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Port Macquarie – Hastings Council is preparing a Coastal Zone Management Plan for the 
Lake Cathie area guided by the NSW Government Coastal Policy 1997. This report 
documents the technical studies undertaken for this project.  

 

This report has been prepared and issued by SMEC Australia to Port Macquarie – 
Hastings Council (the Client). Information published in this report is available for general 
release only by permission of SMEC Australia and the Client.  
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Adamantidis, C.A. (2008). “Lake Cathie Coastal Hazard Study – Summary Report”, 
Report No. 3001464-001 prepared by SMEC Australia for Port Macquarie – Hastings 
Council, September 2008.  
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Port Macquarie – Hastings Council is located on the NSW north coast approximately 
420 km from Sydney. The area of focus of this project is at Lake Cathie and specifically 
the section of coastline around the entrance to Lake Cathie and Lighthouse Beach. 
 
The coastline is subject to a high energy wave climate and in some areas, the coastal 
processes threaten foreshore assets and the recreational amenity of the beaches. Coastal 
processes have led to severe erosion of the coastline south of Lake Cathie entrance and 
led to the exposure of coffee rock and indurated sands that underlie the beach dune. 
Assets such as beach access stairs and stormwater outlets have been destroyed and 
coastal processes threaten some 300 m long section of Illaroo Road, with the top of the 
erosion escarpment being very close to the edge of the road. Infrastructure such as power 
poles and services is also at threat, and private dwellings are at risk of losing their access. 
This coastal hazard is impacting also on the recreational amenity of the beach and is likely 
to increase with time given current scenarios for climate change and projected sea level 
rise. 
 
The township of Lake Cathie is located on the open-coast beach of Lighthouse Beach, 
which is approximately 12 kilometres long between Middle Rock Point and Tacking Point. 
South of Middle Rock, the embayment is known as Rainbow Beach. The entrance to the 
Lake Cathie/Lake Innes estuary is located approximately two kilometres north of Middle 
Rock (Figure 1.1). Much of the beach is flanked by urban development, especially south 
of the entrance to Lake Cathie. Along around 2 kilometres of beachfront, severe erosion 
has occurred which has exposed the underlying indurated sand layer (coffee rock). This 
erosion is most pronounced in the area adjacent to Illaroo Road.  In recent years, a public 
walkway has been provided on the seaward side of some of the beachfront properties 
along Chepana Street, and dune areas have been fenced off and planted with native 
vegetation.  Loss of beach access and erosion due to broken stormwater pipes are issues 
of concern to the local residents. Views of the beach are presented in Figure 1.2. 
 
The location of urban development on the frontal dune and its proximity to the beachfront 
has raised questions as to the degree of coastal hazard risk. Currently at Lake Cathie 
Beach individual development applications have been dealt with on a case by case basis. 
This has led to a piecemeal approach to the assessment and management of coastal 
hazards at Lake Cathie. While comprehensive estuary process studies have been 
undertaken for the Lake Cathie/Lake Innes estuary, no prior comprehensive coastal 
hazard assessment has been undertaken for the beachfront at Lake Cathie. 
 
This report documents a detailed coastal hazard assessment of the beach at Lake Cathie, 
which has been undertaken using photogrammetric data analysis and analytical 
assessments. It describes the coastal processes affecting the beach at Lake Cathie and 
the impact of these processes on the areas of the beach where property is at risk. The 
report quantifies the observed long-term beach changes at Lake Cathie, as well as 
estimating the beach recession that may be caused by sea-level rise as a result of climate 
change. The risk to property is defined in terms of the present day risk, a 50 year planning 
period and a 100 year planning period. 
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The beach is often perceived to be the sandy area between the waterline and the dunes. 
It includes the beach berm, where sand-binding grasses may exist, and any incipient 
foredune formations. Typically, however, on an open coast the overall beach system 
extends from some several kilometres offshore, in water depths of around twenty metres 
to the back beach dune or barrier region, which may extend up to several hundred metres 
inland (Figure 2.1). When examining the coastal processes of a beach system often it is 
necessary to consider this wider definition. 
 
The principal hazards induced by the coastal processes that are pertinent to a coastal 
hazard risk assessment of the beach at Lake Cathie include: 
 

·  short-term coastal erosion including that resulting from severe storms, the 
behaviour of estuary entrances and slope instability; 

 
·  long term coastline recession including that resulting from imbalances in 

the sediment budget, such as aeolian sand transport, climate change and 
beach rotation; and 

 
·  oceanic inundation of low lying areas. 

