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Glossary 

Australian Height Datum 
(AHD) 

 A common national surface level datum approximately 
corresponding to mean sea level. 
 

Average recurrence 
interval (ARI) 

 The long-term average number of years between the 
occurrence of a flood as big as or larger than the 
selected event. For example, floods with a discharge 
as great as or greater than the 20 year-ARI flood 
event will occur on average once every 20 years. ARI 
is a way of expressing the likelihood of occurrence of 
a flood event. 
 

Barometric Setup  Mean sea level (MSL) rises in areas of low 
atmospheric pressure and falls in areas of high 
pressure. 
 

Benchmarks 
 

 A standard by which something can be measured or 
judged. For example, predicted amounts of sea level 
rise to incorporate into planning considerations. 
 

Cadastre, cadastral base  Information in map or digital form showing the extent 
and usage of land, including streets, lot boundaries, 
water courses etc. 
 

Catchment  The land area draining through the main stream, as 
well as tributary streams, to a particular site. It always 
relates to an area above a specific location. 
 

Crest level  The level in metres Australian Height Datum (mAHD) 
of the top of a particular foreshore type. 
 

Coastal inundation  The flooding of coastal lands by ocean waters. Severe 
coastal inundation is an infrequent event and is 
normally of short duration (peak flooding usually 
persists for several hours). In the case of the Pittwater 
Estuary, flooding may be caused by a combination of 
processes including high tides, storm surge and wave 
run-up onto the foreshore.  
 

Coastal processes 
 

 Coastal processes are the set of mechanisms that 
operate at the land-water interface. These processes 
incorporate sediment transport and are governed by 
factors such as tide, wave and wind energy. 
  

Coastal Zone 
 

 The coastal zone is the interface between the land 
and ocean.  In NSW the coastal zone is defined by 
mapping prepared under the Coastal Protection Act 
1979 (Greater Metropolitan Region Maps 10, 11, 12 
and 13). 
 

Design storm event  A significant event to be considered in the planning 
process. 
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Development  As defined in the Environmental Planning and 
Assessment Act 1979 (EP&A Act). 
 
New development refers to development of a 
completely different nature to that associated with the 
former land use, e.g. the urban subdivision of an area 
previously used for rural purposes. New 
developments involve re-zoning and typically require 
major extensions of existing urban services, such as 
roads, water supply, sewerage and electric power.  
 
Infill development refers to the development of vacant 
blocks of land that are generally surrounded by 
already developed properties and is permissible under 
the current zoning of the land. Conditions such as 
minimum floor levels may be imposed on infill 
development  
 
Redevelopment refers to rebuilding in an area, e.g., 
as urban areas age, it may become necessary to 
demolish and reconstruct buildings on a relatively 
large scale. Redevelopment generally does not 
require either re-zoning or major extensions to urban 
services. 
 

El Niño-Southern 
Oscillation (ENSO) 

 The term El Niño-Southern Oscillation (ENSO) 
describes a climatic cycle which oscillates between El 
Niño and La Niña conditions.  It occurs due to 
changes in the strength of the Walker Circulation over 
the equatorial south Pacific.  During El Niño 
conditions, which occur every three to eight years, 
drier conditions prevail, and average sea surface 
temperatures and sea levels are both lower. During 
La Niña conditions in Australia are generally wetter, 
and sea surface temperatures and average sea levels 
are both higher.   
 

Estuarine Flood Risk  Also, referred to as estuarine or foreshore inundation 
risk. Foreshore inundation from a very high tide, 
combined with the effects of a storm event. 
 

Estuary Planning Level 
 

 The combinations of elevated estuary levels (derived 
from significant historical ocean events or ocean 
levels of specific ARIs) and freeboards selected for 
estuarine inundation risk management purposes. 
 

Fetch  The horizontal distance over which a wind blows in 
generating waves. 
 

Foreshore  For the purposes of identifying the 40m setback from 
the foreshore, it has been assumed that the foreshore 
crest/edge is located at the 0.5mAHD contour. 
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Foreshore type  The nature of the foreshore at any given location, e.g. 
retaining wall, sandy beach, rocky foreshore. 
 

Flood  A general and temporary condition of partial or 
complete inundation of normally dry land areas, 
including inundation as a result of ocean storms and 
other coastal processes or catchment flows. 
 

Flood damages  Potential damages associated with defined flood 
event expressed as monetary losses. 
 

Flood hazard  The occurrence of a flood event with a defined 
exceedance probability. 
 

Flood planning area  The area of land below the flood planning level and 
thus subject to flood related development controls.  
 

Flood planning levels  The combinations of flood levels (derived from 
significant historical flood events or floods of specific 
ARIs) and freeboards selected for floodplain risk 
management purposes.  
 

Flood risk  Potential danger to personal safety and potential 
damage to property resulting from flooding. The 
degree of risk varies with circumstances across the 
full range of floods. Flood risk is divided into three 
types, existing, future and continuing risks as 
described below: 
 Existing flood risk is the risk a community is 

exposed to as a result of its location on the 
floodplain. 

 Future flood risk is the risk a community may be 
exposed to as a result of new development on the 
floodplain. 

 Residual flood risk is the risk a community is 
exposed to after floodplain risk management 
measures have been implemented.  

 
Freeboard  Provides reasonable certainty that the risk exposure 

selected in deciding on a particular flood chosen as 
the basis for the EPL is actually provided. It is a factor 
of safety typically used in relation to the setting of floor 
levels, levee crest levels, etc. Freeboard is included in 
the flood planning level. 
As a component of the EPL, a freeboard of 0.3m is 
added to the local (still) water level. For the purposes 
of the ‘Estuarine Planning Level Request Service’ the 
freeboard allowance will be included in the base EPL 
and would not be added separately. 
 

Geographical information 
system (GIS) 

 A system of software and procedures designed to 
support the management, manipulation, analysis and 
display of spatially referenced data. 
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Hazard 
 

 A source of potential harm. A situation that poses a 
level of threat to life, health, property, or the 
environment. 
 

High Tide 
 

 The maximum height reached by a rising tide. The 
high water is due to the periodic tidal forces and the 
effects of meteorological, hydrologic, and/or 
oceanographic conditions. 
 

Highest astronomical tide 
(HAT) 

 The highest level of water which can be predicted to 
occur under any combination of astronomical 
conditions. 
 

Joint Occurrence  The occurrence of two or more processes at any 
given point in time.  With respect to coastal 
processes, joint occurrence could include the 
simultaneous occurrence of high astronomical tides, 
storm surges and wind-waves which would lead to 
highly elevated water levels. 
 

Mean High Water Springs 
(MHWS) 

 The MHWS is the highest level which spring tides 
reach on the average over a period of time (usually 
several years). 
 

Mean Low Water Springs 
(MLWS) 

 The MLWS is the lowest level which spring tides 
reach on the average over a time period (usually 
several years). 
 

Mean Sea Level (MSL)  MSL is a measure of the average height of the 
ocean's surface such as the halfway point between 
the mean high tide and the mean low tide.  At present, 
mean sea level is approximately equivalent to 
0mAHD. 
 

Probability  A statistical measure of the expected frequency or 
occurrence of flooding.  
 

Risk  The chance of something happening that will have an 
impact on objectives, usually measured in terms of a 
combination of the consequences of an event and 
their likelihood 
 

Sea level rise (SLR)  A rise in the level of the ocean surface that is 
projected to occur in the future. 
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Section 149 Certificate  Under Section 149 of the Environmental Planning and 
Assessment Act 1979 (EP&A Act), a local council will, 
upon application, issue a certificate providing 
information about planning controls or property 
affectations relating to any piece of land within the 
council area. A certificate issued under Section 
149(2), which is compulsory in the sale of the 
property, provides information about the zoning of the 
property, the relevant state and local planning controls 
and other property affectations such as land 
contamination, road widening and whether or not 
flood-related development controls apply to the 
property. A Section 149(5) certificate provides 
additional advisory information that Council may be 
aware of on that land. 
 

Tidal Flood Risk 
 

 Potential danger to personal safety and potential 
damage to property resulting from tidal inundation 
from a waterway onto surrounding areas within a 
floodplain. 
 

Tidal flooding  The flooding of foreshore areas due to higher than 
average tidal levels. 
 

Topography  A surface which defines the ground level of a chosen 
area. 
 

Wave breaking  As waves increase in height through the shoaling 
process, the crest of the wave tends to speed up 
relative to the rest of the wave. Waves break when 
the speed of the crest exceeds the speed of the 
advance of the wave as a whole. Waves can break in 
three modes: spilling, surging and plunging. 
 

Wave run-up  The vertical distance above mean water level reached 
by the uprush of water from waves across a beach or 
up a structure. 

 
 
Wave set-up 

  
The increase in water level within the surf zone above 
mean still water level caused by the breaking action of 
waves. 
 

Wind set-up  The increase in mean sea level caused by the "piling 
up" of water on the coastline by wind.  
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1 Introduction 

The foreshore areas of the Pittwater Estuary within the Pittwater Local Government Area 

(LGA) are subject to periodic inundation by coastal and estuarine processes.  

Pittwater Council established the Estuarine Planning Level Mapping (Lawson and Treloar, 

2004) using the best available shoreline terrain data and estimates of extreme ocean water 

levels at that time.  These adopted planning levels incorporated an allowance for sea level 

rise of 20cm, which was considered appropriate in 2004. 

In October 2009, the NSW Government adopted the Sea Level Rise Policy Statement 

(DECCW, 2009) which incorporated two sea level rise planning benchmarks for the NSW 

coast, namely 40cm by 2050 and 90cm by 2100 (relative to 1990 mean sea levels).  This 

has since been repealed, however, in the absence of further direction from State 

Government, Council have adopted the same approach to sea level rise in terms of these 

benchmarks. This is discussed further in Section 1.3. 

Cardno (NSW/ACT) Pty Ltd was engaged by Pittwater Council to update the 2004 

Estuarine Planning Level Mapping in accordance with adopted benchmarks for future sea 

level rise. In addition, the 2004 shoreline terrain data has been updated with Council’s 

Airborne Laser Scanning (ALS) survey data (2007) validated through a field ground-truthing 

exercise. This updated terrain data, coupled with an understanding of the coastal and 

oceanographic conditions that lead to extreme water levels within the Pittwater Estuary 

have been used to derive estimates of inundation levels and extents for the Pittwater 

Estuary Foreshore for the updated Estuarine Planning Level Mapping (this report). 

To provide council with additional information pertaining to the possible impacts of sea level 

rise, this study also includes mapping of the shoreline terrain of the fortnightly, monthly and 

six monthly high tide water levels as well as the 100 Year Average Recurrence Interval 

(ARI) ocean storm level under the existing (2010) conditions together with two sea level 

rise scenarios of 40cm by 2050 and 90cm by 2100. 

1.1 Historical Planning Context 

Appropriate building planning levels for the purposes of design and construction can often 

be obtained from NSW councils that are estimated from best available information on 

extreme water levels (i.e. occurring very infrequently) associated with catchment flooding 

and ocean processes. The planning levels are set to seek to minimise the potential for 

inundation and damage during extreme flood events. 

Pittwater Council previously commissioned Lawson and Treloar (now Cardno) to undertake 

the Pittwater Estuary Processes Study (2003) and the Estuarine Planning Level Mapping 

Study (2004).  The Estuary Processes Study (Lawson and Treloar, 2003) described the 

general oceanographic, near-shore and beach processes influencing extreme water levels 

around the Pittwater shoreline. Water levels with an average recurrence interval (ARI) of 

100 years were calculated around the foreshore of Pittwater. The estimates included the 

combined effects of the following processes: 
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 100 Year ARI ocean storm tide;  

 Wind setup; and 

 Wave setup. 

The storm tide level associated with oceanographic processes on a regional scale of 

hundreds of kilometres was assumed to be a constant level across the whole of Pittwater 

while the wind and wave setup estimates were assumed to vary with location around the 

Pittwater foreshore. These 100 Year ARI water level estimates were then used to inform 

Pittwater Council's 2004 Estuarine Planning Level Mapping Study.  This study (Lawson and 

Treloar, 2004) established an Estuarine Planning Level (EPL) for each property around the 

Pittwater foreshore and adjacent low lying areas.  EPLs were determined from estimates of 

the combined effects of the following processes and allowances: 

 100 Year ARI storm tide;  

 Wind setup;  

 Wave setup;  

 Wave run-up, which is dependent on the type of foreshore or structure and the 

distance from the shoreline; 

 An allowance of 0.2m for sea level rise; and 

 A freeboard allowance of 0.3m. 

Based on the results of the 2004 mapping, approximately 1,500 properties around Pittwater 

were identified as having an “Estuarine Risk” and were notated accordingly on their Section 

149(2) Planning Certificates.   

1.2 Project Scope of Current Study 

This current study aims to update the previous (2004) mapping with more detailed terrain 

information provided by the recent ALS survey data (2007) and to incorporate the adopted 

benchmarks for future sea level rise.   

The key aims of this study were to: 

 Review, update and replace the current Estuarine Planning Level Mapping, 

established in 2004 to incorporate the sea level benchmarks of 0.4m by 2050 and 

0.9m by 2100 (in accordance with Pittwater Council’s adopted sea level rise 

planning benchmarks and previously adopted in NSW Government’s Sea Level 

Rise Policy Statement)  (2009), within the framework of the NSW Floodplain Risk 

Management Process; 

 Engage with the community to provide information about the likely existing and 

future impacts of tidal and extreme water level inundation due to sea level rise 

around the foreshore of Pittwater; and 

 Update the Estuarine Planning Levels and associated mapping as an input to the 

Pittwater 21 Development Control Plan (DCP), which involves appropriate notations 

on Section 149(2) and Section 149(5) Planning Certificates. 
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1.3 Sea Level Rise Policy Context 

This study was commenced in 2010 in accordance with the State Government’s Sea Level 

Rise Policy Statement (DECCW, 2009) and the Flood Risk Management Guide: 

Incorporating Sea Level Rise Benchmarks in Flood Risk Assessments (DECCW, 2010a). 

Policy benchmarks were identified based on the findings of investigations undertaken by 

the Intergovernmental Panel on Climate Change (IPCC) and provided in the 2007 Fourth 

Assessment Report (AR4). 

In late 2012, the NSW State Government repealed its sea level rise policy and benchmarks 

as part of its ’Stage One Coastal Management Reforms’. It was announced that councils 

would now determine their own sea level rise projections to suit their local conditions.  

