, 150°51’E), located in the
Illawarra region, NSW (Australia), and is part of the greater Municipality of Kiama
(Figure 3.2). First established in 1859, it covers an area which extends to 258km2 and
houses a population of 19, 986 people (Australian Bureau of Statistics, 2011). The
municipality not only includes the city of Kiama, but also the localities of Bombo,
Gerringong, Gerroa, Minnamurra and Jamberoo. The majority of the population within
this municipally is situated along the coast, and the towns’ included are also known for
their beaches.
3.1.1 Coastal Geomorphology and Geology
The Kiama Municipality lies within the tectonically stable boundaries of the Sydney
Basin complex, which played a role in the evolution of the area (Figure 3.1) (Carr and
Jones, 2001; Woodroffe, 2003). The southern section of this formation, which is where
the Kiama LGA resides, contains the shallow marine Permian Shoalhaven group and
Quaternary Sediments (Figure 3.3). Within the Shoalhaven group are two main groups
the Broughton Formation and Gerringong Volcanics (Figure 3.4) (Carr and Jones, 2001).

Figure 3. 1: The geology of the three
major provinces in the southeast of
Australia. Particularly highlighting
the Sydney Basin and its
environments (Abuodha, 2009)
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Figure 3. 2: a) Aerial photo of the Kiama Local Government Area (LGA). The locations of the thirteen sandy
beaches used in this study are indicated (Note. The beaches labelled with a bold heading indicate in-depth
case study beaches; i.e. Bombo and Werri beaches). b) The study site with respect to the Sydney coastline
and the NSW state. c) Map of Australia.
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a
0

b

Figure 3. 3: a) A simplified geology map of the Illawarra coast, with
the Shoalhaven group as one unit (Re-drawn from the geological map
of Wollongong area, scale 1: 250,000, 2nd edition, 1966) (Abuodha,
2009). b) Map showing the location of the Sydney Basin and the
distribution of the main units of the Broughton Formation (i.e. the Late
Permian Westley Park Sandstone Member, Blow Hole Latite Member and
Kiama Sandstone Member) in the Kiama- Gerringong area (Carr and
Jones, 2001).

The lithology of the Illawarra coast from hardest to softest includes: the Gerringong
Volcanics, Broughton Formation, Narabeen Group, Illawarra Coal Measures and
Quaternary sediments. Figure 3.3 shows two simplified geological maps of the study
area. Demonstrating how the geology has had some influence in the formation of the
Beach-dune systems found in Kiama’s LGA. Marine and river erosion processes that are
still operating and the differing lithology and structural factions give the Kiama coast its
character (Chapman et al., 1982). Rocks that are more resistant to wave erosion, such as
the Gerringong Volcanics commonly form headlands. Emabyments generally are formed
in less resistant materials that are cut into by wave attack, however other process also
contribute to embayment formation (Bishop and Cowel1, 1997).
The Kiama area, and its’ coast is predominantly part of the Broughton formation, which
consists of alternating sandstone and basalt layers.

It can be divided into eight

members, including five latite lava members and three sandstone members (Carr,
1984). However, for this study, the Broughton Formation was considered as several
main members; the oldest as the Westley Park Sandstone, which is overlain successively
by the Blow Hole Latite, and Kiama sandstone member. The Broughton Formation is
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exposed mainly in Kiama’s LGA, largely as a series of prominent headlands (Figure 3.3
and Figure 3.4).
The Kiama geological formations and coastline are a product of past sea level changes,
sediment supply and climate. Much of the contemporary coastline formed during the
Pleistocene and Holocene periods. Driven by sea-level variability, the narrow and deep
drowned river valleys in-filled with Quaternary sediments; ultimately creating the
embayed coast in which the Kiama municipality exists (Thom, 1983). It is characterized
by a steep continental shelf that rarely exceeds 50km in width, high wave energy, sand
barriers and sandy beaches that are separated by rocky headlands or bluffs (Thom et al.,
1981). Due to the specific evolution and history of the south-eastern coast, the beaches
found in the Kiama municipality are predominantly wave dominated and are backed by
dune systems and/or foredune ridges (Short, 2010).
Sediment types and sources
The beach sediments found within the Kiama coastal systems are predominantly quartzrich sands, which are a product of erosion in the humid temperate climate Kiama
experiences, and the few rivers or streams found in the area to bring any other major
sediment type. In the southeastern part of the Australian coast, major rivers as well as
erosion of coastal rocks deliver this sediment to the continental shelf. Once at the shelf,
it is during sea level Transgressive stages that the sediment is reworked back on shore
and supplied to beach-dune systems and contributes to longshore transport. (Roy and
Boyd, 1996; Short, 2010).

a)

b)

Figure 3. 4: a) Gerringong Volcanics at Cathedral Rocks, Kiama. b) Broughton Formation at Bombo, clear
distinction can be seen between the sandstone (top layer) and columnar latite lava (bottom) layer. Both
photos taken August-September, 2013.
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3.1.2 Climate
The Kiama coast has been classified as an oceanic climate, which is typical of southern
NSW coasts. It is dominated by a warm, humid temperate climate, with warm summers
(av. 18- 24oC) and mild winters (av. 11- 18oC) (Short, 2010; BOM, 2013a). The rainfall is
distributed relatively evenly throughout the year, with an average annual measure of
1253.8mm (BOM, 2013a, last modified 25/4/ 13). The mean annual temperature
recorded at the Kiama Bowls Club was 21.5°C max and 13.1°C min (BOM, 2013a, last
modified 25/4/ 13).

3.1.3 Tides, currents, Waves and Wind Climate
The sediment transported in, out and through Kiama’s coastal environment is affected
by 3 major processes: waves, tidal current and prevailing onshore winds (Short, 2010).
The KMC area experiences a net northerly sediment transport, driven by southerly
storms, as well as prevailing south to southeast swell (Thom, 1983; Short and
Woodroffe, 2009).

The northward transport of sediment is interrupted by rocky

headlands

the

along

coast.

These

capture

sediment

leading

to

strongly

compartmentalized systems (Thom, 1983). Rocky headlands also result in decreasing
wave energy to environments in Kiama like embayed beaches, which can either increase
erosion or accretion along the beach, depending on the wave direction (Short, 2010;
Short and Wright, 1981).
The predominant wave direction for Kiama is from the southeast (Short and Wright,
1981). As shown in Figure 3.5 however, the area also receives waves from several other
sources and directions: east-coast lows, tropical cyclones, high-pressure systems and
sea breezes. The Sydney area, which is similar climatologically to the Illawarra, and has
been better studied, has an average of 10 east- coast lows a year producing waves from
the east for about 55 days a year, with average heights of about 2.8 meters, which are
the highest wave records for the NSW coast. Summer tropical cyclone waves come from
the northeast, and only affect the region for about 20 days a year. High-pressure systems
in the Tasman Sea, off the coast of Kiama produce an easterly airflow and low easterly
waves (Figure 3.5) (Short and Woodroffe, 2009).
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Figure 3. 5: An illustration of the effect different coastal topography and wave direction can have on beach
form. Between December and March (Austral Summer) wave energy is more evenly distributed along
southeast coast beaches. During winter and spring (April to November) when southerly waves dominate,
southern headlands cause wave power to decrease from north to south along Kiama’s beaches.
Consequently southern ends accrete, while the central to northern areas erode due to their exposure to
predominant waves (Short and Wright, 1981).

Onshore sea breezes dominate the Illawarra coast during summer, however off shore
westerly winds are common during winter. Strong southerly winds, sourced from the
southern Tasman, are expected all year round. These are often associated with cyclones,
cold fronts and therefore storms (Thom et al., 1981). Storm waves in this area
frequently exceed 4m and have been recorded up to 16m (Thom, 1983). Wave power
on the central N.S.W coast is 5-10 times greater than the northern American coastline
(Wright, 1976). Studies by Phinn and Hastings (1992) and You and Lord (2008) have
shown that the wind-wave climate of the Illawarra is changing. The Southern Oscillation
Index (SOI) and El Nino/La Nina in particular are influencing the wind-wave climate,
increasing wave height, storm severity and frequency, which will have implications for
the future beach morphology (see Figure 3.6).

Figure 3. 6: Graphic example of how the SOI influences storm severity in Australia. Note, on average over
the 17 years shown above the severity of storms and SOI are slowly increasing (You and Lord, 2008).
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KMC experiences a semidiurnal microtidal spring tide range of 1.9m and a neap tide of
0.3m (Eliot and Clarke, 1988). Changes to the tide range may be disguised by storm
surges and shelf wave activity (Eliot and Clarke, 1988). Despite the tide range having
little effect on coast morphology; it does have a significant role in the survival of many
ecological communities found along the Illawarra Coast, especially those within estuary
and wetland settings. The East Australian Current (EAC) is also situated parallel to the
Kiama coast, which distributes warm water polewards with a series of attached eddies
(Short and Woodroffe, 2009; Baker, 2006).

3.2 Kiama’s Beach-Dune Characteristics
The Kiama LGA, extending south from the mouth of the Minnamarra river to Seven Mile
Beach in Gerroa, contains 13 beaches (Table 3.1). While all these beaches fit within
Short’s (1999 & 1993) beach classification scheme, individual beach characteristics are
controlled by the underlying geology and proximity of the escarpment to the shoreline .
Primary or regional structural trends, like a widening coastal plain, hills and cliffs
extending to the coastline, exert the major control over beach aspect in Kiama. For
example, Surf Beach in the Kiama township, is formed between Church and Kendall’s
Points, both prominent 15m high basalt headlands, which force the beach to face east
(Bryant 1980; Short, 1993).
The five suburbs found within the Kiama LGA, are popular summer holiday locations,
which has resulted in extensive coastal modification (Short 1993). For example, Werri
beach in 1992 had its dune system bulldozed and totally reshaped by humans (Figure
3.7) (Kesby and Druett, 1992), while Bombo beach had its back dunes excavated for the
construction of a rail line. In response to the increasing popularity, growth and human
influence on Kiama’s beaches, several management plans have been made for specific
areas as well as one coastal hazard study in 2007. More plans need to be designed and
implemented however, to keep up with the coastal development and associated impacts
of the area (i.e. a CZMP) (Garber, 2007).
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Table 3. 1: Characteristics of the beach systems in the Kiama LGA, highlighting beach morphological type, aspect, length, wave height, safety rating, compartment type, sediment
supply and stability of each beach (Adapted from Bryant 1981).

Beach

Beach
Type

Beach
Aspect

Beach
Length
(m)

Kiama Downs (Boyds)

TBR

East

900

Cathedral Rocks
Bombo
Blacks
Surf
Kendalls
Easts

R
TBR/RBB
R
TBR
LTT
LTT
TBR/RBB
TBR

North
East
East
East
North east
East
Eastnortheast
(in south)
East

150
1200
130
270
380
350
1900

Werri
Gerringong Harbour
Walkers
Shelly
Gerroa (North Seven
Mile)
Seven Mile

R +rock
flats
LTT/TBR
R + rock
flats
LTT/ TBR
Inner bar:
TBR
Outer bar:
LBT

Average
Wave
Height
1- 1.5m

Safety
Index
7
4
7
4
6
4
4
7 to 6

120

<0.5m
1.5m
<0.5m
1- 1.5m
1m
1m
1.6- 1.4m
(northsouth)
<0.5m

EastSoutheast
East

350

1m

5

120

1- 1.5m

7

Westsoutheast
SoutheastEast

2000

<1m

5

10500

1.6m

6

4

Compartment type &
compartmentalization

Sediment
Supply

(Bryant, 1981)

Fixed

Sth Eroding

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Sth Eroding
Stable
Eroding slowly*
Eroding slowly
Eroding slowly

Embayed Beach- normally
closed

Fixed

Sth Eroding

Pocket

Fixed

-

Embayed – normally
closed

Fixed

Eroding slowly*

Pocket Beach- closed

Fixed

Stable*

Drift Aligned Beach- Open

Fluctuating

Stable*

Drift Aligned Beach- Open

Growing

Stable*

Embayed Beach- normally
closed
Pocket Beach- closed
Embayed Beach- closed
Pocket Beach
Pocket Beach- closed
Pocket Beach- closed
Pocket Beach- closed

Stability

* Stability of these beaches was not mentioned in Bryant’s (1981) paper done on the Illawarra coast, but stability has been inferred from the results of this study and other literature.
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3.2.1 Kiama Coastal Infrastructure and Built Environment
Acting as a place to live as well as a popular summer vacation destination, the Kiama
coastal environment has to cope with a large number of beach users. There are two
harbor’s located within the LGA, Blacks Beach and Gerringong Harbour. Both are backed
by permanent sea walls and public amenities, including car parks, walkways, which
therefore have replaced the dune and barrier environments, usually behind beaches.
Gerringong Harbour even has a boat ramp, which is located in the middle of the beach’s
length.
Most of the beaches within the Kiama LGA can be accessed by road or footpath, however
Walker’s beach, near Gerringong can only be accessed by walking 600m through
Gerringong Golf Corse (Short 1993). Likewise, Cathedral Rocks requires a walk over the
Bombo rock platform, and Shelly beach has to be hiked to from Black Point, Gerroa.
Four man made rock pools also are found along Kiama’s coast, the first is off Blacks
beach in the Kiama township, there is also another one close by at Blowhole Point. The
final two are in Gerringong; one on the southern rock platforms of Werri Beach, and the
final one in Gerringong Harbour.
Nine out of the thirteen of Kiama’s beaches are backed by urban or industrial
development. This includes beachfront homes, Surf club complexes, caravan parks, and
beach amenities as the most commonly found built structures. Bombo beach
interestingly has a rail line directly through its hind dune system (see Figure 3.7).

a)

b)

Figure 3. 7: a) Werri beach, south Kiama, displaying the surf club (red box) and caravan park directly
behind the beach-dune system (Beachsafe.org.au, 2013). b) Bombo beach, north Kiama, depicting the rail
line directly through Bombo’s hind dune system (taken by David Johnson, 2002).
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3.2.2 Brief history and description of case study beach-dune systems
Bombo Beach
Bombo beach is an exposed 1.2km long, east facing beach located north of the Kiama
Township. Humans first influenced this beach between 1883 and 1889, where a railway
was built from the north headland out along a high jetty. When the South coast rail line
connected to this rail strip in the early 1990’s, the jetty line fell into disuse. The rail was
initially built to transport materials coming out of the Quarry, built on Bombos northern
headland (Short, 1993). The rail was actually built over Bombo beach’s hind dune
system, which would have had some implications of how the beach has developed since
that time. Over the 1990’s and 2000’s, few small-scale management programs occurred
on the beach-dune system. The more noticeable actions included weed control and
regeneration and conservation of native plant species.
While the beach is highly visible from the road, it can be difficult to access. On the
northern slopes there is an amenities block and car park. Physically, a small creek
crosses the northern end of Bombo beach and the larger Spring Creek drains out against
the southern rocks of the system. The beach-dune environment receives average waves
of 1.5m high, which maintains a rip-dominated surf zone. The rips and associated bars
produce the beach breaker waves that surfers know this beach for (Short, 1993).
Werri Beach
Werri beach-dune system occupies the next broad valley south of the Kiama township.
Like Bombo, the dominant beach aspect is east, with a slight curve to the northeast in
the south. This beach system is 1.9km long and is backed by a developed 200m wide low
barrier, as well as a coastal lagoon and the Ooaree Creek draining out to sea at its
northern end (Short, 1993). The system is quite exposed to wave conditions, with waves
averaging from 1.6m in the north to 1.4m in the south. The beach usually maintains one
bar parallel to the beach, with many rips along its length.
Originally Werri was known as Lagoon Beach, and was first impacted by humans in
1899, with the construction of a recreational ground behind the beach. As a result of the
popularity of the beach, a surf club was formed at the beach’s southern end in 1914.
Since this time, housing and holiday park facilities have developed, to now covering
most of the back dune (hind dune) system. In 1953 the surf club was upgraded (Short,
1993). Due to the popularity of the beach, in the early 1990’s, concern was raised about
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the dune and coastal vegetation health of Werri beach. A Bitou bush monoculture was
severely degrading the entire beach’s length, killing off any native dune vegetation, and
breaking down the natural form and stability of the dune system. Large blowouts were
forming where the Bitou weed was being impacted adversely by salt and wind action.
This resulted in landward movement of the sand, onto the road and homes running
directly behind the dune complex (Kesby and Druett, 1992).
To fix this problem, a new method of Bitou bush removal was trialed in 1992, the trench
burial method (summarised in Figure 3.8). This involved large trenches being dug out
the front of the foredune, where the top layer of Bitou and sand would be pushed into
the trenches. Using the sand originally dug out of the trenches, the dunes would then be
reshaped and molded to the guidelines provided in the Dunes management Manual
(Kesby and Druett, 1992). Re-vegetation of the newly shaped dunes also took place in
1992 and 1993, where native seeds were planted (i.e. Marram grasses, Spinifex and
Acacia longifolia var. sophorae), the species composition used and location of species
was modeled off nearby beaches. Continual weed management was and still is kept up
by local dune care groups (Kesby and Druett, 1992).
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a)

b)

c)

d)
Figure 3. 8: a) “Trench burial” Program stages of Bitou
burial, seed removal, trench covering and dune
restructuring. b) Werri dunes in 1992, eroding and
evidence of blowouts due to Bitou infestation. c)
Trench creation and burying of Bitou bush. d) Further
removal of Bitou and top layer of sand into trench. e)
Werri 1993, dune reshaping (Images provided by
KMC). f) Werri (facing north), 2013 (taken by author).

f)

e)
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3.2.3 Beach State Characteristics
The beaches in Kiama are wave-dominated beaches. Comprising 3 reflective, 9
transitional intermediate, and 1 reflective with extended rock flats, beach types (Short,
1993). Intermediate beaches have four sub-types, and the Kiama LGA has examples of
all intermediate sub-types (Short, 1999). These include, low tide terrace (LTT) (e.g.
Walkers Beach), transverse bar and rip (TBR) (e.g. Jones/Boyd’s beach), rhythmic bar
and beach (RBB) (e.g. Bombo and Werri beach) and longshore bar and trough (LBT)
beaches (e.g. Seven Mile).
The most common beach type among the Kiama LGA region is the transverse bar and rip
(TBR) type (8/13 beaches in the area). This beach type consists of fine- medium grained
sand and has an average wave height of 1-1.5m. Despite the transverse bar and rip
beach being the second lowest energy beach in the intermediate beach category, they
are one of the main reasons for there being 5000 beach rescues a year, as the shallow
bars tempt beach users into the surf, however to each side of these bars are much more
treacherous and deep rip channels and currents (Short, 1993). Figure 3.9 shows the
prominence of a Transverse bar and rip beach on Jones/Boyd’s beach, Kiama Downs.
Note, particularly in the southern section of the beach, (left hand side inset) how the
waves break on the shallow bars, while there is no wave break on the adjoining deep rip
channels.

Figure 3. 9: Boyd’s Beach, Kiama Downs, displaying, especially in its southern section (left side and inset) a
Transverse bar and rip (TBR) beach type. Note the bar formations, where waves are breaking and the rip
channels, which have no wave breaks. Also note the cusp formations on the beach face.
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Cathedral Rocks, and Blacks beaches are all reflective beaches. Reflective beaches are
the lowest energy beach type, in the wave- dominated category. Reflective beaches still
can pose a risk to people, as they have a steep beach face, which means water becomes
deep close to the shore (Short, 1993).
Finally, Shelly beach and Gerringong Harbour are different to all other beaches in the
Kiama area, as they are classified as a reflective beach fronted by rock platforms. This is
a more hazardous beach type, owing to the presence of the rocks in the intertidal zone,
especially when exposed to medium to high waves, which submerge the rocks and hide
them (Short, 1993).
3.2.4 Beach Hazards and Safety Rating Index
Beach hazards and safety rating index is a scaling system to identify the degree of risk
beaches pose (Short, 1993). The index ranks beaches from 1 as the lowest to 10 as the
most hazardous beaches. Kiama’s beach safety ratings ranged from 4/10 to 7/10.
Despite the reflective beaches, at Cathedral Rocks, Blacks beach and Gerringong
Harbour being considered safe to visit, the presence of hidden rocks and rock plat forms
makes swimming in these locations unsafe. More so, Shelly Beach near Gerringong is an
even better example of where local hazards have an effect on beach safety, as even
though the beach is classified as reflective beach type, (having low wave heights and
minimal rips) the rock platform fronting the beach provides a big hazard to beach users,
and results in the 7 rating in the hazard scale (Figure 3.10). The other beaches that
rated a 7, the highest for the Kiama area, include Jones/Boyd’s, Bombo and Werri
beaches. These beaches are all transverse bar and rip beaches, which are exposed, long
beach’s (900m- 1900m) that receive the higher wave heights and swell, and frequent
rips all along their shore faces.
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Figure 3. 10: Shelly beach, Gerroa, displaying a clear example of the frontal bounding rock platform hazard
(highlighted by red arrows in the inset).

3.2.5 Dunes and Vegetation
Coastal dunes and their associated vegetation ecosystems are important factors in any
coastal environment. The high wave energy present along the Kiama LGA coastline
means the dunes and associated vegetation are the environment’s first line of defence.
Areas where there is inadequate dune formation, or properties/ structures near the
coast can be subject to inundation from the ocean, structural damage from wave attack,
accelerated erosion or sand drift (NSW-Government., 2001). For example, during 19151970, Werri beach was not only being infested with Bitou bush (which was degrading
the dune stability) but the dunes and associated vegetation on the beach’s southern end
was completely removed for recreational purposes. During the 1974 storm event, the
south end of Werri was completely removed, and the storm cut reached the main road in
front of the Surf club, as seen in Figure 3.11. Demonstrating the relative importance of
dune and coastal vegetation for coastal protection.
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Figure 3. 11: Werri beach (south end), just after the large storm events during 1974. Note the storm cut or
erosion scarp at the man-made road (Photo taken May 1974, Kiama Council).

Kiama’s shoreline has 13 sandy beaches and almost all of them have evidence of
incipient foredune formation, with the exception of Cathedral Rocks beach, and the two
harbour’s: Black’s and Gerringong. There are well-formed foredunes on Jones Beach in
Kiama Downs, Bombo, Walkers, Werri and Seven Mile Beach (which includes Gerroa
beach). Most of the beaches have little to no hind or back dune environments, with the
exception of Seven Mile Beach, which has the Seven Mile Beach National Park directly
behind it, an almost pristine hind dune environment. On most beaches infrastructure
has replaced the hind dune environments.
The Kiama LGA has a limited number of completely natural coastal ecosystems left;
almost all areas have been partially cleared or altered since European settlement (Kevin
Mills and Associates., 2006). All but Surfs and East’s beaches and the two harbors have
vegetation behind their beach faces. Figure 3.12 highlights the dominant species found
on beaches in the Kiama region, as well as demonstrate what a ‘healthy’ dune vegetation
zonation should look like. Note inland from the active beachface, grasses and succulents
dominate the incipient foredune, while shrubs dominate the foredune, and shrubs grade
into trees and forests in the hind dune area. The second pattern shown in figure 3.12 is
an altitudinal gradation of species along the NSW coast. (Short and Woodroffe, 2009).
Much of Kiama’s beach-dune systems have incipient foredune formations, and have
species such as Spinifex grasses closest to the ocean water. Coastal Wattle Shrubland
seem to dominate the rest of the beaches which have foredune vegetation, particularly
the wattle Acacia longifolia var. sophorae. Seven Mile Beach seems to have the most
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diverse and extensive dune vegetation ecosystem, with hind dunes fully intact and
populated with many coastal vegetation species on all three vegetation zones; incipient,
fore and hind dunes.

