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Executive summary

This report presents a statewide assessment of exposure to coastal erosion in NSW. It is
intended to provide an overview of potential present and future impacts of erosion on coastal
properties and infrastructure in New South Wales.

Historically, coastal erosion has caused significant damage to properties, infrastructure and
public facilities, and the loss of beach amenity. Severe beach erosion caused by extreme
coastal storms occurs along most NSW beaches at variable magnitude and frequency, with
notable erosion occurring every few to several years. On some coasts, cumulative erosion
(shoreline recession) occurs due to persistent sand loss from the beach caused by a long-
term imbalance in the coastal sediment transport system.

Over the coming decades, the projected acceleration in sea level rise due to climate change
is expected to increase the impacts of beach erosion caused by storms, due to higher storm
surge water levels, and increased rates of shoreline recession caused by changes to the
balance of sediment transport systems along some parts of the coast.

Three methods of estimating the extent and distribution of present and future coastal erosion
are compared, in recognition that there is no single statewide authoritative dataset that
describes the present and future coastal erosion potential in NSW. The three methods reflect
a hierarchy of increasing detail and resolution:

1. Proximity analysis (First pass)
2. Regional-scale modelling (Second pass)
3. Local government hazard lines (Third pass)

The assessment considers properties and roads as metrics for exposure. Both primary
addresses (property lots) and total addresses (including units, apartments) are considered.
For each identified property lot, the proportion of the lot that is potentially affected by coastal
erosion was calculated as a measure of the relative potential impact.

The first-pass assessment found 54 kilometres of sandy open-coast shorelines located
within 55 m of existing properties, and an additional 93 kilometres and 158 kilometres
located within 110 metres and 220 metres of properties respectively. The occurrence of
potentially high-risk locations, where properties may be within the present erosion hazard
exposure zone, exceeded the distribution of the 15 nominated coastal erosion 'hot spots'.

The second-pass assessment, based on a consistent state-wide modelling analysis,
identified approximately 1200 property lots (2300 total addresses) that are potentially
affected by coastal erosion at present, which rises to around 3100 lots (5200 total
addresses) at 2050, and 4800 lots (8200 total addresses) at 2100. However, many
potentially affected lots may be only partially exposed to coastal erosion. Considering only
properties for which more than half of the lot area may be affected, the exposure numbers
based on the second-pass method reduce to 247 property lots (455 total addresses)
potentially affected at present, rising to around 1862 lots (2,718 total addresses) at 2050,
and 3300 lots (5076 total addresses) at 2100.

In comparison, the third-pass assessment identified over 1000 property lots (2000 total
addresses) affected by council erosion hazard lines representing present erosion risk,
increasing to about 2000 lots (3700 total addresses) at 2050, and almost 3500 lots (6800
total addresses) at 2100. Again, considering only properties for which more than half of the
lot area may be affected, the exposure numbers based on the third-pass method reduce to
210 property lots (321 total addresses) potentially affected at present, rising to around 731
lots (1134 total addresses) at 2050, and 2040 lots (3315 total addresses) at 2100.
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Infrastructure exposure, as quantified by the lengths of roadways potentially affected by
coastal erosion, was shown to increase steadily through the present century, with increasing
exposure of arterial roadways. Potential infrastructure exposure is greatest in northern NSW,
and lower in southern and central NSW.

Present exposure to coastal erosion is highest where concentrated development has
occurred in close proximity to erodible shores, particularly in Coffs Harbour, Central Coast
and Northern Beaches local government areas. However, exposure to coastal erosion is
expected to increase in all coastal regions of NSW through the present century, and the
majority of the increase in potentially exposed properties comprises properties for which
more than 50% of the lot area may be affected by coastal erosion.
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1 Introduction

1.1 Background

Coastal erosion in New South Wales (NSW) causes significant damage to private property,
infrastructure and public facilities, and the loss of beach amenity.