Accordingly, it was recommended by the NSW Government that councils should consider 

information on historical and projected sea level rise that is widely accepted by competent 

scientific opinion. This may include information in the NSW Chief Scientist and Engineer’s 

Report entitled Assessment of the Science Behind the NSW Government’s Sea Level Rise 

Planning Benchmark’s (NSW CSE, 2012). This report acknowledges the evolving nature of 

climate science. The report identified that: 

 The science behind sea level rise benchmarks from the 2009 NSW Sea Level Rise 

Policy Statement was adequate; 

 Historically, sea levels have been rising since the early 1880s;  

 There is considerable variability in the projections for future sea level rise; and 

 The science behind the future sea level rise projections is continually evolving and 

improving. 

As such, Council adopted the State Government’s former Sea Level Rise Policy Statement 

and the sea level rise planning benchmarks contained therein. Pittwater Council will 

continue to utilise the former sea level rise planning benchmarks for strategic planning 

purposes until such time as sea level rise projections at a local scale are developed and 

supported by competent scientific opinion.  

Since Council’s adoption of sea level rise benchmarks the IPCC has released its fifth 

assessment report (2013). Direct comparisons between the numbers from the IPCC 2007 

Fourth Assessment Report (AR4) and the 2013 Fifth Assessment Report (AR5) are difficult, 

because underlying scenarios have been significantly revised. The new IPCC report does 

not significantly change estimates of climate sensitivity, but IPCC created new emission 

scenarios. 

A recent paper by Whitehead & Associates Environmental Consultants (2014) was 

undertaken to develop regionally relevant sea-level rise projections for the NSW South 

Coast. The Whitehead & Associates report stated that based on their investigation, sea 

levels offshore of the NSW South Coast are expected to rise at a similar rate to the global 

average, and that any difference between the study area and Sydney will be minimal. 

Although not undertaken for the Pittwater Estuary itself, the results of the report considers 

that the modelled projections from the IPCC AR5 (2013) report are "widely accepted by 

competent scientific opinion", and therefore form a suitable basis for deriving local 

projections. 
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As stated above, councils existing sea level rise policy incorporates sea level rise bench 

marks of 0.4m by 2050 and 0.9m by 2100 relative to 1990 mean sea level. This estuarine 

risk mapping study utilises 100 Year ARI flood levels determined in 2003 as part of the 

Pittwater Estuary Processes Study (Lawson & Treloar). The levels in 2003 were considered 

to be sufficiently similar to 1990 levels and as such the addition of 0.4m and 0.9m 

benchmarks to those levels was considered appropriate for this study. 

It should be noted that even if revised sea level rise planning benchmarks are adopted by 

the NSW Government in the future, the mapping and risk assessment associated with the 

existing benchmarks provide a useful indication of the likely impacts of sea level rise over 

the coming decades. 
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2 Development in the Coastal Zone 

The coastal zone is the interface between the land and ocean. These zones are important 

because the majority of the Australian population inhabits such zones. The coastal zone of 

Pittwater is no exception, with the foreshore (excluding that within the Ku-ring-gai Chase 

National Park) being dominated by urban development. Inundation of the coastal zone (and 

subsequent impacts on the urban development within this zone) can be caused by large 

waves and elevated water levels associated with a range of coastal and oceanographic 

process responses to severe storms. Within this study this is referred to as ‘Estuarine Flood 

Risk’. The nature and extent of the inundation is dependent on the interactions between the 

ocean and the land. Thus, an understanding of the interactions of the ocean and the land is 

essential to identify the hazards within coastal zones. 

In order to protect future development within the coastal zone from the identified hazards, it 

is necessary to ensure appropriate development controls are incorporated into proposed 

developments. Estuarine Planning Levels (EPLs) are applied as a method for managing 

risk along the foreshore of Pittwater. EPLs are applied under the Environmental Planning 

and Assessment Act 1979. More specifically, Pittwater Council’s approach to managing this 

risk is set out in the Estuarine Risk Management Policy for Development in Pittwater (within 

the Pittwater Development Control Plan (DCP) 2009). 

Estuarine Planning Levels calculated as part of the current study reflect the likely extreme 

water levels along the Pittwater foreshore that generally occur during an intense ocean 

storm (that may occur, on average, once in a lifetime or longer). Estimates of extreme 

water levels are based on the current understanding of the coastal processes.   

2.1 Coastal Processes 

To calculate appropriate EPLs it is necessary to understand the oceanographic and coastal 

processes impacting the foreshore. The following coastal processes have been considered 

in the determination of EPLs for Pittwater: 

 Regional Processes (ocean scale of hundreds of kilometres); 

 Local Processes (within Pittwater - scale a few kilometres); and 

 Site Specific Processes (scales of tens of metres). 

These processes are outlined schematically in Plate 2.1 and described in more detail in the 

following sections. 
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Plate 2.1 Coastal Processes Affecting Estuarine Planning Levels 
Note:  MHWS = Mean High Water Springs 

MSL = Mean Sea Level 

MLWS = Mean Low Water Springs 

 

2.1.1 Regional Processes 

Regional oceanographic processes relate to those ocean processes that are influenced by 

energy inputs causing sea level fluctuations over the larger scales of the NSW coastal 

waters and essentially affect coastal waters between Wollongong and Newcastle 

simultaneously (i.e. hundreds of kilometres of coastline).  Coastal water levels in the study 

area region can be influenced by the following oceanographic processes: 

 Astronomic Tides; 

 Meteorological / Oceanographic Processes: 

o Storms Surge: 

 Barometric Setup. 

 Wind Setup. 

o Ocean Waves. 

o Coastal Trapped Waves. 

o El Niño-Southern Oscillation (ENSO). 

o Meteorological Oscillations. 

o Climate Change. 

 Tectonic Processes. 

Further details on these processes can be found in Appendix A.  Tectonic processes are 

not considered in this assessment as they play a very minor role (and hence low risk) in the 

study area. 

At times, these individual factors interact in complex ways to elevate water levels 

significantly above normal tidal levels. Storms with low central atmospheric pressure 

(barometric setup), strong onshore winds (resulting in wind setup) and large waves 

superimposed on spring (or king) tides, are the most common cause of elevated water 

levels (NSW Government, 1990). This is shown diagrammatically in Plate 2.2. 
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Plate 2.2 Regional Processes 

Determining a regional elevated water level for planning purposes depends on the 

probability of that level occurring and the risk associated with it. Planning benchmarks are 

generally determined on the basis of an average recurrence interval (ARI), which relates 

the probability of a particular water level occurring. Department of Planning (2007) advises 

that for flood prone land unless there are exceptional circumstances, councils should adopt 

the 100 Year ARI flood levels for planning of residential development.  This relates to the 

water level associated with a storm event that has the probability of occurring once every 

hundred years. 

Sea level rise is likely to have an impact on flood levels in the future.  

2.1.2 Local Processes 

Local processes within the context of this study relate to the processes that cause 

variations in ‘elevated local water levels’ within the Pittwater Estuary. Water levels within 

the Pittwater Estuary will be influenced by local variations as a result of both wind strength 

and direction and waves.   

Local Wind Setup 

The same wind that adds to the regional storm surge in the form of wind setup will also 

cause further variation in the water level through wind setup developed over the Pittwater 

Estuary.  This wind setup, however, is much smaller and is limited by the distance of water 

(fetch) over which the wind blows.  

Wave Height 

As discussed in Section 2.1.1 ocean storms can contribute to elevated water levels along 

the coastline. Within the vicinity of the Pittwater Estuary, these ocean storms generally 

come from the east-north-east to south sector. Local wind generated waves can contribute 

to the elevated water levels as a result of ocean storms. The highest local wind generated 

waves will occur during storms that have south to easterly winds that ‘push’ water onto the 

coast. In this way the two processes (regional and local) are correlated and the likelihood 

the highest ocean water levels and highest local wind-generated waves occurring together 
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(joint occurrence) will be very rare on the westward and northward-facing shorelines of the 

study area.   

Numerical wave modelling of the area (Lawson and Treloar, 2003) has shown that at the 

northern end of the Pittwater Estuary, swell penetration from the Tasman Sea will dominate 

wave climate, whereas in the southern portion of the Pittwater Estuary, wave climate will be 

dominated by local waves generated within the estuary itself.  

Wave heights will vary depending on the location along the Pittwater foreshore. This is 

because as waves propagate from the deeper ocean into shallow water within Pittwater, 

the waves may undergo changes caused by refraction, shoaling, bed friction, wave 

breaking and, to some extent, diffraction. 

2.1.3 Site Specific Processes 

Site specific processes within the context of this study relate to the processes at the 

foreshore. The physical factors that will impact the elevated water level will be the nature of 

the foreshore (e.g. retaining wall or sandy beach, referred to in this report as “foreshore 

type”) and the height of the foreshore. 

As a wave reaches the foreshore an ‘uprush’ of water onto the foreshore will occur, this is 

called wave run-up. The height of wave run-up is affected by the nature of the foreshore. 

Should wave run-up be large, wave overtopping may occur, which results in the temporary 

inundation of the foreshore area. The inland extent of the wave inundation is assumed to 

be 40m from the foreshore crest.   

Site-specific processes are shown below in Plate 2.3. Detailed discussion of possible wave 

run-up mechanisms and their calculation is provided in Appendix B. 

Plate 2.3 Site Specific Processes 
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3 Calculation of Estuarine Planning Levels 
To manage estuarine flood risk around the Pittwater Estuary, Estuarine Planning Levels 

(EPLs) have been calculated to be used in Pittwater Council’s planning and development 

assessment processes. This has been achieved by accounting for and calculating the 

following: 

 Identifying the 100 Year ARI ocean tidal level and incorporating sea level rise; 

 Calculating the wind setup and wave heights within Pittwater. 

 Calculating wave run-up and overtopping, which requires: 

o Identification of the typical foreshore types around Pittwater; and 

o Calculation of the reduction in overtopping wave heights as a result of 

distance from the foreshore. 

 Applying a freeboard to allow for any uncertainties primarily associated with local 

wave and wind action. 

The components of the EPLs are shown diagrammatically in Plate 3.1.  Appendix C 

provides summary tables for the components used in the calculation of Estuarine Planning 

Levels. 

Plate 3.1 Estuarine Planning Level Components 

3.1 Tidal Event Mapping and Sea Level Rise 

It was considered appropriate to adopt the 100 Year ARI ocean water level event as the 

design event for planning purposes within the Pittwater coastal zone. In order to calculate 

the 100 Year ARI ocean water level, the Fort Denison tide gauge (Sydney Harbour) has 

been identified as an appropriate ocean water level gauge. This gauge data is applicable at 

Broken Bay (Pittwater) as the coastal processes, which contribute to the recorded levels, 

do not vary significantly between the two locations. Extremal analysis of the Fort Denison 

tide gauge data has been applied.  The extreme water levels provided from this gauge 

provide a historical record of the combined effects of the processes described above. The 

100 Year ARI level at Fort Denison was determined to be 1.4 mAHD (to one decimal 

place). 
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The extent of the 100 Year ARI ocean water level has been mapped using Airborne Laser 

Scanning (ALS) elevation data for the study area, and local survey data, where available 

(i.e. at the Careel Creek Barrenjoey Road culvert and upstream in the main channel of 

Careel Creek). In addition to the 100 Year ARI ocean water level, Pittwater Council 

identified the need to consider several other tidal levels for planning purposes. These other 

levels have not been incorporated into the calculation of EPLs. However, the extents have 

been mapped along with the 100 Year ARI ocean water level extent for future use by 

Council. 

To provide an estimation of the projected impact of sea level rise on these tidal events, 

predicted sea level rise was applied based on the sea level rise benchmarks for 2050 and 

2100 and the guidelines provided in the Coastal Risk Management Guideline: Incorporating 

sea level rise in coastal risk assessments (DECCW, 2010b). Table 3.1 provides the levels 

that were used with the present day levels, based on 2009 recorded tidal levels.   

Table 3.1: Present Day, 2050 and 2100 Ocean Levels 

 

Present Day 

Level (nearest 

0.1m) 

2050 2100 

Predicted Sea Level Rise 0 m 0.4 m 0.9 m 

Fortnightly High Tide (Still Water) 0.6 mAHD 1.0 mAHD 1.5 mAHD 

Monthly High Tide (Still Water) 1.0 mAHD 1.3 mAHD 1.8 mAHD 

Bi-annual (Six-monthly) King Tide (Still Water) 1.2 mAHD 1.6 mAHD 2.1 mAHD 

100 Year ARI Ocean Water Level*  1.4 mAHD 1.8 mAHD 2.3 mAHD 

*Does not include wind set up or wave run up.  

Tidal mapping for the present day and the 2050 and 2100 sea level rise scenarios is 

provided in Figures 3.1 to 3.4. 

Sea level rise has been incorporated into the determination of Estuarine Planning Levels 

(EPLs) by calculating EPLs for 2050 and 2100 (in addition to 2010). This has been 

undertaken by incorporating the 2050 and 2100 sea level rise predictions of 0.4m and 0.9m 

respectively (DECCW, 2010a) in the 100 Year ARI ocean water level. 

3.2 Wave Height and Wind Set-up 

When selecting a design event upon which to calculate local wave heights, the likelihood of 

those waves occurring at the same time as the 100 Year ARI ocean water level was 

considered. Therefore, the following design events have been adopted for local wind 

generated waves for the various locations around the Pittwater foreshore: 

 Where swell processes dominate (Northern end of Pittwater), the 100 Year ARI wave 

conditions are likely to be associated with the 100 Year ARI ocean water level; 

 For locations east of Church Point, the 100 Year ARI ocean water level is not likely to 

be associated with 100 Year ARI local sea waves and as such the 50-year ARI local 

sea waves have been used in the computation of the design water level; and 

 For locations west of Church Point, the 100 Year ARI ocean water level is likely to be 

associated with the 100 Year ARI local sea waves. 
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Wind setup values and wave parameters were adopted from the results of the Pittwater 

Estuary Processes Study (Lawson & Treloar, 2003).  

To account for the local variations in wind setup and wave height around Pittwater, the wind 

setup and wave heights were calculated at 37 locations around the foreshore. These 

locations represent areas of similar wave and wind conditions. The locations are shown on 

Figures 3.1 to 3.5.  

3.3 Wave Run-up and Overtopping 

The height of wave run-up and the depth of overtopping are dependent on the foreshore 

type and the height of the foreshore edge (crest level). The inland extent of the wave 

inundation is assumed to be 40m from the foreshore crest. Therefore, the EPL applied to a 

development depends on the distance of the development from the foreshore edge. 

3.3.1 Foreshore Types 

The nature of the foreshore (foreshore type) is critical in the calculation of wave run-up and 

overtopping. The Estuary Planning Levels determined in 2004 (Lawson and Treloar) 

incorporated five foreshore types that were assumed to be representative of the foreshore 

types present. These included: 

 1 in 10 sandy beach (no crest height); 

 Vertical wall, crest at 1.5m AHD;  

 Vertical wall, crest at 2.0m AHD;  

 1 in 2 sloping rock revetment wall (no crest height); and 

 Natural rocky shoreline (no crest height). 