 
The hydrodynamic forcing controlling the rate of these processes and hazards comprise 
the prevailing wave climate and water levels. 
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A beach typically comprises unconsolidated sands that can be mobilised under certain 
meteorological conditions. The dynamic nature of beaches is witnessed often during 
storms when waves remove the sand from the beach face and the beach berm and 
transport it, by a combination of longshore and rip currents, beyond the breaker zone 
where it is deposited in the deeper waters as sand bars (Figure 2.2). During severe 
storms, comprising long durations of severe wave conditions, the erosion continues into 
the frontal dune, which is attacked, and a steep erosion escarpment is formed. This 
erosion process usually takes place over several days to a few weeks. At Lake Cathie, the 
underlying strata consists of consolidated or indurated sands (coffee rock), which is more 
resistant to erosion than typical unconsolidated beach sand. This barrier is overlain by a 
layer of more erodible marine sand. 
 
The amount of sand eroded from the beach during a severe storm will depend on many 
factors including the state of the beach when the storm begins, the storm intensity (wave 
height, period and duration), direction of wave approach, the tide levels during the storm 
and the occurrence of rips. Storm cut is the volume of beach sand that can be eroded 
from the subaerial (visible) part of the beach and dunes during a design storm. Usually, it 
has been defined as the volume of eroded sand as measured above mean sea level 
(~ 0 m AHD datum). For a particular beach, the storm cut (or storm erosion demand) may 
be quantified empirically with data obtained from photogrammetric surveys, or it may be 
quantified analytically using a verified numerical model.  
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The history of severe storm erosion demand for the beach at Lake Cathie is detailed in 
Appendix B and the hazard risk assessment is in Appendix D. 
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Following storm cut the dune face dries out and may slump. This results from the dune 
sediments losing their apparent cohesive properties that come from the negative pore 
pressures induced by the water in the soil mass. This subsequent slumping of the dune 
face causes further dune recession. 
 
Dune slumping is treated as a slope instability hazard and can be quantified with stability 
computations, which can serve as a guide to determining safe setback distances on 
frontal dunes that are prone to wave attack and slumping during storms.  
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Various coastal hazards can be created by both trained and natural estuary entrances. 
The entrance to Lake Cathie is located along the beach near the township of Lake Cathie. 
Natural entrances tend to migrate along the beach in response to freshwater flooding and 
coastal storm effects (NSW Government, 1990). The entrance to Lake Cathie is in a 
relatively natural state, and is flanked by a wide beach berm approximately 250 m long, 
over which it has historically migrated. When the entrance opens naturally (or 
mechanically), it has tended to open along the northern side of this zone, where the 
underlying coffee rock strata acts as a natural barrier against northward entrance 
migration. At the southern end of this zone, an embankment stabilised by dumping of rock 
in the 1960’s (NSW Public Works, 1990) acts as a barrier to southward entrance 
migration. Within the entrance berm area, maximum levels have fluctuated between 
around RL 1.5 m and RL 3.0m.  
 
Based on observations and examination of the photogrammetric data, it would appear that 
the lake entrance location has been confined to the area comprising the existing entrance 
berm. Outside of the berm area, the lake entrance dynamics may influence the dune 
erosion, though the escarpment crests are above 8m AHD and storm overwash of these 
areas is extremely unlikely. Storm overwash and coastal inundation are quantified in 
Appendix D. Any influences of lake entrance dynamics on storm erosion are therefore 
incorporated in the design storm erosion demand. 
 
It is considered unlikely at Lake Cathie that a major flood or future storm event within the 
next 50 years could cause breakthrough at unexpected locations, given that the entrance 
migration has been confined to the current entrance berm area within at least the last 100 
years. However, breakthrough of estuary entrances has been observed at other locations 
on the NSW coast, with an extreme case of this phenomenon observed when 
breakthrough and wave runup on a spit of the North Arm of the Brunswick River virtually 
destroyed the village of Sheltering Palms (NSW Government, 1990).  
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Following storms, ocean swell replaces the sand from the offshore bars onto the beach 
face where onshore winds move it back onto the frontal dune. This beach building phase, 
typically, may span many months to several years. Following the build-up of the beach 
berm and the incipient foredunes, and the re-growth of the sand trapping grasses, it can 
appear that the beach has fully recovered and beach erosion has been offset by beach 
building (Figure 2.2).  
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However, in some instances, not all of the sand removed from the berm and dunes is 
replaced during the beach building phase. Sand can be lost to sinks, resulting in longer 
term ongoing recession of the shoreline. Further, over decadal time scales, changes in 
wave climate can result in beach rotation. This process appears to be occurring at Lake 
Cathie. The signature of the medium-term oscillations in sub-aerial beach sand store 
caused by decadal variations in the SOI and the fluctuations resulting from minor storm 
events are not readily apparent in the data record due to the prominence of the underlying 
long term recessionary trend. 
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Once the sand has been transported offshore into the surf zone, it may be moved 
alongshore under the action of the waves and currents and out of the beach compartment. 
Some of the sand that is transported directly offshore during storms may become trapped 
in offshore reefs, thereby preventing its return to the beach. Other direct losses of material 
from the beach may include the inland transport of sand under the action of onshore 
winds; this mechanism being called aeolian sand transport. Over the longer term, should 
the amount of sand taken out of the compartment by alongshore processes exceed that 
moved into the compartment from adjacent beaches or other sources, then there will be a 
direct and permanent loss of material from the beach and a deficit in the sediment budget 
for the beach (Figure 2.3). This will result in an increasing potential for dune erosion 
during storms and long term beach recession (Figure 2.4). 
 