Severe beach erosion caused by extreme coastal storms occurs along most NSW beaches
at variable magnitude and frequency. While notable beach erosion occurs on many beaches
every few to several years, particularly significant East Coast Low (ECL) storms during 1974,
1997, 2007 and June 2016 resulted in considerable damage. The impacts of beach erosion
may include destruction and undermining of beachfront properties, damage to public spaces
and facilities, and in some cases the temporary loss of beaches (Figure 1).

Figure 1l  Severe beach erosion caused by an intense East Coast Low (ECL) storm during
June 2016: Wamberal Beach before (left) and after (right) the storm. Photos: M
Kinsela, OEH.

Cumulative and ongoing coastal erosion (known as shoreline recession) occurs along some
parts of the NSW coast, due to persistent sand loss from the beach associated with a long-
term imbalance in the coastal sediment transport system. Shoreline recession often leads to
loss of beach amenity and the destabilisation or loss of ocean front land (Figure 2).

o A NS SR

Figure 2  Impacts of shoreline recession at Lake Cathie Beach (left) and Old Bar Beach
(right), including shoreline encroachment and loss of beach amenity. Photos:
OEH/M Kinsela, OEH.

Over the coming decades, the projected acceleration in sea level rise due to climate change
(IPCC, 2013) is expected to increase the impacts of beach erosion caused by storms due to
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higher storm surge water levels, and to increase rates of shoreline recession by changing
the balance of sediment transport systems along some parts of the coast (Fitzgerald et al.,
2008; Nicholls and Cazenave, 2010).

In general, the NSW coast is characterised by drift-aligned beaches shaped by alongshore
processes in the north, and swash-aligned beaches shaped by cross-shore processes in the
central and south (Roy and Thom, 1981). However, a range beach types occurs within either
setting, varying with the surrounding geology, sediment properties, and exposure to waves.

NSW beaches may respond differently to storms and sea level rise depending on the local
setting and their distinctive characteristics. This means that the predicted impact of coastal
erosion at one beach may vary from surrounding beaches and other regions of the coast.

1.2 Aims and scope

This report presents a statewide assessment of exposure to coastal erosion in NSW. The
assessment is intended to provide a broad-scale overview of the potential for present and
future impacts to coastal settlements and communities.

The assessment is limited to considering beach erosion and shoreline recession on open-
coast NSW beaches. An assessment of exposure to tidal inundation in estuaries, including
the potential impacts of sea level rise, has been prepared separately.

The approach uses properties and roadways as a metric for the level of exposure, reflecting
that at a statewide scale, impacts to other infrastructure, public facilities, and beach amenity,
generally scale with the number of properties and lengths of roadways affected.

Three methods of estimating the potential extent of present and future coastal erosion are
compared, in recognition that there is no single statewide consistent and definitive dataset
that describes the present and future coastal erosion potential in NSW. The three methods
reflect a hierarchy of detail and resolution, from generic (1% pass), to a more refined regional
scale (2" pass), and finally a site-specific local scale (3™ pass).

The first-pass method is based on a simple proximity analysis (Section 2.1), which presents
the lengths of potentially erodible sandy shorelines that are close to existing development.

The second-pass method is based on a regional-scale coastal erosion modelling technique
(Section 2.2) that has been applied to all NSW beaches. The modelling identifies properties
and infrastructure that may be exposed to coastal erosion at present and at 2050 and 2100.

The third-pass method identifies properties and infrastructure that are affected by coastal
erosion hazard lines that have been developed for local government councils (Section 2.3).
The erosion hazard lines are based on various methods and data, and capture potential
exposure at present and around 2050 and 2100.

It is important to note that the exposure assessment findings based on the second- and
third-pass analyses are not directly comparable. Although the second-pass analysis is based
on a statewide dataset (covering all relevant NSW beaches), the third-pass analysis is
limited to beaches that have been considered in local government coastal hazard studies
only. Thus, the second and third pass analyses do not consider the same number of NSW
beaches.