As part of the current project, Council identified the need to verify the appropriateness of 

the foreshore types used in the calculations and to incorporate appropriate crest heights for 

all foreshore types. 

Field inspections were undertaken by boat of the entire Pittwater foreshore on 8 June 2010. 

Photographs were taken using a GPS camera to capture the foreshore character and 

typical foreshore types were subsequently identified.  Photograph locations were then 

compiled in GIS and observed foreshore types were spatially delineated. 

The field inspection demonstrated that the predominant foreshore type for the developed 

parts of Pittwater foreshore is sea walls of varying heights (typically 1-1.5 m high).  Natural 

rocky shoreline and natural slope (grassed and/or sandy) were the other typical foreshore 

types observed.  Mangroves were also observed in Careel Bay.  Appendix D provides 

some photographs of typical foreshore types around Pittwater. 

The typical foreshore types around Pittwater are shown on Figure 3.5. It should be noted 

that these are typical only and do not accurately represent the actual foreshore type for 

every property. Property owners or developers have the opportunity to select the 

appropriate foreshore type for their property when calculating an Estuarine Planning Level 

(EPL). 
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For the purposes of calculating EPLs for the current project, the following idealised 

foreshore type categories have been incorporated into the updated calculations: 

 1 in 10 natural slope (representing grassed and sandy gently sloping foreshores); 

 1 in 5 rocky shoreline (representing natural rocky foreshore or sloped rip rap); 

 Vertical sea wall (e.g. block work or other retaining walls); and 

 Mangroves. 

For these foreshore type categories, with the exception of mangroves, calculations were 

undertaken for three foreshore crest levels, being: 

 1.0mAHD; 

 1.5mAHD; and 

 2.0mAHD. 

It should be noted that EPLs for crest levels less than 1.0mAHD will be equivalent due to 

inundation by the local water level. 

3.3.2 Inland Extent of Wave Overtopping 

Where a block slopes steeply back from the shoreline edge structure, the EPL may affect 

only a small part of the block. However, where a block is relatively flat, wave run-up may 

penetrate some distance inland, but is attenuated by percolation and friction. This landward 

reduction of wave inundation cannot be estimated with great confidence, and has been 

based on observational experience. 

It is assumed that wave run-up diminishes to zero at a point 40m inland from the edge 

structure.  This means that at the foreshore, the EPL is set to the “maximum EPL” and at 

40m from the foreshore the EPL is set at the local (still) water level.  A linear interpolation 

has been used to calculate the EPL for areas between 0m and 40m from the foreshore, as 

shown in Plate 3.2. 

This assumption has been based on reported observations, newspaper reports and 

personal communications at coastal locations in NSW, including Avoca Beach on the 

central coast (Surf Life Saving Club car park & Fig Street, Avoca), and Surf Beach and 

Kiama Park on the south coast. 

Plate 3.2 Calculation of Landward Reduction in Wave Inundation 
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3.4 Freeboard 

The estimation of all of the components that make up the EPL at each selected location 

includes some uncertainty, and the degree of uncertainty varies with each water level 

component.  It is greatest for wave run-up; and wave run-up is normally the largest water 

level component, other than astronomical tide. 

It is common practice to take some precaution over this uncertainty. This is generally 

achieved through the application of a freeboard. A freeboard of 0.3m is considered 

appropriate for the definition of the EPL.  

Prior to explicit incorporation of provision for sea level rise in planning levels, a freeboard of 

0.5 m has commonly been adopted in NSW, incorporating a 0.3 m freeboard with an 

additional 0.2 m to account for potential sea level rise (much less than the current predicted 

sea level rise). 

As a component of the EPL, a freeboard of 0.3m is added to the local (still) water level. For 
the purposes of the ‘Estuarine Planning Level Request Service’ the freeboard allowance 
will be included in the base EPL and would not be added separately. 
 
It should be noted that the freeboard has not been included in the provisions of flood 

extents to identify flood affected properties. However, those properties identified as being 

affected by coastal inundation would have a freeboard included in their EPL. This is 

discussed further in Section 4.1. 

3.5 Planning Horizons 

Flood risk management and coastal management often take into consideration a 100 year 

planning framework to account for changes over that time period. In the case of sea level 

rise, planning horizons have been specified, as per the IPCC Climate Change Assessment 

(IPCC, 2013). 

As such, planning for a 100 year time scale from current conditions is more challenging 

with the prospect of sea level rise. Potential back-calculation of the rate of rise is relatively 

complex, since the IPCC report (2013) shows the projected rate of sea level rise is likely to 

occur exponentially over the long term. This is due to the nature of the physical processes 

driving climate change, and means that calculations performed are unlikely to be 

particularly accurate when based on a linear approach.  

As an alternative, taking the worst case rate of climate change and adding to existing levels 

each year is one approach that could be used. Council would then need to review their 

Climate Change Policy every 5-10 years, and all EPLs would be increased accordingly with 

each revision. 
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4 Properties Affected by Estuarine Planning Levels 

4.1 Identifying Affected Properties 

Those properties affected by Estuarine Planning Levels (EPLs) have been identified using 

EPL extents generated from the EPL calculations described in this report and the Airborne 

Laser Scanning (ALS) survey for the area. 

Properties entirely or partially within the following extents are affected by EPLs: 

 The Local Water Level Extent: this is the 100 Year ARI ocean water level plus local 

wind setup; AND 

 The ‘Worst Case’ ‘Maximum’ EPL Extent within 40m of the foreshore: this is the 

highest wave run-up and overtopping level possible at that location. It should be 

noted that no reduction factor has been applied to the overtopping height.  For the 

purposes of identifying the 40m setback, it has been assumed that the foreshore 

crest/edge is located at the 0.5mAHD contour. 

The combination of these extents is shown as the EPL extent on Figures 4.2A to 4.2H 

(with the mapping areas used for these figures shown on Figure 4.1). The EPL extents are 

shown for the 2010, 2050 and 2100 sea level scenarios. It should be noted that no 

freeboard has been applied for the purposes of mapping the extents. However, a freeboard 

of 0.3m will be applied for all planning levels issued to properties (as discussed in Section 

3.4).  

The properties within the EPL extents (for 2010, 2050 and 2100) are shown on Figures 

4.3A to 4.3H. 

4.2 Properties Affected by Estuarine Planning Levels 

The incorporation of updated equations and foreshore types into the calculation of the EPL 

and the use of the 2007 ALS survey data has resulted in a marginal decrease in the 

number of properties affected by EPLs for 2010 sea levels, but an increase for 2100 sea 

levels.  A summary of the number of properties affected by an EPL under the various 

scenarios has been provided in Table 4.1. 

Table 4.1 Properties Affected by Estuarine Planning Levels 

Scenario Number of Properties 

Properties identified with Estuarine Risk (2004) 1,556 

Properties Identified with 2010 (existing) 
Estuarine Flood Risk (current study) 

1,472 

Properties Identified with 2050 (future) Estuarine 
Flood Risk (current study) 

1,641 

Properties Identified with 2100 (future) Estuarine 
Flood Risk (current study) 

1,907 

In calculating the number of properties affected in the 2010 scenario, it is noted that the 

floodgates along Pittwater Road have been assumed to be in operation during a flood 

event. This hydraulic control would provide effective flood mitigation in the 2010 scenario, 

however, with projected sea level rise, the road itself is likely to be breached during an 
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ocean storm event and the flood gates would be rendered inoperable.  This is certainly the 

case for the 2100 SLR scenario. The 2050 SLR scenario appeared to have very minor road 

overtopping, however a conservative approach has been adopted and so these properties 

have been included in Table 4.1 and the database of affected properties. 

4.3 Partially Affected Properties and Foreshore Reserves 

Due to the relatively steep topography around the foreshore of Pittwater, there are a large 

number of properties where the estuarine risk mapping only impacts the low lying portion of 

the property and the dwelling is located outside of the risk extent. Whilst there would be no 

estuarine risk associated with the dwelling, the notification would still be present on the 

S149(2) planning certificate. This would ensure that any works proposed on the affected 

portion of the property (e.g. boatsheds, jetties or other structures) would consider the 

impacts of estuarine risk. 

A number of private properties are fronted by foreshore reserves or have domestic water 

front tenancy arrangement over Crown Land parcels. Where the estuarine risk mapping is 

contained within these foreshore land parcels, no notification will be present for the private 

property. Where the estuarine risk mapping includes even a small area of the private 

property, the relevant S149(2) notation would be present. 

4.4 Notifying Affected Properties 

It is a legislative requirement that where coastal hazard related development controls apply 

to the land, then notations should be provided on planning certificates that: 

 clearly identify the type of hazard(s); and 

 for each hazard identified, classify whether there is a current or a future risk as a 

result of that hazard. 

All properties that lie either entirely or partially within the EPL extent will have an 

appropriate notification on their S149(2) planning certificate. As shown in Table 4.1 the 

majority of these properties would have an existing notification for estuarine risk. The 

notation for these properties would remain unchanged. 

For the purposes of notifying affected property owners, a draft database has been prepared 

as part of the current study for Council.  The draft database divides properties into one of 

seven types, as outlined in Table 4.2. 

Table 4.2 Property Types for Public Notification 

Property Type Number of properties 

Type 1: Property identified as Estuarine Risk (2004) – to be removed 
under current study 

101 

Type 2: Property identified as Estuarine Risk (2004) — to be revised to 
2010 (current) Estuarine Flood Risk 

1,353 

Type 3: Property identified as Estuarine Risk (2004) — to be revised to 
2050 (future) Estuarine Flood Risk 

34 

Type 4: Property identified as Estuarine Risk (2004) — to be revised to 
2100 (future) Estuarine Flood Risk 

70 
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Type 5: Property not identified as Estuarine Risk (2004) — to be 
revised to 2010 (current) Estuarine 
Flood Risk 

119 

Type 6: Property not identified as Estuarine Risk (2004) — to be 
revised to 2050 (future) Estuarine Flood Risk 

135 

Type 7: Property not identified as Estuarine Risk (2004) — to be 
revised to 2100 (future) Estuarine Flood 
Risk. 

196 

Note: Changes in the cadastre have occurred in the time since 2004 (e.g. lot amalgamation, especially in the vicinity of the 

National Park).  Some changes in property numbers are due to this and as such the numbers in Tables 4.1 and 4.2 are not 

directly comparible. 

Property Types 2, 3, 4, 5, 6 and 7 will have a Flood Category of “Foreshore Inundation 

Risk” for the purposes of mapping and flood-related development controls to inform the 

application of the Pittwater 21 Development Control Plan and notations for Section 149(2) 

Certificates.  

4.5 Application of Estuarine Planning Levels 

The EPL for any proposed development on properties within 40m of the foreshore edge is 

calculated for the proposed foreshore type (or existing if to remain the same after the 

development) and the distance of the development from the foreshore edge. The resulting 

EPL will account for the ‘local water level’, wave run-up and overtopping and the reduction 

in the wave height as a result of distance from the foreshore, plus a freeboard of 0.3m, as 

described in Sections 3.3 and 3.4. 

The EPL for any proposed development on properties beyond 40m of the foreshore edge 

will be equal to the ‘local water level’ at the property location, plus a freeboard of 0.3m. 

If the proposed development lies outside the EPL extent then no EPL or estuarine hazard 

mitigation measures would be applied to the development. 

4.6 Estuarine Risk Related Development Controls 

The Estuarine Risk Management Policy for Development in Pittwater establishes the 

estuarine risk management approach for development or activities on land affected by 

wave action and tidal inundation around the Pittwater waterway within the Pittwater LGA. 

The specific controls relating to development on land affected by estuarine risk are set out 

under Section B3 hazard controls in Pittwater Council’s DCP. These controls relate to floor 

heights, construction methods and materials and other design requirements relating to the 

management of risk to property and life from estuarine hazards. 
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5 Community Engagement 

Community engagement represents a key component of the project. The foreshore 

properties affected are predominately residential properties and community understanding 

and acceptance is critical to the implementation of EPLs.  In addition, the presentation of 

likely sea level rise impacts to the community is a key component of this study. The 

following outlines the key components of the community engagement process to facilitate 

feedback from the community: 

 Presentation to the Pittwater Estuary Community Working Group; 

 Councillor Briefing and Public Exhibition; 

 Letters to Affected Properties; and 

 Community Call-back Service and Information Sessions. 

Due to changes in State Government regarding climate change, this document was made 

available for public exhibition for a second time prior to finalisation. 

The community engagement strategy is discussed below. 

5.1 Pittwater Estuary Community Working Group 

The Pittwater Estuary Community Working Group was initially established to assist Council 

in the Estuary Management process.  However the role of the group was subsequently 

expanded so that they also provided assistance in the Flood Risk Management process, 

including providing input on sea level rise. 

Cardno presented the draft findings of this project to the Community Working Group on 16 

June 2010. Prior to the meeting Cardno had completed the ocean water level mapping 

(including two sea level rise scenarios) and mapping of the 2004 EPLs (including two sea 

level rise scenarios) and had also undertaken the ground-truthing. The results of these 

tasks were presented to the Community Working Group along with some background to the 

project. Following the presentation, discussions were held with the Working Group 

regarding the way properties would be included in the EPL extent and the implications of 

climate change on Pittwater and the estuary foreshore.  

5.2 Public Exhibition and Community Engagement in 2011 

With the completion of the draft version of this report and mapping, a program of 

community engagement was undertaken to communicate the results of the assessment to 

provide opportunities for community feedback.  The following community engagement 

strategy was undertaken to progress the project through the public exhibition phase: 

 Councillor Briefing — Pittwater Council’s elected councillors were briefed by 

council staff in April 2011; 

 Question and Answer Sheet — A question and answer sheet was prepared to 

facilitate discussions with the community.  A copy was sent to all affected properties 

and was made available to download from Council’s website (a copy of the question 

and answer sheet is provided in Appendix E); 

 Public Exhibition — The draft report and associated mapping was reported to 

Council’s elected representatives at a Council meeting in early May 2011, where it 
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was recommended that the report and mapping be placed on public exhibition 

during May and June 2011; 

 Online Information and Feedback — Immediately following endorsement from 

Council to place the draft final report and mapping on public exhibition, the following 

information was uploaded to Council’s website: 

o An explanation of the project and the progress to date; 

o A copy of the draft report; 

o Copies of the inundation map series (Figures 4.2A to 4.2H) and affected 

property map series (Figures 4.3A to 4.3H); 

o On-line comment form; 

o Question and answer sheet; and 

o On-line booking form to make an appointment to discuss the project with the 

project team via the call-back service or for one of two community 

information sessions; 

 Letters to Affected Properties — Immediately following endorsement from Council 

to place the Draft Report and Mapping on public exhibition, individual letters were 

sent to all affected property owners outlining the following information (a copy of the 

information sheet and generic letter are provided in Appendix E): 

o The background to the project; 

o Information about sea level rise; 

o How to view maps and make comments on-line; 

o Details and how to book in to the community information sessions; and 

o A copy of the question and answer sheet; 

 Community Call-back Service — Council collated all incoming phone calls and 

on-line comments and Cardno representatives provided a call-back service to 

interested residents.  Four days of community call-backs were undertaken on the 

following dates: 

o 17 May 2011; 

o 26 May 2011; 

o 2 June 2011; and 

o 7 June 2011. 