Figure 3. 12: The dominant species associated with coastal dunes in NSW, and more specifically the Kiama
LGA. This image also highlights two spatial trends with dune vegetation, one running from ocean inland, and
one that run along the NSW coast from north to south (or vice versa) (The Shaded blue zone is the Kiama
area of interest)(Short and Woodroffe, 2009).
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3.3 Chapter Summary
The Kiama Coastal environment is a tectonically stable, compartmentalized section of
the NSW coast, which contains 13 beach-dune systems. The Sydney Basin geology plays
an important role in creating the variety of coastal features and beach types present. As
a result, Kiama’s beaches have a variety of sizes and aspects, implying different beaches
in the Kiama LGA may exhibit different responses to forcing factors (e.g. storm events).
The Kiama coastline is a considered a high-energy environment. This implies that the
wind and wave climates are likely to be important in influencing beach type and beach
response (which may be complex due to the variety of beach types and aspects).
Similarly it may also imply that the role of storms is particularly important in driving
coastal change.
Humans have been influencing Kiama’s coastal environment since 1859, and this has
continually increased over time. Werri and Bombo’s beach-dune history reflects this
impact. This is likely to further complicate beach responses and reiterates the need for
local studies in order to inform beach management.
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4. METHODS
Several approaches were used to examine the morphology, physical characteristics,
condition, change and behaviour of Kiama’s beach and dune systems. Each method
aimed to capture a different temporal and spatial scale, which in turn record more
useful and in-depth coastal process data and features for use in management. The three
main methods used in this project were:
a) Assessing Beach-dune morphology and condition: using Real Time Kinematic
(RTK) GPS surveying, LiDAR analysis, aerial photography and vegetation
surveys. This technique is intermittent, but enables quantitative capture of
system change and condition.
b) Monitoring short-term beach change: through the use of time-lapse camera
recording, wave data, climate data and repeated RTK surveys. The camera
recording is a consistent, regular and detailed means to capture short-term
beach change. When combined with GPS surveying, the effectiveness to
document specific storm impact will be evaluated.
c) Analysis of long-term beach and dune change using historical aerial photographs
to map HWL and Vegetation line positions in ArcGIS, and Digital Shoreline
Analysis System (DSAS) calculations. This technique captures larger spatial
features and has the potential to identify longer-term processes, but is an
infrequent temporal method so data needs to be treated with caution.

4.1 Barrier Morphology and Condition Analysis
Understanding and interpreting the beach-dune (barrier) features of the Kiama LGA
may provide insight into future behavior and sensitivity of the systems to a changing
environment (Abuodha and Woodroffe, 2010). Combining this knowledge with coastal
compartment and sand budget understanding will also provide a clearer picture of the
long-term behaviour of each specific beach environment.
The examination of Werri and Bombo profiles, through both LiDAR and GPS surveying,
was also important as it provided further information about likely beach response to not
only long-term changes to the barrier system but short term as well (Table 4.1).
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4.1.1 RTK GPS Rover Surveying and Profiling
The Trimble R8 GNSS Real Time Kinematic (RTK) Rover surveyor was used to create
many beach-dune profiles across each of the 13 beaches found within the Kiama LGA.
The RTK connects to the nearest GPS base station (or CORSnet network) via a 3G
Internet connection (see Figure 4.1). The CORSnet-NSW is a network of permanent
Global Navigation Satellite System (GNSS) tracking stations that improves the accuracy
of satellite positing by the RTK Rover, allowing vertical accuracy in the order of 0.03m
(Harley et al., 2011b). Profiles are created by taking a series of data points across or
along beach and dune systems. For this study the RTK was set to the coordinate system
GDA (Map grid of Australia), zone 56 and height geoid model, Ausgeoid 2009. These
settings ensure the most accurate GPS positioning of points and height recording of the
beach-dune profiles, especially when profiles are created digitally and mapped spatially
in ESRI’s ArcGIS (Figure 4.1). For this study, the points and profiles were collected
perpendicular to beach face in order to describe the beach profile.

3G internet
connector (to
CORSnet)

Data
collector &
controller

a)

Figure 4. 1: a) Picture of the RTK coordinate system
settings required for most accurate spatial
observations, and b) Demonstration of RTK survey in
use, Werri Beach, NSW. Note in b) the core
components of the RTK surveyor.
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Surveying was carried out in 3 stages; a) all beaches in Kiama were surveyed on 22nd –
24th July 2013, b) before and following significant storms (i.e. 24- 27/06/13), so Bombo
and Werri beaches were surveyed before and after the June storm to attain a storm
impacted beach profile between 24th June – 2nd July; and c) on the 3rd of August 2013,
Werri and Bombo were surveyed to examine beach recovery after the June storms. The
accuracy of the RTK GPS was also tested and confirmed to be 0.03m using State SCIMS
marks at Werri Beach (18/09/13), supplied by Land and Property Information (LPI).
The starting point for each survey was at the most landward extent of all the dune
systems, for example if the beach had hind dunes, the profile was commenced behind
them, if only a foredune was present then the profile began behind that, however if
there was no dunes, the profile was begun behind manmade structures (such as sea
walls) or behind the beach face. Distinctive features such as fence posts, signs, or
concrete path corners were used as datum points to tie different profiles together
through time. A minimum of two, to a maximum of nine profiles was undertaken on each
beach-dune system. The exact profile locations are shown in figure 4.2.
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Figure 4. 2: The Kiama study area, showing the location of each RTK beach-dune profile.
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4.1.2 Vegetation Field Assessment
Vegetation surveys of each beach-dune system were conducted as a part of RTK surveys.
Average height, dominant species, vegetation extent and coverage was noted along each
transect. This allowed for the comparison not only between beaches but along each
system as well. In fact all beaches in the LGA were surveyed, dominant species were
photographically catalogued along each transect to allow for further investigation later,
and ensuring correct identification is carried out for the species present.
Changes in vegetation through time were also analyzed by aerial photography, where
the extent of vegetation cover change through time was observed in ArcGIS. The site
assessments and historic coverage change observation allowed for an understanding of
the types of vegetation on Kiama’s beaches, and give insight into the role vegetation
might play in the beach-dune environment (GHD, 2013).
4.1.3 Beach-Dune Morphology Assessment and Classification
The beach-dune morphology was classified using the results from the RTK surveys, field
observations and LiDAR analysis. Barriers were classified according to their coastal
compartment type (all beaches in the study area are compartmentalized beaches), beach
type, and most importantly barrier type (see sections 2.4.1, 2.4.2 and figure 2.8). The
beach type for each system has already been assigned during Short’s NSW wide beach
classification (Short, 1993). The coastal compartment and barrier classifications were
based on schemes and work done in Woodroffe et al (2012) and Chapman et al. (1982)
studies.
This method also included assessing and analysing the physical coastal processes and a
number of beach and dune indicators along a perpendicular cross-section of a beachdune profile. Features such as vegetation extent, entire beach-dune width and volume,
dune height and volume, scarp height and length were measured for Bombo and Werri
beaches (Table 4.1).
Volume for both the entire beach-dune system and just the dunes was calculated using
the GPS survey cross-sections and excel calculations. The area underneath each crosssectional profile curve (Figure 5.1 and 5.3) was used with a standard width of 1m to
generate approximate volumes of each transect (Appendix 10). Alone, these volume
values are not very useful, but when compared for example before and after a storm,
they can indicate volume changes effectively.
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Table 4. 1: Barrier (beach and dune) Morphology Indicators (Adapted from the Wollongong City Council’s
Dune management strategy, GHD, 2013).
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4.1.4 LiDAR Data
Light Detection and Ranging (LiDAR) data was used to further discern the
morphological characteristics of Kiama’s beach-dune systems. The Airborne Laser
Scanning data was captured over the areas of Kiama between the 08/03/201123/03/2011. LiDAR can be used to develop TIN (Triangulated Irregular Network)
digital elevation models (DEM) that spatially display elevation as an ArcMAP data layer.
The elevation data used in LiDAR is collected by measuring laser pulses directed to the
ground and back (Saye et al., 2005). This data can be used to create a series of dense
measurements from the surface terrain, generating DEM’s that have an accurate spatial
and vertical resolution. Such DEM’s can provide 3D formations of land surfaces, which
can be used for morphological examinations.
LiDAR was available for all of the Kiama LGA, which was used to generate two TIN
elevation maps of Bombo and Werri Beach. This was done to not only test another
means to capture coastal morphology and features but to compare GPS survey results,
and test whether they capture representative forms of the study beaches. The accuracy
of the LiDAR data was also tested against the State SCIMS marks on Werri Beach
(18/09/13), where a vertical accuracy of 0.15m was confirmed (SCIMS supplied by LPI).
The process used to generate the two TIN maps is detailed in Appendix 11. Essentially,
the raw LiDAR files (or LAS files) were converted to height points within ArcMAP. Once
in this form the “Point_to_TIN” tool can be used to create the TIN layer.
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4.2 Short-term Beach Change Analysis
4.2.1 Time- Lapse camera installation and set-up
The short-term (weeks to months) study of changes to Kiama’s beaches was confined to
examining just one beach within the LGA, Bombo Beach. This was due to logistical
reasons, i.e., only two time-lapse cameras were available. Two Brinno TLC100
waterproof time-lapse High Definitional (HD) cameras were purchased form a general
electric store and installed on both the north and southern end of Bombo Beach. The
cameras are designed to take continuous HD pictures or videos at preset time intervals,
which are converted into AVI (Audio Video Interleave) videos.
The time-lapse cameras were installed on private properties that provided views over
the north and south ends of the beach respectively. Both homes that were selected as
‘ideal’ for the cameras, which mainly was assessed through the best view to the beach,
agreed to the installation of the cameras. On the 6th of June, 2013, both time-lapse
cameras were installed on the back fence line of the home chosen for the southern end
of the beach study, to first test which time interval would capture the most useful
information of beach change (Figure 4.3). After leaving it for over an hour to record, it
was decided that the one minute and one hour setting were too much information for
the time available for analysis, so a four hour setting was set and one camera was left in
this southern position to record. The following day (07/06/13), the camera that would
record the northern end of Bombo beach was installed, and set to the four-hour interval
setting. A HD resolution of 1280 x 1024 megapixels and a field of view of 49.5o were
used, as these were the only options available for the type of camera.

Figure 4. 3: Time-lapse camera set-up and installation, note the camera’s view of the southern end of
Bombo Beach (06/06/13).

- 71 -

Doyle, TB (2013) Coastal Erosion… A “Shore” thing?

4.2.2 Time- Lapse camera data analysis
The camera’s battery life is estimated to last 133 days, however both cameras were
checked and data was downloaded monthly, so therefore data was attained at the
beginning of July (7/7/13) and beginning of August (15/8/13). Data acquisition
included taking down the cameras, then removing the USB thumb drive on which the
photos/video are stored. The USB drive was then plugged into a computer and the
produced AVI files downloaded.
4.2.3 Event analysis
Event analysis was undertaken for periods when the cameras recorded significant
changes in the beach profile (Appendix 3). Only one major storm event occurred during
the time the cameras were deployed. It affected the southern NSW coastline between
the 24/06/13 to 27/06/13. The anatomy of this event as well as the post storm beach
recovery were analyzed by examining synoptic scale weather charts derived by the
Australian Bureau of Meteorology (BOM) for this period, wave data collected by Manly
Hydraulics Laboratory (MHL) (esp. the Wave power, Significant wave height (H

sig),

average wave height, and wave direction (Tp1) values) from mainly the Port Kembla
wave buoy (Sydney and Bateman’s Bay wave buoys were also consulted as wave
direction at Port Kembla has been inaccurate of late) or wave height recorder and tidal
data also obtained from BOM (NSW-Government, 2011).
In addition for this event, beach- dune changes (especially volume changes) were
estimated from the camera images using the prominence and position of storm cut
(erosion scarp). The actual beach change was quantified from using data collected
during RTK surveys and indicators mentioned in Table 4.1 (See Appendix 10).
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4.3 Long-term Beach-dune Change Analysis
4.3.1 Shoreline Position Analysis
Assembling a time series of selected proxy shoreline indicator positions has the
potential to develop direct explanations of shoreline change from historic aerial
photographs. Aerial photography has been widely used in shoreline mapping, mainly
due to the records of shoreline positions they provide (Bryant and Kidd, 1975; Fenster
and Dolan, 1999; Leatherman and Eskandary, 1999; Priest, 1999; Moore, 2000; Pajak
and Leatherman, 2002; Short and Trembanis, 2004; Ranasinghe et al., 2004a; Baker,
2006; Tedder, 2008; Abuodha, 2009; Talbert, 2012). A series of proxy shoreline
positions were estimated from digitized geo-rectified aerial photos of Werri and Bombo
beaches. Aerial photos were captured for these beaches irregularly between 1949- 2012
(see Table 4.2). The two beaches were chosen for their similar size and aspect, but
contrasting history of dune and vegetation management, and different pressures of
development and visitation. This implies that differences in long-term change between
the two beaches may be attributed to human activity rather than natural variability.
Table 4. 2: Pixel size, date, reference and error of aerial photographs (raster datasets) used for shoreline
mapping and change analysis.

No.

Photo Date

Location

Pixel Size

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

06/06/1949
06/07/1950
27/11/1971
29/12/1974
28/07/1977
29/06/1981
21/04/1986
29/01/1993
23/07/1996
15/04/2001
2003 *
2008 *
08/02/2009
13/05/2011
2012 *

Bombo
Bombo
Bombo
Bombo
Bombo
Bombo
Bombo
Bombo
Bombo
Bombo
Bombo
Bombo
Bombo
Bombo
Bombo

2.5m
2.5m
2m
3.5
3.0m
2.2m
1.0m
2.5m
1.5m
1.1m
0.2m
0.1m
0.5m
1.0m
0.1m

Digital
Reference
Georeferenced
Georeferenced
Georeferenced
Georeferenced
Georeferenced
Georeferenced
Georeferenced
Georeferenced
Georeferenced
Georeferenced
Ortho- rectified
Ortho- rectified
Ortho- rectified
Georeferenced
Ortho- rectified

Supplier
NSW, OEH
NSW, OEH
NSW, OEH
NSW, OEH
NSW, OEH
NSW, OEH
NSW, OEH
NSW, OEH
NSW, OEH
NSW, OEH
Kiama Council
Kiama Council
NSW, LPI
NSW, OEH
Kiama Council

* Dates unknown- not mentioned in Metadata

No.

Photo Date

Location

1
2
3
4
5
6
7
8
9
10
11
12

17/07/1958
05/08/1963
28/07/1977
01/05/1993
15/04/2001
2003 *
19/01/2005
28/03/2007
2008 *
08/02/2009
13/05/2011
2012 *

Werri
Werri
Werri
Werri
Werri
Werri
Werri
Werri
Werri
Werri
Werri
Werri

Pixel Size
0.6m
3.5m
4.0m
1.25m
1.1m
0.2m
1.0m
1.0m
0.1m
0.5m
1.0m
0.1m

Digital
Reference

Supplier

Georeferenced
Georeferenced
Georeferenced
Georeferenced
Georeferenced
Ortho- rectified
Georeferenced
Georeferenced
Ortho- rectified
Ortho- rectified
Georeferenced
Ortho- rectified

NSW, OEH
NSW, OEH
NSW, OEH
NSW, OEH
NSW, OEH
Kiama Council
NSW, OEH
NSW, OEH
Kiama Council
NSW, LPI
NSW, OEH
Kiama Council
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The aerial photographs were converted to a usable form for calculation of shoreline
change, through the following steps:
1. Print copies of aerial photographs, provided by OEH, were converted to digital
format. Digital formatting was done through the use of a scanner, the
EPSON expression XL, which had a resolution of 150 DPI.
2. The digital aerial photographs were georeferenced to the ortho-rectified 2012
digital image, provided by Kiama Council. Six to ten well distributed high quality
Ground Control Points (GCPs) were selected by matching prominent features
such as corners of buildings, or road intersections (see Figure 4.4). The quality of
georectifying the photos was assessed through calculation of root mean square
(RMS) errors (see Appendix 7).

Figure 4. 4: The geo-referenced 1950 aerial photograph of Bombo Beach using ESRI’s ARCMap’s
“Georeference” tool bar, control points and Kiama Council’s Ortho-rectified 2012 data layer.
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3. Georeferenced images were assigned a projection, coordinate system and datum
that was as similar as possible to the 2012 ortho- rectified aerial photograph.
The projected coordinate system used was the GDA- 1994- MGA- Zone 56
version, while the Geographic coordinate system used was GSC- GDA- 1994. The
projection is Transverse Mercator and Datum is D- GDA- 1994. This was in order
to maintain the same formatting and to minimise formatting errors.
4. Historic and recent proxy shoreline indicators were digitized next on all the
aerial geo/ortho- rectified photos. The Vegetation Line (VL) and High Water Line
(HWL) were used as this project’s proxy shoreline indicators and the Editor tool
within ARCGIS was used to create the shorelines.
5. A time series analysis was finally carried out using ESRI’s ARCGIS extension
DSAS, which tracked the changes of the project’s selected proxy shoreline
indicators: HWL and VL.
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The HWL position was used as the first proxy shoreline indicator, and can be defined as
the wet/dry boundary on the subaerial beach that was left by the most recent high tide
(see Figure 4.5b) (Abuodha, 2009; Pajak and Leatherman, 2002). This shoreline
indicator was chosen as it is visibly easy to recognize from aerial photography and its
position is known to fluctuate with beach erosion and accretion. The HWL was digitized
directly from both the Georeferenced and ortho- rectified images (see Figure 4.5c). From
these digitized shorelines, shoreline movement can be observed not only along the
beach, but historic rates of change can also be attained using DSAS (Abuodha, 2009).

Figure 4. 5: a) Section of Werri Beach displaying the Vegetation line (VL), one of the proxy indicators used
to delineate shorelines, based on Crowell et al., 1991. b) Section of Bombo Beach highlighting the other
shoreline indicator, the High Water Line (HWL), based on Pajak and Leatherman, 2002 and c) the process of
digitising the 2012 HWL on Werri Beach.

Using a similar approach to the one described above for the HWL, the Vegetation Line
(VL) was used as the next proxy shoreline indicator for the digitization of shorelines
(Figure 4.5a and 4.5c). The measurement of the VL is a less commonly used indictor
than the HWL, although in some instances it may provide a good measure of coastal
recession or accretion (Crowell et al., 1991; Abuodha, 2009). The VL was assigned from
the aerial photographs as the landward limit of the coastal vegetation, and in most
beaches’ cases Spinifex or Marram grasses represent the VL (Figure 4.5a). In locations
where there was no vegetation, for example where man-made structures have been
constructed, i.e. a rail bridge, the seaward limit of the artificial structure was taken as
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the VL. Once the two proxy shoreline indicators were digitized, the DSAS program was
used to generate long-term rates of shoreline change (in m/yr.) and the associated error
was also reported (Appendix 7).
4.3.2 Digital Shoreline Analysis System (DSAS) processing
The Digital Shoreline Analysis System (DSAS) System is an extension to ESRI’s ArcGIS
that allows calculation of rate of change statistics from time series imagery (Table 4.4).
In this context it is used to examine the rate of shoreline change from the sequence of
aerial photographs for Bombo and Werri Beaches through time. DSAS was designed and
created by the United States Geological Survey (USGS) and it ran by producing a set of
orthogonal transects, which were user defined separations, to calculate rates- of- change
and associated statistics in an ArcGIS layer attribute table: Shoreline Change Envelope
(SCE), Net Shoreline Movement (NSM), End Point Rate (EPR), Linear Regression Rate
(LRR), Weighted Linear Regression (WLR) and Least Median of Squares (LMS) (Table
4.4)(Himmelstoss, 2009).
The time series of delineated HWL and VL shoreline positions for both Werri and
Bombo Beaches were coded with six specific attribute fields (ObjectID, Shape, ShapeLength, TD_ID, Date and Uncertainty), two reference Baselines that also were coded with
seven attribute fields (ObjectID, Shape, Shape-Length, ID, Group, OFFshore and CastDir),
and error associated with the aerial photographs and digitization process were required
to run the DSAS (see Appendix 7).
The DSAS extension required several preliminary set-up steps before it could be run and
transects cast for each beach. The first stage of this process was to set the default
parameters for the DSAS System, which included selecting the baseline layer for each
beach, setting the location of the baseline (for this study the baseline was set onshore)
and setting the transect specific parameters (Figure 4.6, a). The baseline for Werri and
Bombo

beaches

were

respectively

“Baseline_common_werri

and

Baseline_common_Bombo”, and both were set as “Onshore” baselines, meaning that the
baseline was set landward to the digitized HWL and VL’s. The ‘Transect Parameters’
were set with a transect spacing of 50m and transect length varied from 200 - 300m for
each shoreline analysis on either Bombo or Werri, to ensure intersection with all HWL
or VL positions over the year range (Figure 4.6, a).
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The next stage is setting the ‘Shoreline Calculation’, which involved selecting the specific
layer containing all the digitized shorelines, selecting the field containing each
shoreline’s ‘Date’, and setting the field within the selected ‘shoreline layer’ that
contained the uncertainty of each of the shorelines. The uncertainty or error used
accounts for tidal and seasonal error, digitizing error, pixel and geo- or orthorectification error (see table 4.3). The method by which these errors were calculated
and why they introduce error is described in Appendix 7. The last step in this stage was
setting the ‘Intersection parameter’ as “Closest intersection”, to ensure the shoreline
rate-of-change-statistic was calculated from the point of the closest shoreline and
transect intersection to the baseline (Baker, 2006).
Table 4. 3: Range of errors in position of historic shorelines for Bombo and Werri Beaches, NSW, Australia.

Source of Error
Seasonal error
Tidal error
Digitising error
Pixel error
Rectification error

Bombo Beach
± 7.06m
± 2m
± 3.77m
± 0.1- 3.5m
± 1.25 – 6.28m

Werri Beach
± 7.06m
± 2m
± 3.77m
± 0.1- 4.0m
± 1.25 – 4.14m

The final stage before transects can be cast involved setting the meta data, which
involved detailing the purpose of the study, who was conducting it, contact information
etc. (see Figure 4.6a).
With the parameters set, the ‘cast transect’ button on the DSAS toolbar was selected to
set where the transects will be saved, assign an appropriate ID label and then drawn
within ARCGIS (see Figure 4.6b and Figure 4.7).
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Figure 4. 6: Summary of the workflow used through DSAS data analysis. a) Default parameter window,
which sets transect, shoreline to be analyzed and metadata stings. b) Casts transect option toolbar, and c)
selection of Change statistics and confidence interval window (adapted from Himmelstoss, 2009).