1.3 Exposure, vulnerability and risk

This report is limited to considering exposure to coastal erosion. An exposure assessment
simply identifies assets that may be impacted by a hazard (coastal erosion), based on data
or modelling of the hazard. Equally exposed assets are not necessarily equally vulnerable to
a hazard. The vulnerability of an asset depends on its specific characteristics and capacity to
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withstand the impacts of a hazard. Risk combines the likelihood of a hazard occurring with
the potential impacts on an asset, as defined by the exposure and vulnerability of that asset.

Further details on natural hazards and risk language are provided by Geoscience Australia:
Risk and Impact Analysis



http://www.ga.gov.au/scientific-topics/hazards/risk-impact
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2 Methodology

There is no definitive statewide dataset that identifies coastal foreshore land in NSW that is
presently affected by coastal erosion, or which may be affected by coastal erosion in future.
Considering that, three alternative analysis methods are presented in this assessment,
which are described in further detail throughout this section:

1. Proximity analysis (First pass)
2. Regional-scale modelling (Second pass)
3. Local government hazard lines (Third pass)

A spatial analysis toolset was developed to identify properties and infrastructure that may be
exposed to coastal erosion, based on the second-pass and third-pass analysis methods.

2.1 Proximity analysis (First pass)

Due to the complexity of the NSW coastline and the diverse range of beach types, a simple
proximity analysis was carried out as a first-pass coastal erosion exposure assessment.

The proximity analysis presented here identifies stretches of potentially erodible sandy coast
featuring properties that may be affected by coastal erosion at present or in the future. The
assessment is useful for identifying locations where coastal erosion may be an issue.

Smartline

The Smartline dataset was used to identify sandy shorelines along the NSW coast, and to
identify parts of the coast that may be affected by coastal erosion. Smartline is a national
geomorphic and stability map, which collates available data on the physical nature of the
Australian coastline within a spatial dataset (Sharples et al., 2009a).

The base line to which Smartline data (e.g. shore type, substrate composition and stability
class) is appended is the 1:25:000 scale Mean High Water Mark in NSW, as provided by the
NSW Department of Lands (Sharples et al., 2009b). Thus, the proximity analysis described
here is relative to the mean high-water mark defined by that dataset. Temporal variability in
shoreline position implies that the position of the Smartline shoreline may not be consistent
with the present shoreline, and the results should be considered with that in mind.

The first-pass exposure assessment was restricted to sandy beaches primarily influenced by
open-coast processes. This is because the drivers of beach erosion and shoreline recession
considered here are relevant to open-coast settings. The impacts of coastal storms and sea

level rise in estuaries depend on the nature of the estuary system, and should be considered
using different methods. Smartline was used to isolate open-coast sandy beaches from other
shoreline types in NSW.

A distinction was also made between sandy shorelines that are known to be backed by hard
substrate, from those either known or assumed to backed by a soft substrate. Where a soft
backshore substrate occurs, the coast may be susceptible to enhanced beach erosion and
shoreline recession, in response to a persistent sediment loss or sea level rise. In contrast, a
hard backshore may restrict coastal erosion. It is important to note that only hard backshores
that have been mapped and included within the Smartline dataset are considered.
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Proximity buffers

The first-pass assessment uses a proximity buffer technique to identify potentially erodible
shorelines that are within close proximity to existing coastal development, which may be
exposed to coastal erosion hazards at present or in the future.

A similar method was applied by the then Commonwealth Department of Climate Change in
the report Climate Change Risks to Australia’s Coasts — A First-Pass National Assessment
(DCC, 2009). They applied a 110-metre shoreline proximity buffer to capture potential
shoreline recession driven by a 1.1 metre sea level rise.