 In addition, residents were advised that if they were unavailable on all of the above 

dates, a special appointment could be made at a time that suited them; 

 Community Information Sessions — to provide additional and one-on-one face-

to-face information to the community, two community information sessions were 

held on the following dates: 

o 24 May 2011 (in Mona Vale); and 

o 31 May 2011 (in Avalon). 

5.3 Results of Community Engagement in 2011 

The community call-back service and community information sessions allowed members of 

the community to individually discuss the project with Council staff and consultants.  Via an 

on-line booking system, telephone or in person, the community were able to book a 15 

minute one-on-one meeting to discuss the findings of the study. 

For the community call-back service, a total of 30 bookings were made for the four days 

(with an approximate average of 8 bookings per call-back day).  For the information 
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sessions, a total of 20 bookings were made for the two days (with an approximate average 

of 10 bookings per day).  Overall, a sum total of 50 bookings were made, which represents 

a reasonable response rate when compared to other community engagement programs 

undertaken by Council. 

Although the formats differed, residents tended to ask similar questions and raise similar 

issues at both consultation session types (call-backs and information sessions).  In general, 

residents were interested in gaining an understanding of: 

 A general overview of the study and what it entailed; 

 The proposed EPL at their property; 

 How their property would be affected by sea level rise; and 

 How the proposed EPLs would affect their property (especially in relation to dwelling 

extensions, redevelopment, foreshore structures and property sale). 

Other comments from residents included improvements to the readability of some of the 

maps and also to Council’s online planning levels tool.  Comments on the study 

methodology and report text were minimal. 

A number of additional issues were raised by the community that did not fall into the scope 

of this study.  These have been summarised and forwarded separately to Council, where 

the relevant Council staff will be informed of each issue so that it can be addressed.   

Appendix E provides a summary of each community engagement appointment in terms of 

the key issues raised.  Note that names and addresses have been removed to uphold 

privacy. 

5.4 Revised Draft Report - Public Exhibition and Community 

Engagement in 2015 

The feedback received during the 2011 public exhibition period was incorporated into a 

revised draft version of the document and mapping in late 2014 and early 2015. Due to the 

time elapsed since the first public exhibition period and changes in state regarding sea 

level rise, the revised draft was put on public exhibition for a second time to allow the 

community to review any changes that have occurred. 

The public exhibition period involved the provision of the study both in hard copy and 

online, opportunity for public feedback and a letter was sent to all affected properties 

notifying them of the revised study and the opportunity to comment. 

The following was undertaken as part of the community engagement strategy in 2015: 

 Councillor Briefing – Pittwater Council’s elected councillors were briefed by 

council staff on Monday 9 February 2015; 

 Public Exhibition – A Council report resolving to place the revised draft study on 

public exhibition went to the Natural Environment Committee of the Council meeting 

held on Monday 2 March 2015. Public exhibition was held during March 2015. 

 Online Information – Immediately following endorsement from Council to place the 

revised draft report and mapping on public exhibition, the following information was 

uploaded to Council’s website: 
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o An explanation of the project and the progress to date; 

o A copy of the draft report; 

o Copies of the inundation map series (Figures 4.2A to 4.2H) and affected 

property map series (Figures 4.3A to 4.3H); and 

o Information on how to book an appointment to discuss the project with the 

project team via one of two community information sessions; 

 Letters to Affected Properties — Following endorsement from Council to place 

the revised draft report and mapping on public exhibition, individual letters were 

sent to all affected property owners outlining the following information (a copy of the 

generic letter is provided in Appendix E): 

o The background to the project; 

o How to view maps and make comments on-line; 

o Details on the location of the community information sessions; and 

o A copy of a question and answer sheet providing information on the project 

and common questions surrounding estuarine inundation and sea level rise. 

 Community Information Sessions – Additional information was provided to the 

community via two sessions which consisted of a presentation by Cardno and a 

series of one-on-one face-to-face information sessions with members of the 

community. These community information sessions were held at Council offices in 

Mona Vale on the following dates: 

o 18 March 2015; and 

o 19 March 2015. 

5.5 Results of Community Engagement in 2015 

The community information sessions allowed members of the community to individually 

discuss the project with Council staff and consultants. A total of 22 face-to-face sessions 

were conducted over the two days for interested community members. This represents a 

relatively small-moderate response rate although it is noted that community engagement 

had already been undertaken for the same project in 2011.  

Overall it was found that community members typically asked similar questions and raised 

similar issues at both information sessions. In general, residents were interested in gaining 

an understanding of: 

 How their property would be affected by sea level rise; and 

 How the proposed EPLs would affect their property (especially in relation to dwelling 

extensions, redevelopment, foreshore structures and property sale). 

Other comments from residents included questions surrounding terrain data accuracy for 

the 2004 database when compared to the 2015 database, and the accuracy and 

significance of the 0.5m foreshore line.  

A number of additional issues were raised by the community that did not fall into the scope 

of this study.  These have been summarised and forwarded separately to Council, where 

the relevant Council staff will be informed of each issue so that it can be addressed.   
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Appendix E provides a summary of the submissions received by members of the 

community in terms of the key issues raised.  Names and addresses have been removed to 

uphold privacy. 

5.6 Finalisation of Report and Mapping 

The outcomes of the second public exhibition phase have now been incorporated into this 

document and mapping.  This final report and associated mapping as well as feedback 

from the community engagement process will be reported to Council. 

If adopted by Council, the final report and mapping will result in the new estuarine planning 

levels (EPLs) and relevant Section 149 notations on planning certificates being applied to 

all properties identified as  subject to an estuarine inundation risk.  

A revision of Council’s Estuarine Risk Management Policy for Development in Pittwater as 

well as Pittwater 21 Development Control Plan (DCP) may also be required and would be 

exhibited in accordance with the applicable statutory requirements and Council’s 

community engagement policy. 
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6 Assumptions and Qualifications 

This document has been prepared using spatial information, reports, policy documents and 

legislation as referenced in the text and assumes this available information is accurate at 

the time of report preparation. 

The mapping undertaken in this project has been based on regional land survey data 

captured via aerial laser survey on March 2007 and provided to Cardno for use by Pittwater 

Council. The vertical accuracy of this data may vary between 0m and 0.15m. If required, 

property owners can determine a more accurate and detailed representation of the extents 

by obtaining property ground survey. 
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FIGURE 4.2A
100-YEAR ARI FORESHORE INUNDATION RISK
(2010, 2050 AND 2100) - INUNDATION MAPPING

MAPPING AREA 1
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FIGURE 4.2B
100-YEAR ARI FORESHORE INUNDATION RISK
(2010, 2050 AND 2100) - INUNDATION MAPPING
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and 0.15m. If required, property owners can determine a more accurate and
detailed representation of the extents by obtaining property ground survey.
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FIGURE 4.2C
100-YEAR ARI FORESHORE INUNDATION RISK
(2010, 2050 AND 2100) - INUNDATION MAPPING

MAPPING AREA 3
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Pittwater Council. The vertical accuracy of this data may vary between 0m 
and 0.15m. If required, property owners can determine a more accurate and
detailed representation of the extents by obtaining property ground survey.
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This figure assumes that the Bayview golf course 
tidal gates are operational in 2010. However, in 
the 2050 and 2100 scenarios, a breach of Pittwater 
Road would occur, hence the occurence of flooding 
to the west of Pittwater Road in these scenarios.
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Road would occur, hence the occurence of flooding
to the west of Pittwater Road in these scenarios.



FIGURE 4.4A
FLOOD RISK MAP FOR PITTWATER

ESTUARY FORESHORE
MAPPING AREA 1

J:\ENV\LJ2882\Figures

PITTWATER ESTUARY
MAPPING OF SEA LEVEL RISE IMPACTS

LJ2882/R2658/V8
May 2015

0 250 500

metres

This mapping has been based on regional land survey data captured via
aerial laser survey on March 2007 and provided to Cardno for use by
Pittwater Council. The vertical accuracy of this data may vary between 0m
and 0.15m. If required, property owners can determine a more accurate and
detailed representation of the extents by obtaining property ground survey.



FIGURE 4.4B
FLOOD RISK MAP FOR PITTWATER

ESTUARY FORESHORE
MAPPING AREA 2

J:\ENV\LJ2882\Figures

PITTWATER ESTUARY
MAPPING OF SEA LEVEL RISE IMPACTS

LJ2882/R2658/V8
May 2015

0 250 500

metres

This mapping has been based on regional land survey data captured via
aerial laser survey on March 2007 and provided to Cardno for use by
Pittwater Council. The vertical accuracy of this data may vary between 0m
and 0.15m. If required, property owners can determine a more accurate and
detailed representation of the extents by obtaining property ground survey.



FIGURE 4.4C
FLOOD RISK MAP FOR PITTWATER

ESTUARY FORESHORE
MAPPING AREA 3

J:\ENV\LJ2882\Figures

PITTWATER ESTUARY
MAPPING OF SEA LEVEL RISE IMPACTS

LJ2882/R2658/V8
May 2015

0 250 500

metres

This mapping has been based on regional land survey data captured via
aerial laser survey on March 2007 and provided to Cardno for use by
Pittwater Council. The vertical accuracy of this data may vary between 0m
and 0.15m. If required, property owners can determine a more accurate and
detailed representation of the extents by obtaining property ground survey.



FIGURE 4.4D
FLOOD RISK MAP FOR PITTWATER

ESTUARY FORESHORE
MAPPING AREA 4

J:\ENV\LJ2882\Figures

PITTWATER ESTUARY
MAPPING OF SEA LEVEL RISE IMPACTS

LJ2882/R2658/V8
May 2015

0 250 500

metres
This mapping has been based on regional land survey data captured via
aerial laser survey on March 2007 and provided to Cardno for use by
Pittwater Council. The vertical accuracy of this data may vary between 0m
and 0.15m. If required, property owners can determine a more accurate and
detailed representation of the extents by obtaining property ground survey.



FIGURE 4.4E
FLOOD RISK MAP FOR PITTWATER

ESTUARY FORESHORE
MAPPING AREA 5

J:\ENV\LJ2882\Figures

PITTWATER ESTUARY
MAPPING OF SEA LEVEL RISE IMPACTS

LJ2882/R2658/V8
May 2015

0 250 500

metres
This mapping has been based on regional land survey data captured via
aerial laser survey on March 2007 and provided to Cardno for use by
Pittwater Council. The vertical accuracy of this data may vary between 0m
and 0.15m. If required, property owners can determine a more accurate and
detailed representation of the extents by obtaining property ground survey.



FIGURE 4.4F
FLOOD RISK MAP FOR PITTWATER

ESTUARY FORESHORE
MAPPING AREA 6

J:\ENV\LJ2882\Figures

PITTWATER ESTUARY
MAPPING OF SEA LEVEL RISE IMPACTS

LJ2882/R2658/V8
May 2015

0 250 500

metres
This mapping has been based on regional land survey data captured via
aerial laser survey on March 2007 and provided to Cardno for use by
Pittwater Council. The vertical accuracy of this data may vary between 0m
and 0.15m. If required, property owners can determine a more accurate and
detailed representation of the extents by obtaining property ground survey.



FIGURE 4.4G
FLOOD RISK MAP FOR PITTWATER

ESTUARY FORESHORE
MAPPING AREA 7

J:\ENV\LJ2882\Figures

PITTWATER ESTUARY
MAPPING OF SEA LEVEL RISE IMPACTS

LJ2882/R2658/V8
May 2015

0 250 500

metres
This mapping has been based on regional land survey data captured via
aerial laser survey on March 2007 and provided to Cardno for use by
Pittwater Council. The vertical accuracy of this data may vary between 0m
and 0.15m. If required, property owners can determine a more accurate and
detailed representation of the extents by obtaining property ground survey.



FIGURE 4.4H
FLOOD RISK MAP FOR PITTWATER

ESTUARY FORESHORE
MAPPING AREA 8

J:\ENV\LJ2882\Figures

PITTWATER ESTUARY
MAPPING OF SEA LEVEL RISE IMPACTS

LJ2882/R2658/V8
May 2015

0 250 500

metres

This mapping has been based on regional land survey data captured via
aerial laser survey on March 2007 and provided to Cardno for use by
Pittwater Council. The vertical accuracy of this data may vary between 0m
and 0.15m. If required, property owners can determine a more accurate and
detailed representation of the extents by obtaining property ground survey.

This figure assumes that the Bayview golf course
tidal gates are not operational.



 

26 May 2015 Cardno (NSW/ACT) Pty Ltd A1 

J:\ENV\LJ2882 - Pittwater Foreshore Mapping\008 Report\Report\v8\Rep2658v8.doc 

 

Appendix A 

Coastal Processes 
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A1 Introduction 

Coastal water levels are influenced by a variety of astronomical, meteorological/ 

oceanographical and tectonic factors, the most readily apparent being the astronomical 

tides. At times, these factors interact in a complex way to elevate water levels significantly 

above normal tide level. Storms, which produce low atmospheric pressure (also known as 

barometric pressure), strong onshore winds and large waves, are the most common cause 

of elevated water levels on a short-term basis.  Long term changes in water levels are the 

result of sea level rise.  Combined, short and long term changes in water levels are those 

levels that require consideration in planning for new and re-development.   

Elevated water levels are of concern because they can cause damage to the coastline and 

to coastal developments. Elevated water levels allow larger waves to cross offshore bars 

and break closer to the beach, which in turn increases beach erosion and the threat to 

coastal developments. Elevated water levels can inundate low lying areas of the coastline 

and around estuaries. 

The information contained in this appendix is primarily sourced from the NSW Coastline 

Management Manual (NSW Government, 1990). 

A2 Astronomical Tides 

The astronomical tide is caused by the gravitational effect of the moon, and to a lesser 

extent, the sun and other planets on the water mass of the oceans. Along the NSW coast, 

tides are semi-diurnal, i.e. two high tides and two low tides per day. 

Tidal ranges (the difference between low and high tide) vary significantly throughout each 

lunar month and from month to month. Very high and very low tides (King Tides) occur 

around the summer and winter solstice (i.e. around Christmas and in the mid-winter months). 