- 79 -

Doyle, TB (2013) Coastal Erosion… A “Shore” thing?

Figure 4. 7: The location of the delineated VL and HWL positions respectively, DSAS Baseline and transects for A) Werri Beach and B) Bombo Beach.
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Table 4. 4: The Shoreline rate-of-change statistics produced by the DSAS (adapted from Baker, 2006; and
DSAS User Guide, Himmelstoss, 2009).

Once the transects were drawn, the calculation of Change statistics was completed by
selecting the “Calculate Change Statistics” option (highlighted in Figure 4.6c). While in
this option, the desired change statistics are nominated, and the confidence interval is
set (which was set 95% for this study)(see Figure 4.6c and Table 4.4 for list of Change
Statistics offered by DSAS 4.0).
The DSAS produced Shoreline Change Envelope (SCE) and Net Shoreline Movement
(NSM) statistics that represent the distance (in meters), of shoreline change for each of
the transects along the beach.
Shorelines that experience periods of either erosion or accretion, or have no clear
shoreline movement trends, are not well suited to the linear regression rate-of-change
statistics produced by DSAS. The End Point Rate (EPR) for example is calculated from
just the earliest and latest measurement of the shorelines, and will ignore all other
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shoreline positions that may display other trends (Baker, 2006; Himmelstoss, 2009).
The Linear Regression Rate-of-change (LRR) on the other hand, is the most commonly
applied statistical technique used for expressing shoreline movement and estimating
rates of change, so this statistic was also investigated for both shoreline indicator
calculations on both beaches (Abuodha, 2009; Crowell and Leatherman, 1999). Due to
the oscillating nature of both Werri and Bombo beaches, or most embayed beaches
along the Illawarra coast (Harley et al., 2011), makes the SCE and NSM statistics created
by DSAS the most relevant statistics (Baker, 2006). Table 4.4 shows the coefficient of
determination statistic, or r-squared (r2) value, which reflects the linear relationship
between data sets. In this investigation, a low r2 value will be taken to represent
alternating rates of erosion and accretion, where high r2 values will represent either
dominant erosion or accretion trends (Abuodha, 2009).
The calculated HWL’s and VL’s were also used to calculate a shoreline sweep zones and
mean shoreline positions. The shoreline sweep zone contained ~80% of either the HWL
or VL within ±1 standard deviation from the mean. Due to the limited number of sample
shoreline positions (i.e. HWL or VL) a 95% quartile could not be constructed. The
calculations of the 80% quartiles are provided in Appendix 9.

4.4 Chapter Summary
Three study approaches were identified and outlined in this Chapter based on the need
to understand coastal change within the Kiama LGA over both longer term (decadal to
>decadal) and shorter term (storm events) temporal scales, as discussed in Chapter 2.
These were; 1) classifying beach geomorphology and barrier system type; 2) measuring
long term beach change and; 3) examining short term beach response to disturbance
events (storms). These considered most appropriate for gaining a holistic view of beach
processes within the time constraints of this study (eight months).
RTK GPS surveying, combined with observation, LiDAR and use of aerial photographs
and satellite imagery will be used to classify the 13 beach systems into their geomorphic
types. Analysis of historical aerial photographs, using ArcGIS, will be used to measure
long-term beach change. Short term beach analysis will be investigated using a novel
approach where inexpensive time lapse cameras will be combined with repeat RTK GPS
surveys to measure beach response. Due to the both time and budget constraints the
latter two studies will be restricted to case studies undertaken on Bombo and Werri
Beaches.
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5. RESULTS
Variations in the types, sizes and shapes of beach-dune systems were apparent from
observations and analyses of beach-dune morphology and condition, using GPS
surveying, LiDAR, aerial photography analysis and vegetation surveys along the Kiama
coastline. Minor differences in diversity and extent of coastal vegetation between and
along these beach systems also occurred. The investigation of long and short-term beach
change using beach profiling, time-lapse camera imagery and shoreline indicators have
also shown fluctuations in the sub-aerial beach, dune volume and shoreline position of
Kiama’s systems. This chapter presents:
a) A geomorphological classification, where each beach system in the Kiama LGA
was classified according to the first 3 criteria of table 4.1 (section 4.1.3): their
coastal compartment, modal Beach state and Barrier type. Followed by a coastal
vegetation examination.
b) The results of short-term beach morphology monitoring, at Bombo and Werri
beaches. This was recorded by surveying and time-lapse cameras.
c) An assessment of the longer term stability of the beach-dune systems in the
Kiama LGA using historic and recent aerial photographs and ESRI’s ArcGIS.

5.1 Barrier Morphology Assessment and Classification
5.1.1 The Kiama LGA
Morphology Variation and Classification
An assessment of barrier morphology and condition was conducted at 13 beach-dune
systems between the months of May–August, 2013. The method employed to assess the
coastal systems included GPS and vegetation assessment surveys, as well as aerial
photography and LiDAR analysis. The results of this are summarised in Figure 5.1,
which presents the overall barrier types and associated stability of those systems in the
Kiama LGA. Note the different beach types, compartment types, barrier morphology and
most importantly, barrier classification.
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Dom.
Beach
Type

Compartment Type

(Ch2, 2.4.1)

Susceptibility to
change

Jones/
Boyd’s
Beach

TBR

Embayed

Stationary

Moderate

Cathedral
Rocks

R

Pocket

Eroding
Mainland
beach

Low

Bombo
Beach

TBR/
RBB

Embayed

Stationary/
Prograding

Moderate Low

Black’s
Beach

R

Pocket

Mainland
beach

Low

Surf
Beach

TBR

Pocket

Mainland
beach

Low

Kendall’s
Beach

LTT

Pocket

Mainland
beach

Low

East
Beach

LTT

Pocket

Mainland
beach

Low

Beach

(Ch2, 2.4.1)

Barrier Cross-section

(Note: x-axis represents distance (m) and y-axis is height (m), See
Appendix Y for further detail regarding vegetation species).
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Werri
Beach

TBR/R
BB 
TBR

Embayed

Stationary/
Prograding

ModerateLow

Gerringong
Harbour

R
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Figure 5. 1: Summary of the Kiama compartment types, barrier types and morphological variation, and inferred
stability of each barrier (Section 2.4). Vegetation extent and species diversity difference are also illustrated,
demonstrating the variable environment of Kiama (see Appendices 1 & 2 for more information on vegetation species)
(Vertical exaggeration (VE) of 9m).
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Only a select few of barrier types are found in the Kiama area, the most dominant was
the mainland beach type, which occurred on 8/13 beaches. Jones/Boyd’s and Bombo
beach (north Kiama) as well as Werri and Walker’s beach (south Kiama) all were
stationary barriers. Seven Mile beach at the southern tip of the LGA was the only
prograded type. The overall environment is therefore one of an overall low
susceptibility to coastal change (see Chp2, 2.4).
In terms of beach state classification of Wright and Short (1984) the wave dominated
coast of Kiama maintained a dominant beach type of the Transverse Bar and Rip (TBR)
state (6/13 beaches). This beach state has an intermediate energy and often forms
strong rips and bars attached to the shoreline. Most other beach systems had lower
energy beach types, namely Low Tide Terrace (Kendall’s and East beach) and reflective
(Cathedral Rocks, Black’s, Gerringong Harbour and Shelly Beaches) (see Sec 2.5).
The coastline of the Kiama LGA is highly compartmentalized and shows little variation
in compartment nature as all beaches can be classed as either pocket, or embayed
compartments (pocket beaches: Cathedral Rocks, Black’s, Surf, Kendall’s, East,
Gerringong Harbour, and Shelly beach; embayed: Boyd’s, Bombo, Werri and Walker’s
beach; Drift Aligned: Seven Mile) (best be seen in Figures 3.2a or 4.2).
The rocky nature of the Kiama coast results in many small pocket compartments that
predominantly corresponded to the small Mainland barrier formations. Dune height
ranged from 3.5m (Black’s and Gerringong Harbour) to 8m (Cathedral Rocks) high, and
15m (Gerringong Harbour) to 100m (Kendall’s Beach) wide.
The largest compartment was Seven Mile Beach, and it has formed into a Prograded
barrier. The accumulated (or prograded) sequence of beach-dune ridges within the
backshore of this system has provided sand resources that have been mined for
aggregate. The Shoalhaven River at this beach’s southern end delivers continual
supplies of sediment to this barrier system.
Beaches found within Embayed coastal compartments, Jones/Boyd’s, Bombo, Werri and
Walker’s beaches, all had a dominant beach state of TBR, and all were Stationary Barrier
systems. All four beaches-dune systems were larger in size, having an average system
width between 100- 120m and dune height between 5-7m.
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Vegetation Assessment
All beaches except one (Surf Beach) had vegetation present. Vegetation ranged from
coastal grasses to large areas of rainforest (see Appendices 1 & 2 for species lists and
detailed vegetation cover profiles). Figure 5.1 shows the major vegetation cover profile
and diversity amongst the beach-dune systems found in Kiama.
The largest compartment and barrier system: Seven Mile Beach contained the most
abundant and diverse variety of vegetation species of the area. Bangalay and Blackbutt
Banksia forests, Simple Littoral Rainforests and in some small areas Complex Littoral
Rainforests were identified at Seven Mile Beach (Kevin Mills, 2006).
Werri beach was the next largest beach-dune system, followed by Bombo and then
Jones/ Boyd’s. All three are stationary barriers and contain the next most abundant and
diversely vegetated systems. Spinifex Grass (Spinifex sericeus), Coastal Wattle (Acacia
Longifolia var. Sophorae), and Coastal Tea Tree (Leptospermum laevigatum) or Coastal
Banksia (Banksia integrifolia) were the most common species found throughout.
The smallest systems in the area; the pocket Mainland Beach barriers had the lowest
floral diversity and extent, predominantly having only two or three grass species
growing on the systems (i.e. Black’s, Kendall’s, Cathedral Rocks, Easts, Gerringong
Harbour and Shelly Beaches).
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5.1.2 Case Study: Bombo Beach
Morphology Variation and Classification
Bombo beach, is the third largest beach-dune system found in Kiama, which had a
maximum dune height of 4.5m and a maximum system width of 120m (Figure 5.2). See
key classification indictors for the Bombo system in Table 5.1.
a)
d)

N2
)

b)
M

S2

c)

Figure 5. 2: Morphology and vegetation cover profiles of Bombo beach, a) profile undertaken at the
northern end of the beach, b) profile done in the middle, c) profile at the southern end and d) location of
each profile along Bombo beach (02/04/2013).
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Table 5. 1: Classification and assessment indicators for Bombo beach-dune system.

Indicator

Bombo Beach

Coastal Compartment

Embayed Beach, with an easterly aspect.
Dominant type is shared between a Transverse Bar and Rip
(TBR) and a Rhythmic Bar and Beach (RBB).
Predominantly a Stationary Barrier, however areas also show
evidence of a Prograding Barrier.
Slowly has been increasing in both extent and density.

Morphodynamic Beach Type
Barrier type
Vegetation extent and density (A)

The beach-dune morphology of Bombo is similar to the other embayed beaches of the
LGA; it has a clear foredune, and in some cases an incipient dune or berm. The dunes on
average were 4 meters above sea level (AHD) and have vegetation growing along the
entire dune length (Table 5.1).
The beach-dune morphology along Bombo beach itself does vary however (see Figure
5.2). Width to back of dunes decreased towards the center of the barrier, and prominent
dune features such as fore dune or incipient dunes decrease in height towards the south.
The beach-dune shape at the southern part of Bombo in fact, represents more of a
prograded barrier, with small beach ridges present (Figure 5.2 c).
Bombo is also influenced by a river/creek at both its north and southern ends. This is
important, especially in the context of compartments as these creek features can
influence the sediment movement and storage of the system (Chapman et al., 1982).
Vegetation Survey
The vegetation on Bombo’s beach-dune system, was as abundant as other embayed
compartments, but had a lower diversity of species (see Figure 5.1, Appendix 1). The
vegetation along the system differed (seen in Figure 5.2). Vegetation height seemed to
increase as focus is moved south down the beach. Coastal Wattle (Acacia longifolia var.
sophorae) and Spinifex Grass (Spinifex sericeus) is found all along the beach, but the most
dominant species by far was the Coastal Wattle.
The analysis of vegetation extent over time on the Bombo system also portrays variation
and change over time. Over the 60-year period the aerial photography covered (1950 –
2013) the vegetation at Bombo gradually increased in extent and density (see figure 5.4
and Appendix 6). The vegetation extent in the 1950-1971 photos is almost non-existent,
it remains mostly unchanged as a thin column next to the rail line. From 1974-1978
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severe storms impacted the SE NSW coastline. The vegetation presence in the 1974
(December) photo reflects this impact, with a several meter retreat of the vegetation,
particularly on the central areas of the system (Figure 5.4). By 1977, vegetation can be
seen on the northern foredune areas of the beach, and by 1986, the vegetation has
spread to the southern end of Bombo. During 1996, vegetation emerges at the very
north end of the beach. Finally, in the photos between 1996 and 2012 vegetation can be
seen to increase steadily, in regards to both extent and density all along the beach-dune
system (Figure 5.4).
LiDAR Analysis
The LiDAR derived morphology map (TIN Map) for Bombo Beach displays a very similar
landscape to that depicted by the GPS survey graphs. Bombo has a wider beach in the
north, which contains the higher dune formations. Height of dunes decrease to the south
and evidence of prograded beach ridges/foredunes can be seen in the southern tip of
the beach (see Figure 5.3).

Figure 5. 3: LiDAR TIN derived digital elevation map of Bombo Beach (2011), note the clear beach-dune
morphology depicted (LPI, 2013)
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1950

1974

1977

1986

1993

1996

2003

2012

Figure 5. 4: Aerial photographs of Bombo beach (1950 – 2012), depicting the main vegetation changes of the beach-dune system. Insets (marked with
a red outline) show close up changes of the system’s vegetation.
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5.1.3 Case Study#2: Werri Beach
Morphology Variation and Classification
The Werri beach-dune system is the second largest in Kiama. Key classification features
for Werri are noted in Table 5.2. The Werri system has a maximum height of 8.5m and a
maximum width of 115m (see Figure 5.1). Werri has a clearly defined foredune and/or
incipient dune, as well as coastal vegetation growing all along the dunes, which is similar
to the other embayed systems in Kiama.
a)

c)

b)

d)

N2

M1

b)
M4

S2

Figure 5. 5: Morphology and vegetation cover profiles of Werri
beach, a) profile undertaken at the northern end of the beach, b)
profiles done in the middle, c) profile at the southern end and d)
location of each profile along Werri beach (01/01/2012).
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Table 5. 2: Classification and assessment indicators for Werri beach- dune system.

Indicator
Coastal Compartment
Morphodynamic Beach Type
Barrier type
Vegetation extent and density (A)

Werri Beach
Embayed Beach, with an easterly to north-easterly aspect (in the
south).
Dominant type is shared between a Transverse Bar and Rip (TBR)
and a Rhythmic Bar and Beach (RBB).
Predominantly a Stationary Barrier, however areas also show
evidence of a Prograding Barrier.
Slowly has been increasing esp. since dune works (see 5.1.3)

The morphology along the Werri beach-dune system also shows variation. Unlike
Bombo, Werri’s beach width seemed to decrease in a southerly direction (see Figure
5.5). The dune height of the system remained approximately 7m along majority of the
systems’ length, but becomes 5m in the south. More so than Bombo, the morphology at
the southern part of Werri is more like a prograded barrier, having prominent but small
beach ridges present (see Figure 5.5.c). This indicates progradation in the beach’s past.
Vegetation Survey
The vegetation found on the Werri Beach-dune system had a larger abundance and
extent than the other embayed stationary barriers of the Kiama area. This beach-dune
environment also seemed to be more diverse in species than others in the area (see
Figure 5.1). From the survey conducted, there were eleven different species of tree,
shrub and grass identified along Werri beach (Appendix 1 & 2), this diversity is second
to National Forest area of Seven Mile Beach. It should be known however, that this
vegetation structure is a result of the re-planting done during the dune works in 1992-3.
Vegetation along the Werri system also showed variation in extent and diversity. As
Figure 5.5 depicts, the most diverse, abundant and extensive flora growth occurred in
the northern half of the beach. One central area was predominantly just grass. Further to
the southern end of Werri, diversity and coverage rises, with similar species as the north
present but still not as extensive. The Coastal Wattle (Acacia Longifolia var. Sophorae),
Coastal Tea Tree (Leptospermum laevigatum), and Spinifex grass (Spinifex sericeus) were
the most dominant species found all along the dune’s length (Figure 5.5 and Appendix
1). It is important to point out here, that the ‘managed’ vegetation present at Werri is
similar in structure to Bombo, whose vegetation has been left virtually untouched, to
grow naturally.
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Over the 50-year period (1958 – 2012) the aerial photography analysis covered, both
the extent and density of the vegetation along Werri Beach varied (see Figure 5.7 and
Appendix 4). From 1963–1988, the vegetation along Werri’s dunes remained
unchanged; there was a thin strip of vegetation (presumably Bitou bush) on the back
dune area of the system that doesn’t increase in extent, but slightly in density.
Vegetation in the south of Werri declined in 1988, and in 1993 there is also another
noticeable decline in vegetation but in the northern area of the system. It should be
noted that this period marked the end of the Werri Dune/Vegetation management
project. From 1998 onwards (2012), the vegetation of the system gradually increases,
till the present coverage (see Figure 5.7 and Appendix 6).
LiDAR Analysis
Similar to Bombo, the Werri LiDAR TIN model represents a very similar beach-dune
setting as the GPS survey infers. Dune height is clearly highest and barrier width is
largest, in the northern area of the environment, and this decreases to the south.
Prominent beach ridges/ relict foredunes are also evident in the south and underneath a
lot of the human settlement found behind the beach-dune system (see Figure 5.6).

Figure 5. 6: LiDAR TIN derived digital elevation map of Werri Beach (2011), note the clear beach-dune
morphology depicted (LPI, 2013).
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1977

1988

1993

1998

2003

2008

2012

Figure 5. 7: Time series of aerial photographs of Werri beach (1963 – 2012), depicting the main vegetation changes of the barrier environment.
Insets (marked with a red outline) show close up changes of the system’s vegetation.
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5.2 Monitoring Short-term Beach Change
The short-term study involved trialing an inexpensive and simple methodology the
council can use to monitor the short-term change occurring on its beaches, in particular
the impact of storms. This involved setting up Time-lapse cameras at both the north and
south end of Bombo beach, which took a High definitional (HD) photo every four hours
(during daylight). Recorded photos were then compared with BOM climate maps, and
wave data (from MHL), which have underlined some trends between the different types
of records.
During the study period, a significant storm affected the Kiama LGA, which was caused
by the development of a strong East Coast Low. The Time Lapse camera’s images
documented both the impact of the storm and the subsequent beach recovery.
5.2.1 Short- Term Beach Processes
Comparison of Time-lapse data, and GPS surveys with BOM records, and MHL wave data
showed a number of patterns. The most noticeable one was the presence of strong Lowpressure systems and low-pressure troughs, coinciding with the highest wave heights
(4.2m), highest wave power (35000W/m) and most prominent erosion on the beach
(20th – 3rd June/July, Figure 5.8). Anticyclones (high pressure) typically coincided with
lower (and the lowest, >2m) wave heights, low wave power (> 15000W/m) (MHL,
2013), and the least amount of erosion as recorded by the time-lapse cameras. During
persistent periods of anticyclonic activity, such as occurred between the 4th-17th July,
and 1st-28th August minor beach accretion occurred (average of 22m3 gained along the
beach, 2 weeks after the storm event) (Figure 5.8 and Appendix 10) (BOM, 2013b).
Wind and Wave direction were largely constant for the entire period over which the
cameras were deployed. Wave direction predominantly remained from the East or
Southeast (MHL, 2013). Wind direction however prevailed from the Southwest or West
(BOM, 2013a). This implies the Kiama LGA was influenced largely by swell waves during
the period of the study. Beach form fluctuated, depending on the prevailing conditions.
Periods dominated by moderate-major erosion created scarped, featureless beaches,
such conditions occurred between 20th June- 3rd July. During more stable weather
conditions a small berm developed along Bombo beach (1st – 28th August, Figure5.8).
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Figure 5. 8: Overview of the Bombo system’s wave – beach climate. The time-lapse photo data was split into
two-week intervals, each of which displayed the average wind direction, wave direction, wave power and
wave height of the area. The associated major weather and climatic patterns is also included. The beach’s
response to each weather, climate and wave system is then indicated by the beach stability (erosion deposition).
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5.2.2 Bombo beach Response to June 2013 Storm Event
The trial methodology set up at Bombo beach did provide an effective record of the East
Coast Low storm that occurred on the 24 – 27 June 2013, which recorded low pressures
ranging from 1006 to 1018 hPa (BOM, 2013b).
Time-Lapse derived Data
The Time-lapse camera captured the response of the beach to the effects of an east coast
low generated storm. Figure 5.9 shows the rapid erosion Bombo beach experienced
during the June storm. During the event, storm waves of up to 6.35m affected the beach.
This caused significant removal of sand (average of 32m3), while an erosion scarp of
approximately 0.8m recorded up the mean position from the erosion waves. The
subsequent beach recovery was also recorded (more detail in Appendices 3 and 4).

a) 8/6/13

d) 21/6/13

g) 29/6/13

b) 19/6/13

c) 20/6/13

e) 26/6/13

f) 28/6/13

h)
5/7/13

Figure 5. 9: Key Time Lapse photographs depicting the response of Bombo beach to the June Storm
(08/06/13 – 05/07/13- camera positioned at the south end of Bombo beach) (see Appendix 3 for movie).
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Prior to the June storm a berm had formed at the beachfront (Figure 5.9a). During the
early stages of the storm (on the 20th June) the berm was rapidly eroded and an erosion
scarp formed (Figure 5.9 b and c). As the storm continued the scarp retreated (21st- 29th
June) (Figure 5.9 d-g), so that by the end of the storm the erosion scarp reached the
vegetation line (Figure 5.9 f).
RTK Profile Survey Data
Another major aspect of the methodology tested in this study was use of the RTK GPS to
survey profiles of the beach-dune systems before and after storm activity. Fluctuations
in beach morphology and sediment volume were observed for the profiles done on both
the Werri and Bombo systems. The profiles captured changes in dune morphology, berm
position, erosion scarp position and inshore topography.
Table 5. 3: Bombo Beach’s (beach and dune) short- term morphological changes from the June Storm, 2013.