Proximity buffers extending 55, 110 and 220 metres landward from open-coast sandy
shorelines (i.e. Smartline mean high water mark) are considered here. The proximity buffers
distances are intended to capture the potential range of shoreline change on NSW beaches,
and may be interpreted as follows:

e ab55-metre buffer may identify areas of potential immediate risk due to shoreline
variability associated with severe storms and/or periodic beach rotation

e a 110-metre buffer may identify areas of potential future risk due to shoreline
variability and moderate shoreline recession driven by sea level rise (e.g. 0.5-1 metre
sea level rise with a Bruun factor of 50-100), or by combined sea level rise and gradual
underlying sand loss

e a220-metre buffer may identify areas of potential future risk due to shoreline
variability and severe shoreline recession driven by sea level rise (e.g. 1.5 metre SLR
with a Bruun factor of 100), or by combined sea level rise and rapid underlying sand
loss.

The proximity buffers are generic in nature and are not intended to represent any particular
forecast period, scenario, or setting. Rather, they capture the range of potential responses
for a spectrum of coastal settings and climate change scenarios.

Considering that an average beach width (the distance between the mean high water mark
and foredune) in NSW may be 30-40 metres, and an indicative distance for severe erosion
into a foredune may be 15-25 metres, use of a 55 metre buffer to identify the potential extent
of immediate risk seems reasonable. The 110-metre and 220 metre buffers are intended to
capture variability and uncertainty in: (1) future sea level rise; (2) the magnitude of beach
response to sea level rise (i.e. the Bruun factor); and, (3) underlying sand losses relevant to
some NSW beaches.

The proximity buffers were used to identify stretches of open-coast sandy shoreline that are
located within 55, 110 and 220 metres of existing properties.

2.2 Regional-scale modelling (Second pass)

The second-pass assessment method is based on a regional-scale coastal erosion
modelling method that was applied to all NSW beaches. The datasets identify land
potentially exposed to coastal erosion at present and in the future, across a range of
probability thresholds that describe the relative likelihood of exposure to coastal erosion.

The regional-scale modelling method is described in detail in OEH (2017). The method uses
a sediment-compartment templating approach (e.g. Cowell et al., 2003; Eliot et al., 2011) to
characterise the morphology and sediment budgets of NSW beaches. Both regional-scale
and site-specific (where available) data are applied to forecast the potential volume of
coastal erosion, and erosion distances are calculated using high-resolution LIiDAR
topography data. A probabilistic framework (Cowell et al., 2006, Wainwright et al., 2015;
Kinsela et al., 2016) is used to consider uncertainty in model inputs, which is communicated
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in the model forecasts by expressing the range of predicted coastal erosion in terms of
exceedance probabilities.

The regional-scale modelling erosion hazard lines differ from local government hazard lines
(Section 2.3). While the former is based on a uniform method applied to all NSW beaches,
the latter are based on various methods suited to different parts of the NSW coast.

2.3 Local government hazard lines (Third pass)

Coastal erosion hazard lines have been derived by engineering consultants for most local
government areas (LGAs) of NSW. Coastal erosion hazard lines are usually defined as part
of the coastal hazard definition study component of coastal zone management plans. The
hazard lines define the anticipated extent of coastal erosion for particular planning periods,
and are intended as a guide for managing development in the coastal zone. Typical planning
periods considered are immediate (present), 50 years (e.g. 2050) and 100 years (e.g. 2100).

The techniques used to derive coastal erosion hazard lines vary between LGAs and
between practitioners (Kinsela & Hanslow, 2013; Wainwright et al., 2014). That is, the
hazard lines for each LGA are not necessarily derived using the same assessment
approaches. However, it is assumed that the techniques adopted in each study are
appropriate for and representative of the different settings considered, and here the erosion
hazard lines for each LGA are considered equally for each planning period.

Erosion hazard lines are not available for all NSW beaches. Appendix A describes available
hazard data at the time of preparation of this report, and which was applied in the third-pass
analysis method. Only erosion hazard lines developed after 2008 were considered, as earlier
datasets are based on outdated sea level rise projections.