Obvious process that may lead to a deficit in the sediment budget of a beach include wind 
blown sand off the beach (aeolian sand transport causing transgressive dune migration), 
mining the beach for heavy minerals and beach sand extraction operations. Other 
processes, which are not so obvious because they occur underwater, include the 
deposition of littoral drift into estuaries and the transport of quantities of littoral drift 
alongshore and out of a beach compartment, which may be larger than any inputs.  
 
The quantification of sediment budgets for coastal compartments is exceedingly difficult. 
The usual practice is to identify the processes and to quantify the resulting beach 
recession using photogrammetric techniques. Long term rates of shoreline recession have 
been quantified for Lake Cathie using photogrammetric techniques (Appendix B).  
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Studies of embayed beaches on the NSW coast have identified a sensitivity of shoreline 
alignment to wave direction (Short et al., 2000). This has been linked to the Southern 
Oscillation Index (SOI; Ranasinghe et al., 2004; Goodwin, 2005), which is a number 
calculated from the monthly or seasonal fluctuations in the air pressure difference 
between Tahiti and Darwin.  
 
Sustained negative values of the SOI usually are accompanied by sustained warming of 
the central and eastern tropical Pacific Ocean, a decrease in the strength of the Pacific 
Trade Winds and a reduction in rainfall over eastern and northern Australia. This is called 
an El Niño episode. During these episodes, a more benign south-easterly wave condition 
is expected on the NSW coast. 
 
Positive values of the SOI are associated with stronger Pacific trade winds and warmer 
sea temperatures to the north of Australia, popularly known as a La Niña episode. Waters 
in the central and eastern tropical Pacific Ocean become cooler during this time. 
Together, these give an increased probability that eastern and northern Australia will be 
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wetter than normal and, during these episodes, severe storms may be expected on the 
Australian Eastern seaboard.  
 
Further explanation of beach rotation processes is provided in Appendix C to this report, 
and the extent of beach rotation is quantified also in Appendix C. 
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Another factor that may affect the long-term trends on beaches is a rise in sea level 
resulting from the Greenhouse Effect. A rising sea level may result in beach recession on 
a natural beach and an increased potential for dune erosion on a developed beach where 
the dune line may be being held against erosion by a seawall.  
 
In the longer term, there may be global changes resulting from a postulated warming of 
the earth due to the accumulation in the atmosphere of certain gases, in particular carbon 
dioxide, resulting from the burning of fossil fuels (the Greenhouse Effect). The current 
consensus of scientific opinion is that such changes could result in global warming of 1.5° 
to 4.5°C over the next 100 years. Such a warming could lead to a number of changes in 
climate, weather and sea levels. These, in turn, could cause significant changes to coastal 
alignments and erosion.  
 
Global warming may produce also a worldwide sea level rise caused by the thermal 
expansion of the ocean waters and the melting of some ice caps. According to the 
Intergovernmental Panel on Climate Change (IPCC, 2007), the upper range estimate for 
sea level rise for the 21st century is 0.59 m (Figure 2.5). This is made up of various 
components, including thermal expansion of the oceans (the largest component), melting 
of the Greenland and Antarctic ice sheets and melting of land-based glaciers. There is 
considerable uncertainty also in the level of ice-sheet discharge, which could contribute, at 
a maximum, an additional 0.17 m to the worst-case scenario global average sea level rise. 
This would give an upper bound sea level rise of 0.76 m for a 100 year planning period. In 
addition to the effects of climate change, there is also an existing underlying rate of sea 
level rise which includes the effects of current local rates of isostatic and tectonic land 
movements. Mitchell et al. (2001) quantified underlying rates of existing sea level rise at 
various tide gauge locations around Australia. At Newcastle, this value was found to be 
1.18 mm/year based on 32 years of record (Mitchell et. al. 2001). The existing underlying 
rate of sea level rise is reflected in the measured long term recession rate that is occurring 
at Lake Cathie. Appendix C documents the full range of sea level rise estimates adopted 
for the hazard assessment. 
 