Indicator

Bombo Beach
North end

Middle

- 24m

South

Width of bare sand change (B)

- 9m

- 7m

Beach-dune width change (C)

- 17m

- 17m

- 21m

Beach-dune volume change (D)

- 30m3

- 8m3

- 58m3

Dune Volume change (E)

- 17m3

+ 4m3

- 49m3

Scarp height after June storm
2013 (G)

0.5m

1.2m

0.6m

Scarp distance from AHD (H)

16m

5m

11m

Both Figure 5.10 and Table 5.3 show that the entire length of Bombo’s beach-dune
system eroded to some degree between 22nd June and 2nd July. System width and
volume, as well as dune volume all decreased after the storm event. The most prominent
erosion was at the southern end of Bombo, where the entire systems width decreased
by 21m, the volume decreased by 58m3 and the dune storage volume was depleted by
49m3. The northern end of Bombo had 17m of width lost, and 30m 3 of sand volume lost
from the entire beach-dune environment (Table 5.3).
Erosion scarping was present along most of the beach, having an average height of
0.75m and reaching a maximum height of 1.2m in the middle of the beach (Figure 5.10,
Bombo M). The scarp distance (from 0 AHD) ranged from 16.1m in the north to 4.6m in
the center and 10.6m in the south.
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Figure 5. 10: RTK profile graphs, depicting the three sample transects (North, Middle and South) along Bombo beach,
before (22/06/13-blue) and after (27/06/13- red) the June Storm (24- 27/06/13). Note: BS= before storm and AS= after
storm.
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Bombo beach June 2013 and 1974 Storm cut - A comparison
The storm that occurred along the Illawarra coast from 24th – 27th of June, 2013 had a
significant impact on the Bombo beach-dune system, however the 1974 storms (see
figure 5.11, A) did a lot more damage. Figure 5.11 indicates the type of erosion large
storms can have on such systems.

A)

B)

Figure 5. 11: The position of the June 2013 erosion scarp or storm cut (Purple) compared against the approximate
1974 storm cut (Red), overlain on the 2012 ortho-rectified image of Kiama for: A) Bombo beach and B) Werri Beach.
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5.2.3 Werri beach Response to June 2013 Storm Event
Due to time, and lack of a suitable camera installation location, Werri beach did not have
any Time-lapse data recorded for this study. GPS surveys were conducted however, with
profiles being created before and after the June Storm.
RTK Profile Survey Data
Similar to Bombo, the GPS surveys done at Werri captured fluctuations in beach
morphology and sediment volume. The profiles similarly showed changes in the beachdune morphology, berm position, formation of an erosion scarp and alteration to the
inshore topography. Werri, like Bombo, displayed evidence of erosion along the entire
length of the beach-dune system.
Both Table 5.4 and Figure 5.12 show that the southern areas of Werri beach received
most of the storm’s erosion. The profile undertaken at site M4 (just south of the center of
the beach) decreased in total beach-dune volume by 73m3, and dune storage by 58m3.
Similarly, the most southern profile lost 61m3 of sand from the entire system and 45m3
from its dune system. The northern area of the system still lost sediment during the
storm, but it was not as extreme as the south. Erosion scarping occurred all along the
system, maintaining an average height of 1.2m, and a maximum of 1.4m at M4 (Figure
5.12). The scarp distance ranged from 17.5m at the north, to 22m in the middle and 9m
in the south.
Table 5. 4: Werri Beach’s (beach and dune) short- term morphological changes from the June Storm, 2013.

Indicator

Werri Beach
North end

Middle (M1)

Middle (M4)

South

Width of bare sand change (B)

- 18m

+ 9m

+ 5m

- 9m

Beach-dune width change (C)

- 6m

+ 9m

- 8m

- 18m

Beach-dune volume change (D)

- 46m3

0

- 73m3

- 61m3

Dune Volume change (E)

+ 33m3

- 32m3

- 58m3

- 45m3

Scarp height after June storm
2013 (G)

1.1m

1.0m

1.4m

1.3m

Scarp distance from AHD (H)

18m

22m

22m

9m

Werri beach June 2013 and 1974 Storm cut - A comparison
Werri was also adversely affected by the June storm; and when compared with the
storm cut or vegetation line of the 1977 photo, (which still is reflective of the 1974
event) a much more landward storm cut can still be seen (as depicted in Figure 5.11, B).
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Figure 5. 12: RTK profile graphs, depicting the four sample transects (North, 2xMiddle and South) along
Werri beach, before (22/06/13-blue) and after (27/06/13- red) the June Storm (24- 27/06/13) Note: BS=
before storm and AS= after storm.
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5.3 Long-term Barrier Change Analysis
The analysis of High Water Line (HWL) and Vegetation Line (VL) positions delineated
from aerial photography have indicated that parts of Kiama’s coast (i.e. Bombo and
Werri) have fluctuated through periods of erosion and accretion over time. Overall, both
beaches have displayed an accretion trend, which both the HWL and VL have suggested.
The HWL and VL sweep zone and mean position was mapped for each beach. These
mean values will be used to further discriminate erosion and accretion periods, as
shoreline positions landward of the mean will indicate erosion, where a position
shoreward of the mean will indicate accretion. Shoreline rate-of-change statistics and
shoreline movement distances including the shoreline change envelope (SCE), Net
Shoreline Movement (NSM), Linear Regression Rate (LRR) and Weighted Linear
Regression (WLR) were calculated (Appendix 8). It should be noted however, that the
results of this analysis (both aerial photo and DSAS) should be interpreted with caution,
as they can be associated with limitations (discussed further in Chapter 6).
5.3.1 Bombo beach
Bombo beach’s shoreline has shown a fluctuating pattern over time. Figure 5.4 displays
this movement, especially between the year’s 1974-1977 (seaward movement), 19861996 (landward movement), and even 2003-2012 (which shows a seaward movement).
There also some evidence for beach rotation, which can be seen most prominently in
1977, and 2008, where one end of the beach was more seaward than the other
(Appendix 6).
High Water Line indicator for Bombo Beach
The HWL positions delineated for the 11 dates over the time period 1950 – 2012
showed fluctuations in the shoreline position of Bombo Beach, Figure 5.13 a) and 5.13
b) display this. In some instances the HWL positions at both the northern and southern
ends of the beach fluctuated independently of each other, most obvious instances are in
1977, 2001 and 2008 photos.
In the 1950 photo the HWL occupied the furthest landward position along the entire
beach, however this position could have been misinterpreted due to the low resolution
of the photo (2.5m pixel resolution). The HWL also occupied relatively landward
positions in the 1996 and 2012 photos. Conversely, in the 1986 and 1977 photos the
HWL occupied the furthest seaward position at the northern end of the beach. In the
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south, the 1977 photo displayed the second most landward shoreline, after the 1950
position of course. In the 2008 photo, the HWL occupied the furthest seaward position
at the southern end of the beach. The 1971 photo shows the furthest seaward shoreline
along the central sections of the beach.
The HWL shoreline sweep zone for Bombo, measured as the area with

1 standard

deviation from the mean, was largest in the southern and central areas of the beach
(Figure 5.13 c) (Appendix 9).
The application of the DSAS on the shoreline positions was applied in two ways to
determine types of shoreline fluctuation along Bombo Beach. The first application of
DSAS delineated the overall change in the shorelines, which calculated a net accretion
for the beach over the time period 1950 – 2012. The Net Shoreline Movement (NSM) (10 to 66m, mean 32m) displayed mainly positive values, which indicates net seaward
movement of shorelines through time (therefore accretion). Figure 5.14 shows the
dominant accretion at the northern and central areas of the beach, but slight erosion in
the southern most area of Bombo beach (negative values therefore indicate erosion).
The Shoreline change envelope (SCE) (22- 107m, mean 60m) also displayed positive
values, however the SCE measures variation in shoreline position over the time period,
meaning a positive value indicates a fluctuating shoreline. The SCE was highest in the
northern end of the beach, however there is not a lot of difference when compared to
the center and southern areas of the beach. The only section of the beach that has a low
SCE was the most southern tip of Bombo (Figure 5.14). The calculated Linear Regression
Rate (LRR) and Weighted Linear Regression (WLR) also backs up what the SCE has
displayed, net accretion at Bombo over the study period (see Figure 5.15).
The second application of DSAS involved a single date-by-date analysis. This revealed
that over the 11 year time period of shorelines, Bombo beach had alternating periods of
accretion and erosion, which confirms the patterns observed in Figure 5.4 (Figure 5.16).
Figure 5.16 depicts the NSM applied at two-year intervals (i.e. 1950- 1971, then 19711974…). The r-squared value (r2) associated with the shoreline rate-of-change statistics
averaged at 0.2. This indicated that little variation in the datasets was explained by the
linear regressions, confirming what the date-by-date application displayed, various
periods of erosion and accretion, and no dominant period of either (Appendix 8).
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A) Bombo Beach
(N)

Historic HWL Positions

C) Bombo Sweep Zone
1950 – 2012

B) Bombo Beach (S)

Figure 5. 13: Shoreline positions delineated for the years 1950, 1971, 1977, 1986, 1993, 1996, 2001, 2003, 2008, 2009, 2012
for: A) The northern end of Bombo Beach and B) The southern end of Bombo Beach. C) Bombo Beach sweep zone based on the
1950, 1971, 1977, 1986, 1993, 1996, 2001, 2003, 2008, 2009 and 2012 aerial photography HWL positions. The sweep zone is
within ±1 standard deviations of the mean HWL.
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Figure 5. 14: The Net Shoreline Movement (NSM) (Red line) and Shoreline Change Envelope (SCE) (Blue
area) for Bombo beach’s HWL, generated through DSAS distance calculations. The NSM depicts total
movement of the shorelines. A positive value indicates accretion and negative are erosion. The SCE shows
where most variation occurs along the beach system. The transects are spaced 50m apart.
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Figure 5. 15: Bombo Beach rate of Change statistics for Linear Regression Rate (LRR), Weighted Linear
Regression (WLR) and Least Median of Squares (LMS). The black- dotted line is the 95% CI of 0.66.
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Figure 5. 16: The NSM for Bombo Beach generated via a year-by-year application of the DSAS extension,
form the years 1950 - 2012. The transects are spaced 50m apart. Positive values indicate accretion (or
seaward movement of shoreline) where negative indicate erosion.
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Vegetation Line indicator for Bombo Beach
The 13 delineated VL positions (1950- 2012) showed fluctuations in the shoreline
position of Bombo Beach (Figure 5.17). The extent of shoreline movement for the VL
was much less variable than that observed for the HWL. The VL in the 1974 photo
occupied the furthest landward position at the northern end of the beach. Where the
1981 photo shows the VL occupying the furthest landward position in the south. The VL
within the 2008, 2009 and 2012 photos alternated as the most seaward shoreline at the
northern end of the beach, where the 2012 VL clearly occupied the furthest seaward
position at the south end of Bombo Beach.
The shoreline sweep zone measured closest to the mean at both the north and south
ends, and widened in the center of Bombo beach (Figure 5.17, C) (Appendix 9).
The application of DSAS on the VL shoreline positions was also applied in two ways. The
first application delineated overall change, which calculated a net accretion for the
beach over the time period 1950 – 2012. The NSM ranged from -4.06m to 89.07m with
an average of 28.69m. Indicating a net seaward movement of the shoreline (Figure
5.18). The NSM varies along the beach, very much similar to the HWL shorelines. The
SCE ranged from 3.55m to 89.07m with an average change of 41.36m. Most variation
occurred at the northern area of the beach, and decreased towards the south end
(Figure 5.18). The calculated LRR, and WLR all back up what the NSM has inferred, net
accretion along majority of Bombo beach (Figure 5.19).
The second application of DSAS on the VL also involved a date-by-date analysis. This
analysis revealed a similar pattern to the HWL position in the 1950–1986 photos,
periods of shoreline fluctuation. Where after 1986 however, the VL pattern indicated a
period of dominant seaward movement (can be inferred as accretion), which was
different to the HWL (Figure 5.13 and 5.20). The r2 associated with this indicator
ranged from 0 to 0.89, which implies that some of the data is explained by the linear
regressions and some was not. This also confirms what the date-by-date analysis
depicted, as the low r2 indicates the periods of accretion and erosion, and the higher r2
values relate to the dominant accretion period from 1986 to 2012 (Figure 5.20 and
Appendix 8).
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A) Bombo Beach
(N) Historic VL Positions

C) Bombo VL Sweep
Zone 1950 – 2012

B) Bombo Beach (S)

Figure 5. 17: Shoreline positions delineated for the years 1950, 1971, 1974, 1977, 1981, 1986, 1993, 1996, 2001, 2003, 2008,
2009, and 2012 for: A) The northern end of Bombo Beach and B) The southern end of Bombo Beach. C) Bombo Beach sweep
zone based on the 1950, 1971, 1974, 1977, 1981, 1986, 1993, 1996, 2001, 2003, 2008, 2009, and 2012 aerial photography VL
positions. The sweep zone is within ±1 standard deviations of the mean VL.
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Figure 5. 18: The NSM (Red line) and SCE (Blue area) for Bombo beach’s VL, generated through DSAS
distance calculations. NSM depicts overall movement of the shoreline, and the SCE shows variation over
time. The transects are spaced 50m apart.
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Figure 5. 19: Bombo Beach rate of Change statistics for Linear Regression Rate (LRR), Weighted Linear
Regression (WLR) and Least Median of Squares (LMS). The black- dotted line is the 95% CI of 0.3.
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Figure 5. 20: The NSM for Bombo Beach’s VL, generated via a date-by-date application of the DSAS
extension, from the years 1950 - 2012. The black dotted line indicates zero or no change, and the transects
are spaced 50m apart.
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5.3.2 Werri beach
Werri Beach’s shoreline has also fluctuated over time, which can be seen in Figure 5.7.
The transition of Werri from 1977-1988 sees the accretion of the south and erosion in
the north end of the system. Where in the time period between 1988 and 1993 accretion
can be seen, especially in the north. In the years 2003, 2008 and 2012, the south end
again accreted while the northern end eroded. When explored for obvious changes
before and after the 1992 dune works, no significant distinction became apparent.
Vegetation extent did increase, but the system’s width continued to fluctuate (Appendix
6).
High Water Line indicator for Werri Beach
The 10 HWL positions depicted in the aerial photos from 1958 – 2012 showed
fluctuations in the shoreline positions at Werri Beach (Figure 21). The mapped HWL
positions at both the north and south ends of the beach showed some evidence of
independent alternation. This was most obvious for the 1977 photo, which showed the
HWL occupying the second most seaward position in the north of Werri, and the most
landward position in the south. Similar observations can also be seen in the 2001, 2003
and 2008 photos.
The HWL in the 1958 and 1988 photos alternated as the most landward shorelines at
the north end of Werri beach. Where the HWL in the 1993 photo occupied the furthest
seaward position. The HWL in the 1977 photo occupied the most landward position, and
the 2008, 2009 and 2012 photos alternated as the furthest seaward positioned HWL’s in
the south of the beach. In the central area of the system the line in the 2001 and 2003
aerial photos occupied the most landward positions, where the 1993 photo had the
furthest seaward line.
The shoreline sweep zone, measured largest at the southern end of the beach and
decreased towards the north (Figure 5.21, C) (Appendix 9). DSAS was also applied in
two ways at Werri to determine types of shoreline fluctuation along the beach. The first
application delineated the overall change in shoreline position, which showed a net
accretion for the beach over the time period (1958 – 2012). The NSM (-14.7 to 50.1m,
mean 13.2m) had low positive values, which represent a net accretion for the beach. The
low negative values represent minor erosion. Figure 5.22 represents the net accretion of
Werri beach over the study period, with the exception of the southernmost end, which
showed low erosion. The SCE ranged from 13.69m to 92.43m (mean of 49.94m), with
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high variation occurring relatively evenly across the beach (Figure 5.22). The calculated
LRR and WLR also represented a net accretion for Werri Beach (Appendix 8). The r2
associated with the rate-of-change statistics for this beach ranged from 0 to 0.82
(average of 0.25). This indicated that little variation in the data set was explained by the
linear regressions, again suggesting no dominant trend or various periods of accretion
and erosion (Appendix 8).
The second application of DSAS on Werri Beach, included an analysis of before (1958 –
1988) and after (1993 – 2012) the major dune management works completed on this
beach in 1992. This aimed to compare the two environments at Werri (before and after
the works), and see if the management had any effects on the beach-dune system
(Figure 23- before, Figure 24- after). The application inferred a slight increase in erosion
after the dune works however this was no significant difference.
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A) Werri Beach (N)
Historic HWL Positions

C) Werri HWL Sweep
Zone
1958 – 2012

B) Werri Beach (S)

Figure 5. 21: Shoreline positions delineated for the years 1958, 1963, 1977, 1988, 1993, 2001, 2003, 2008, 2009, and 2012
for: A) The northern end of Werri Beach and B) The southern end of Werri Beach. C) Werri Beach sweep zone based on the
1958, 1963, 1977, 1988, 1993, 2001, 2003, 2008, 2009 and 2012 aerial photography HWL positions. The sweep zone is within
±1 standard deviations of the mean HWL.
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Figure 5. 22: The NSM (Red line) and SCE (Blue area) for Werri beach’s HWL, generated through DSAS
distance calculations. The transects are spaced 50m apart.
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Figure 5. 23: The NSM (Red Line), LRR (Green Column) and WLR (Orange Column) for Werri’s ‘Before’
Dune Management works (1958 – 1988), generated through DSAS distance calculations. The transects are
spaced 50m apart.
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Figure 5. 24: The NSM (Red Line), LRR (Green Column) and WLR (Orange Column) for Werri’s ‘After’ Dune
Management works (1993 – 2012), generated through DSAS distance calculations. The transects are spaced
50m apart.
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Vegetation Line indicator for Werri Beach
The 11 VL positions delineated from the air photos from 1958 – 2012 also showed
fluctuations in the shoreline position at Werri Beach (Figure 5.25). The extent of
shoreline movement was less variable than that observed for the HWL on this same
beach.
The VL in the 1963 and 1977 photos intermittently occupied the furthest landward
position along the majority of the beach. While the VL’s within the 1993, 2008 and 2012
air photo’s intermittently occupied the furthest seaward position for the northern end of
the beach, and the 2012 photos’ VL occupied the furthest seaward position in the south.
The VL sweep zone showed no overall pattern along Werri beach, rather it increased
and reduced in size infrequently down the beach (Figure 5.25, C).
DSAS was also applied two times for Werri’s VL, and it too showed shoreline fluctuation
along the beach. The first application calculated the overall change in the shoreline
positions, which delineated a net accretion for the beach over the period 1958–2012
(Figure 5.26). The NSM for the VL ranged from -10.1m to 70.6m (average 29.12m). The
more negative values represents net erosion, which can be seen in only the very first
transect in the north and the last few in the most southern tip. The positive values, on
the other hand, represent a net seaward movement of the shoreline and can be seen
most of the way along Werri beach (Figure 5.26). The SCE ranged from 11.2m to 73.2m
(average of 39.6m), Figure 5.26 indicates that most variation along the beach occurred
at the north and south ends of the beach. Both the calculated LRR and WLR also confirm
what the NSM results have suggested: a net seaward movement of Werri’s VL from 1958
– 2012 (Appendix 8).
The r2 associated with the Werri VL rate-of-change statistics ranged from 0 to 0.94, and
an average of 0.5. This indicated that only small sections of variation in the data set was
explained by the linear regressions, but majority showed trends of assorted periods of
accretion and erosion, rather than one dominant period of either (Appendix 8).
The second application of DSAS also included an analysis of before (1958 – 1988) and
after (1993 – 2012) the dune management works (1992). The application again implied
that there was a slight increase in erosion after the works, but there was no significant
difference between the two periods (Figures 5.27 and 5.28).
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A) Werri Beach (N)
Historic VL Positions

C) Werri VL Sweep Zone
1958 – 2012

B) Werri Beach
(S)

Figure 5. 25: Shoreline positions delineated for the years 1958, 1963, 1977, 1988, 1993, 2001, 2003, 2005, 2008, 2009, and
2012 for: A) The northern end of Werri Beach and B) The southern end of Werri Beach. C) Werri Beach sweep zone based on
the 1958, 1963, 1977, 1988, 1993, 2001, 2003, 2005, 2008, 2009 and 2012 aerial photography VL positions. The sweep zone is
within ±1 standard deviations of the mean VL.
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Figure 5. 26: The NSM (Red line) and SCE (Blue area) for Werri beach’s VL series, generated through DSAS
distance calculations. The transects are spaced 50m apart.
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Figure 5. 27: The NSM (Red Line), LRR (Green Column) and WLR (Orange Column) for Werri’s ‘Before’
Dune Management works (1958 – 1988), generated through DSAS distance calculations. The transects are
spaced 50m apart.
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Figure 5. 28: The NSM (Red Line), LRR (Green Column) and WLR (Orange Column) for Werri’s ‘After’ Dune
Management works (1993 – 2012), generated through DSAS distance calculations. The transects are spaced
50m apart.
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5.4 Chapter Summary
The analysis of the three different spatial and temporal scaled methodologies has shed
new light on the physical characteristics and behavior of the beach-dune systems found
in the Kiama LGA. The results of the beach-dune morphology assessment and
classification have shown that Kiama LGA contains definitely two different types of
barrier systems, each with differing vegetation environments and compartment natures.
These results have implications for the way in which Kiama’s beaches may be expected
to respond in the future, which is discussed in detail in Chapter 6. The short term beach
monitoring showed the impact of event scale forcing factors on beach form. These
results showed the trialed methodology is an effective tool of monitoring beach change
at this temporal scale. Results showed that beach volumes may change by 70m3 in a
single event, however they also demonstrated that beaches can recover relatively
rapidly, with eroded sand returning to the beach within two weeks of the storm.
The long-term analysis inferred that Kiama’s coastal environment contains fluctuating
shorelines, which experience both erosion and accretion events.
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6. DISCUSSION
The differing spatial and temporal scaled methodologies used in this study have
revealed some of Kiama’s major coastal processes, behavioral patterns and beach-dune
conditions. This chapter will first discuss the relative importance of such findings, and
demonstrate why they are essential for inclusion in a CZMP. The methods used to collect
this information will then be reviewed and assessed. The chapter will end with an
investigation into the management implications that accompany undertaking such
methodologies and coastal research.