It is customary in NSW to consider multiple definitions of the potential impact of erosion for
each planning period or scenario. To differentiate between direct (undermining) and indirect
(ground instability) impacts, erosion hazard lines are often defined at the landward limits of
the zone of slope adjustment (ZSA) and zone of reduced foundation capacity (ZRFC). The
ZSA represents the area subject to slope failure following dune erosion, whereas the ZRFC
identifies the area beyond a fully adjusted erosion scarp that may be susceptible to instability
and weakened foundation capacity (Figure 3).

ZONE OF REDUCED FOUNDATION
CAPACITY

STABLE
FOUNDATION
ZONE ‘

| ZONE OF SLOPE ADJUSTMENT |

l ‘|’* ZONE OF WAVE IMPACT o
{

Slumped Dune Escarpment
Pre-storm Beach-Dune Profile

Topof Swash (-RL 2.0)

Oom
{datum for relerance
veiume calcu.ations)

Angle of repose of dune sand: | . ¢ = 34"
Safe angle of repose of dune sand: a = tan"'{{(tand 1.5} = 24
All levels 10 AHD

Figure 3  Dune adjustment and stability zones following an erosion event (Nielsen et al.,
1992). The zone of reduced foundation capacity represents unstable land beyond
the erosion scarp.

Although there may be risk to properties with unpiled foundations within the ZRFC, it is most
common to define erosion hazard lines at the ZSA, and such hazard lines were available for
most LGAs (see Appendix A). Therefore, the third-pass assessment identifies properties
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that may be affected by coastal erosion as defined by council's ZSA erosion hazard lines,
using the method described in Section 2.4.

2.4 Analysis of affected properties and infrastructure

A spatial analysis toolset was developed to identify properties and infrastructure that may be
exposed to coastal erosion, based on the second-pass and third-pass analysis methods.
The tools use Python and ArcGIS to query property and infrastructure data with hazard
datasets.

GURAS property data

Both the Cadastre and the Geo-coded Urban and Rural Address System (GURAS) database
were used to identify properties that are potentially exposed to coastal erosion. The GURAS
database is the authoritative property addressing dataset for NSW and is managed by NSW
Government Spatial Services.

The GURAS database was used as the primary property dataset because the Cadastre
does not describe the address/es associated with each property lot. For example, some
cadastral lots may contain numerous addresses, whilst some addresses may occupy
multiple cadastral lots. Furthermore, the cadastre includes many unsold and/or undeveloped
lots (particularly in the coastal zone) that have been preserved as public spaces, and which
should therefore be excluded from the exposure assessment.

In GURAS, address point data is stored within each property lot. The database distinguishes
between primary addresses (e.g. houses, strata blocks) and secondary addresses (e.g. units
and apartments), which is relevant for assessing exposure to coastal hazards. For example,
in the context of coastal erosion, it may not be prudent to restrict an assessment to primary
addresses, as structural damage to a strata building (i.e. from wave impact or undermining)
may impact multiple secondary addresses (apartments) within the strata block.

The nature of the database is described by NSW Government Spatial Services as follows:

‘The Geocoded Urban and Rural Address System (GURAS) is a ‘Property’ based
address database. A property is based on the definition recorded by the Valuer
General’'s Department in their ValNet database. Each property polygon captured
within GURAS has a unique numeric identifier, as defined by ValNet and is known as
the ‘propid’. Each property contains at least one authoritative address which is
sourced from local councils via ValNet. Properties may contain more than one
address sourced from various other organisations eg. AusPost. It is important to note
that Address Points are generally system generated points and therefore do not
always have a direct correlation to the dwelling location. In circumstances where
there are multiple disparate lots for the one property, particularly in rural addresses,
the system generated Address Points may not reside within the correct property

polygon.’

The GURAS database also contains coded and text identifiers, which may be used to select
and discard unwanted registered addresses (e.g. public spaces and infrastructure, such as
beaches, reserves, car parks, wharfs, utilities etc.) prior to calculating exposure statistics.