The tidal range is relatively constant along the open coast of New South Wales. The spring 

tide range is about 1.8 to 2.2m. 

Detailed tidal predictions for the NSW coast are published annually by the Hydrographer of 

the Royal Australian Navy in the form of Tide Tables. The Maritime Service Board publishes 

summary tidal information. 

A3 Meteorological / Oceanographical Processes 

Three different meteorological processes can affect coastal water levels: 

 Storms;  

 Meteorological oscillations; and  

 Climate change.  

Storms are local meteorological disturbances. The other two processes are semi-global or 

global in nature.  
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Storms 

The increase in coastal water level associated with a storm depends primarily on the 

following factors: 

 the intensity, scale and direction and speed of movement of the storm;  

 the bathymetry of the coastal area, including the presence or otherwise of offshore 

reefs and islands;  

 the shape of the coastline, including the topography of the nearshore areas which 

may be inundated; and  

 the prevailing astronomical tide.  

A storm can increase coastal water levels in four distinct ways: by "setup" due to barometric, 

wind and wave effects and by wave "run-up". Figure A1 illustrates these components of 

elevated water levels.  

 

Figure A1 Elevated Water Levels During a Storm (NSW Government, 1990) 

Barometric setup 

The reduced barometric pressures that generate storm winds also cause a local rise in 

ocean level (the inverse barometer effect). Providing low pressures persist for a sufficient 

length of time, the increase in water level amounts to about 0.10m for each 10hPa drop 

below normal barometric pressure (1013hPa). In a severe storm with a central pressure of 

980hPa, this amounts to approximately 0.3m. 

Wind setup 

Wind blowing onshore over the ocean's surface drives the surface waters before it and 

against the coastline. This results in elevated water levels in coastal areas, the degree of 

elevation being higher for extensive shallow areas and semi-enclosed bays. 

Storm Surge 

The sum of barometric and wind setup is often referred to as storm surge. Along the New 

South Wales coast storm surge amounts to approximately 0.3 to 0.6m. 

http://www.environment.gov.au/coasts/publications/nswmanual/appendixb4.html#anchor122179
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Wave Setup 

The action of waves breaking results in an increase in water levels in the surf zone known as 

"wave setup". Wave setup is associated with the conversion of the wave's kinetic energy into 

potential energy. The degree of setup depends upon the type, size and period of the waves 

at breaking and the slope of the beach. 

On the New South Wales coast wave setup during severe storms can be in the order of 

1.5m and often makes the largest contribution to the elevated water level. 

Wave Run-up 

Wave run-up is an oscillatory phenomenon and refers to the vertical distance the uprush of 

water from a breaking wave reaches above the combined level of the tide, storm surge and 

wave setup. A wave run-up of more than 6m can occur. The magnitude of run-up depends 

upon a variety of factors, particularly the slope and roughness of the run-up surface. Run-up 

on flat beaches is generally less than on steeper beaches; run-up on smooth vertical sea 

walls is generally greater than on protective works with rough sloping faces. 

Wave run-up can result in the intermittent discharge of seawater into backbeach areas that 

may appear to be protected by beach barriers, such as sand dunes or seawalls. 

The wave run-up and overtopping calculations adopted in this study are provided in more 

detail in Appendix B. 

Rainfall Runoff 

Surface runoff from any rainfall accompanying a storm may cause an increase in water 

levels within estuaries and tidal inlets. However, catchment rainfall and runoff tends to have 

no significant effect on coastal water levels for the open coast. 

Oceanographic Effects 

Distant meteorological disturbances (say in Bass Strait) that are characterised by a sharp 

pressure gradient can generate a long low wave with a period of up to 10 days and a height 

of up to 0.2m. As this wave travels along the continental shelf, it becomes a "shelf wave" that 

is "trapped" by the shelf which acts as a wave guide. Shelf waves (also known as coastally 

trapped waves) can also modify coastal water levels. 

Other effects which can result in changes to ocean water levels (also known as tidal 

anomalies) include variations in sea temperature and salinity and the influence of strong 

currents such as the Eastern Australian Current. 

Meteorological Oscillations 

Major meteorological phenomena, such as the El Nino Southern Oscillation (ENSO) can 

affect water levels along the NSW coastline. ENSO results from interactions between the 

atmosphere and major ocean currents over the Pacific Ocean and appears to occur about 

every three to eight years. ENSO is thought to have a major impact on climate over the 
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eastern half of Australia, particularly with regard to the sequence of "dry" and "wet" years. 

The associated water level change along the New South Wales coast attributed to ENSO is 

approximately ±0.1m.  

Climate Change 

A "eustatic" sea level change refers to a change in the mean water level of the oceans 

around the globe. A eustatic rise can occur through two mechanisms: the expansion of the 

surface waters of the ocean caused by a global warming and by the melting of land-based 

glacier ice that accompanies any such warming. In the initial period of any global warming, 

i.e. the first 50 to 100 years, the first effect will be the more significant. 

The period 17,000 to 6,500 years before present (B.P.) saw the demise of the last ice age 

and the release of vast volumes of frozen water. The eustatic sea level rise associated with 

this event was approximately 140m. In response to this sea level rise, the shoreline of 

Australia retreated landwards from around the edge of the continental shelf to its present 

position. 

DECCW (2009) outlines the predicted sea level rise associated with the effects of global 

warming for two planning horizons – 2050 and 2011, being 0.4 and 0.9 m respectively.   
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Appendix B 

Wave Run-Up and  

Overtopping Calculations 
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B1 Wave Run-up and Overtopping Calculations 

In defining the wave run-up level, three mechanisms of wave run-up were identified: 

 Wave run-up without overtopping of the foreshore crest,  

 Wave run-up rising above the foreshore crest, thereby resulting in wave overtopping, 

and  

 Wave overtopping when the design still water level is above the foreshore crest.   

Wave set-up influences wave runup.  The process of wave set-up refers to the deviation of 

the mean water level as a result of wave shoaling, breaking and momentum flux 

conservation as waves progress shoreward across the surf zone.  Goda (2000) provides an 

approximation of this set-up based on the significant wave height (Hs) or the breaking wave 

height (Hb) near the shoreline, whichever is smaller.  The calculation of wave set-up was 

implicitly included in the calculation of the wave run-up heights.   

Wave Run-up with No Overtopping 

Run-up algorithms on smooth slopes can be found in many published articles and manuals.  

For the purposes of this study, the de Waal and van der Meer (1992) wave run-up algorithm 

for smooth slopes, as specified in the Coastal Engineering Manual (CEM, 2002) was 

adopted.  The equation for this calculation is presented in Section B3.  It is described as a 

robust approximation developed using extensive measurements of model run-up data (CEM, 

2002).  Should the run-up level not exceed the defined crest level, then the EPL is 

considered to simply be the still water level plus the run-up height (including sea level rise 

and plus the freeboard). 

The definition of run-up on a vertical wall is quite different to a smooth slope.  For a smooth 

impermeable, continuous wall the run-up level can be approximated as the wave height 

above the still water level (SWL), or approximately two times the crest level above the SWL.  

This is derived from linear wave theory which is suitable for short period waves. 

The mechanism of wave run-up with no overtopping is shown graphically in Plate B1. 

Plate B1: Wave Run-up with No Overtopping. 
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Wave Run-up with Overtopping 

Once the crest level is reached by the wave, the mechanism of run-up is no longer 

applicable because there is no foreshore (edge treatment) slope to allow the run-up process 

to continue.  In this case, overtopping of the crest occurs and a wave is transmitted onto the 

foreshore area.  This transmitted wave can be defined using an algorithm developed by 

Seelig (1980) as defined in the Shoreline Protection Manual (CERC, 1984).  The equation is 

presented in Section B3.  The run-up level can then simply be defined as the height of the 

transmitted wave (i.e. overtopping wave height) added to the crest level (plus the freeboard).  

Note though, that local wind wave propagation over land is much less than it is for swell and 

this is accounted for by applying a reduction factor as the wave propagates inland, this is 

discussed in Section B2. 

The mechanism of wave run-up with overtopping is shown graphically in Plate B2. 

 

Plate B2: Wave Run-up with Overtopping. 

Overtopping when Still Water Level is above the Crest 

Should the design still water level be above the foreshore crest level, then waves are able to 

directly surge over the foreshore crest and onto the foreshore areas, albeit with some 

attenuation due to the reduction in depth below the wave.  Studies undertaken by the Public 

Works Department (2001) define the height of this surge as half the approaching wave 

height above the design still water level.  This is thought to be a realistic approximation of 

the wave dynamics and from this; the EPL can be defined as the height of the penetrated 

wave over the crest plus the storm tide level (including sea level rise, plus the freeboard).  

Again, this approximation is defined in Section B3. 

The mechanism of overtopping when SWL is above the crest is shown graphically in Plate 

B3. 
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Plate B3: Overtopping when SWL is above the Crest. 

Foreshore Surface Types 

The magnitude of wave run-up is also dependant on the type of foreshore surface.  

Generally, the higher the porosity or roughness of the foreshore surface, the lower the run-

up height is.  The algorithms adopted for run-up calculations incorporated reduction 

coefficients in line with published literature (CEM, 2002) and based on the possible 

foreshore surface types around Pittwater.  They are presented in Table B1. 

Table B1 Surface Roughness Reduction Factors 

Type of Edge Treatment Surface (Foreshore Type) Reduction Factor for Ru2% 

Smooth, concrete, asphalt, sand and block/brick revetment 1.0 

Grass/vegetated bank 0.90 

Rocky Shoreline 0.60 

B2 Inland Attenuation 

The inland extent of the wave inundation is assumed to be 40m from the edge treatment 

(foreshore) crest.  The EPL should therefore include wave run-up and overtopping values 

over this 40m wide area of the foreshore.  Landward of this area, the EPL should be based 

on the calculated local water level for the appropriate foreshore location (including sea level 

rise, plus the freeboard). 

Where a property slopes steeply back from the foreshore, the EPL may affect only a small 

part of the property.  However, where a property is relatively flat, wave run-up may penetrate 

some distance inland, but is attenuated by percolation and friction.  This landward reduction 

of wave inundation cannot be estimated with great confidence, and has been based on 

observational experience.  It is assumed that wave run-up diminishes to zero at a point 40m 

inland from the edge structure as local waves have less overland penetration capacity than 

swell.  Nevertheless, the wave set-up component remains. 
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B3 Wave Run-up Equations 

Parameters 

sH  - significant wave height op  - surf similarity parameter  opstan  

T  - wave period %2uR  - Run-up height exceeded by 2% of waves 

oH  - deepwater wave height cR  - freeboard 

oL  - deepwater wave length  22gT  TOK  - Transmitted overtopping wave coefficient 

ops  - deepwater wave steepness  oo LH  
TOH  - Transmitted overtopping wave height 

  - slope angle SWL  - Still water level 

Wave run-up without overtopping 

De Waal and van der Meer (1992) 
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100yr ARI Planning Levels - 2010 Planning Period - Existing Sea Levels
## Foreshore Types:

1. Rocky Shoreline (1 in 5 slope) 100-year ARI Storm Tide at Fort Denison is 1.44 mAHD (excluding Sea Level Rise)

2. Sea Wall EPLs for all sea wall heights less than 1m will be the equivalent.

3. Grassed or Sandy Slope (1 in 10 slope)

4. Mangroves

Mean Sea Level Rise Allowances taken from State Policy 0.00 m to the year 2010

Freeboard of 0.3 m included in EPLs

4

2010 2010 1 1.5 2 1 1.5 2 1 1.5 2 N/A

1 Station Beach 1.55 10.7 0.03 1.47 1.77 2.55 2.58 2.95 2.55 2.58 2.82 2.55 2.58 2.97 1.77

2 Snapperman Beach 1.10 10.7 0.05 1.49 1.79 2.34 2.36 2.73 2.34 2.36 2.60 2.34 2.36 2.76 1.79

3 Sand Point 1.17 2.6 0.06 1.50 1.80 2.39 2.40 2.58 2.39 2.40 2.64 2.39 2.40 2.57 1.80

4 Careel Bay North 0.78 2.1 0.06 1.50 1.80 2.19 2.20 2.38 2.19 2.20 2.44 2.19 2.20 2.28 1.80

5 Careel Bay South 0.69 2.1 0.08 1.52 1.82 2.17 2.17 2.37 2.17 2.17 2.41 2.17 2.17 2.27 1.82

6 Stokes Point 0.92 2.4 0.06 1.50 1.80 2.26 2.27 2.47 2.26 2.27 2.51 2.26 2.27 2.52 1.80

7 Paradise Beach 0.90 2.4 0.07 1.51 1.81 2.26 2.26 2.46 2.26 2.26 2.51 2.26 2.26 2.37 1.81

8 Clareville Beach 0.98 2.4 0.08 1.52 1.82 2.31 2.31 2.49 2.31 2.31 2.56 2.31 2.31 2.39 1.82

9 Taylors Point 1.12 2.6 0.08 1.52 1.82 2.38 2.38 2.57 2.38 2.38 2.63 2.38 2.38 2.47 1.82

10 Refuge Cove 0.82 2.4 0.08 1.52 1.82 2.23 2.23 2.44 2.23 2.23 2.47 2.23 2.23 2.34 1.82

11 Salt Pan Cove 0.80 2.4 0.09 1.53 1.83 2.23 2.23 2.44 2.23 2.23 2.47 2.23 2.23 2.35 1.83

12 Salt Pan Point 0.82 2.4 0.09 1.53 1.83 2.24 2.24 2.44 2.24 2.24 2.48 2.24 2.24 2.35 1.83

13 Horseshoe Cove 0.80 2.4 0.09 1.53 1.83 2.23 2.23 2.44 2.23 2.23 2.47 2.23 2.23 2.35 1.83

14 Crystal Bay 0.43 1.8 0.09 1.53 1.83 2.05 2.05 2.22 2.05 2.05 2.26 2.05 2.05 2.12 1.83

15 Haystack Point 0.54 1.8 0.10 1.54 1.84 2.11 2.11 2.28 2.11 2.11 2.34 2.11 2.11 2.17 1.84

16 Winji Jimmi Bay 0.46 1.8 0.13 1.57 1.87 2.10 2.10 2.28 2.10 2.10 2.32 2.10 2.10 2.17 1.87

17 Winnererremy Bay-Maybanke Cove 0.80 2.4 0.10 1.54 1.84 2.24 2.24 2.44 2.24 2.24 2.47 2.24 2.24 2.35 1.84

18 Bayview Foreshore 0.98 2.4 0.09 1.53 1.83 2.32 2.32 2.50 2.32 2.32 2.56 2.32 2.32 2.40 1.83

19 Church Point Foreshore 0.90 2.4 0.09 1.53 1.83 2.28 2.28 2.47 2.28 2.28 2.52 2.28 2.28 2.38 1.83

20 Church Point 0.88 2.4 0.10 1.54 1.84 2.28 2.28 2.47 2.28 2.28 2.51 2.28 2.28 2.38 1.84

21 Browns Bay 0.60 2.1 0.11 1.55 1.85 2.15 2.15 2.36 2.15 2.15 2.38 2.15 2.15 2.27 1.85

22 McCarrs Creek 0.56 1.8 0.11 1.55 1.85 2.13 2.13 2.30 2.13 2.13 2.36 2.13 2.13 2.19 1.85

23 Elvina Bay 0.86 2.4 0.10 1.54 1.84 2.27 2.27 2.46 2.27 2.27 2.50 2.27 2.27 2.37 1.84

24 Lovett Bay 0.74 2.1 0.09 1.53 1.83 2.20 2.20 2.39 2.20 2.20 2.44 2.20 2.20 2.29 1.83

25 Little Lovett Bay 1.10 2.6 0.08 1.52 1.82 2.37 2.37 2.56 2.37 2.37 2.62 2.37 2.37 2.46 1.82

26 Woody Point 0.72 2.1 0.08 1.52 1.82 2.18 2.18 2.38 2.18 2.18 2.42 2.18 2.18 2.28 1.82

27 Morning Bay 0.88 2.4 0.08 1.52 1.82 2.26 2.26 2.46 2.26 2.26 2.50 2.26 2.26 2.36 1.82

28 Longnose Point 1.20 2.6 0.07 1.51 1.81 2.41 2.41 2.59 2.41 2.41 2.66 2.41 2.41 2.49 1.81

29 Soldiers Point 1.15 10.7 0.06 1.50 1.80 2.38 2.39 2.75 2.38 2.39 2.63 2.38 2.39 2.79 1.80

30 Coasters Retreat 0.90 2.4 0.07 1.51 1.81 2.26 2.26 2.46 2.26 2.26 2.51 2.26 2.26 2.42 1.81

31 The Basin 0.86 2.4 0.07 1.51 1.81 2.24 2.24 2.45 2.24 2.24 2.49 2.24 2.24 2.35 1.81

32 Currawong Beach 1.15 2.6 0.06 1.50 1.80 2.38 2.39 2.63 2.38 2.39 2.63 2.38 2.39 2.67 1.80

33 Mackerel Beach 0.96 2.4 0.05 1.49 1.79 2.27 2.28 2.52 2.27 2.28 2.53 2.27 2.28 2.57 1.79

34 Pitt Point 0.82 2.4 0.08 1.52 1.82 2.23 2.23 2.44 2.23 2.23 2.47 2.23 2.23 2.34 1.82

35 East Scotland Island 0.94 2.4 0.08 1.52 1.82 2.29 2.29 2.48 2.29 2.29 2.53 2.29 2.29 2.38 1.82

36 South Scotland Island 1.15 2.6 0.08 1.52 1.82 2.40 2.40 2.58 2.40 2.40 2.64 2.40 2.40 2.48 1.82

37 North West Scotland Island 1.00 2.6 0.09 1.53 1.83 2.33 2.33 2.53 2.33 2.33 2.57 2.33 2.33 2.44 1.83
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100yr ARI Planning Levels - 2050 Planning Period - 0.4m Sea Level Rise
## Foreshore Types:

1. Rocky Shoreline (1 in 5 slope) 100-year ARI Storm Tide at Fort Denison is 1.84 mAHD (including projected Sea Level Rise of 0.4m)

2. Sea Wall EPLs for all sea wall heights less than 1m will be the equivalent.

3. Grassed or Sandy Slope (1 in 10 slope)

4. Mangroves

Mean Sea Level Rise Allowances taken from State Policy 0.40 m to the year 2050

Freeboard of 0.3 m included in EPLs

4

2050 2050 1 1.5 2 1 1.5 2 1 1.5 2 N/A

1 Station Beach 1.55 10.7 0.03 1.87 2.17 2.95 2.95 3.06 2.95 2.95 3.02 2.95 2.95 3.06 2.17

2 Snapperman Beach 1.10 10.7 0.05 1.89 2.19 2.74 2.74 2.83 2.74 2.74 2.80 2.74 2.74 2.84 2.19

3 Sand Point 1.17 2.6 0.06 1.90 2.20 2.79 2.79 2.83 2.79 2.79 2.85 2.79 2.79 2.81 2.20

4 Careel Bay North 0.78 2.1 0.06 1.90 2.20 2.59 2.59 2.64 2.59 2.59 2.65 2.59 2.59 2.61 2.20

5 Careel Bay South 0.69 2.1 0.08 1.92 2.22 2.57 2.57 2.60 2.57 2.57 2.61 2.57 2.57 2.59 2.22

6 Stokes Point 0.92 2.4 0.06 1.90 2.20 2.66 2.66 2.71 2.66 2.66 2.72 2.66 2.66 2.69 2.20

7 Paradise Beach 0.90 2.4 0.07 1.91 2.21 2.66 2.66 2.70 2.66 2.66 2.71 2.66 2.66 2.69 2.21

8 Clareville Beach 0.98 2.4 0.08 1.92 2.22 2.71 2.71 2.75 2.71 2.71 2.76 2.71 2.71 2.73 2.22

9 Taylors Point 1.12 2.6 0.08 1.92 2.22 2.78 2.78 2.82 2.78 2.78 2.83 2.78 2.78 2.80 2.22

10 Refuge Cove 0.82 2.4 0.08 1.92 2.22 2.63 2.63 2.67 2.63 2.63 2.68 2.63 2.63 2.66 2.22

11 Salt Pan Cove 0.80 2.4 0.09 1.93 2.23 2.63 2.63 2.67 2.63 2.63 2.67 2.63 2.63 2.65 2.23

12 Salt Pan Point 0.82 2.4 0.09 1.93 2.23 2.64 2.64 2.68 2.64 2.64 2.68 2.64 2.64 2.66 2.23

13 Horseshoe Cove 0.80 2.4 0.09 1.93 2.23 2.63 2.63 2.67 2.63 2.63 2.67 2.63 2.63 2.65 2.23

14 Crystal Bay 0.43 1.8 0.09 1.93 2.23 2.45 2.45 2.48 2.45 2.45 2.48 2.45 2.45 2.47 2.23

15 Haystack Point 0.54 1.8 0.10 1.94 2.24 2.51 2.51 2.54 2.51 2.51 2.54 2.51 2.51 2.53 2.24

16 Winji Jimmi Bay 0.46 1.8 0.13 1.97 2.27 2.50 2.50 2.52 2.50 2.50 2.52 2.50 2.50 2.51 2.27

17 Winnererremy Bay-Maybanke Cove 0.80 2.4 0.10 1.94 2.24 2.64 2.64 2.67 2.64 2.64 2.68 2.64 2.64 2.66 2.24

18 Bayview Foreshore 0.98 2.4 0.09 1.93 2.23 2.72 2.72 2.76 2.72 2.72 2.76 2.72 2.72 2.74 2.23

19 Church Point Foreshore 0.90 2.4 0.09 1.93 2.23 2.68 2.68 2.72 2.68 2.68 2.72 2.68 2.68 2.70 2.23

20 Church Point 0.88 2.4 0.10 1.94 2.24 2.68 2.68 2.71 2.68 2.68 2.72 2.68 2.68 2.70 2.24

21 Browns Bay 0.60 2.1 0.11 1.95 2.25 2.55 2.55 2.58 2.55 2.55 2.58 2.55 2.55 2.57 2.25

22 McCarrs Creek 0.56 1.8 0.11 1.95 2.25 2.53 2.53 2.55 2.53 2.53 2.56 2.53 2.53 2.54 2.25

23 Elvina Bay 0.86 2.4 0.10 1.94 2.24 2.67 2.67 2.70 2.67 2.67 2.71 2.67 2.67 2.69 2.24

24 Lovett Bay 0.74 2.1 0.09 1.93 2.23 2.60 2.60 2.63 2.60 2.60 2.64 2.60 2.60 2.62 2.23

25 Little Lovett Bay 1.10 2.6 0.08 1.92 2.22 2.77 2.77 2.81 2.77 2.77 2.82 2.77 2.77 2.79 2.22

26 Woody Point 0.72 2.1 0.08 1.92 2.22 2.58 2.58 2.62 2.58 2.58 2.63 2.58 2.58 2.60 2.22

27 Morning Bay 0.88 2.4 0.08 1.92 2.22 2.66 2.66 2.70 2.66 2.66 2.71 2.66 2.66 2.68 2.22

28 Longnose Point 1.20 2.6 0.07 1.91 2.21 2.81 2.81 2.85 2.81 2.81 2.87 2.81 2.81 2.83 2.21

29 Soldiers Point 1.15 10.7 0.06 1.90 2.20 2.78 2.78 2.86 2.78 2.78 2.84 2.78 2.78 2.87 2.20

30 Coasters Retreat 0.90 2.4 0.07 1.91 2.21 2.66 2.66 2.70 2.66 2.66 2.71 2.66 2.66 2.69 2.21

31 The Basin 0.86 2.4 0.07 1.91 2.21 2.64 2.64 2.68 2.64 2.64 2.69 2.64 2.64 2.67 2.21

32 Currawong Beach 1.15 2.6 0.06 1.90 2.20 2.78 2.78 2.82 2.78 2.78 2.84 2.78 2.78 2.80 2.20

33 Mackerel Beach 0.96 2.4 0.05 1.89 2.19 2.67 2.67 2.72 2.67 2.67 2.73 2.67 2.67 2.70 2.19

34 Pitt Point 0.82 2.4 0.08 1.92 2.22 2.63 2.63 2.67 2.63 2.63 2.68 2.63 2.63 2.66 2.22

35 East Scotland Island 0.94 2.4 0.08 1.92 2.22 2.69 2.69 2.73 2.69 2.69 2.74 2.69 2.69 2.71 2.22

36 South Scotland Island 1.15 2.6 0.08 1.92 2.22 2.80 2.80 2.84 2.80 2.80 2.85 2.80 2.80 2.82 2.22

37 North West Scotland Island 1.00 2.6 0.09 1.93 2.23 2.73 2.73 2.77 2.73 2.73 2.77 2.73 2.73 2.75 2.23
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100yr ARI Planning Levels - 2100 Planning Period - 0.9m Sea Level Rise
## Foreshore Types:

1. Rocky Shoreline (1 in 5 slope) 100-year ARI Storm Tide at Fort Denison is 2.34 mAHD (including projected Sea Level Rise of 0.9m)

2. Sea Wall EPLs for all sea wall heights less than 1m will be the equivalent.

3. Grassed or Sandy Slope (1 in 10 slope)

4. Mangroves

Mean Sea Level Rise Allowances taken from State Policy 0.90 m to the year 2100

Freeboard of 0.3 m included in EPLs

4

2100 2100 1 1.5 2 1 1.5 2 1 1.5 2 N/A

1 Station Beach 1.55 10.7 0.03 2.37 2.67 3.45 3.45 3.45 3.45 3.45 3.45 3.45 3.45 3.45 2.67

2 Snapperman Beach 1.10 10.7 0.05 2.39 2.69 3.24 3.24 3.24 3.24 3.24 3.24 3.24 3.24 3.24 2.69

3 Sand Point 1.17 2.6 0.06 2.40 2.70 3.29 3.29 3.29 3.29 3.29 3.29 3.29 3.29 3.29 2.70

4 Careel Bay North 0.78 2.1 0.06 2.40 2.70 3.09 3.09 3.09 3.09 3.09 3.09 3.09 3.09 3.09 2.70

5 Careel Bay South 0.69 2.1 0.08 2.42 2.72 3.07 3.07 3.07 3.07 3.07 3.07 3.07 3.07 3.07 2.72

6 Stokes Point 0.92 2.4 0.06 2.40 2.70 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16 2.70

7 Paradise Beach 0.90 2.4 0.07 2.41 2.71 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16 2.71

8 Clareville Beach 0.98 2.4 0.08 2.42 2.72 3.21 3.21 3.21 3.21 3.21 3.21 3.21 3.21 3.21 2.72

9 Taylors Point 1.12 2.6 0.08 2.42 2.72 3.28 3.28 3.28 3.28 3.28 3.28 3.28 3.28 3.28 2.72

10 Refuge Cove 0.82 2.4 0.08 2.42 2.72 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 2.72

11 Salt Pan Cove 0.80 2.4 0.09 2.43 2.73 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 2.73

12 Salt Pan Point 0.82 2.4 0.09 2.43 2.73 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 2.73

13 Horseshoe Cove 0.80 2.4 0.09 2.43 2.73 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 2.73

14 Crystal Bay 0.43 1.8 0.09 2.43 2.73 2.95 2.95 2.95 2.95 2.95 2.95 2.95 2.95 2.95 2.73

15 Haystack Point 0.54 1.8 0.10 2.44 2.74 3.01 3.01 3.01 3.01 3.01 3.01 3.01 3.01 3.01 2.74

16 Winji Jimmi Bay 0.46 1.8 0.13 2.47 2.77 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 2.77

17 Winnererremy Bay-Maybanke Cove 0.80 2.4 0.10 2.44 2.74 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 2.74

18 Bayview Foreshore 0.98 2.4 0.09 2.43 2.73 3.22 3.22 3.22 3.22 3.22 3.22 3.22 3.22 3.22 2.73

19 Church Point Foreshore 0.90 2.4 0.09 2.43 2.73 3.18 3.18 3.18 3.18 3.18 3.18 3.18 3.18 3.18 2.73

20 Church Point 0.88 2.4 0.10 2.44 2.74 3.18 3.18 3.18 3.18 3.18 3.18 3.18 3.18 3.18 2.74

21 Browns Bay 0.60 2.1 0.11 2.45 2.75 3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05 2.75

22 McCarrs Creek 0.56 1.8 0.11 2.45 2.75 3.03 3.03 3.03 3.03 3.03 3.03 3.03 3.03 3.03 2.75

23 Elvina Bay 0.86 2.4 0.10 2.44 2.74 3.17 3.17 3.17 3.17 3.17 3.17 3.17 3.17 3.17 2.74

24 Lovett Bay 0.74 2.1 0.09 2.43 2.73 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 2.73

25 Little Lovett Bay 1.10 2.6 0.08 2.42 2.72 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 2.72

26 Woody Point 0.72 2.1 0.08 2.42 2.72 3.08 3.08 3.08 3.08 3.08 3.08 3.08 3.08 3.08 2.72

27 Morning Bay 0.88 2.4 0.08 2.42 2.72 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16 2.72

28 Longnose Point 1.20 2.6 0.07 2.41 2.71 3.31 3.31 3.31 3.31 3.31 3.31 3.31 3.31 3.31 2.71

29 Soldiers Point 1.15 10.7 0.06 2.40 2.70 3.28 3.28 3.28 3.28 3.28 3.28 3.28 3.28 3.28 2.70

30 Coasters Retreat 0.90 2.4 0.07 2.41 2.71 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16 2.71

31 The Basin 0.86 2.4 0.07 2.41 2.71 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 2.71

32 Currawong Beach 1.15 2.6 0.06 2.40 2.70 3.28 3.28 3.28 3.28 3.28 3.28 3.28 3.28 3.28 2.70

33 Mackerel Beach 0.96 2.4 0.05 2.39 2.69 3.17 3.17 3.17 3.17 3.17 3.17 3.17 3.17 3.17 2.69

34 Pitt Point 0.82 2.4 0.08 2.42 2.72 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 2.72

35 East Scotland Island 0.94 2.4 0.08 2.42 2.72 3.19 3.19 3.19 3.19 3.19 3.19 3.19 3.19 3.19 2.72

36 South Scotland Island 1.15 2.6 0.08 2.42 2.72 3.30 3.30 3.30 3.30 3.30 3.30 3.30 3.30 3.30 2.72

37 North West Scotland Island 1.00 2.6 0.09 2.43 2.73 3.23 3.23 3.23 3.23 3.23 3.23 3.23 3.23 3.23 2.73

2 3
Foreshore Location
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Photo Sites (see Figure 3.1 for Location Mapping) 
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Photo 1: Location 14 sea wall (0.5m). 
 