6.1 Beach-Dune Morphology Assessment and Classification
The rocky nature of the Kiama coast results in few major beaches, it predominantly
contained either small pocket or embayed beaches. The coastline is considered a simple
landscape, with no big complex dune barriers or large estuaries present. The variation
in size, width, length and barrier type are a result of the different compartments they
are contained within (Figure 5.1).
Many immediately assume it is the lithology of the headlands that make compartments
form the way they have (Bishop and Cowell, 1997). Structural control however, is only a
minor influence on compartment formation and nature. It has been demonstrated that
past hydrological processes and the associated river catchment size are what
fundamentally control compartment development. The size of the catchment is
important as it determined how far sea level infiltrated into the coastal drainage
network during the Late Quaternary marine transgression (Bishop and Cowell, 1997).
Due to the small compartmental nature of Kiama’s coastline, it can be inferred that it
had small river catchments in its past, which formed into the small Pocket
compartments that dominate today. The larger compartments found in area correspond
with river influences, for example, Seven Mile is the largest compartment with two river
systems within it (the Shoalhaven and Crooked Rivers), Werri and Bombo were next,
both of which have coastal creeks or lagoons present. Despite this, each different
compartment created quite distinct coastal environments (see Chp 2, 2.4.1), which
implies that different processes have influenced their evolution. It is important to
understand how these barriers came to be how they are today (Figure 5.1), as it may
provide insight into how they may develop and behave into the future.
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The 3 main types of barriers found in the Kiama region, within their specific
compartments are, in order of decreasing size: prograded (Seven Mile), stationary
(Jones/Boyd’s, Bombo, Werri and Walker’s beach’s) and mainland beach (all other
beaches in LGA). The decreasing size reflects not only the differing river catchment
areas but also rates of sand supply during the period of barrier construction and degree
of erosion during the late Holocene epoch (Chapman et al., 1982). The most vulnerable
barriers to future sea level rise are receded or Stationary barriers with low-lying dunes.
Whereas the more resistant, are stationary barriers with high dune systems, Mainland
Beach barriers or barriers that have built seaward over time, i.e. prograded (E.g. Seven
Mile Beach) (Woodroffe et al., 2012). Figure 6.1 explains why each barrier type is
susceptible to change or not. Therefore, Jones/Boyd’s, Bombo, Werri and Walker’s
Beaches can be considered relatively more susceptible to change by comparison to the
other Kiama LGA beaches.

Figure 6. 1: A representation of the Curray-Swift diagram in which the morphology and stratigraphy of coastal
barriers is represented as a function of sea level fluctuation, which influences the state of the barrier and relative
sediment budget. In this diagram, barriers maybe a) Transgressive (or receded), involving landward retreat over
time; b) Aggradational (or stationary) where vertical accretion keeps pace with sea level rise, or c) Regressive/
Progradational (Progradational) where sediment supply exceeds loss and the shoreline progrades or gains sand
over time (Woodroffe et al., 2012).

Both Bombo and Werri have been classified as stationary barriers, with relatively high
relief dune features (Figures 5.2, 5.3, 5.5, 5.6). This type of barrier formed towards the
end of the postglacial marine transgression, and has remained essentially stationary
ever since, with the exception of aeolian processes that have driven dune building.
Meaning the entire compartment has neither received nor lost significant amounts of
sediment during its recent history.
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Such behaviour suggests that the present day barriers are either in a state of stability, or
are eroded prograded barriers that have had various periods of erosion throughout
their evolution, but no sediment gain (Thom et al., 1978; Chapman et al., 1982) (Figure
6.1). Both Werri and Bombo, show evidence of being eroded prograded barriers, as
small beach ridges are present in both the southern ends of the beach’s backshore areas,
which is characteristic of such barriers (Figure 6.3). Indicating that Bombo and Werri
may still have a moderate to low susceptibility to change in the future, as there still
seems to be amounts of sediment within the compartment to defend against imminent
erosive events. Table 6.1 summaries all 13 beach-dune systems within Kiama, indicating
systems most vulnerable to change.
Table 6. 1: Summary of Kiama’s beach-dune systems and their likely susceptibility to future change,
emphasizing the most vulnerable beaches in the LGA.

6.1.1 Vegetation Surveying
The vegetation surveys showed variation in species composition, vegetation abundance
and coverage when compared between the different coastal compartments (Figure 5.1).
The largest compartment, Seven Mile had the largest diversity and expanse of natural
vegetation, and the composition was typical of such prograded sequences. This
environment was also one of the only not backed by any human influence, as it is a
National Park. The systems within Embayed compartments contained the next most
diverse and extensive coverage, which was then followed by the pocket beaches,
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showing the smallest diversity of vegetation. The dominant vegetation type among all
the surveyed transects was native coastal species, with the exception of Werri, which
even though consists of native species, were not naturally derived, they were planted
post dune management. These are important physical characteristics to know, especially
for council weed management purposes (Appendix 1 and 2).
Further to understanding the vegetation coverage, and types of vegetation contained
with-in the Kiama beach-dune systems, it is important to recognize the role of
vegetation as part of dune stability and even evolution (Short, 1988; de M. Luna et al.,
2011). Through understanding the vegetation coverage of dune systems, one can also
gain insight into the relative stability of the dune system. According to Short (1988),
dunes that are vegetated are considered stable, those that are partially vegetated can be
considered semi-stable and those with only bare sand are unstable. Kiama beach-dune
systems all had some type of vegetation found on them, suggesting that the dune
systems are in stable to semi- stable condition. Figure 6.2 summaries the links between
dune stability, dune type and dominant beach type.
Kesby and Druett (1992) noted in 1992 that Werri had signs of dune Blowout formation,
due to the monoculture Bitou bush not providing enough stability to the dunes. It
destabilised the entire dune system and allowed for more aeolian reworking and impact.
Now, after the management program, the Werri dunes seem to have kept the foredune
structure shaped by machinery in 1992, perhaps indicating an improved stability
(Figure 6.3). This supports the need for vegetation on dunes and may even suggest that
the re-vegetation work undertaken at Werri in 1992 had some positive effects on the
beach environment?
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Figure 6. 2: Illustration of the basic dune types – for Kiama, predominantly foredunes; blowouts and
parabolic. Modal breaker wave height and beach type is also indicated in association with the characteristic
dune classification. Ages (ka B.P) indicate typical periods of evolution of these Holocene dune forms of
southern Australia (Short, 1988).

a)

b)

Figure 6. 3: North Werri Dune form: a) Before and b) After (2013) Dune Management Program.
Particularly note the change in vegetation from 1992 (a) to 2013 (b) in the same area of the dunes.

Understanding the types and stability of Kiama’s dune systems is additionally important
for coastal managers, as each different type of dune system has a specific sensitivity to
change and hence different management requirements. Rust and Illenberger (1996)
have classified dunes into two morphodynamic types, retentive and transgressive dune
systems. Retentive dunes are those where sand accumulation within coastal vegetation
is dominant over all other processes occurring on the dunes, where transgressive dunes
are those where sand transport dominates over all, they are often un-vegetated and
mobile however. The retentive system is most significant to Kiama, as it includes the
dune types that are vegetated, namely foredunes, foredune ridges, and hummock dunes,
all of which are found in Kiama (Chp 2, 2.4.2). Retentive dune systems, have been
classified as sensitive and fragile to change, and hence require management focus in the
future, (Rust and Illenberger, 1996) particularly in future management plans (i.e.
CZMP).
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6.1.2 Case Study: Werri and Bombo Beach Comparison
Morphologically, there are some differences between Werri and Bombo beach, possibly
as the result of different management strategies. Both beaches are contained within a
similar compartment type, show evidence of similar dune type; foredune, and both have
minor coastal lagoons or streams at either of their ends. Werri beach however, has
formed (or may have always had) higher dunes; 1.5- 3m higher, than Bombo beach.
There is also a greater volume of sand at Werri, as implied by the LiDAR and possible
relict foredunes/ridges now under many of the beachside homes there (Figure 5.6). The
vegetation survey shows Werri has a more diverse range of species present, and slightly
larger coverage of vegetation over the dune system, however none of that vegetation
was present before re-vegetation efforts(Figure 6.4). Figured 6.4 also implies the
management done on Werri in 1992, has helped the system retain sand within the
dunes (Figure 6.3).

Figure 6. 4: Comparison of Werri (left) and Bombo (right) beach’s morphology and vegetation coverage.
Note the difference in dune height and floral species of diversity of each. (N= north end, M= central and S=
south end of beach-dune system) (VE= 9).

- 124 -

Doyle, TB (2013) Coastal Erosion… A “Shore” thing?

6.2 Monitoring Short-term Beach Change
6.2.1 Short-term Processes
The Kiama coastline experiences a high energy and highly variable wave climate,
abundant headland protection from the rocky embayed coastline, (which alters wave
energies along the coast), and a steep continental shelf that allows high wave energy to
reach the shore (Short and Wright, 1981). Kiama’s dynamic wave-beach climate (Figure
5.8), emphasizes the high degree of variability that exists both temporally and spatially
within some its beaches. Such variation includes changes in dynamic weather systems,
wave climates, and resultant beach form and stability.
Spatially, the beaches within Kiama differed in form and beach type. Figure 6.4 shows
how the form of both Werri and Bombo beaches varies along the beach; both are wider
and larger in the north and narrower in the south. Alongshore variation in beach form is
important to understand as it expresses the distribution of wave energy along the beach.
Southeast swell dominates the south-eastern Australian coast (Short and Wright, 1981).
Due to the compartmental nature of Kiama’s coastline, these swell waves usually refract
around headlands causing wave height and energy to decrease southward along the
beaches, leading to accretion and often forming beaches with wider southern areas.
Compartments in Kiama however, tended to have sand concentrate to the north of the
beach-dune system. For example, Seven Mile Beach had so much sand in its northern
sections that sand is now mined there for aggregate. Werri and Bombo similarly have
shown this pattern, eroding more in the central to southern areas rather than north
(Figure 6.4). This could be attributed to a greater influence of easterly storm waves
during the period over which this study was undertaken. Figure 6.5A shows the typical
austral winter/spring processes occurring on southeast Australian beaches; note the
northward transport of sediment in the left image, a similar transport pattern is also
apparent on both Werri and Bombo. Figure 6.5B similarly shows enhanced sediment
movement during an El Nino event, which is a period characterized by anomalous
warming of the Pacific Ocean and is often associated with prolonged dry periods in
Australia (Chiew et al., 1998).
Australian wave climates have been shown to shift during differing El Nino or La Nina
events, and based on this idea it has been suggested that during El Nino events, net
northward longshore sediment transport occurs on the NSW coast (Short et al., 2000).
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This is due to the altered wave conditions caused by the El Nino climate, which in turn
trigger the southern ends of beaches to erode and the northern to accrete (Ranasinghe
et al., 2004a). The behaviour of the coastal systems within Kiama seems to weakly
reflect this, especially within the aerial photo analysis. As even though Australia is not
experiencing an El Nino event, it is in a “neutral” state, which can experience small
influences of either El Nino or La Nina climate (WMO, 2013; BOM, 2013c). Both Bombo
and Werri experienced erosion in the south, but no real accretion in the north, the
erosion was less intense there however (Figures 5.10 & 5.12).
It is important to recognize this phenomenon, as with predicted increases in intensities
of future El Nino events (Cai and Whetton, 2000), the impacts they have will also be
enhanced. Understanding now, the processes that cause, and the potential effects of
these events within Kiama will be most useful for a CZMP, as planning and adaptation
can begin early, enhancing the sustainably of the area (Ranasinghe et al., 2004a).
a
)

Winter/
spring

Summer/
autumn

b
)

Figure 6. 5: a) Conceptual model of spatial shoreline variability on the SE Australian coastline.
Dashed/solid shorelines represent the previous/current shoreline position. Black arrows indicate the
direction of sediment transport processes and blue arrows are the direction and relative magnitude of the
wave climate (Harley et al., 2011a). b) Conceptual model of the various stages of beach rotation and the
processes governing beach rotation at an embayed beach during an El Nino/La Nina event (Ranasinghe et
al., 2004a).

The Beach-dune form of both Werri and Bombo also varied over a scale of days to
weeks. Ocean waves arriving along the southeast Australian coast are generated from
four major wind-pressure systems (Chp3), but for this projects study period (June August), the dominant systems included the year round mid-latitude cyclones that
generated south east swell waves, and the extra-tropical cyclones that produce high east
and southeast waves. The southeast swell on its own is 2-3m high and will cause
moderate to high erosion, but when coupled with the intense cyclones off the NSW
coast, severe erosion can result (Short and Wright, 1981) (Figure 5.9). During August
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however, Westerly winds influence wave climate, reducing the erosive effects of the
southeast swell, developing onshore sediment processes and beach accretion.
B: 28/6/13

A: 8/6/13

C: 11/7/13

D: 25/7/13

E: 7/8/13

F: 25/8/13

Figure 6. 6: Key stages of beach- dune form during the study period (6/6/13- 28/8/13) on Bombo Beach.
Images taken form Time-lapse camera, mounted at the southern end of the beach. Note the periods of
varying erosion in inset’s B, C, and D (i.e. flat featureless beaches), and the periods of accretion in inset’s A, E
and F (i.e. higher beaches with berm evidence). Processes at inlet/ coastal creek mouth can also been seen,
particularly periods when mouth is open (inset’s B and E) or closed (A, C, D and F).

It is important to understand these spatial and temporal physical processes occurring
within Kiama’s beaches, as it can give insight into the timing and degree of beach
erosion and accretion (Figure 6.6). By understanding the differing wind and wave
climates that produce major beach erosion, policy and decision makers can then model
the likely effects an increase in any one of the wind-wave conditions will have on
beaches, particularly using information like Time-lapse images (Figure 5.9, Chapter 5).
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6.2.2 Response to Storm Activity
Kiama’s beaches respond to storm events to varying degrees. The embayed beach-dune
compartments of Bombo, Werri and Jones/Boyd’s beaches were most affected by the
2013 June ‘east coast low’ storm. All three of those beaches have a predominantly
easterly aspect, and the dominant wave direction of the storm was from the east (MHL,
2013). This resulted in substantial impact on the beaches. The associated storm waves
and swell caused marked erosion, resulting in the formation of a prominent storm scarp,
in addition to causing retreat of the HWL and VL’s (Figure 6.7 and 6.6). A maximum of
60m3 of beach sand volume was eroded from Bombo Beach during the event. The storm
scarp measured a maximum landward distance of 16m (from 0m AHD), while the scarp
face itself was around 1.2m high. Werri Beach lost a maximum of 70m3 of beach –dune
volume. Similarly the storm resulted in the formation of an erosional scarp, which
measured a maximum of 1.4m high and a landward retreat of 22m (from 0m AHD).

A)

B)

C)

Figure 6. 7: the presence of storm cut or erosional scarping after the June 2013 ‘East coast low’ storm
(26/6/13). A) Bombo Beach, B) Werri Beach; from a distance and close-up view and C) southern area of
Jones/Boyd’s Beach.
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McLean and Thom (1975), suggest the 1974 and 1978 storms serve as a baseline for the
assessment of any other subsequent storm events. No storm since those of the 1970’s
has had such an erosion impact on the NSW coast, implying that they are an appropriate
baseline to initially start to catalogue the intensity of the event that occurred this year
(24th- 27th June). Beaches monitored during the 1974 storm period and which could
potentially be used also as a baseline comparison for the Kiama East Coast Low, include
Moruya Beach (150km south of Kiama) (McLean and Thom, 1975), Warilla beach (13km
north of Kiama)(Clarke and Eliot, 1988a), Stanwell Park (50km north of Kiama) and
Narrabeen Beach (115km north of Kiama)(Short and Wright, 1981).
Bryant and Kidd (1975) observed that the 1974 storm series events resulted in a
somewhat similar (although more severe) erosion episode along the beaches of the
south and central NSW coast, to those experienced in June this year. Both storms were
identified as being the result of intense East Coast Low pressure cells which sat over the
Tasman Sea (Bryant and Kidd, 1975), further verifying a comparison.
Following the 1974 event, in depth studies of erosion were undertaken on Warilla and
Moruya beaches (McLean and Thom, 1975; Clarke and Eliot, 1988a). The results from
these studies are most relevant for comparison to Kiama, as these beaches are not only
oriented the same direction but they are either, in close proximity to Kiama (i.e. Warilla,
which is 13km north of Kiama) or contain extensive volume records for analysis (i.e.
Moruya). Moruya lost 130-150m3 of sand volume during the 1974 storms (McLean and
Thom, 1975; Woodroffe et al., 2012). This is more than twice the volume of sand eroded
at both Bombo and Werri (60m3 and 70m3 respectively) during the June storm studied
here. Therefore, indicating that the storm experienced in Kiama this year was not even
half as erosive as the 1974 storm. This demonstrates that much more intense storms can
impact Kiama and the NSW coastline, reinforcing the importance of storm impact
research. Figure 6.8 shows damage from the 1974 storms on Werri, possibly indicating
the types of damage to expect if another storm that size occurs again at Kiama?

Figure 6. 8: The southern section of
Werri beach after the first 1974 storm
events (May 1974).
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The sand volume on Bombo Beach quickly rebuilt following the June 2013 storm. Within
2 weeks of the storm (9/7/13), sand lost from the system had started returning to the
beach and foredune, while the beach reverted to its previous modal state of Transverse
Bar and Rip. Despite this, the storm cut remains visible and may linger for several years
(NSW Coastline Management Manual, 1990). The time required for Kiama’s Beaches to
fully re-adjust following the June 2013 storm event is therefore unknown. This
comparison to Moruya, Warilla and the 1974 storms is therefore very useful, as it
potentially allows coastal mangers to infer minimum recovery periods of similar storms,
occurring on similar beach-dune systems now and into the future. For example, the June
2013 storms recovery can be estimated using the recovery period recorded at both
Moruya and Warilla after the 1974 and 1978 storms. Figure 6.9 demonstrates the
minimum ten-year recovery period that both beach-dune volumes took to return to
normal. Considering the June 2013 was less than half as severe as the 1974 storms, a
minimum of half that recovery period (i.e. 5 years) can be expected for Werri and
Bombo to fully recover.

Figure 6. 9: Pattern of beach volume change measured from beach profile data collection from 1972 to
2010, Moruya. Note the ten-year period (phase 2) Moruya went through to fully recover from the 1974 and
1978 storms (Woodroffe et al., 2012) The inset shows Warilla Beaches volume change from 1975 – 1985,
and when compared to Moruya’s, shows a very similar time period for beach recovery (Clarke and Eliot,
1988a).

This comparison also emphasizes the compartments and beach-dune environments
most vulnerable to future storms of the same nature and severity as those that occurred
in 1970’s and June this year. Especially considering that storm occurrence has slowly
increased over time, and have been projected to increase in intensity with climate
change and transformations to tropical cyclone nature in the south-pacific (Hughes,
2003; Walsh et al., 2012). The information gathered during this component of the study
is important, but greater value lies in longer-term observations. It still isn’t known how
much erosion will occur within the Kiama systems, but longer-term studies will help
solve this.
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6.2.3 Case Study: Werri and Bombo Beach Comparison
When the two case study beaches are compared, there seemed to be little variation
between them in terms of storm impact received and relative recovery rate. Both
systems experienced most erosion at the same areas along the beach (i.e. the central to
southern ends)(figures 5.10 and 5.12). Thus, there is no obvious link to the differing
management strategies imposed on each beach-dune environment and the different
behaviour of each during storms. Which may even suggest that the vegetation at Werri
(re-vegetated) is no less effective than the naturally developed flora found at Bombo.
Interestingly however, the amount of sediment lost or retained from each different
section along the systems seemed to relate to the amount of vegetation and/or species
present behind it. For example, the central dune areas at Werri and Bombo have a
different species and vegetation coverage’s, Bombo M has only just the shrub Acacia
sophorae present, where Werri M1 also has this same shrub, plus many more tree and
shrub species (Figure 5.2 and 5.5). When these areas are examined before and after the
storm, Werri’s mid-section actually gained sand, as opposed to Bombo’s central area,
which lost it (Figure 5.10 and 5.12). This may suggest that more and diverse vegetation
may play a role in sand retention on beaches during storm events?
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6.3 Long-term Beach-dune Analysis
The shoreline position analysis of the HWL and VL for both Bombo and Werri indicates
that Kiama’s beaches fluctuate with time. Fluctuations in both the position of the HWL
and VL occur as a result of beach erosion and accretion episodes. This is most evident in
the position of the 1974 and 1977 HWL and VL. These shorelines occupied, in most
cases, the most landward position for the southern ends of the 2 beaches, following the
erosive impact of the 1974 storm events (McLean and Thom, 1975).
The differences in both HWL and VL movement documented between the southern and
northern end of Bombo and Werri beach have been observed at a greater degree, but for
similar beaches along the NSW coast (Short and Trembanis, 2004; Ranasinghe et al.,
2004a; Harley et al., 2011a). The results from the shoreline analysis suggest slight
physical rotation (Figure 6.5) occurs along sections of the Kiama coast. A comparison
with the Southern Oscillation Index (SOI) (Figure 6.10) and the HWL/VL position
revealed some interesting trends.

Southern Oscillation Index (SOI)

20

La Nina (strong above blue line)

15
10
5
0
-5
-10

El Nino (strong below red line)

-15
Yearly Average

Figure 6. 10: The Southern Oscillation Index from 1950 – 2013. The negative (red) values indicate El Nino
periods and the positive (blue) values indicate a La Nina period (Data from BOM, 2013)

The 1977 and 2003 HWL positions indicated net accretion at the north end and erosion
at the southern end of both Bombo and Werri Beaches. This supports the anticlockwise
rotation of embayed beaches during an El Nino phase (Ranasinghe et al., 2004). The
2001 HWL position demonstrates accretion at the southern end and erosion at the
northern ends of both study beaches. This suggests the opposite rotation had occurred
prior to capture of this aerial photo, namely a clockwise rotation that is associated with
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La Nina phases, and when compared to Figure 6.10, a La Nina phases can be seen to
have occurred. Despite Kiama displaying similar behaviour to that described by
Ranasinghe et al.’s (2004) beach rotation model, the limited data available of the Kiama
region didn’t allow for this concept to be confirmed.
Generally, beaches within embayed compartments experience high energy leveled beach
types so vary more so than those beaches classed as reflective or contained in small
pocket compartments. Werri and Bombo, are both classed as embayed beaches, so are
more prone to erosion and variation. Since they both are contained in similar
compartments and modal beach types (Table 3.1 and Figure 5.1), their similar DSAS
output makes sense.
The shoreline change envelope for Bombo and Werri beach did not vary significantly
from each other. The values obtained reflect a higher energy, intermediate beach type,
which both are (TBR/RBB). The largest areas of shoreline change for both systems
occurred along the northern to central sections, which makes sense as these areas are
exposed to higher amounts of southeast swell (McLean and Thom, 1975).
The Net Shoreline Movement (NSM) for both study systems showed a net accretion over
time. The standard deviations (Bombo HWL= 22m, VL= 26m; Werri HWL= 15m, VL=
19m) that accompanied the NSM values of both beaches however, were close to if not
exceeding the mean NSM. This suggests that they are not very accurate measures of total
beach change (Appendix 8) (Figure 5.13, 5.17, 5.21 and 5.25- sweep zones)(Baker,
2006). These inaccuracies can be attributed to the weak discrepancies in shoreline
behaviour, i.e. the beach rotation or regular periods of erosion and accretion that the
Kiama beach-dune systems experience. The NSM value relied only on the interpretation
of 2 shoreline positions, which would miss what any other shoreline revealed for its
respective year.
The statistics analyzing beach change and calculated through DSAS showed no
relationship between the position of the shoreline indicator (i.e. HWL or VL) and the
date of that line. The rate-of-change statistics within DSAS are set to compare two or
more shoreline indicator positions and the time passed between each of the dates. DSAS
assumes that a linear relationship exists between the shoreline position and the date.
The r2 statistic for the HWL shoreline indictor suggests little variation was explained by
the change statistics (as it was low; Bombo= 0.2, Werri= 0.25), and that the model did
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not accurately represent the data set. The r2 of the VL indicator was a little higher
(Bombo and Werri= 0.5), but still suggested that the variation was not strongly
explained by change statistics, again inaccurately representing the data set (Appendix
8). Bombo and Werri beaches, for both shoreline indicators, therefore do not recede or
prograde through a significant linear trend. The dynamic coastal processes, such a beach
rotation or cyclic erosion/accretion periods that occur in Kiama do not react well in
DSAS, so results need to be treated with caution.
DSAS was applied at different time periods for Werri, where the second application was
aimed at looking at longer-term trends occurring before and after the major dune
management program in 1992. The output of this data, like the comparison between the
two study beaches, was quite similar, slightly more erosion occurring after the dune
program, but considering the problems mentioned above with DSAS, such a minor
variation is not significant.
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6.4 The Management Implications of the Study
Effective coastal management must be based on informed decisions aided with reliable
and accurate data. Coastal monitoring and surveying across differing temporal and
spatial scales was recognized in the latest report by the Intergovernmental Panel on
Climate Change (IPCC) as key to better understanding the likely impacts of climate
change at the coast (Nicholls et al., 2007). This study attempted to undertake a similar
program, but was used to provide baseline data for the use in a Kiama coastal zone
management

plan

(CZMP).