There are no predictions for any increase in winter storm wind speeds and, hence, wave 
heights for this part of the NSW coast as a result of climate change (Figure 2.7). 
Foreshore recession resulting from a Greenhouse-induced sea level rise has been 
assessed using the Bruun Rule (Appendix C).  
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An increase in water level at the shoreline results from the breaking action of waves 
causing what is termed wave setup and wave runup. Wave setup may be perceived as 
the conversion of part of the wave's kinetic energy into potential energy. The amount of 
wave setup will depend on many factors including, among other things, the type, size and 
periods of the waves, the nearshore bathymetry and the slope of the beach and foreshore. 
Typically, wave setup on an open-coast beach during severe storms can be around 1 m to 
2 m. 
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The energy of a wave is dissipated finally as the water runs up the beach or shoreline. 
Wave run-up is the vertical distance the wave will reach above the level of the tide and 
storm surge and can be several metres. Wave run-up at any particular site is very much a 
function of the wave height and period, the foreshore profile and slope, surface roughness 
and other shoreline features on which the breaking waves impinge.  
 
Should dune levels be low or the foreshore not protected by dunes, flooding and damage 
to structures can result from the coincidence of elevated ocean water levels and wave 
runup.  
 
An assessment of coastal inundation due to wave runup for Lake Cathie has been carried 
out in Appendix D. 
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Critical to a coastline hazard risk assessment is the definition and quantification of the 
waves and water levels that shape the beaches.  
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The coastline at Lake Cathie experiences a high wave energy. The offshore swell wave 
climate (wave height, period and direction occurrences) has been recorded by the NSW 
Government Manly Hydraulics Laboratory with Waverider buoys located at Sydney, 
Crowdy Head and Coffs Harbour for many years. The Waverider buoy located at Sydney 
has measured also wave direction since 1992. 
 
Summary wave statistics are available from the Manly Hydraulics Laboratory (e.g., as 
published in Lord and Kulmar, 2000). The wave data show that the predominant swell 
wave direction is south-southeast (SSE) with over 70% of swell wave occurrences 
directed from the SSE quadrant. The average deep water significant wave height, as 
measured at Crowdy Head, is around 1.6 m (Figure 2.7) and the average wave period is 
around 10 s (Kulmar et al. 2005). Analysis of storms recorded at Crowdy Head has 
provided wave height/duration data for various annual recurrence intervals.  
 
Several large storms occurred during the period between 1963 and 1983, as shown in 
Figure 2.8. These storms included the June 1967 storms which impacted greatly on the 
NSW north coast, and the storms of May-June 1974 whose impacts were greatest felt on 
the NSW central coast. The storms of May-June 1974 caused widespread damage to 
coastal structures and beaches along the central coast of New South Wales (Foster et al., 
1975). These storms were associated with an intense low pressure cell adjacent to the 
coast near Sydney. Because nearshore waves causing dune erosion are depth-limited, 
wave duration of moderate wave heights becomes a more important factor for dune 
erosion than peak offshore wave heights of short duration. It was the long duration of 
moderately high waves that made this particular 1974 storm so destructive. The 1974 
storm event was coincident with maximum spring tides, with a maximum storm surge 
measured at Fort Denison of 0.59 m and a maximum ocean water level of 1.48 m on AHD 
(Kulmar and Nalty, 1997). This makes it suitable for use as a design event for Lake 
Cathie. 
 
Such storms, which occur along the NSW coastline at irregular intervals, are responsible 
for episodic events of sand transport and erosion, which are evident when examining 
photogrammetric data. It is important, therefore, to document the history of storms along 
the coastline at Lake Cathie to ascertain whether the observed beach changes can be 
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related to the specific occurrence of such storms. The aim is to delineate which observed 
changes are caused by episodic events, such as large coastal storms, and which changes 
have underlying causes that may be due to long-term cycles, natural fluctuations or are 
caused by anthropogenic influences. 
 
This study draws upon storm histories developed from synoptic charts, as well as 
historical data from the NSW Government Waverider buoys, to determine the dates and 
severity of the extreme storm events that have occurred over the period of the 
photogrammetry. Appendix A provides detail on the analysis of these storms and 
estimates of the relevant storm parameters. 
 
Figure 2.8 documents the extreme storm events that occurred between 1940 and 2005, 
with the estimated significant wave heights for these events. It plots also the dates for 
which beach photogrammetry was available for analysis. 
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During storms, the ocean water level and that at the shoreline is elevated above the 
normal tide level. While these higher levels are infrequent and last only for short periods, 
they may exacerbate any storm damage on the foreshore. Elevated water levels allow 
larger waves to cross the offshore sand bars and reefs and break at higher levels on the 
beach. Further, they may cause flooding of low lying areas and increase tail water control 
levels for river flood discharges. 
 