Property analysis

A coastal hazard exposure assessment tool has been developed by OEH to inform coastal
risk analysis. The Python-based tool reads mapped hazard areas, defined as GIS polygons,
and calculates the number of exposed properties, and number and dimensions of selected
infrastructure, within a specified analysis area (e.g. LGA). As such, polygons representing
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the second-pass (Section 2.2) and third-pass (Section 2.3) analysis methods were created
by closing the lateral boundaries between the hazard lines and shoreline (i.e. Smartline).

The outputs of the exposure assessment tool that are considered here include:

1. lengths of sandy shorelines proximal to properties (i.e. within the proximity buffers)
2. number of addresses partially or wholly contained within each erosion hazard polygon

Considering that GURAS address data is stored in GIS point datasets, a method was
created to select address points that are associated with potentially exposed property lots,
whether or not the address point itself is actually contained within the erosion hazard
polygon. Moreover, given that the GURAS database includes arbitrary registered addresses
(e.g. public spaces and utilities) a procedure was also developed to restrict identified
addresses points to those associated with occupied (i.e. sold or developed) properties only.

The address selection procedure included the following steps:

e erosion hazard polygons were overlain on Cadastre lot data to identify exposed lots
e calculation of the proportion of the lot actually affected by the erosion hazard polygon
o exposed lots were used to select all GURAS address points contained within each lot

e Crown Land and National Parks datasets were used to exclude any address points
associated with either land tenure type

e ‘exposed’ address points were queried to remove any remaining addresses associated
with public spaces (e.g. reserves, sports fields, ocean baths), public infrastructure (e.g.
car parks, wharfs) or utilities (e.g. electricity, telecommunications).

The GURAS database does not store information on the locations of assets in each property
lot —address points are typically located in the centre of the associated property lot. Thus,
properties identified as exposed do not necessarily imply that an asset is exposed to coastal
erosion. Rather, exposed properties may be wholly or partially (i.e. part of the lot) affected by
coastal erosion, and in the latter case assets may be set back from the exposed land.

To provide a sense of the relative impact of coastal erosion on potentially exposed
properties the exposure assessment tool also determines the proportion (area) of each
property lot that is potentially affected by coastal erosion. Figure 4 shows an example of the
spatial overlay method, which categorises exposed address points based on the proportion-
of-lot affected.

10
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'Exposed' Address

100-YR ARI +0.9m
Proportion-of-lot

e 0-10%
10 - 25%
25-50%
50 - 90%
90 - 100%

® @6 0 @

Inundation Hazard
100-YR ARI
100-YR ARI +0.4m
100-YR ARI +0.9m

Figure 4 Example of the spatial overlay method used to calculate the proportion of each lot
potentially affected by coastal hazards. In this example of inundation hazard layers,
address points of exposed properties are colour coded based on the proportion of
the property lot that is affected by the '100-YR ARI +0.9m' elevated water level
scenario (light blue shading).

Figure 5 illustrates the approach used to select only valid addresses from the GURAS
database. First, addresses located within Crown Lands and National Parks were removed.
Second, any remaining addresses associated with public spaces, infrastructure or utilities
were removed using GURAS text tags. Lastly, remaining valid addresses were divided into
primary and secondary addresses to allow separate analysis of the different address types.

Because GURAS is a ‘property’ address database that is based on the Valuer General’s
database (ValNet), there is high confidence that the address points preserved at the end of
the address selection procedure are valid properties. While it remains possible that a small
number of arbitrary registered addresses (e.g. public spaces and utilities) were preserved in
the exposure statistics reported here, a limited manual review suggests that any errors are
negligible in the context of the statewide exposure assessment.

11
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* Unit blocks * Apartments
*  Commercial *  Suites

Figure5 Procedure to identify 'valid' addresses in the coastal erosion exposure
assessment.

Infrastructure analysis

The spatial analysis toolset features various infrastructure and utilities datasets in point, line
and polygon geometries. For ease of communication only roadway exposure is presented in
this assessment, as many other infrastructure and utilities types scale linearly with

roadways, particularly when considering exposure statistics at regional or state-wide scales.