The

Beach-dune

morphological

assessment

and

classification, LiDAR, Time-lapse camera and GPS surveying as well as long term GIS
shoreline position analysis all provide data on the physical behaviour and
characteristics of the Kiama coastal zone. The methods used to attain this data also have
demonstrated their potential for local councils to monitor short and long term change at
differing spatial and temporal scales. They are applicable and relevant to Kiama, they
can potentially incorporate sea level rise modeling and storm impact, which was
highlighted previously as key areas for any CZMP to acknowledge, and they provide easy
opportunity for ongoing use and review. Most also fall into a cost effective bracket,
particularly the short-term monitoring techniques.
6.4.1 Management Implications for the Morphology classification and
Assessment
Surveying of the coast provides insight into the dynamics of coastal morphology, and
therefore is a very useful tool to incorporate into planning for a CZMP. For example, the
Barrier and coastal compartment types identified can be used to infer future behaviour
of the systems to climate change.
The vegetation surveys in this assessment, are not only simple and are a relatively easy
method to conduct on each dune system, but can help suggest the relative stability of
each dune system. Having up-to-date surveys can also keep track of vegetation
condition; particularly allowing for early detection of degeneration of each ecosystem,
i.e. impact of introduced species, human interference/poisoning, and damage to
vegetation (McLachlan et al., 2013).
Essentially, to understand and recognize what is occurring out in the coastal
environment, studies need to form, get out there and find out. This study has made use
of GPS surveying and only just touched the surface of LiDAR application to gain a
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detailed understanding of Kiama’s morphological setting. Future research should focus
more on applying LiDAR to the coast, especially regarding beach-dune-vegetation
interactions, as it has so much potential for change and risk analyses/modeling.
Having such core morphological data summarized in one place will also allow for further
extension of that knowledge into engineering or scientific models for future academic
study. For example, in the Wollongong Council’s Dune Management strategy (GHD,
2013), issues like ‘the most suitable vegetation to have on dunes’ can be addressed.
Modelling done in Latin America can be applied in Australia to test the influence of
differing vegetation species on dune stability (de M. Luna et al., 2011). This core data
can also be used in geomorphological modeling, such as the Shoreline Translation Model
(STM)(Cowell et al., 1992) to address community issues raised about sand storage
locations, and dune development over time.
6.4.2 Management Implications for the Short-term Change Monitoring
Repeated surveys combined with coastal imaging technology (i.e. Time-lapse camera
records) can assist coastal managers attain insight into the morphology of the coastal
zone. They allow for the quantification of long-term recession and/or accretion trends,
the degree of erosion and rate of recovery due to storm events, the beach response to
engineering or management programs, seasonal changes, and inter-annual variability
(Harley et al., 2011b). The advent of coastal imaging technology such as the ARGUS
system (Holman and Stanley, 2007) revolutionized the temporal scale acquisition of
coastal data, allowing for high frequency (typically hourly) beach survey data to be
collected without actually using in situ methods (Harley et al., 2011). This technology
nevertheless is quite expensive, requires experts to use and is research intensive. For
example the research being done on Narabeen Beach in Sydney involves ARGUS camera
analyses, GPS surveying and conventional surveying. This cannot be done on every
beach in NSW, endorsing the use of a more simple technique (i.e. the time-lapse
method).
There are a range of these ‘simple’ approaches’ available for short-term beach study (i.e.
CoastalCOMS cameras), however the monitoring on Bombo beach in Kiama tested a cost
effective, ‘user friendly’ and simple imagery technology that can be used: the Brinno
time-lapse outdoor camera combined with intermittent GPS surveying. From the camera
imagery and GPS surveys done before and after the June storm, a clear depiction of how
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particular storms impact the Kiama beach-dune systems can be observed. The results
attained from this methodology already demonstrate their usefulness to local councils
and management, especially considering it is an area of particular interest in the other
CZMP’s done in the Illawarra. When combined with MHL wave data, and BOM climate
maps, clear trends can be made, which can be used to predict the occurrence and
intensity of future storm events. Additionally, by understanding how each different
storm impacts a beach, and how long it takes for the specific beach to recover, further
modeling can be applied to predict how more frequent or more intense storms may
impact the beach-dune environment.

6.4.3 Management Implications for the Long-term Change Analysis
The application of a time series of historic aerial photographs for long term change is an
easy tool for coastal management to utilize when observing long term processes within
coastal environments that are not subject to short term variability, e.g. Cliff retreat, or
barrier migration. The long-term analysis within this study used aerial photos to
document shoreline change using digitised HWL and VL’s and the DSAS extension. The
shoreline change statistics can be effective management tools for coastlines
experiencing significant recession such as the United State’s east coast (Leatherman,
2003). When applied to fluctuating coasts, like the southeastern NSW coast, the program
becomes less valuable.
Due to the Kiama region experiencing states of both erosion and accretion, DSAS
displays no strong linear trend. Even if a coast does display a strong trend of erosion or
accretion, in the context of other techniques, aerial photo analyses are associated with
limitations that need to be understood before results are interpreted. Table 6.2 outlines
the main limitations to aerial photo and DSAS studies.
The most significant issue with using aerial photography is that they only provide one
snapshot in time of the beach. Beaches are highly dynamic zones, especially when the
study was focusing on changing shoreline’s, which was shown in the short-term
monitoring results to change position in a matter of days. Thereby using such a method
will miss a lot of the short-term processes that also contribute to the change (explained
in figure 6.11). For these reasons, this study included other techniques to acquire
coastal fluctuation and process data, and to identify the maximum landward erosion
limits for coastal hazard planning lines.

- 137 -

Shoreline Change (m)

Doyle, TB (2013) Coastal Erosion… A “Shore” thing?

Year

Figure 6. 11: Graphic example of how aerial photographs only take one snap shot in time and miss a lot of
other short term change (or the rest of the story), also known as the aliasing issue. DSAS is using only one
shoreline at one particular point in the year (or one point over several years), so even though the results for
this study show slight accretion over the 60 yr study period, it misses or ignores all the other variation
between each aerial photo. T1, T2 and T3 highlight this above, even though there is a slight increase
between T1 and T2, there also was a massive erosion even between them that the DSAS would miss. Hence
the need for other accompanying monitoring methods.
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Table 6. 2: The advantages and drawbacks in using the various methodologies applied throughout this study, to monitor and analyze beach-dune change for coastal management
purposes.
Method
RTK- GPS
Surveying

Conventional
Surveying

Time-Lapse
Photography

Aerial
Photography
Analysis

Digital
Shoreline
Analysis
System
(DSAS)

LiDAR
Applications

Required Data/
equipment

Accuracy

Limitations/ Disadvantages

Ease of Application
and Interpretation

Suitability to the Kiama
Coastal Zone

Management
Implications

Very suitable, as it captures
erosion and accretion well, easy
and fast to use, profiles exhibit a
broad representation of beach
morphology and doesn’t rely on
any shoreline indicators.
If a RTK GPS kit is not available or
too expensive, the conventional
surveying equipment is very
adequate to capture intermittent
beach-dune morphology.
Very suitable to Kiama region, as
it not only collects high quality
short-term processes occurring
on beaches, but documents storm
impact and recovery well- which
is essential information for a
CZMP.

Excellent for management
purposes, as volume analyses can
be done as well as scarp or hazard
line creation for future coastal
planning programs.

Very easy to understand
and see change, once all
photos have been
Georeferenced.

Considering Kiama has a
fluctuating coastline, this analysis
is not suited for shoreline change
studies, however can be used to
look at other long-term coastal
process mentioned next,
particularly cliff retreat.

Easy to use and interpret
when all the shoreline
positions have been
digitized. Calculates a
range of useful statistics.

DSAS is not suited to a fluctuating
coast, which Kiama is. The change
statistics use linear trends, and
assume shoreline positions and
years are related, which may give
misleading results.

Good for management, as it can
provide rates of long-term
change, which can be used to
predict change into the future.
Can be used to see cliff retreat,
barrier migration, lower
shoreface change, vegetation
change etc.
Good for management purposes
as it provides rates of shoreline
movement, which can be
extended into future models or
predictions. But it needs to be
applied to suitable coastlines.

Very easy to use and
interpret, and can use
Microsoft Excel to create
beach profiles.

Very suitable for capturing
erosion and accretion, however
limited in the time frame and
coverage of available data.

Accurately captures beach
profiles, beach state and longerterm processes, however costly to
acquire.

Trimble R8 GNSS RTK
Rover and controller.

± 0.03m vertical accuracy (RMS
error) and ± 0.14m horizontal
accuracy (Harley et al., 2011b).

- Labor intensive, especially for larger areas
- Expensive to purchase.

Once initially taught, very
easy to use and interpret.
Data can be displayed in
excel within minutes of
finishing profiles.

Surveyors dumpy and
height staff

± 0.13m vertical accuracy (RMS
error)

‘Brinno’ or HD
waterproof Timelapse Camera

1280x 1024 megapixel
resolution

Very simple method to
apply, process and
interpret however
requires two people to
conduct.
Very easy to install, set up,
run and interpret data.
Very attractive to coastal
managers as it requires
very little user input to
collect useful data.

Time series of aerial
photographs, and an
ortho-or geo-rectified
image to Georeference
from.

Depends on resolution of
photographs, can range from ±
2- 12+ m.

A time series of proxy
shoreline indicators,
such as HWL or VL,
berm positions, or
even LIDAR derived
shorelines.

Depends on accuracy of
shoreline indicators, which
therefore depends on
resolution of aerial photos used
to delineate shorelines. For
Kiama it can range from 812+m.

LiDAR data, TIN
elevation layer within
ArcGIS

± 0.15m vertical accuracy
(Harley et al., 2011b)

- Labor intensive
- Time consuming, especially compared to GPS
survey.
- 2 dimensional
- Cannot map scarp or hazard lines
- Requires a safe place to mount
- Accuracy varies with different sites, as
accuracy depends on strong colour contrast
between sand & water, steepness of beach face,
weather conditions (prefer sunny, clear days)
and available high view angle and close
proximity installation location for camera
(Harley et al., 2011b).
- Aliasing issue, can miss a lot of smaller
temporal or spatial processes.
- Distortion also associated with tilt, variable
scale, photographic processes, relief
displacement, radial lens distortion,
atmospheric refraction & distortion due to
curvature of the earth (Camfield and Morang,
1996; Hanslow et al., 1997).
- Shoreline indictors fluctuate frequently, e.g.
HWL is highly variable- can change significantly
between days, therefore hard to determine true
HWL.
- Where is the HWL? Or VL? Differing definitions
of each.
- Rely on subjective delineation when drawing
them into ArcMap.
- Inherent measurement error in relation to the
magnitude of beach variability at such short (i.e.
daily-monthly) time-scales.
- Available data limited and expensive to
purchase.
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will highlight and document
beach- dune morphology change
accurately, especially storm
impact.
Particularly attractive to coastal
managers as it collects high
quality data remotely, is low cost,
change can be observed, collected
and interpreted easily and
requires little user input to attain
data.
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6.4.4 Management Implications when all three analyses are combined
Three distinct beach survey and monitoring techniques were undertaken within the
Kiama LGA, which was inspired by Harley et al.’s (2011) study at Collaroy-Narabeen
Beach in Sydney. When all three of these methodologies are combined, they provide
insight into different aspects of coastal behaviour that may enable managers to plan for
the future. Each of the three techniques used, captured a different spatial or temporal
scale process or coastal feature. Figure 6.12 attempts to summarise the much broader
and higher quality data available for councils or coastal managers to use, for any type of
management planning, if methodologies that encompass multiple temporal scales are
employed, as was undertaken in this study. Moreover, the value of such approaches is
emphasized when the results are combined to give a much broader picture of beach
change/response and one that reflects the multi-scaled factors that actually influence
beaches.

Figure 6. 12: Generalized diagram highlighting how different coastal monitoring techniques capture
different processes due to the differing temporal and spatial scales, or resolution each method operates at.
The horizontal axis displays frequency/ time and the two vertical axis are relative measures of resolution
and scale.
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The differing temporal scales shown in Figure 6.12, refers to the intermittency each
method operates at, i.e. aerial photos, geological classifications and GPS surveys are
irregular and capture only limited points in time, so have quite a low temporal
resolution, but provide data on a medium-high spatial scale. By contrast Time-lapse
cameras can provide high-resolution temporal resolution, as they can record hourly
change, however contain more significant set-up and management constraints, including
location-camera view, battery life and memory. Note also how the different techniques
capture differing spatial scales, the camera has the potential to capture smaller-scale
processes, where the geomorphological classification can be used to look at larger scale
ones, for example barrier behaviour or cliff retreat along a whole section of coast.
Figure 6.12 also shows how even though one technique might have limitations or draw
backs, by incorporating the other methods, the limitation can be resolved. For example,
the aerial photographs can infer longer-term change, but have limited short-term
quality, so they will mainly be used for the documentation and study of slow coastal
processes like cliff retreat (Figure 6.12). The use of the Time Lapse Camera’s however
have excellent short term data acquisition and is continuous, so will make up for the
limited short term capabilities of the aerial photos, but due how new the camera
technology is, they have limited long term use, so far. The GPS Surveys, even though
captures similar processes as the Time Lapse camera, it has the ability to turn what we
see in the recorded photos into quantitative data. This is extremely significant as this
allows managers and councils to not only digitally analyze and interpret current
processes we observe on the coast, but then apply it to forecasts, or calculations for how
such systems may change into the future. Particularly at scales relevant to planning,
engineering and management (Woodroffe and Murray-Wallace, 2012).
Beach management, as provided by a CZMP, is ultimately expected to plan for beach
changes in whatever form they occur. Having an understanding of multi-scaled beach
processes is important in terms of both planning for short-term events (e.g. a large
storm) and longer-term directional changes, e.g. beach erosion over decades. In
addition, it places short-term events into a longer-term context. For example, a large
storm event may be considered of less significance in terms of community concern and
management if a beach is shown to experience net accretion over decades. Alternatively,
an erosion event on a barrier system, for example a low stationary barrier, requires a
significant management response.
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6.5 Chapter Summary
Investigation into the geomorphological classification, short and long-termed change of
the Kiama coastal environment or any local government’s coastal environment, is
important as it not only can provide essential data for use in coastal management and
risk adaptation plans (i.e. CZMP), but by understanding it, can provide insights into how
the area may change into the future. Additionally, this project demonstrates the value of
multi-scaled temporal/spatial studies or methodologies, as beaches respond to forcing
factors working on different scales and therefore in order to effectively manage them it
is important to understand the response of beaches to these different scales/forcing
factors. Simple and rapid techniques are trialed in this project that attempt to capture
multi-scaled coastal processes, however caution needs to be taken with interpretation of
the results as each are associated with minor limitations.
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7. CONCLUSIONS
The majority of Australia’s population lives along the coast, and to avoid excessive
future losses, particularly those predicted to come with climate change, coastal
managers need to ensure coastal management is the most effective it can be (Jongejan et
al., 2011). Successful and effective beach management requires a good knowledge of
how a particular area’s beach-dune systems behave and change. This may require indepth understanding of the coastal processes, physical characteristics and features of
that area.
The morphology of 13 beach-dune systems were examined and classified within the
Kiama LGA. This involved GPS surveying, LiDAR analyses, vegetation assessments and
analysis of compartment and barrier nature’s to highlight spatial variation in
morphology and infer likelihood of each of the systems to change. A short-term change
study was undertaken on Bombo and Werri beaches, which aimed to show the influence
storms have on NSW beach morphology and variation, as well as demonstrate a rapid
assessment technique that can be used to study beach-dune systems. Finally, on the
same two beaches mentioned, a long-term shoreline analysis was conducted, which used
2 shoreline indicators (i.e. HWL and VL) spanning from 1950 to 2012 to estimate
variation of each beach’s shoreline.
The results have identified key characteristics of the Kiama LGA that can form the
foundation for the use in a CZMP. The Kiama environment only contains a small sample
of sandy barrier systems, vegetation diversity and coastal compartment types. Most
variation was found to be between differing compartments; where the larger
compartments tended to have the larger barriers (4-8m high, 100-650m wide, 1.212.5km long) with more vegetation and diversity, and the smaller compartments having
the smallest barriers (2-3m high, 20-40m wide, 250- 400m long) and least vegetation.
Embayed, stationary barriers were found to be most vulnerable to change, mainly due to
their limited sediment supplies and susceptible position to erosive swell.
The short term monitoring likewise demonstrated some key physical processes that
impact Kiama’s coast, especially beach-dune change during and after (recovery) storm
activity using evidence from 1974 and June 2013 erosive swell events.
Discrepancies in the positions of the VL and HWL, as well as the recorded morphology of
beach profiles in 2013 were observed at the southern and northern ends of Bombo and
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Werri beaches. While this may suggest beach rotation, further evidence is required to
make definitive links to Harley et al (2011) and Ranasinghe et al’s (2004) conceptual
models of beach rotation.
Even though the DSAS program has issues with Kiama’s coastal environment, because of
the areas fluctuating nature, parts of the aerial photography analysis can still be applied
to long-term change investigations. When merged with other techniques used in this
study, it can add to the quality of understanding of the area and potentially highlight
slower coastal processes like cliff retreat or barrier migration, rather than shoreface
changes.
A comparison between Bombo and Werri Beach, a naturally developed vs. managed
beach system respectively, has helped determine the effectiveness of the dune
management program undertaken on Werri in 1992. There was no significant
morphological differences, response to storm events or decadal shoreline changes
between the two beaches. Indicating that the re-vegetation and dune shaping program
has improved the Werri environment, or at least has achieved what the Dune program
set out to do, re-stabilize the dune system and diversify the coastal flora.
The GPS profiling combined with Time Lapse coastal imagery of beach-dune
environments however, provided the most useful technique to monitor beach
adjustments (i.e. small accretion and erosion fluctuations) and provide management
recommendations for the Kiama coast. This component has established a potential
technique that coastal managers can incorporate to rapidly assess and document shortterm change on beaches that have not had sophisticated monitoring programs in place.
Not only can these methods be cost effective but also they have the potential to identify
storm cut, and can be used to indicate hazard lines for the Kiama beach-dune systems
until a coastal hazard study is completed. Coastal hazard lines are important, as they can
forecast maximum landward erosion limits of various coastal processes including; storm
cut, beach processes (such as rotation), long term recession and sea level rise (Baker,
2006). All of which are important aspects to know for any management plan, but
especially a CZMP. Such lines can be incorporated as major planning or forward thinking
tools, to establish setback limits for vulnerable areas.
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7.1 Recommendations
The decisions made by coastal managers, policy makers or local councils need to be
based on realistic estimations of future coastal conditions. The short-term management
recommendations address the implications associated with the recurrence of storm
erosion, or beach rotation. Where the long-term management recommendations focus
more on the geomorphologically determined processes and sediment imbalances, which
accounts for the long-term recession (or even accretion) of our coastlines and even sealevel rises and the effects of climate change.
7.1.1 Short-term Management Recommendations
The short-term management of Kiama’s beach-dune systems will address coastal
vulnerabilities such as erosion from physical beach processes and storm events. To
address these issues it is recommended that all beaches are characterized into their
respective coastal compartment and sandy barrier type, so the most vulnerable beaches
can be identified. Once this is known, coastal imagery technology, such as time lapse
cameras should be installed onto the identified beaches (i.e. Werri or Jones/Boyd’s
Beach). Regular surveying (GPS or conventional) should also begin on these beach-dune
systems, especially prior and post storm events. Monthly wave statistics can be acquired
from MHL under contract to the OEH, and climate data processes from BOM statistics.
This will produce beach-dune profiles, short-term hazard lines (scarp lines) and
wave/climatic trends that can be used in future management plans.
Evidence from this study suggests that Kiama’s beaches experience erosion and
accretion periods. For this reason extensive beach erosion poses as a short-term threat
during intense storm activity. KMC should make use of the erosion monitoring methods
presented in this study. Scarp lines can potentially represent the maximum extent of
erosion for any beach-dune system under examination (Baker, 2006). The lines should
be created to show maximum erosion at differing occurrence intervals (i.e. 10 years, 50
years, 100 years etc.). These lines will highlight the expected scarp cut created from
storms and beach recession, providing a means to predict future erosion and provide
councils with the information needed to conduct suitable planning procedures.
Particular focus for short-term management should be applied to areas surrounding the
hazard lines within vulnerable systems, ensuring that erosion is not accelerated there,
especially by human influence.
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The following management options are also recommended for short-term management
of Kiama’s beaches:
- Confirmation and prioritization of the most vulnerable coastal beach-dune systems
is an important management task, and from this study Jones/Boyd’s and Walker’s
beach, as well as Werri and Bombo were identified (Table 6.1).
- Instigate research studies into the most vulnerable beach-dune systems. Jones/
Boyd’s has particularly been specified as a beach of interest, by both the results of
this study and the wider community. It is not only a small stationary barrier with a
limited sand supply, but it has coastal infrastructure close to the coastline that also
may become exposed to risk.
- Continuation of volume change analysis for the vulnerable beaches. This involves
using the GPS/manual survey profiles made across most vulnerable systems. Such
work would be most effective as a regular program (i.e. monthly) and specific
profiles done after storms, thereby creating very useful data set on storm impact,
and erosion/accretion over time for use in further research.
- Develop the use and understanding of LiDAR, as it has many capabilities to coastal
planning and adaptation for local councils. Morphological studies and classifications
for example, can be conducted with sufficient detail and without the use of any in
situ methodologies.
- Development of storm hazard lines for the most vulnerable and popular systems,
i.e. Jones/Boyd’s, Walker’s, Bombo and Werri beaches, using the short-term
methodology carried out in this project.
- Incorporation of storm hazard lines in coastal planning, where the line becomes an
approximate setback limit. This line can be used to locate sites where infrastructure
or development are at a greater risk to storms, giving council an early opportunity
to investigate the relative stability of these structures. Section 3 of the ‘Guidelines
for Preparing Coastal Zone Management Plans’ should be used as a framework for
this recommendation. Following these guidelines will not only provide a common
method that most council’s use, but also provide Kiama with the indemnity from
Section 733 of the Local Government Act (NSW-Government, 2010).
- Storm hazard lines that cut across dune systems can provide council with the
specific zones to focus future dune vegetation schemes (or re-vegetation plans,
maybe similar to those done at Werri?) to ensure the dune’s stability and reduce the
erosive effects of storms on them.
- Permanent installation of coastal imagery (i.e. Time lapse camera) onto the most
vulnerable beach systems associated with the highest population density (i.e. Werri
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and Jones/Boyd’s), so a longer term set of data can be gained, providing more
detailed information on the processes affecting these vulnerable systems.
- Exploring the possibility of collaborating with organisations such as the Water
Research Laboratory (WRL) at Sydney University or CoastalCOMS, where by the
camera installation, maintenance and handling of all the imagery data is done by
them, and provide council with just the core information learnt/patterns.
- Further research into the effectiveness of particular types of vegetation as beachdune stabilizers, and even the usefulness of dune systems as coastal defense
structures, as implied in the storm impact component of this study (Chp6).
7.1.2 Long-term Management Recommendations
The long-term management of Kiama needs to address both the short-term hazards (i.e.
beach-wave processes and storm impact) over a longer-term period, as well as the longterm processes also occurring (i.e. sea level rise, beach rotation, and long-term
recession). Due to the regular cycles of rapid erosion occurring in Kiama, management
should focus more on determining how much erosion will occur. Developing forecasts of
how beach-dune systems will response to climate change (i.e. sea level rise, or increase
in storminess) are also important avenues for future research. This study has attempted
to highlight the usefulness of a not so widely adopted technique that infers the direction
of coastal change: the Geomorphological classification. This involves understanding
what has happened to coastal systems in their past, and then extrapolating that to future
development. These predictions have been represented through barrier classifications,
and can be a useful tool to incorporate into a CZMP. The following management options
are recommended:
- Encourage further research into long-term storm impact on the NSW coastline.
Consideration to past storm impact can be very useful in forecasting what impacts
can be expected in the future. For example, the effects and erosion paths left by the
1974 and 1978 storms can be used as hazard baselines for potential future storms.
- Storm hazard lines can also be used for the same purposes as explained in the short
term recommendations, in the context of coastal planning constraints, helping
locate coast infrastructure and coastal dune vegetation stability.
- Increased research, understanding and inclusion needs to be given to the
geomorphological processes and features of the coast. Such qualities take into
account the effects of sea level changes, and sediment budget alterations or
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imbalances causing shoreline retreat over a longer period, possibly allowing for
earlier plans of adaption to be created and enforced.
- Identification of beach-dune environments that are most vulnerable to sea level
rise, and develop coastal management within those areas accordingly.
- The set up of longer term monitoring might also benefit the Kiama area and help
maintain an effective CZMP, installing more permanent coastal imagery sites on
vulnerable beaches will not only help the council understand and maybe even infer
future changes to the beaches but allow researchers to create more reliable
projections and techniques for coastal managers to use.
Coastal systems are particularly vulnerable to the effects of climate change and erosion,
and with the coast playing an integral factor to Australia’s recreational, industrial,
economic and social activity, it needs to be protected. Especially when the majority of
Australia’s population, or even the Illawarra’s population, lives so close to the sea. This
project has outlined several techniques, which operate at different temporal and spatial
scales, to rapidly assess and document baseline data of the coast. Coastal managers can
make use of these techniques to not only establish the stability of their current coastline,
but if invested permanently, have the potential to predict the effects that future changes
in climate may have on their area (i.e. sea level rise and increase storminess).
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APPENDIX 1 – BEACH- DUNE MORPHOLOGY AND VEGETATION
COVERAGE PROFILES
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Bombo N2- Cross-section
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Bombo S2 - Cross- section
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Surf Beach - Cross-section
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Easts Beach - Cross-section
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Werri M1 - Cross-section
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Werri S2 - Cross-section