The components of these elevated water levels comprise the astronomical tide, 
barometric water level setup, wind setup, wave setup and runup (Figure 2.9). All of the 
components do not act or occur necessarily independently of each other but their 
coincidence and degree of inter-dependence, generally, is not well understood. 
 
The tides of the NSW coast are semidiurnal with a diurnal inequality. This means that 
there are two high tides and two low tides each day and there is a once-daily inequality in 
the tidal range. The mean tidal range is around one meter and the tidal period is around 
12.5 hours. Tides vary according to the phases of the moon. The higher spring tides occur 
near and around the time of new or full moon and rise highest and fall lowest from the 
mean sea level. The average spring tidal range is 1.3 meters and the maximum range 
reaches two meters. Neap tides occur near the time of the first and third quarters of the 
moon and have an average range of around 0.8 meters.  
 
Storm surge is the increase in water level above that of the normal tide that results from 
the low barometric pressures, which are associated with severe storms and cause sea 
level to rise, and strong onshore winds that pile water up against the coast. Measured 
values of storm surge at Sydney include 0.59 m for the extreme storm event of 25- 26 May 
1974 and 0.54 m for the extreme storm event of 31 May -  2 June 1978, which were 
computed to have recurrence intervals of 77 and 39 years respectively (Haradasa et al., 
1991). Both of these extreme events were coincident with spring high tides with the water 
level in the 1974 event reaching the maximum recorded at Fort Denison of 1.5 m AHD.  
 
Return periods for ocean water levels comprising tidal stage and storm surge for Sydney, 
which are representative of the study region, are presented in Figure 2.10.  
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The coastal hazard assessment for Lake Cathie comprised quantifying the three principal 
hazards, namely: 
 

·  short-term storm beach fluctuations; 
·  long term beach recession; and 
·  oceanic inundation. 

 
For this beach, the storm cut (or storm erosion demand) has been quantified empirically 
with data obtained photogrammetrically. An equivalent storm erosion volume has been 
derived empirically based on the schema presented in Nielsen et al. (1992) and storm 
erosion volumes derived from photogrammetry data between 1963 and 1983. A detailed 
description of the protocol and the derivation of the results are provided in Appendix D.    
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Design storm erosion volumes for Lake Cathie are calculated in Appendix D. An analysis 
of equivalent storm erosion volumes resulting from the 1967 and 1974 storms followed the 
schema of Nielsen et al. 1992 (see Figure 3.1). The values were derived at the local 
maxima of the landward movement of the RL 4.0m contour, as measured between the 
1963 and 1983 photogrammetric data and applied to the whole beach, to take account of 
the formation of rip-heads and to arrive at a conservative estimate of storm erosion 
demand for the beach.  
 
Equivalent storm erosion volumes were obtained from the analysis for the beachfront 
areas along the entire length of beach fronting the urban areas of Lake Cathie. Analysis of 
the photogrammetric data between 1963 and 1983 showed that up to 160 m3/m of erosion 
had occurred over this time period. Around 30 m3/m of this erosion can be attributed to the 
underlying long term recession. A maximum storm erosion demand value of 130 m3/m 
was therefore adopted for the June 1967 and May-June 1974 storms at Lake Cathie. This 
value is likely to be conservative due to the presence of indurated sands, which are 
relatively resistant to erosion. The value is lower than the typical values of 200 – 250 m3/m 
adopted for open coast beaches elsewhere along the NSW coast where the beaches 
consist of unconsolidated sands. However, it should be noted that the indurated sands at 
Lake Cathie are generally only weakly consolidated, and they would still be subject to 
potential collapse during a storm event.  
 
AS4997-2005 “Guidelines for the design of maritime structures” (AS, 2005) recommends 
that a storm event having a 5% probability of being exceeded over a 50 year period be 
adopted for risk analyses. The lack of sufficient data immediately before and after storm 
events meant that it was not possible to perform a statistical analysis and assign a design 
encounter probability to the recommended storm erosion demand value. However, it is 
considered that a storm that would lead to the design storm erosion demand would have a 
very low risk of being exceeded over the next 50 years, given that the measured storm 
erosion demand was based on the combined effects of the 1967 and 1974 storm events. 
The estimated storm erosion demand from the 1967 and 1974 storms for various locations 
along the beach at Lake Cathie is plotted in Figure 3.2.    
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Short term beach fluctuations can be enhanced at natural estuary entrances such as the 
entrance to Lake Cathie.  Estuary entrance instability has been examined in Appendix B, 
and it was found that this hazard is restricted to within 200 metres of the lake entrance 
and does not directly impact on existing development along the beach. Outside of the 
entrance area, the entrance dynamics may influence dune erosion, though the 
escarpment crests are above 8m AHD and storm overwash of these areas is extremely 
unlikely. 
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Processes such as sea level rise, aeolian processes and the littoral drift of sediment are 
natural loss components of the sediment budget of a beach. At Lake Cathie, sand may on 
occasions be transported into the Lake Cathie estuary or move alongshore toward the 
northern end of Lighthouse Beach. Similarly, biogenic production of sand from the shells 
of benthic fauna, and sediment transported into the littoral zone from nearby estuaries are 
natural sources of sediment for a beach. If, in the long term, the losses of sediment from a 
beach are greater than the gains, then a gradual beach recession will result.  
 