 

Photo 2:  Location 12 sea wall (0.5m). 
 
 

  
Photo 3:  Location 3 sea wall (0.5m). 
 
 

Photo 4:  Location 8 sea wall (1.0m). 
 
 

  
Photo 5:  Location 34 sea wall (1.0m). 
 

Photo 6:  Location 20 sea wall (1.0m). 
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Photo 7:  Location 18 sea wall (1.0m). 
 
 

Photo 8:  Location 16 sea wall (1.5m). 
 
 

  
Photo 9:  Location 7 sea wall (1.5m). 
 
 

Photo 10:  Location 16 natural slope (grassy). 
 
 

  
Photo 11:  Location 15 natural slope (grassy). 
 

Photo 12:  Location 33 natural slope (sandy). 
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Photo 13:  Location 33 natural slope (sandy). 
 
 

Photo 14:  Location 30 natural rocky (0.5m). 
 
 

  
Photo 15:  Location 23 natural rocky (1.0m). 
 

Photo 16:  Location 4 natural rocky (2.0m). 
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Community Engagement Information and Results Summary – 2011  

The table below provides a summary of the results of the community engagement strategy 

carried out after completion of the draft report and associated mapping. 

The “ID” column refers to a unique identifier to distinguish each appointment that was made 

and undertaken.  Both call-back sessions (via telephone) and community information 

sessions (in person) are included in the table.   

Columns A-D represent four comments/issues/questions that were commonly raised by 

community members during the consultation: 

 A – Wanting to get a general overview of the study and what it entailed; 

 B – Wanting to know the proposed EPL at their property; 

 C – Wanting to know how their property would be affected by sea level rise; and 

 D – Wanting to understand how the proposed EPLs would affect their property 

(especially in relation to dwelling extensions, redevelopment, foreshore structures 

and property sale). 

For each appointment, a tick has been placed against each relevant questions/comments 

that were raised.  If other or more specific comments were received, these have been 

described in the “Other” column, with the response in italics.   

The “Suburb” column gives an indication of the address of the resident. 

ID 
Key Issues/Comments/Questions 

Suburb 

A B C D Other (Cardno response in italics) 

1 
  


 

 

Bayview 

2 
   



1. Process that you have to go through to do a Risk 
Report? No different to current process, however 
name will change from Estuarine Risk Report to 
Foreshore Flood* Risk Report. 

Great Mackerel 
Beach 

3 
   



1. Will maximum building heights be amended in 
accordance with new EPLs?  Council has not 
finalised this as yet. Currently maximum building 
height sits at 8m above the planning level. 
2.  Will new EPLs apply to extend an existing 
dwelling (i.e. not a new dwelling). Council has not 
finalised this as yet. Currently, planning levels 
apply to any extensions/additions carried out on an 
existing dwelling/structure. 
3.  Is foreshore flood* risk the same catchment 
flood risk in terms of getting finance? Advised to 
speak with an external financial services provider. 

Avalon 

4 
 


 


  

Great Mackerel 
Beach 

5 
 


    Bayview 

6 
 


    

Great Mackerel 
Beach 

7 
   

   Avalon 
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ID 
Key Issues/Comments/Questions 

Suburb 

A B C D Other (Cardno response in italics) 

8 
 


 


1. Objects to state government policy on climate 
change. Noted. 

Bayview 

9 
   

   Bayview 

10 
   

   Newport 

11 
  

 
1.  How long until the proposed EPLs are adopted? 
All going to plan, approximately three months. 

Avalon 

12 
   

1. What will be the wording of the s149 Certificate? 
Has not been finalised however wording would be 
similar to existing s149 Certificates. 

McCarrs Creek 

13 
   

   Palm Beach 

14 
   



1. How are non-habitable structures impacted by 
EPLs? Non-habitable structures generally still 
come under development controls and are affected 
by planning levels. 

Newport 

15 
  


   Church Point 

16 
    

1. Readability of maps and Council's online 
planning levels tool needs improvement.  The tool 
needs to explicitly say "This property has an EPL".  
Noted. 

Avalon 

17 
   

   Newport 

18 
  

   Mona Vale 

19 
  


 

1. Flood gates at Bayview do not seem to let 
enough water through. Beyond the scope of this 
study, concerns to be forwarded to Council. 

Bayview 

20 
    

1. Has not observed any sea level rises over the 
last 55 years since he has lived in the area.  Noted. 

Palm Beach 

21 
     Bayview 

22 
 

     Palm Beach 

23       Newport 

24 
   

1. What can be done?  This study and the maps 
are the first stage in what will be a fairly lengthy 
process of assessing and planning for sea level 
rise in Pittwater.  Mitigation/adaptation measures 
are to be determined in future studies.  

Palm Beach 

25 
  

    Palm Beach 

26 
   

1. Flood gates at Bayview do not seem to let 
enough water through, and there is polluted water 
and sewer overflow issues. Beyond the scope of 
this study, concerns to be forwarded to Council. 

Mona Vale 

27 
  

   Avalon 

28 
 

 

1. What can be done?  This study and the maps 
are the first stage in what will be a fairly lengthy 
process of assessing and planning for sea level 
rise in Pittwater.  Mitigation/adaptation measures 
are to be determined in future studies.  

Palm Beach 

29 
 


   Palm Beach 

30 
  


   Avalon 
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ID 
Key Issues/Comments/Questions 

Suburb 

A B C D Other (Cardno response in italics) 

31 
 


    Palm Beach 

32 
  


   Newport 

33 
   

   Newport 

34 
   

1.  How are swimming pools affected by EPLs?  A 
decision has not yet been reached however 
currently, FPLs have provisions for swimming 
pools whereas EPLs do not. 

Mona Vale 

35 
 

    Avalon 

36 
    

1. The mapping is unclear in that the 40m wave 
inundation extent should only be shown where it is 
relevant.  To be updated. 

Church Point 

37 
 

    Avalon 

38       Avalon 

39 
   

   Newport 

40 
  



Has groundwater been considered in the study?  
No.  Potential groundwater impacts are likely to 
vary considerably depending on various site-
specific factors (location, slope of land, soil/rock 
type etc.).  Independent geotechnical advice 
should be sought for site-specific details. 

Palm Beach 

41 
 


   Bayview 

42 
     Mona Vale 

43   
   Palm Beach 

44 
 

    Newport 

45 
  

 
  

Great Mackerel 
Beach 

46 
 

    Mona Vale 

47 
 


 

1. What can be done?  This study and the maps 
are the first stage in what will be a fairly lengthy 
process of assessing and planning for sea level 
rise in Pittwater.  Mitigation/adaptation measures 
are to be determined in future studies.  

Palm Beach 

48 
  

 
1. McCarrs Creek has been silting up over the 
years.  Noted and issue to be forwarded to Council. 

Church Point 

49 
  

 
1.  How long until the proposed EPLs are adopted? 
All going to plan, approximately three months. 

Avalon 

50 
  

   Palm Beach 

* Since that time, the naming of the planning levels and risk has been modified to reflect the same naming as per the 

Cardno (2004) report, i.e. Estuarine Flood Risk and Estuarine Planning Level. 



 

9 May 2011 
 
«Property_Rate_Payers» 
Dear Sir/Madam 
 
RE: «Property_Address» 
 PITTWATER FORESHORE FLOODPLAIN — SEA LEVEL RISE MAPPING 
 PUBLIC EXHIBITION: FRIDAY 6 MAY TO FRIDAY 10 JUNE 2011 
 
You have received this letter as your property may be affected by inundation from the Pittwater 
Estuary during very high tides associated with storm events, either now, or from the impacts of sea 
level rise up to the year 2100.   
 
“Around 85 per cent of Australia’s population lives in the coastal zone.  Climate change, particularly 
sea level rise, will have a significant impact on Australia’s coastal areas.  Early planning can help to 
reduce our exposure as we can develop new ways to prepare our coasts for a changing climate” 
(Australian Government Department of Climate Change and Energy Efficiency, 2010) 
 
Pittwater Council is continuing to respond to this objective from the Australian Government in 
preparing for climate change by progressing Pittwater’s Climate Change Action Policy.   
 
At its meeting of 2 May 2011, the Council resolved to place the report - Pittwater Foreshore 
Floodplain; Mapping of Sea Level Rise Impacts - on public exhibition from Friday 6 May 2011 to 
Friday 10 June 2011: 
 
Enclosed with this letter is background information that provides details of this report. 
 
We welcome your participation in the public exhibition by: 
 
• viewing displays at Mona Vale and Avalon Customer Service Centres; 
• viewing the report and maps at (www.pittwater.nsw.gov.au/exhibition), where you can 

download further information and copies of the maps, as well as provide written comments; 
• discussing your property one-to-one with a member of the Project Team by booking in to either: 

o A Community Telephone Call Back Service on Tuesday 17 May, Thursday 26 
May, Thursday 2 June and Tuesday 7 June 2011;  OR 

o A Community Information Session to be held on Tuesday 24 May at Mona Vale or 
Tuesday 31 May at Avalon. 

For details on how to book in to discuss your property with the Project Team refer to the Have 
Your Say leaflet enclosed with this letter.  If you are not available on these dates, please 
contact Janell Keegan at floodplain@pittwater.nsw.gov.au or on 9970-1111, to organise a 
suitable alternative time. 
 

If you have any questions about the report and maps contact Sue Ribbons, Council’s Principal 
Officer, Floodplain Management at floodplain@pittwater.nsw.gov.au or on 9970-1111. 
 
Yours faithfully 

 
 
Mark Ferguson 
GENERAL MANAGER 



Mapping of sea level
rise impacts on
Pittwater’s foreshore

Contact:   Catchment Management and Climate Change Team

Postal Address:   PO Box 882, Mona Vale, NSW 1660

Phone:   02 9970 1111

Fax:     02 9970 1200

Email:    floodplain@pittwater.nsw.gov.au

Website:   www.pittwater.nsw.gov.au/property_flood Printed May 2011

For more information

Will these new maps change the way I can develop my property?

If the draft maps and amendments to the Pittwater 21 DCP are adopted by Council, the main 
potential change for properties affected by Foreshore Inundation Risk will be that higher minimum 
floor levels will be required for all new development to prepare for future sea level rise.  These new 
minimum floor levels will be called Foreshore Flood Planning Levels. 

Currently, any new development located on a property with an Estuarine Risk is required to 
complete an Estuarine Risk Report as part of the development application.  This will not change.  
All properties with a Foreshore Inundation Risk will be required to complete a Foreshore Inundation 
Risk Report.

What information will be available about my property?

If the draft maps and amendments to the Pittwater 21 DCP are adopted by Council, the following 
information will be made freely available to download from Council’s website:

inundation maps for 2010 (current conditions), 2050 (with 40cms sea level rise) and 2100 • 
(with 90cms sea level rise);
new minimum floor levels, known as Foreshore Flood Planning Levels (FFPLs);• 
the percentage of each property affected by Foreshore Inundation Risk.• 

How can I find out more about the draft sea level rise maps?

The public exhibition for the draft sea level rise maps runs from Fri 6 May to Fri 10 June 2011.
You can

view displays at Mona Vale Customer Service Centre (1 Park Street , Mona Vale) and Avalon • 
Customer Service Centre (59A Old Barrenjoey Road, Avalon);
view the information and maps at www.pittwater.nsw.gov.au/exhibition where you can • 
download copies of the draft maps, as well as provide written comments. 
discuss your property, individually with a member of the Project Team at or our Community • 
Information Sessions. 

            See the leaflet ‘Have Your Say’ for details on how to do this.



Preparing for Climate Change

Projected rise in sea levels is one of the most significant concerns for 
managing coastal areas.  In the twentieth century, sea levels around the 
world have risen and are expected to continue to rise.  Sea level rise will 
increase hazards such as flooding and erosion, and Pittwater needs to 
plan now for these long-term impacts. 

The NSW Government released its Sea Level Rise Policy Statement in 
October 2009.  Council adopted a Climate Change Policy in 2009 and 
in March 2010, adopted a Climate Change Action Plan, which outlines 
a step-by-step plan for adaptation to climate change in Pittwater.  As a 
result, future flood risk studies in Pittwater are to consider sea level rise 
and increased rainfall intensities due to climate change.

The draft maps prepared for the report Pittwater Foreshore Floodplain 
— Mapping of Sea Level Rise Impacts will help Council meet the 
objectives of the Climate Change Action Plan.  One example is that the 
maps will assist the Council plan for future impacts on low-lying roads, 
parks and playing fields.

Since 2004, 1560 properties around the Pittwater foreshore have 
been identified as having an ‘Estuarine Risk’ which is recorded on their 
Section 149(2) Planning Certificates.  For each of these properties, 
an Estuarine Planning Level (EPL) was calculated that represented the 
level of a very high tide associated with storm events that had a 1% 
chance of occurring in any one year.  Since 2004, new development 
with an estuarine risk has been required to be built to the EPL. 

To find out the EPL for your property visit the Flood and Estuarine Levels 
Tool at   www.pittwater.nsw.gov.au/property_flood

The draft maps have updated the 2004 maps to incorporate the latest 
sea level rise projections and the latest topographical information 
to calculate extents of inundation. If the draft maps are adopted by 
Council, amendments will be required to the Pittwater 21 Development 
Control Plan (DCP), for further adoption by Council.

What are the new sea level rise benchmarks?