9

Leptospermum laevigatum

8

Height (m)

7
6

Acacia longifolia var. sophorae
* Spinifex sericeus
* Hydrocotyle bonariensis

5

Spinifex sericeus

4
3
2
1
0
0

10

20

30

40

50

60

70

80

90 100 110 120 130 140 150 160 170

Distance (m)

Gerringong Harbour - Cross-section

9
8

Height (m)

7
6
5

Cynodon dactylon

4
3
2
1
0
0

10

20

30

40

50

60

70

80

90 100 110 120 130 140 150 160 170

Distance (m)

- 166 -

Doyle, TB (2013) Coastal Erosion… A “Shore” thing?

Walker's Beach - Cross-section
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Gerroa Beach - Cross-section
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APPENDIX 2 - VEGETATION SPECIES AND STATUS LISTS.
Community/ Scientific Name – Common Name – Native/ weed/ introduced?
- Acacia longifolia var. longifolia x Acacia longifolia var. sophorae Hybrid – Hybrid of
Coastal Wattle and Sudney Golden Wattle - This sub- species of wattle is native for the
Illawarra area, however the Sydney Golden Wattle is not native for coastal dune areas
(GHD, 2013). This hybrid vegetation will still work as a useful stabilizer for dune
systems, however will be more susceptible to storm and salt attack then the other sub
species, Sophorae (GHD, 2013).
- Acacia Longifolia var. Sophorae – Coastal Wattle – This sub species has been deemed
native for NSW dunes (GHD, 2013), and are useful dune stabilizers’.
- Alyxia buxifolia – Sea Box – Native on NSW dunes (Carolin and Clarke, 1991).
- Banksia integrifolia – Coastal (or silver) Banksia – Native on the NSW dune systems,
and are regarded as useful trees after initial stabilization has occurred on disturbed
dune areas (Carolin and Clarke, 1991).
- Cynodon dactylon – Common Couch (grass species) – Native on NSW dunes, and are
useful for stabilizing disturbed areas (Carolin and Clarke, 1991).
- Gazania rigens – Gazania – Introduced, native for South Africa.
- Hydrocotyle bonariensis – American Pennywort – Introduced, a native herb for South
America. Are known for being good stabilser’s of foredunes (Carolin and Clarke, 1991).
- Isolepis nodosa – Isolepis – another native grass species for the NSW coastal dunes, and
can be used as dune stabilizers (Carolin and Clarke, 1991).
- Leptospermum laevigatum – Coastal Tea Tree – Native on NSW dunes, actually useful
stabilizer for disturbed areas (Carolin and Clarke, 1991).
- Lomandra longifolia – Swordgrass – Native on dunes, another useful stabilizer of
foredunes and disturbed areas (Carolin and Clarke, 1991).
- Pelargonium australe – Coastal Pelargonium – A native plant species for NSW dune
systems (Carolin and Clarke, 1991).
- Protasparagus aethiopicus – Asparagus Fern – Introduced species, originating from
Southern Africa. These scramblers are regarded as weeds on the Eastern Australian
dune environments (Carolin and Clarke, 1991).
- Spinifex sericeus – Beach Spinifex – Native on NSW dunes, a very useful stabilizer,
particularly on foredune areas (Carolin and Clarke, 1991).
- Sporobolus virginicus – Sand Couch (grass species) – Native grasses for NSW dunes, and
are considered useful stabilizers of disturbed dune areas (Carolin and Clarke, 1991).
- Westringia fruticosa – Native Rosemary – Native species on NSW dunes, and is also a
useful stabilizer of disturbed areas of dune systems (Carolin and Clarke, 1991).
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Forest and Rainforest species:
- Bangalay – Banksia Forest
Eucalyptus botryoides – Bangalay – Native to NSW hind dune areas, and are a
useful tree to plant once initial stabilization of a disturbed dune area has
occurred (Carolin and Clarke, 1991).
Banksia integrifolia – see above
- Blackbutt – Banksia Forest
Eucalyptus pilularis – Blackbutt – Another native eucalypt species that is again
useful to plant once disturbed dune areas have been stabilized (Carolin and
Clarke, 1991).
Banksia serrata – Saw (or Old Man) Banksia – Native on NSW dunes and are
useful trees to plant once initial stabilization of disturbed dune areas have
occurred (Carolin and Clarke, 1991).
- Simple Littoral Rainforest
Glochidion ferdinandi – Cheese Tree – Native to hind dune forests of South
eastern Australia (Carolin and Clarke, 1991).
Guioa semiglauca – Guioa or Wild Quince – A native South Eastern Australian
tree, particularly found on dune sand environments (Harden and Crayn, 1991).
- Complex Littoral Rainforest
Podocarpus elatus – Plum or Brown Pine – This pine is a native tree to the east
coast of QLD and NSW and is most often associated with waterways, however it
is also an ancient species that has been around since the Triassic period (245
million years ago) (Aust. Botanic Garden, 2013).
Endiandra sieberi – Hard Corkwood – Native for littoral rainforest areas of NSW
(Harden, 1990).
Elaeodendron australe – Red Olive Plum – Native for this Complex Littoral forest
(PlantNET, 2013).
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APPENDIX 3 – RAW TIME-LAPSE IMAGES (VIDEO CLIPS)
The raw images taken by the Time-Lapse camera were converted to video files for ease
of viewing. Due to them being in this form, they are in a separate folder on the thesis
disk, folder name: “Appendix 3- TLCamera_clips”.
Within this folder are three files:
- “Storm_june1sec”, which depicts the effects of just the June storm 2013. \
- “BomboNorth”, which contains all the raw images taken for north Bombo Beachsummarised in a video clip from June- August, 2013
- “BomboSouth”, which contains two clips of south Bombo. The first shows the
images taken for June- July, 2013 and the second shows images from JulyAugust, 2013.
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APPENDIX 4 – TIME-LAPSE CAMERA STILL SHOT SERIES
This series depicts only the Pre, during and Post June storm periods.
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APPENDIX 5 – WAVE ANALYSIS STATISTICS – ILLAWARRA WAVE
RIDER BUOYS
Data supplied by the NSW Department of Public Works, Manly Hydraulics Laboratory, 2nd June31st August, 2013.

1) Port Kembla Wave Buoy- June 2013
DATE

Wave Height (m)
H mean

Wave Periods (s)
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H max
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POWER
TP1

TP2

(W/m)

2-Jun-13
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7.48
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74920.18

3-Jun-13

1.97
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3.98

5.57

5.08

7.66

9.74

10.59

8.57

55956.16

4-Jun-13

1.41

1.6

2.26

2.83

3.95

4.92

7.46

9.45

10.03

8.76

26812.37

5-Jun-13

1.07
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9.91
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6-Jun-13
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3

7-Jun-13

0.67
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6191.16

8-Jun-13

1.1
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7.8

15452.6
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10.8

7124.69

10.0
5
10.7
6

9-Jun-13

0.73

0.83

1.18

1.5

2.1

3.87

6.93

10-Jun-13

0.62

0.7

1.01

1.28

1.75

4

7.28

11-Jun-13

0.47

0.53

0.76

0.97

1.35

3.87

6.5

9.42

12.69

10.11

3317.3

12-Jun-13

0.54

0.62

0.88

1.12

1.6

4.42

7.18

9.98

12.1

9.45

4486.43

12.81

10.03

7495.95

11.75

9.69

16882.45

10.4
8
10.2
3

13-Jun-13

0.66

0.75

1.07

1.34

1.84

4.44

7.86

14-Jun-13

1.04

1.19

1.71

2.16

2.99

4.27

7.39

15-Jun-13

2.24

2.53

3.57

4.47

6.3

5.2

7.54

9.62

11.62

9.39

70351.09

16-Jun-13

2.33

2.63

3.73

4.68

6.31

5.68

8.56

10.5

11.61

9.1

76092.71

17-Jun-13

2.09

2.37

3.37

4.22

5.66

5.32

8.32

10.6
3

12.13

9.38

65542.44

18-Jun-13

1.94

2.18

3.07

3.84

5.54

5.64

8.27

10.3

12.04

9.77

54186.69

19-Jun-13

2.49

2.79

3.91

4.88

6.7

5.86

8.01

9.7

11.23

9.47

82265.4

20-Jun-13

1.99

2.23

3.14

3.9

5.43

5.7

7.89

9.58

11.13

9.3

51439.57

12.12

9.95

50323.21

12.65

10.02

37718.13

10.7
4
10.4
4

21-Jun-13

1.84

2.07

2.92

3.62

4.95

5.69

8.58

22-Jun-13

1.59

1.8

2.55

3.21

4.48

5.05

7.91

23-Jun-13

1.32

1.49

2.11

2.63

3.57

5.12

7.7

9.96

12.21

9.68

24967.56

24-Jun-13

1.79

2.01

2.81

3.5

4.93

5.23

7.23

8.75

9.55

8.06

41406.2

25-Jun-13

2.63

2.96

4.17

5.24

7.3

5.64

8.04

9.65

10.83

9.15

91407.85

26-Jun-13

2.3

2.58

3.62

4.5

6.35

5.38

7.51

9.12

10.36

8.68

64521.51

27-Jun-13

1.69

1.9

2.69

3.37

4.63

5.55

8.13

9.95

10.93

8.93

38989.49

11.34

8.9

29242.87

28-Jun-13

1.42

1.6

2.26

2.8

3.84

5.65

8.48

10.2
9

29-Jun-13

0.85

0.95

1.35

1.68

2.35

4.98

7.47

9.42

10.38

8.22

9633.5

30-Jun-13

0.93

1.04

1.46

1.81

2.52

4.38

6.33

8.48

11.35

8.99

11152.08
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- July, 2013
DATE

Wave Height (m)

Wave Periods (s)

H mean

H RMS

H sig

H10

H max

1-Jul-13

0.76

0.86

1.21

1.51

2-Jul-13

0.93

1.05

1.48

3-Jul-13

1.37

1.54

4-Jul-13

1

1.13

5-Jul-13

0.66

6-Jul-13

POWER

Tc

Tz

T sig

TP1

TP2

(W/m)

2.16

4.74

6.84

8.39

9.06

8.33

6920.49

1.86

2.64

5.48

7.52

8.75

8.7

7.64

11305.02

2.16

2.68

3.71

6.36

9.12

10.56

11.41

9.51

27678.74

1.61

2.01

2.76

4.81

8.04

10.32

11.02

8.34

14749.78

0.75

1.08

1.36

2.03

3.54

5.88

8.53

10.48

7.88

5972.08

0.58

0.66

0.94

1.19

1.81

3.21

5.03

7.48

10.06

8.36

4108.73

7-Jul-13

0.72

0.83

1.19

1.51

2.15

3.78

6.58

9.33

10.98

9.16

8841.03

8-Jul-13

1.03

1.19

1.71

2.15

3.08

4.47

8.34

11.36

13.34

10.67

19607.2

9-Jul-13

1.29

1.45

2.04

2.56

3.67

4.57

6.53

8.25

8.49

7.75

20156.39

10-Jul-13

0.96

1.09

1.56

1.95

2.64

4.32

6.85

9.38

11.34

9.04

13107.62

11-Jul-13

0.9

1.02

1.45

1.82

2.49

4.87

7.56

9.96

11.89

9.72

11733.05

12-Jul-13

0.62

0.7

0.99

1.24

1.73

4.35

6.99

9.35

11.37

9.46

5423.19

13-Jul-13

0.55

0.62

0.88

1.11

1.55

4.31

6.91

9.39

11.07

8.98

4034.79

14-Jul-13

0.54

0.62

0.88

1.13

1.63

3.93

6.8

9.49

11.51

9.64

4664.46

15-Jul-13

0.55

0.63

0.91

1.18

1.69

3.51

6.47

10.05

13.89

10.58

5611.66

16-Jul-13

0.55

0.62

0.88

1.1

1.51

4.55

6.98

9.16

11.45

9.47

4157.65

17-Jul-13

0.61

0.69

0.99

1.25

1.79

3.9

6.45

8.92

10.53

8.68

5112.66

18-Jul-13

0.63

0.71

1

1.26

1.81

3.41

5.14

7.08

8.02

7.3

4275.71

19-Jul-13

0.92

1.02

1.43

1.79

2.57

3.74

4.96

6.18

7.26

6.08

7354.33

20-Jul-13

0.67

0.75

1.06

1.33

1.93

3.49

5.09

6.9

8.29

7.2

4339.08

21-Jul-13

0.42

0.47

0.66

0.84

1.29

2.83

4.28

6.21

8.91

6.84

1823.76

22-Jul-13

0.52

0.6

0.88

1.14

1.65

3.21

6.25

9.56

12.33

9.66

4839.96

23-Jul-13

0.91

1.05

1.5

1.93

2.68

3.63

6.17

9.1

10.78

8.67

12379.54

24-Jul-13

2.15

2.44

3.46

4.31

5.98

5

7.62

9.75

11.23

9.1

65493.47

25-Jul-13

1.32

1.49

2.11

2.66

3.7

4.94

7.64

9.55

10.28

8.73

23698.08

26-Jul-13

1.06

1.21

1.74

2.19

3

4.71

8.15

10.8

11.84

9.72

18544.33

27-Jul-13

0.98

1.12

1.61

2.02

2.74

4.85

8.36

11.22

12.62

10.13

16618.86

28-Jul-13

0.69

0.79

1.13

1.44

2.03

3.87

7.38

10.28

12.17

8.9

8024.11

29-Jul-13

0.66

0.75

1.07

1.35

1.89

3.68

5.9

8.29

12.44

6.76

6090.29

30-Jul-13

0.69

0.77

1.08

1.34

1.89

4.61

6.52

8.16

11

7.41

5706.83

31-Jul-13

1.33

1.49

2.08

2.58

3.64

4.57

5.93

7.11

7.78

6.61

17802.79
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- August, 2013

DATE

Wave Height (m)
H mean

Wave Periods (s)

H RMS

H sig

H10

H max

Tc

Tz

POWER

T sig

TP1

TP2

(W/m)

1-Aug-13

0.89

1

1.42

1.77

2.45

4.54

6.74

8.72

10.41

8.89

9939.18

2-Aug-13

1.17

1.32

1.87

2.34

3.18

5.56

9.02

10.81

11.6

8.93

21655.46

3-Aug-13

0.88

1.02

1.49

1.89

2.61

3.92

7.69

11.01

12.68

9.3

14019.12

4-Aug-13

0.69

0.78

1.12

1.44

2.1

3.51

6

8.69

11.93

8.3

7188.49

5-Aug-13

0.72

0.81

1.16

1.47

2.15

3.49

5.64

8.36

11.41

8.71

7123.52

6-Aug-13

0.48

0.54

0.77

0.98

1.46

3

4.66

6.83

11.66

8.27

2987.7

7-Aug-13

0.48

0.54

0.75

0.94

1.33

3.74

5.47

7.34

9.56

7.8

2527.14

8-Aug-13

1.15

1.28

1.8

2.25

3.22

3.93

5.49

7.04

8.33

6.91

15697.9

9-Aug-13*

1.28

1.43

2.01

2.51

3.46

4.53

6.45

8.01

8.43

7.6

19086.21

27-Aug-13

0.51

0.58

0.82

1.04

1.48

3.57

6.01

8.84

12.84

10.36

3868.14

28-Aug-13

0.55

0.63

0.89

1.13

1.57

3.63

6.02

8.56

12.3

10.2

4258.42

29-Aug-13

0.69

0.77

1.09

1.37

1.96

3.94

6.05

8.31

10.97

8.81

5928.62

30-Aug-13

1.03

1.17

1.65

2.07

3.02

3.98

5.59

7.06

7.5

6.57

11121.4

31-Aug-13

0.58

0.66

0.94

1.17

1.66

3.91

6.29

8.66

11.35

8.47

4823.32

* Note: Data was not collected during parts of August due to technical difficulties
experienced with the buoy.
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2) Bateman’s Bay Wave Rider Buoy – June, 2013
Bateman’s bay was consulted for wave direction, as the Port Kembla Wave buoy does not collect
accurate enough direction data.