Detailed measurements of the sediment budget for the beach at Lake Cathie were beyond 
the scope of this study. However, an assessment of the long term beach recession rate 
has been made empirically using photogrammetric data, and this is described in 
Appendix B. 
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The photogrammetric analysis indicated long-term erosion occurring at all locations along 
the beach at Lake Cathie.  
 
The two methods used for this measurement were the measurement of eroded sand 
volumes and the measurement of the translation of the dune face over time. From 
examination of the photogrammetric data, the average long term position of the 
4.0 m AHD and 5.0 m AHD contour levels south of the entrance to Lake Cathie has 
experienced a landward translation of around 10 metres on average since 1940. In 
addition, the average sand volume on the beach has decreased along the beach when 
compared to the 1940 levels, by an average of 100 m3/m. Both of these methods 
indicated that long term recession is occurring at Lake Cathie and yielded similar results. 
It is recognised that some of the measured long term recession may have been caused by 
sea level rise due to climate change that has already occurred, and this component is 
estimated at around 0.05 m/year. The estimate of long term recession is subject to 
considerable uncertainty. Given the range of long term recession values that are possible 
due to the limitations of the data, and taking into account that some of the measured 
beach recession was caused by climate change that has already occurred, a conservative 
estimate of future long term recession of 0.20 m/year was adopted for the beach. Further 
assessments in the future may change this prognosis for long term beach recession as 
more photogrammetry data are collected and analysis techniques improve. 
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Sea level rise may lead to a shoreline response of coastal recession. The most widely 
accepted method of estimating shoreline response to sea level rise is the Bruun Rule 
(Appendix C). Measurements of sea level rise show that there is considerable variation in 
the data. These variations are due to processes acting at inter-decadal scales, such as 
the El Niño Southern Oscillation (ENSO) phenomenon. 
 
Figure 3.3 illustrates the concept of beach recession as a result of sea level rise. 
Appendix C provides detail on the Bruun analysis carried out for Lake Cathie. Table 3.1 
provides estimates of the overall long-term recession expected at Lake Cathie due to sea 
level rise. It is possible that these estimates are conservative, as the Bruun analysis does 
not take the reduced erosion potential of the indurated sand strata into account.  
 

 

Table 3.1 – Predicted Future Beach Erosion and Recession due to  

Sea Level Rise at Lake Cathie 

Total Predicted Sea Level 
Rise (m) 

Total Beach Recession  
(m) 

Total Beach Erosion 
(m3/m) 

Scenario  2055 2100 2055 2100 2055 2100 

Central 0.20 0.43 10.0 21.5 80 172 

High 0.35 0.76 17.5 38.0 140 304 
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Coastal inundation at Lake Cathie due to wave runup would only occur if the frontal dune 
is low enough to allow overtopping during a major storm. Wave runup levels on the beach 
at Lake Cathie were estimated using parameters from long term wave statistics at the 
Crowdy Head Waverider buoy, as detailed in Appendix D. 

 

Table 3.2 gives the results for the wave runup assessment. This indicated that due to the 
relatively high embankment, there are no areas at risk of coastal inundation due to wave 
runup, except for the possibility of wave overwash of the berm at the lake entrance (which 
would be a frequent event).  

 

Table 3.2 – Wave Runup levels for Lake Cathie, 0.1% AEP storm event 

Wave Transformation Coefficient 1.0 

Deepwater significant Wave Height (m) 11.0 

Nearshore Water Level (m AHD) 2.0 

Nearshore Beach Slope 1:50 

Maximum Wave Runup Level (m AHD) 5.5 
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2% Wave Runup Level (m AHD) 5.3 

Significant  Wave Runup Level (m AHD) 4.5 

 