The benchmarks are 40 centimetres by the year 2050 and 90 centimetres by the year 2100, in 
accordance with the NSW Government Sea Level Rise Policy Statement.  The draft maps show a 
variety of different impacts of inundation with and without sea level rise.  The key maps of interest 
include:

monthly high tide (typical high tide) — extents of inundation in 2010, in 2050 and in 2100• 
six-monthly high tide (typical king tide) — extents of inundation in 2010, in 2050 and in • 
2100
very high tide (1% chance in any one year) combined with effects of storm events — extents • 
of inundation and affected properties in 2010 and with the impacts of sea level rise up to 
2100.  This is known as ‘Foreshore Inundation Risk’.

What is the difference between Estuarine Risk, Foreshore Inundation Risk & Flood Risk?

We are phasing out the use of the terms ‘Estuarine Risk’ and ‘Estuarine Planning Level’ in Pittwater 
and instead using the terms ‘Foreshore Inundation Risk’ and ‘Foreshore Flood Planning Level’ to 
be consistent with the NSW Government’s requirements.

Foreshore Inundation Risk (previously called Estuarine Risk) refers to foreshore inundation from a 
very high tide (1% chance in any one year) combined with the effects of a storm event and includes 
the impacts of sea level rise up to the year 2100.  Figure 1 shows of the effects of a storm event 
that are included in the calculation of Foreshore Flood Planning Levels, including wind set up, wave 
height and wave runup.

 

Flood Risk generally refers to inundation when rivers, creek, canals and stormwater systems spill 
out and over the surrounding land when there is high rainfall in the catchment.  Some low-lying 
areas of Pittwater may be affected by both Foreshore Inundation Risks and Flood Risk.

Your Questions Answered

Figure 1: Components of Foreshore Flood Planning Levels from Foreshore Inundation Risk



Mapping of sea level rise impacts on Pittwater’s foreshore

www.pittwater.nsw.gov.au May 2011

Contact:	 Sue	Ribbons	-	Principal	Officer,	Floodplain	Management 
Phone:  02 9970 1111
Email:		 floodplain@pittwater.nsw.gov.au

For more information:

Have your say

Community Telephone Call Back Service

The	Community	Telephone	Call	Back	Service	means	you	can	discuss	your	property	with	a	member	of	the	Project	Team	over	the	phone	for	up	
to	15	minutes.		We	ask	you	first	to	book	in	for	a	specific	time	and	give	at	least	48	hours	notice	for	your	appointment.	The	Project	Team	then	
has	time	to	gather	information	about	your	property	and	provide	a	more	personalised	service	to	you.	

The	best	way	to	book	a	Community	Telephone	Call	Back	Service	is	to	email	floodplain@pittwater.nsw.gov.au	and	include:
•	your	name
•	your	email	address
•	your	phone	number
•	the	address	of	the	property
•	your	best	available	telephone	call	back	day	and	time.		Please	provide	at	least	3	suitable	times	in	case	your	first	choice	is	not	available.	Your	
appointment	is	up	to	15	minutes	long.

The	service	operates	between	9am	to	12	noon	and	2pm	to	5pm	on	the	following	dates:
•	Tuesday	17	May	2011	 •	Thursday	26	May	2011	 •	Thursday	02	Jun	2011	 •	Tuesday	7	June	2011

Additional	sessions	may	be	scheduled	if	required.	Your	booking	will	be	confirmed	by	return	email	within	two	business	days	of	receiving	your	
email.	Alternatively,	you	can	speak	to	one	of	Council’s	Customer	Service	Officers	on	9970	1111	during	business	hours	and	book	in	over	the	
telephone.
If	you	are	not	available	on	these	dates,	please	contact	Janell	Keegan	at	floodplain@pittwater.nsw.gov.au	or	on	9970	1111,	to	organise	a	
suitable	alternative	time.	

Community Information Sessions

Community	Information	Sessions	provide	you	with	the	opportunity	to	discuss	your	property	face-to-face	with	a	member	of	the	Project	Team.		
We	ask	you	to	book	in	for	a	specific	time	and	give	at	least	48	hours	notice	for	your	appointment.	The	Project	Team	then	has	time	to	gather	
information	about	your	property	and	provide	a	more	personalised	service	to	you.	

The	best	way	to	book	in	for	the	Community	Information	Sessions	is	to	email	floodplain@pittwater.nsw.gov.au	and	include:
•	 your	name
•	 your	email	address
•	 your	phone	number
•	 the	address	of	the	property
•	 your	best	available	day	and	time.		Please	provide	at	least	3	suitable	times,	in	case	your	first	choice	is	not	available.		Your	
appointment	up	to	15	minutes	long.

There	are	two	Community	Information	Sessions:
•	Tuesday	24	May	2011	at	Mona	Vale	Customer	Service	Centre	—	1	Park	Street,	Mona	Vale	from	1pm	to	3pm	and	4pm	to	7pm
•	Tuesday	31	May	2011	at	Avalon	Recreation	Centre	—	Room	1,	59A	Old	Barrenjoey	Road,	Avalon	from	1pm	to	3pm	and	4pm	to	7pm

Please	note	that	the	Information	Sessions	will	only	be	open	for	those	with	scheduled	appointments.		Additional	sessions	may	be	scheduled	if	
required.	Your	booking	will	be	confirmed	by	return	email	within	two	business	days	of	receiving	your	email.	Alternatively,	you	can	speak	to	one	
of	Council’s	Customer	Service	Officers	on	9970	1111	during	business	hours	and	book	in	over	the	phone.
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Community Engagement Information and Results Summary – 2015 

The table below provides a summary of the results of the community engagement strategy 

carried out after completion of the revised draft report and associated mapping. 

The “ID” column refers to a unique identifier to distinguish each submission that was 

received.   

Columns A-D represent four comments/issues/questions that were commonly raised by 

community members during the consultation: 

 A – Wanting to know how their property would be affected by sea level rise; 

 B – Wanting to understand how the proposed EPLs would affect their property 

(especially in relation to dwelling extensions, redevelopment, foreshore structures 

and property sale); 

 C – Questions in regard to the accuracy of the spatial and terrain data used in the 

2004 and 2015 studies; and 

 D – Questions as to whether sea level is rising at the rate projected in the study, if at 

all. 

For each submission, a tick has been placed against each relevant questions/comments that 

were raised.  A or B comments were discussed individually with the respondents, as this 

information is considered to be specific to each relevant property. Responses to C and D 

comments are provided in the table below. Where other or more specific comments were 

received, these have been described in the “Other” column, with an associated response in 

italics.   

The “Suburb” column gives an indication of the address of the resident. 

ID 
Key Issues/Comments/Questions 

Suburb 

A B C D Other (Cardno response in italics) 

1     

In 2004, Pittwater Council utilised the information 
available at that time to provide estuarine planning 
levels around the estuary. Since that time, more 
accurate data has been collected (namely 2007 
LiDAR data) and as such the estuarine planning 
level extents have been updated accordingly. This 
update to the estuarine planning level extents 
forms the basis of Cardno's 2015 report. This study 
has used a LIDAR dataset that was captured in 
2007, not contours from the 1970s and 1980s.The 
differences between the 2004 and the 2014 
estuarine risk assessment outcomes is provided in 
Section 4 of the Cardno 2015 report.  
 
The data used in the most recent mapping is 2007 
LIDAR data. The information from the 2007 LiDAR 
survey has been used to replace the previous data, 
not just amend it. This dataset is considered more 
accurate than the previously used data. Based on 
supplier metadata, the vertical accuracy for the 

Newport 
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ID 
Key Issues/Comments/Questions 

Suburb 

A B C D Other (Cardno response in italics) 

2007 LIDAR dataset is estimated at 15cm. 
 
The indicative foreshore line is based on Council's 
0.5m contour dataset  which was derived from the 
2007 LIDAR data.  The indicative foreshore line is 
utilised only to understand the potential for wave 
run-up and overtopping as part of the FFPLs. In the 
case of foreshore properties, wave overtopping is 
unlikely to be an issue for larger events, since 
foreshore structures will already be inundated. This 
process is illustrated schematically in Plate B3 of 
the Cardno (2015) report. The area of potential 
wave run-up is considered to occur up to 
approximately 40m from the foreshore line. 

2     See response to comment 1  Newport 

3     See response to comment 1 Newport 

4    
Query not relating to estuarine inundation. 
Comment to be addressed separately by Council. 

Mona Vale 

5      
Avalon 

6      
Bayview 

7    

Comments on observed sea level rise and that 
benchmarks are likely to be excessive. 
The study has been undertaken in accordance with 
Council’s existing sea level rise policy. This is 
discussed further in the document. 

Bayview 

8      
Avalon Beach 

9      
Scotland Island 

10      
Bayview 

11    

Comments on observed sea level rise and that 
benchmarks are likely to be excessive. 
The study has been undertaken in accordance with 
Council’s existing sea level rise policy. This is 
discussed further in the document. 

Palm Beach 

12    
Query not relating to estuarine inundation. 
Comment to be addressed separately by Council. 

Mackeral Beach 

13    

Only small area of property affected, can this be 
stipulated on s149 certificate? 
Council is not able to stipulate the portion of the 
property affected on the S149 certificate. However, 
this issue is being considered by Council. 

Newport 

14      
Avalon Beach 

15      
Avalon Beach 

16      
Clareville 

17    
Query not relating directly to this project. 
Comment to be addressed separately by Council. 

Palm Beach 

18    

Concerned about the impacts of existing flooding 
Careel Bay - study should include actions to 
address current hazards. 
This study is the first step in a process - its key aim 

Avalon Beach 
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ID 
Key Issues/Comments/Questions 

Suburb 

A B C D Other (Cardno response in italics) 

is to define the potential for flood hazards. 
Information on addressing hazards (inlcuding 
existing flood risk) is addressed in Floodplain Risk 
Management Documents. Council's FRMS 
documents are available online at: 
http://www.pittwater.nsw.gov.au/environment/ 
natural_hazards/flooding/where_does_it_flood/ 
flood_studies_and_plans 

19    

Comments on observed sea level rise and that 
benchmarks are likely to be excessive. 
The study has been undertaken in accordance with 
Council’s existing sea level rise policy. This is 
discussed further in the document. 

Bayview 

20      
Avalon 

21    

Only small area of property affected, can this be 
stipulated on s149 certificate? 
Council is not able to stipulate the portion of the 
property affected on the S149 certificate. However, 
this issue is being considered by Council. 

Mona Vale 

22      
Scotland Island 

23    
Query not relating to estuarine inundation. 
Comment to be addressed separately by Council. 

Avalon 

24      
Newport 

25    
Query not relating to estuarine inundation. 
Comment to be addressed separately by Council. 

Clareville 

26    
 

Great Mackeral 
Beach 

27    

Comments on observed sea level rise and that 
benchmarks are likely to be excessive. 
The study has been undertaken in accordance with 
Council’s existing sea level rise policy. This is 
discussed further in the document  

Clareville 

28     See response to comment 1 
Newport 

29      
Bayview 

 



3 March 2015 
 
 
<<Property_Rate_Payers>> 
<<Property Address>> 
     
 
Dear Sir/Madam 
 
Re:   PITTWATER ESTUARY - MAPPING OF SEA LEVEL RISE IMPACTS STUDY 
Property: <insert> 
 

Pittwater Council has commissioned a draft study looking at the potential impacts of estuarine 

inundation—when very high tides combined with the effects of major storms cause an estuary to 

flood its foreshores—on land surrounding the Pittwater waterway.  You have received this letter as 

your property may be affected, presently or in the future. 

 

The Pittwater Estuary Mapping of Sea Level Rise Impacts Study will revise earlier draft mapping that 

was publicly exhibited in 2011. As with the earlier study, current investigations will include the potential 

impacts of projected sea level rise up to the year 2100.  
 
There are many ways to stay informed and get involved with the study: 
 

 View our displays at Mona Vale and Avalon Customer Service Centres 
 

 View the draft report online pittwater.nsw.gov.au/exhibition 
 

 Come to one of our public presentations with Council staff and external consultants at Mona 
Vale Customer Service Centre, Wednesday 18 March or Thursday 19 March 2015, 6–
6:30pm. 
 

 Book a 10 minute slot to talk to our staff during one of our information sessions, Wednesday 

18 March 2015 or Thursday 19 March 2015, 4-6pm & 6:30-8pm 

  
 Register for our community telephone call-back service. Register your interest and preference 

for three alternative 10 minute timeslots.  
 

To register for the information sessions or a call back, or to make a submission, please email our 
Catchment Management & Climate Change team at catchment@pittwater.nsw.gov.au or call 
Customer Service on 9970 1111. Submissions close C.O.B. Friday, 17 April 2015. 
 
We trust the enclosed Q&A brochure helps explain estuarine inundation and sea level rise risk in more 
detail. 
 
Yours sincerely 
 

 
 
Mark Ferguson 
GENERAL MANAGER 



Q&A

Pittwater Estuary - Mapping of 
Sea  Level Rise Impacts

Why is Council releasing the Pittwater Estuary - Mapping of Sea Level Risk Impacts study (2015)?

The Pittwater Estuary – Mapping of Sea Level Rise Impacts study (2015) updates and improves the former mapping study 
completed in 2004; it also reflects the changing policy and statutory requirements of the NSW Government as well as taking into account 
more recent scientific and spatial information. The study also includes revised estuarine planning levels for foreshore locations around 
Pittwater and identifies properties that may require estuarine planning controls for new developments.

Catchment Management & Climate Change Printed March 2015

What is Council’s role in managing natural hazards like floods?

Pittwater Council has specific responsibilities in managing flood and coastal risks. This includes planning to reduce risks to the natural 
and built environments. Buildings and other developments have long lives, so planning and development decisions taken now need to 
address future risks associated with natural hazards. This places a duty of care on Council to plan ahead for risks due to hazards such 
as flooding, which may be exacerbated by rising sea levels. 

What does Council use estuarine inundation mapping for? 

Pittwater Council uses estuarine inundation mapping to identify the Pittwater foreshore properties, which are subject to estuarine 
flooding risk. Estuarine mapping is also used to establish appropriate floor levels for new developments; and informs development 
controls and hazard disclosures on planning certificates.

Why have I been contacted by Council?

Your land has been identified in the study as being presently or potentially at risk from estuarine flooding hazards.



How is the information from the study used?

Environmental Planning & Assessment Act 1979

How many properties are affected?

My property is not on the foreshore, how can it be impacted by estuarine risk? 

How will this study affect insurance for my property?

currently do not cover damage from gradual sea level rise as most insurance policies generally offer coverage for the ensuing 12 month 

What do I have to do to protect my property from estuarine risk?

Q&A
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More information 
Pittwater Estuary - Mapping of Sea Level Rise Impacts 