DATE

Wave Height (m)

Wave Periods (s)

H
mean

H RMS

H sig

H10

H max

1-Jun-13

0.55

0.61

0.86

1.07

2-Jun-13

1.43

1.59

2.24

3-Jun-13

1.15

1.3

4-Jun-13

0.87

5-Jun-13
6-Jun-13

POWER

WDIR_
TP1

WDIR_
TP2

Tc

Tz

T sig

TP1

TP2

(W/m)

(Deg
to Nth)

(Deg
to Nth)

1.51

3.42

4.87

6.47

8.9

6.8

3039.5

78.29

63.33

2.78

3.9

4.15

5.55

6.75

7.14

6.38

21025.22

161.96

166.75

1.83

2.28

3.18

4.58

6.82

8.61

9.35

7.99

16605.85

149.5

148.33

0.99

1.4

1.76

2.53

4.59

7.25

9.33

10.34

8.96

10710.39

145.38

147.58

0.89

1.01

1.43

1.79

2.49

4.65

7.64

9.89

11.6

9.63

11276.75

128.83

119.29

0.58

0.67

0.99

1.27

1.84

3.24

6.35

9.88

12.68

10.16

6203.35

122.54

110.46

7-Jun-13

0.7

0.8

1.15

1.47

2.16

3.53

6.31

9.38

11.17

9.19

7741.18

130.29

107.5

8-Jun-13

0.76

0.85

1.2

1.5

2.04

4.03

5.8

7.43

8.27

7.6

6591.55

163.32

163.91

9-Jun-13

0.54

0.61

0.87

1.1

1.57

3.8

6.58

9.13

12.29

9.6

4457.13

148.17

143.04

0.48

0.54

0.77

0.97

1.4

3.25

5.25

7.77

13.5

10.52

3291.6

132.46

111.5

0.4

0.45

0.64

0.8

1.13

4.06

6.31

8.63

11.01

9.41

2175.83

117.46

105.5

0.43

0.49

0.69

0.87

1.25

3.94

6.21

8.38

11.09

8.16

2435.32

119.96

113.83

0.63

0.72

1.02

1.28

1.85

4.01

6.51

8.47

8.97

8.54

5261.89

111.25

110.46

1.13

1.29

1.83

2.29

3.29

4.47

7.36

9.28

9.81

8.6

18099.39

166.29

168.58

2.04

2.3

3.24

4.04

5.49

4.75

6.91

8.74

10.82

9

51267.82

166.17

172.67

11.64

9.43

48375.97

152.83

156.71

10-Jun13
11-Jun13
12-Jun13
13-Jun13
14-Jun13
15-Jun13
16-Jun13
17-Jun13
18-Jun13
19-Jun13
20-Jun13
21-Jun13
22-Jun13
23-Jun13
24-Jun13
25-Jun13
26-Jun13
27-Jun13
28-Jun13
29-Jun13
30-Jun13

1.82

2.06

2.92

3.67

5.1

4.96

7.97

10.2
4

1.7

1.92

2.74

3.43

4.82

4.58

7.3

9.8

12.04

9.79

41471.56

147.65

155

1.77

2

2.83

3.54

4.96

4.78

7.5

9.97

12.27

10.1

45384.23

140.78

145

1.97

2.23

3.17

3.95

5.58

4.83

7.23

9.43

11.26

9.42

52034.43

138.54

151.12

1.75

1.98

2.8

3.49

4.88

4.81

7.51

9.76

10.95

8.76

41700.63

139.22

153.7

11.76

9.44

41961.12

137.21

140.33

1.63

1.85

2.64

3.3

4.51

4.99

8.27

10.7
8

1.39

1.58

2.26

2.86

3.9

4.49

7.63

10.5

12.42

10

30636.49

135.17

133.08

1.22

1.37

1.94

2.43

3.46

4.1

6.45

8.97

12

9.64

20218.86

131.04

135.75

1.97

2.2

3.09

3.83

5.37

4.72

6.57

8.04

9.5

7.18

48923.81

116.75

134.21

2.78

3.14

4.43

5.55

7.76

5.22

7.39

9.11

10.29

8.64

97944.09

127.58

137.83

1.9

2.15

3.06

3.84

5.28

4.82

7.1

9.05

10.39

8.79

46206.64

109.79

124.08

1.47

1.66

2.34

2.93

4.05

5.37

7.83

9.5

10.6

8.84

28162.38

100.26

102.52

1.12

1.26

1.79

2.25

3.22

5.26

7.82

9.66

11.16

9.33

16962.74

101.71

101.67

0.82

0.92

1.31

1.64

2.27

5.08

7.69

9.43

10.37

8.6

8874.22

97.5

90.5

0.73

0.83

1.19

1.49

2.07

4.1

6.89

9.5

10.62

8.75

7605.57

102.33

113.42
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- July, 2013
DATE

Wave Height (m)

Wave Periods (s)

POWER

WDIR_T
P1

WDIR_T
P2

H
mean

H RMS

H sig

H10

H
max

Tc

Tz

T sig

TP1

TP2

(W/m)

(Deg to
Nth)

(Deg to
Nth)

1-Jul-13

0.58

0.65

0.92

1.15

1.61

4.78

7.13

8.83

9.57

8.59

4152.71

90.92

88.75

2-Jul-13

0.55

0.62

0.88

1.1

1.52

4.52

6.86

8.31

8.49

7.39

3593.27

74.04

67.46

3-Jul-13

0.9

1.02

1.45

1.83

2.5

5.02

8.24

10.11

10.91

8.78

12152.68

76.88

81.46

4-Jul-13

0.81

0.93

1.35

1.71

2.41

3.75

6.79

9.64

11.1

8.91

9954.61

71.12

56.54

5-Jul-13

0.55

0.64

0.93

1.19

1.71

3.21

6.03

9.13

10.73

8.03

4663.28

66.08

66.96

6-Jul-13

0.31

0.37

0.54

0.7

1.02

2.77

5.63

9.05

10.39

8.71

1591.02

126.83

128.08

7-Jul-13

0.46

0.53

0.76

0.97

1.36

3.63

6.44

9.13

9.97

8.81

3342.98

142.71

140.25

8-Jul-13

0.8

0.92

1.31

1.66

2.33

4.18

7.52

10.06

12.61

9.91

10082.07

142.25

141.33

9-Jul-13

0.83

0.94

1.34

1.68

2.33

3.9

6.19

8.48

11.07

8.69

8976.75

138.5

143.79

10-Jul-13

0.93

1.05

1.5

1.89

2.59

4.51

7.47

10

11.81

9.77

12716.95

132.71

128.79

11-Jul-13

0.78

0.89

1.27

1.59

2.2

4.84

7.92

10.31

11.92

9.72

9297.29

131

114.88

12-Jul-13

0.51

0.58

0.82

1.04

1.49

4.06

6.5

8.77

11.14

9.23

3613.55

128.88

115.29

13-Jul-13

0.48

0.54

0.77

0.96

1.36

4.27

6.68

8.82

11.05

8.91

2997.07

115.25

122.17

14-Jul-13

0.51

0.58

0.82

1.05

1.49

4.11

6.9

9.43

11.96

9.46

4069.32

117.62

103.83

15-Jul-13

0.52

0.59

0.83

1.06

1.52

3.3

5.32

7.75

13.58

10.46

3898.55

122

87.54

16-Jul-13

0.5

0.56

0.79

0.99

1.39

4.19

6.61

8.81

10.74

9.15

3345.04

104.04

94.29

17-Jul-13

0.52

0.59

0.85

1.06

1.46

3.86

6.31

8.61

10.34

8.83

3636.26

99.25

89

18-Jul-13

0.54

0.61

0.86

1.07

1.54

3.53

5.25

7.02

8.03

7.08

3153.95

75.71

70.21

19-Jul-13

0.92

1.03

1.46

1.82

2.53

3.84

5.44

6.99

7.81

6.75

8307.75

73.42

69.12

20-Jul-13

0.66

0.76

1.08

1.36

1.96

3.51

5.34

7.31

8.44

6.86

4808.84

73.58

76.92

21-Jul-13

0.37

0.43

0.62

0.81

1.26

2.66

5.05

8.18

10.85

8.84

2110.77

97.46

79.92

22-Jul-13

0.45

0.52

0.75

0.97

1.38

3.24

6.69

9.73

12.36

9.4

3715.3

129.91

108.39

23-Jul-13

0.61

0.7

1

1.26

1.79

3.78

6.74

9.14

10.27

8.14

5498.71

147.54

134.62

24-Jul-13

1.38

1.56

2.21

2.76

3.88

4.58

7.02

9.11

10.62

8.77

25035.63

153.88

153.92

25-Jul-13

0.95

1.07

1.51

1.89

2.67

4.74

7.28

9.18

10.08

8.35

11761.53

150.38

147.33

26-Jul-13

0.76

0.87

1.25

1.57

2.13

4.31

7.37

10.15

11.81

9.74

9196.92

152.88

143

27-Jul-13

0.66

0.76

1.08

1.38

1.94

3.82

6.46

9.3

12.35

9.54

6926.83

139.38

145.88

28-Jul-13

0.53

0.6

0.86

1.12

1.64

3.16

5.49

8.56

12.32

9.32

4474.41

129.71

104.25

29-Jul-13

0.58

0.65

0.92

1.16

1.63

3.36

5.22

7.45

12

7.86

4167.22

101.95

70.05

30-Jul-13

0.71

0.79

1.12

1.4

2.04

3.96

5.8

7.47

9.74

6.92

6109.5

142.7

116.39

31-Jul-13

0.84

0.94

1.32

1.64

2.31

4.07

5.4

6.67

6.95

6.39

6786.07

172.83

180.42
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- August, 2013
DATE

Wave Height (m)

Wave Periods (s)

POWER

WDIR_T
P1

WDIR_T
P2

H
mean

H
RMS

H
sig

H10

H
max

Tc

Tz

T sig

TP1

TP2

(W/m)

(Deg to
Nth)

(Deg to
Nth)

0.65

0.74

1.05

1.31

1.83

4.21

6.46

8.38

10.21

8.55

5244.9

135.88

147.92

0.77

0.89

1.29

1.63

2.29

3.91

7.56

10.26

11.17

9.34

9650.42

104.88

112.46

3-Aug-13

0.65

0.76

1.11

1.42

1.99

3.48

7.43

10.83

12.79

9.81

8030.68

109.21

158.54

4-Aug-13

0.45

0.53

0.78

1.02

1.5

2.98

6.43

10.17

12.16

9.33

3920.96

132.21

175.79

5-Aug-13

0.41

0.48

0.7

0.91

1.32

2.95

5.71

8.98

11.41

9.05

2858.9

151.91

164.04

6-Aug-13

0.36

0.41

0.59

0.77

1.21

2.67

4.55

6.9

10.44

8.92

1808.17

167.75

148.46

7-Aug-13

0.46

0.53

0.74

0.94

1.38

3.75

5.67

7.39

7.8

6.7

2376.67

167.58

166.21

8-Aug-13

1.15

1.29

1.81

2.26

3.38

4.29

5.9

7.26

8.08

6.84

14034.0
4

175.46

181.17

9-Aug-13

0.83

0.94

1.32

1.65

2.3

4.49

6.55

7.98

8.58

7.29

8095.29

147.58

152.75

10-Aug-13

0.53

0.61

0.89

1.13

1.63

3.56

6.21

8.51

8.41

7.54

4034.43

143.13

187.04

11-Aug-13

0.51

0.57

0.82

1.03

1.45

3.41

5.16

7.06

8.2

7.1

2774.42

148.21

143.42

12-Aug-13

0.44

0.5

0.7

0.89

1.31

3.15

5.04

7.02

9.84

7.69

2203.96

161.29

171.58

13-Aug-13

0.46

0.52

0.75

0.94

1.4

3.33

5.31

7.24

8.63

7.21

2463.32

170.56

182.56

14-Aug-13

0.39

0.44

0.62

0.78

1.13

2.91

4.37

6.09

7.41

6.84

1565.41

97.12

121.06

15-Aug-13

0.84

0.95

1.33

1.66

2.45

4.34

5.78

7.04

7.55

6.57

7720.79

178.29

183.92

16-Aug-13

0.8

0.9

1.28

1.6

2.29

3.78

5.67

7.45

8.62

7.54

7015.32

119.62

113.96

17-Aug-13

0.65

0.73

1.04

1.31

1.9

3.49

5.16

6.83

7.56

6.54

4185.59

81.83

89.29

18-Aug-13

0.37

0.42

0.59

0.78

1.14

2.93

4.91

7.34

10.3

8.14

1791.39

122.35

120.91

19-Aug-13

0.39

0.44

0.63

0.8

1.16

2.89

4.69

7.06

10.38

7.73

1874.52

95.42

122.12

20-Aug-13

0.46

0.52

0.74

0.93

1.34

3.57

5.54

7.56

8.56

7.47

2457.91

148.17

150.62

21-Aug-13

0.66

0.75

1.06

1.33

1.83

4.11

6.33

8.1

8.95

7.73

5076.02

149.83

149.65

22-Aug-13

0.44

0.51

0.74

0.96

1.36

3.14

5.62

8.19

9.88

8.34

2919.35

139.75

136.04

23-Aug-13

0.26

0.3

0.42

0.56

0.88

2.45

4.2

6.47

9.98

8.71

892.62

145.33

129.79

24-Aug-13

0.76

0.85

1.2

1.5

2.1

4.25

6.05

7.58

8.4

7.35

6163.69

161.96

155.96

25-Aug-13

0.7

0.79

1.11

1.39

1.95

4.6

6.57

7.9

8.41

7.36

5394.99

151.12

154.38

26-Aug-13

0.53

0.6

0.85

1.06

1.45

4.14

6.26

8.32

10.03

9.03

3443.05

156.96

149.46

27-Aug-13

0.53

0.6

0.86

1.07

1.51

4.01

6.34

8.79

11.46

9.54

3862.3

155.58

138.96

28-Aug-13

0.57

0.65

0.93

1.17

1.62

4.17

7.04

9.72

12.38

9.69

4965.86

157.12

145.71

29-Aug-13

0.73

0.82

1.16

1.45

2.04

4.03

6.22

8.39

10.13

8.1

6567.31

140.62

127.71

73.96

80.88

129.88

133

1-Aug-13
2-Aug-13

30-Aug-13

1.06

1.2

1.71

2.14

3.05

4.37

6.53

8.06

8.53

7.24

12724.5
9

31-Aug-13

0.69

0.77

1.09

1.35

1.92

4.42

6.56

8.45

9.68

8.18

5941.31
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APPENDIX 6 - TIME-SERIES OF AERIAL PHOTOGRAPHY
Bombo Beach (1950- 2012)

1950

1971

1977

1981
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1974Dec

1986
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1993

1996

2003

2008
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2001

2009
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2012

2011

- 186 -

2013

Doyle, TB (2013) Coastal Erosion… A “Shore” thing?

Time-series of aerial photography- Werri Beach (1958- 2013)

1958

1963

1977

1988

1993

1998

- 187 -

Doyle, TB (2013) Coastal Erosion… A “Shore” thing?

2001

2008
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2003

2005

2009

2011
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2012
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APPENDIX 7 – UNCERTAINTY AND ERROR ASSOCIATED WITH
DSAS AND SHORELINE MAPPING
The Digital Shoreline Analysis System (DSAS) requires users to input a calculated
error or uncertainty during the Change Statistic generation process. Due to time
constraints and limited data available, the error or uncertainty included in this
study used six sources of error (adapted from Fletcher et al., 2012):
- Tidal error: is the error from horizontal movement of the shoreline
position along a beach profile due to the tides, and for this study the
South-Eastern Australia’s mean tide range of 2 meters was used as the
tidal error (Short and Woodroffe, 2009).
- Digitizing Error: is the error associated with digitizing the shoreline. For
this study only one person, Thomas Doyle (myself), digitised the
shorelines to eliminate different interpretations of the position of the two
proxy shoreline indicators. The error is found by calculating the standard
deviation of the differences (distances) between repeated digitisations by
several analysts, however for this study due to lack of time and resources,
an average digitising error was taken from Fletcher’s (et al., 2012)
digitization experiments: ± 3.77 meters.
- Pixel Error: is the pixel size of the image. The pixel size in ortho-rectified
images was 0.5m, which means that any features smaller than 0.5m
cannot be resolved. The pixel size of georeferenced aerial photographs
ranged from 1- 2.5m. The highest pixel error was taken as the error, as
shoreline indictor identification should be more accurate with lower pixel
size.
- Rectification Error: is calculated from the georectification process. Aerial
photographs were corrected, or rectified within ESRI’s ArcMap, to align
all aerial photos to the same projection system (and position on Earth),
for most effective investigation. Ortho-rectified photographs are rectified
to a more accurate level, which reduces displacement from lens
distortions, refraction, camera tilt, and terrain relief (Fletcher et al.,
2012). The rectification error was set as the Root Mean Square (RMS)
error value, which was produced after each georectification. This RMS
was used as it was calculated measures of offset from points on the aerial
photo and established Ground Control Points (GCP) by ArcMap. For this
study, RMS error was calculated for each aerial photo referenced (see
Table 1 below).
- Seasonal error: is another important source of error and is something
future studies on the Kiama beaches need to focus more on. Season Error
is associated with movements in shoreline position from dominant waves
and storms during different seasons of the year. Fletcher (et al., 2012)
generates a seasonal error from calculations from either aerial
photographs of the beach of interest, or beach profiles taken done during
- 190 -
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the different seasons. Differences in shoreline position are used, along
with mean and standard deviations, to create the seasonal error. Due to
lack of resources, data and time, this error could not be calculated exactly
for Werri and Bombo beach, but when further study can be done, this is
something that needs to be addressed in Kiama, as NSW coasts do receive
differing wave conditions depending on the time of the year. During the
months of December to March, wave energy is more evenly distributed
along the NSW coast, with North-eastern sea breeze wave conditions only
just prevailing, providing moderate height waves (1- 1.5m) which
generate minor beach scarping and erosion (and therefore shoreline
change). During April to November, the winter and spring months of
NSW, southerly waves dominate, allowing the southern ends of beaches
to accrete, due to the protection that dominant southerly headlands
provide (especially at Werri and Bombo that have such headlands). These
southern waves reach heights of 2-3 meters and cause moderate to severe
erosion on beaches along the Southeast coast of Australia (Short and
Wright, 1981; Harley et al., 2011b). From more recent studies by Harley
(et al., 2011) and Ranasinghe (et al., 2004), it has been shown that the
shoreline varies most dominantly from cross-shore processes (like storm
surges and waves), rather than along-shore processes. To calculate the
seasonal error for this study, data and variation found at Narrabeen
Beach NSW, was incorporated (Harley et al., 2011), due to their being no
data available for Kiama. Narrabeen is quite a similar beach to both Werri
and Bombo, and using the same method as Fletcher (et al., 2012) the
mean standard deviation was calculated for the shoreline variation and
that will be used as this study’s seasonal error; ±7.06 meters.
Fletcher (et al., 2012) also lists two other sources of error for Shoreline
change statistic calculation, and they include T-sheet conversion error, and Tsheet plotting error. Due to this project using aerial photography instead of
T-sheets, Fletcher (et al., 2012) suggests that those two error categories can
be omitted.
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Table 1: RMS error found during the georectification process of aerial photographs.

Bombo Beach Rectification Error:
Year:
RMS Error:

Werri Beach Rectification Error:
Year:
RMS Error:
1958
1963
1977
1993
2001
2005
2007
2011

1949
1950
1971
1974
1977
1981
1986
1993
1996
2001
2011

1.95661
7.88790
3.63665
3.98813
4.14048
2.12439
4.25377
11.74142

7.51574
4.72554
5.08322
2.53548
6.28332
6.00830
3.30529
2.91028
3.66063
6.26639
3.80568

All the error mentioned above, according to Fletcher (et al., 2012) is random and
uncorrelated error, and can be represented by a single measure calculated by
summing in quadrature (see equation 1) (see Table 2). The total positional
uncertainty (Ut) can then be found, and can be propagated into shoreline change
programs, such as the Digital Shoreline Analysis System (DSAS) (Fletcher et al.,
2012).

Equation 1: The square root of the sum of all sources of error squared (Fletcher et al., 2012).
Table2: Range of errors in position of historic shorelines for Bombo and Werri Beaches, NSW,
Australia.
Source of Error
Seasonal error
Tidal error
Digitising error
Pixel error
Rectification error

Bombo Beach
± 7.06m
± 2m
± 3.77m
± 0.1- 4.0m
± 2.54- 7.52m
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Table 3: Range of error for Werri beach, categorised in year of shoreline, and error type. Note the
‘Total’ error column, this is the uncertainty used in DSAS calculations.

Werri Beach’s Total Positional Uncertainty (Ut)
Year:

Tidal error

Digitising error

Pixel error

Rectification error

Seasonal
Total:
error
1958
± 2m
± 3.77m
± 0.6m
± 1.95661m
± 7.06m
± 8.499695m
1963
± 2m
± 3.77m
± 3.5m
± 7.88790m
± 7.06m
± 11.938403m
1977
± 2m
± 3.77m
± 4.0m
± 3.63665m
± 7.06m
± 9.863150m
1993
± 2m
± 3.77m
± 1.25m
± 3.98813m
± 7.06m
± 9.247929m
2001
± 2m
± 3.77m
± 1.1m
± 4.14048m
± 7.06m
± 9.295702m
2003
± 2m
± 3.77m
± 0.2m
Not supplied*
± 7.06m
± 8.346197m
2005
± 2m
± 3.77m
± 1.0m
± 2.12439m
± 7.06m
± 8.577268m
2008
± 2m
± 3.77m
± 0.1m
Not supplied*
± 7.06m
± 8.344310m
2009
± 2m
± 3.77m
± 0.5m
± 1.25m
± 7.06m
± 8.358768m
2012
± 2m
± 3.77m
± 0.1m
Not supplied*
± 7.06m
± 8.344310m
* for the orthorectified photographs this study had no Rectification error for, was substituted with the
2009 ortho-photograph’s rectification error, as all orthorectified photographs should be similar in
error to be classed as such (NSW SDI, 2011).
Table 4: Range of error for Bombo beach, categorised in year of shoreline, and error type. Note the
‘Total’ error column, this is the uncertainty used in DSAS calculations.

Bombo Beach’s Total Positional Uncertainty (Ut)
Year:

Tidal error

Digitising error

Pixel error

Seasonal
Total:
error
1950
± 2m
± 3.77m
± 2.5m
± 4.72554m
± 7.06m
± 9.830424m
1971
± 2m
± 3.77m
± 2.0m
± 5.08322m
± 7.06m
± 9.894222m
1974
± 2m
± 3.77m
± 3.5m
± 2.53548m
± 7.06m
± 9.313171m
1977
± 2m
± 3.77m
± 3.0m
± 6.28332m
± 7.06m
± 10.795212m
1981
± 2m
± 3.77m
± 2.2m
± 6.00830m
± 7.06m
± 10.440123m
1986
± 2m
± 3.77m
± 1.0m
± 3.30529m
± 7.06m
± 8.943234m
1993
± 2m
± 3.77m
± 2.5m
± 2.91028m
± 7.06m
± 9.098144m
1996
± 2m
± 3.77m
± 1.5m
± 3.66063m
± 7.06m
± 9.149137m
2001
± 2m
± 3.77m
± 1.1m
± 6.26639m
± 7.06m
± 10.417972m
2003
± 2m
± 3.77m
± 0.2m
Not supplied*
± 7.06m
± 8.346197m
2008
± 2m
± 3.77m
± 0.1m
Not supplied*
± 7.06m
± 8.344310m
2009
± 2m
± 3.77m
± 0.5m
± 1.25m
± 7.06m
± 8.358768m
2012
± 2m
± 3.77m
± 0.1m
Not supplied*
± 7.06m
± 8.344310m
* for the orthorectified photographs this study had no Rectification error for, was substituted with the
2009 ortho-photograph’s rectification error, as all orthorectified photographs should be similar in
error to be classed as such (NSW SDI, 2011).
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APPENDIX 8 – THE DIGITAL SHORELINE ANALYSIS SYSTEM
RATE-OF-CHANGE STATISTICS
Due to number of pages needed to display the DSAS Rate-of-change statistics output, it
has been included on the thesis disk as a separate folder named: “Appendix 8”-- file
name: “Appendix8- DSAS output”.
File will contain:
- Bombo Beach’s HWL Rate-of-change Statistics
- Bombo Beach’s VL Rate-of-change Statistics
- Werri Beach’s HWL Rate-of-change Statistics
- Werri Beach’s VL Rate-of-change Statistics
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APPENDIX 9 – THE HWL AND VL SWEEP ZONE AND MEAN
HWL/VL POSITION
Due to number of pages needed to display sweep zone and mean shoreline position data
calculations and output, it has been included on the thesis disk as a separate folder
named: “Appendix 9”-- file name: “Appendix9- SweepZone & Mean Lines”.
File contains:
- Bombo Beach’s HWL Sweep zone and mean HWL calculations
- Bombo Beach’s VL Sweep zone and mean HWL calculations
- Werri Beach’s HWL Sweep zone and mean HWL calculations
- Werri Beach’s VL Sweep zone and mean HWL calculations
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APPENDIX 10 – EXCEL VOLUME CALCULATIONS- BEFORE, AFTER
AND RECOVERY FROM JUNE STORM.

Due to number of pages needed to display Excel Volume calculations and output, it has
been included on the thesis disk as a separate folder named: “Appendix 10”-- file name:
“Appendix10- Volume Calculations”.
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APPENDIX 11 – LIDAR DATA AND TIN CREATION
The following procedure was prepared by UOW PhD candidate Rafael Carvalho, 2013. I
would not have had any LiDAR or TIN layers if it weren’t for Rafael’s guidance.
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All LiDAR and TIN maps have been created using the Input point class class code of 2bare ground. This was to attain the best or most detailed morphological features of the
landscape.
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