This assessment has not looked in detail at the possibility of coastal inundation due to 
elevated levels within the Lake Cathie estuary. This has been assessed previously by 
NSW Public Works (1984) in the Lake Cathie Flood Study. However, it is estimated that if 
the floor levels of any dwellings adjacent to the estuary are below a level of around 
2.0m AHD, they may be subject to a coastal inundation hazard.  Council’s policy of 
opening the estuary entrance when water levels are high precludes this type of flooding 
from occurring.  
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Windborne sediment transport can result from destruction of the dune vegetation canopy 
– removal of dune vegetation can lead to areas of sand being destabilised by the wind, 
leading to a dune “blowout”. This has occurred in the 1970’s in the northern part of 
Lighthouse Beach, which is an area that was subject to sand extraction during the 1950’s 
and 1960’s (NSW Public Works Department, 1991). Though distant from the study area, it 
is possible that aeolian sand transport via the blow-out area contributed to sand loss from 
the littoral system at Lake Cathie. The blow-out areas have since been stabilised with 
vegetation and are no longer considered to pose a hazard. 
  
There are no urban areas within Lake Cathie that are currently subject to this type of 
hazard. 
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The derivation of the dune erosion hazard for the present day, 50 year and 100 year 
planning periods is presented in detail in Appendix D. For each planning period, the 
erosion hazard has been defined as: 
 

·  a line delineating the limit of wave impact and dune slumping (Zone of Wave 
Impact and Slope Adjustment); and 

 
·  a line delineating the limit of the area behind the dune face where the capacity of 

the sand to support building foundations is reduced because of the sloping dune 
escarpment (Zone of Reduced Foundation Capacity). 

 
In addition, the sensitivity of the hazard lines to the upper-range sea level rise scenarios 
for 2055 and 2100 was examined – the locations of the 2055 and 2100 hazard lines 
assuming an upper range sea level rise scenario were overlayed on the hazard maps for 
comparison purposes. 
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A risk assessment for the present day, 50 year planning period and 100 year planning 
period has been carried out for the urban area of Lake Cathie. This risk assessment was 
carried out with reference to the hazard mapping done for each of the three planning 
periods. The results of this risk assessment are summarised below. 
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The assessment of coastal hazards has concluded that no private dwelling is at 
immediate risk of direct storm damage.  However, parts of the roadway of Illaroo Road lie 
seaward of the edge of the Zone of Wave Impact and Slope Adjustment, as do parts of 
the water supply infrastructure for the dwellings on Illaroo Road. As a result, some 14 
residences could lose their access as a result of the design storm event. 
 
Parts of some of the existing dwellings on Illaroo Road lie within the immediate hazard line 
for the Zone of Reduced Foundation Capacity, with around 16 dwellings affected.  
 
There are no properties currently at risk from coastal inundation due to wave runup.  
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For a 50 year planning period, some 16 properties along Illaroo Road have a portion of a 
dwelling extending into the Zone of Slope Adjustment, and the roadway of Illaroo Road is 
at risk (Figure 4.1). One additional lot is subject to reduced foundation capacity. When the 
upper range sea level rise scenario is applied to the hazard line calculations, one 
additional lot on Illaroo Road lies partially within the Zone of Slope Adjustment, and the 
Zone of Reduced Foundation Capacity begins to encroach on the lots behind Illaroo 
Road. 
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For the 100 year planning period, around 20 dwellings may become at risk, mostly around 
Illaroo Road. Some 20 lots along the northern end of Chepana Street would start to be 
impacted by reduced foundation capacity. When the upper range sea level rise scenario is 
applied to the calculations, an additional 12 dwellings behind those fronting Illaroo Road 
and an additional 20 dwellings at the northern end of Chepana Street lie partially within 
the Zone of Slope Adjustment. Some 50 lots along Chepana Street and a few additional 
lots behind Illaroo Road may be subject to reduced foundation capacity. 
 
No infrastructure north of the entrance to Lake Cathie is at risk from coastal hazards 
within the next 100 years, except for the viewing platform and walking tracks within the 
reserve. 
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Detailed technical studies using an updated empirical database have allowed for the 
quantification of the coastal hazards at Lake Cathie. The assessment has been made on 
the basis of detailed photogrammetric survey data.  
 
AS4997-2005 “Guidelines for the design of maritime structures” (AS, 2005) recommends 
that a storm event having a 5% probability of being exceeded over a 50 year period be 
adopted for risk analyses. Two large storm events occurred over the period of the 
photogrammetric data record - one in 1967 and another in May-June 1974. The 
exceedance probability of these storms at Lake Cathie is not known, but as they are the 
largest storms to have occurred over the period of the photogrammetric record, they were 
adopted for analysis. The signature of these storms could not be clearly seen in the 
photogrammetric data, so the maximum measured erosion between 1963 and 1983, 
which encompasses these large storm events, was adjusted for the measured long term 
recession and adopted as the design storm erosion.  
 
The available photogrammetric data has indicated that the beach at Lake Cathie is 
undergoing long term recession at a rate of between 0.1 and 0.3 m/year. Allowing for 
factors influencing this recession, such as climate change that has already occurred, a 
conservative allowance has been made for historic long term recession of 0.2 m/year.   
 
The prognosis for a future sea level rise, as a result of global warming, could increase the 
rate of long term recession. “Central estimate” sea level rise scenarios indicated a sea 
level rise of 0.20 m by 2055, and 0.43 m by 2100. This has led to an assessment of beach 
recession of 10.0 m by 2055 and 21.5 m by 2100. “High estimate” sea level rise scenarios 
indicated a sea level rise of 0.35 m by 2055, and 0.76 m by 2100. This led to an “upper 
range” assessment of beach recession of 17.5 m by 2055 and 38.0 m by 2100. It is 
possible that these estimates are conservative, as the Bruun analysis does not take the 
reduced erosion potential of the indurated sand strata into account. 
 
For a 50 year planning period, it was found that, based on the hazard parameters 
adopted, some 16 properties along Illaroo Road have a portion of a dwelling extending 
into the Zone of Slope Adjustment, and the roadway of Illaroo Road is at risk from beach 
erosion. For the 100 year planning period, around 20 dwellings may become at risk, 
mostly around Illaroo Road. Some 20 lots along the northern end of Chepana Street 
would start to be impacted by reduced foundation capacity. 
 
Estuary entrance instability hazard is relevant only for the berm zone around the existing 
lake entrance, this zone being outside the existing urban developed area. 
 
Wave runup analysis for the design storm has indicated that runup levels would not pose 
an inundation hazard to any properties as the embankment height is above 7.0m AHD. 
However, overwash of the berm area into Lake Cathie would occur on a relatively frequent 
basis.  
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It is recommended that Council proceed with the Coastal Management Study and Plan for 
Lake Cathie in accordance with the procedure in the NSW Government’s Coastline 
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Management Manual (1990), NSW Coastal Policy 1997 and requirements of the Coastal 
Protection Act 1979 with the following objectives: 
 

·  Council consider various coastal management options for the embankment 
fronting Illaroo Road (to be canvassed as part of the Management Study); 

 
·  Council not approve applications for new development or redevelopment of 

existing allotments forward of the 50 year limit of the Zone of Slope Adjustment for 
Lake Cathie. 

 
·  Council require that new development, located within the 100 year Zone of 

Reduced Foundation Capacity, be on pier foundations designed to transfer the 
building loads into the Stable Foundation Zone for a 100 year planning period 
(Figure 5.1), and that Council develop an appropriate standard pier specification 
as a Consent Condition for new development. 

 
·  Council include the 50 year and 100 year limits of the Stable Foundation Zone on 

the Section 149 Certificates to inform residents of the potential coastal hazard risk 
at each site. 

 
·  The quantification of the erosion hazard be re-assessed every 10 years, based on 

the continuing collection of empirical data and on the more advanced analysis 
techniques that will become available in the future. 

 
·  Where sewer or water infrastructure is under direct threat from coastal erosion 

within a 50 year planning period, consideration be given to relocating that 
infrastructure. 
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Figure 1.1  – Lake Cathie Locality Plan 
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Figure 1.2  – Views of the beach at Lake Cathie 

Top – View of beach looking south from lake entrance  

Bottom – View looking north across lake entrance (entrance closed) 
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Figure 2.1 - Beach definition sketch (open coast beaches) 

 

 

 

 

 

Figure 2.2 - Beach storm erosion/accretion cycle 
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Figure 2.3 - Sediment budget schema (NSW Government, 1990) 

 

 

 

 

Figure 2.4 - Long term erosion schema 
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Figure 2.5 – Projected sea level rise between 2000 and 2100 (after IPCC, 2007) 

 

Figure 2.6 – Change in extreme monthly wind speeds for NSW coast  

(Hennessy et al 2004) 
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Figure 2.7 - Significant wave height exceedance for NSW coast (Lord & Kulmar, 2000) 
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Figure 2.8 - Extreme Storm events vs. Photogrammetry Dates 
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Figure 2.9  - Components of elevated water levels on the coast 

(NSW Government, 1990) 

 

 

Figure 2.10  - Sydney ocean level recurrence (Lord & Kulmar, 2000) 
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Figure 3.1 - Dune stability schema (after Nielsen et al., 1992) 
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Figure 3.2 – Measured equivalent storm erosion 1963 - 1983 
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Figure 3.3 - Concept of shoreline recession due to sea level rise 
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Figure 4.1  - 2055 Hazard Zones 
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Figure 5.1  – Recommended Zones for Development Control at Lake Cathie 