Similar to the property analysis, an overlay method was used to identify lengths of roadways
that are affected by the various second- and third-pass erosion hazard datasets. The lengths
of affected roadways were summed by LGA, and aggregated for the NSW regions and
statewide exposure statistics. The roadways dataset is categorised into (increasing
significance): vehicular track, local, arterial, primary and motorway. The roadways data was
sourced from NSW Government Roads and Maritime Services.

Analysis regions

Exposure assessment statistics for the second-pass (Section 4) and third-pass (Section 5)
analyses are provided at three spatial scales: statewide, NSW regions and local government
areas. Figure 6 shows the distribution of and relationships between the state-, regional-, and
local-scale analysis regions. The local government area boundaries considered were current
at the time of preparation of this report.

12
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|:| Local Government Areas
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- Northern Rivers
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Figure 6 Extent and distribution of coastal NSW regions and local government areas (LGAS)
that are referred to in this report. LGA boundaries considered are current at
January 2016.
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3 Proximity analysis (First pass)

The Smartline dataset indicates that of the 2065 kilometres of NSW shorelines exposed to
open-coast processes, 1038 km or 50% are classified as sandy shorelines (sandy shorelines
that are primarily influenced by open-coast processes). Of all sandy open-coast shorelines,
15% are known to be backed by ‘hard’ backshore substrate types, whilst 85% are either
known or assumed to be backed by ‘soft’ backshore substrate types (Table 1). The reader is
reminded that ‘hard’ backshore types considered here only include those that have been
mapped and included in the Smartline dataset, and may be composed of natural and/or
artificial materials.

The findings of the first-pass exposure assessment based on the proximity analysis method
are summarised in Table 1 and Figure 7. The assessment identified 54 kilometres of sandy
open-coast shorelines located within 55 metres of properties. Properties adjacent to these
shorelines are very likely to be located within the erosion hazard exposure zone for the
purposes of coastal management and planning. Although one-third of those shorelines were
identified as hard backshore substrate, these substrates were found to include seawalls and
promenades that may not necessarily withstand the impacts of coastal erosion (i.e. not
designed for the purpose of coastal protection). Thus, a precautionary approach would be to
consider the total lengths of exposed shorelines in Table 1.

Table 1 Results of first-pass exposure assessment based on the proximity analysis
method. Lengths of sandy open-coast shorelines within or backed by National Parks, and
within 220 m, 110 m and 55 m of properties are shown. Square brackets '[ ]' indicate the
percentage of each shoreline category as a proportion of total NSW open-coast sandy
shorelines. Parentheses '()' indicate the percentage of soft and hard backshores for each
sandy shoreline subcategory.

Shoreline category Total length (km) Soft backshore (km) Hard backshore (km)
NSW open-coast 2065
Sandy open-coast only 1038 883 (85%) 155 (15%)

within National Parks* 491 [47%] 426 (87%) 65 (13%)

220 m of properties 305 [29%)] 234 (77%) 71 (23%)

110 m of properties 147 [14%)] 106 (72%) 41 (28%)

55 m of properties 54 [5.2%] 36 (66%) 18 (34%)

* shorelines located within or immediately backed by (within 110 m of) National Parks.

The findings also show that 93 kilometres of sandy open-coast shorelines are located
between 55 metres and 110 metres of properties - i.e. the total shorelines located within 110
metres of properties (147 kilometres) excluding those within 55 metres of properties (54
kilometres). These additional shorelines identify areas that may be exposed to coastal
erosion within current planning periods (e.g. by 2100), due to the combined impacts of beach
erosion and shoreline recession in response to sea level rise and/or underlying sand losses.

A further 158 kilometres of sandy open-coast shorelines were identified as located between
110 metres and 220 metres of properties. These additional shorelines identify areas that are
less likely to be exposed to coastal erosion within current planning periods, except where

rapid shoreline recession due to persistent sand losses are ongoing. However, areas where
sandy open-coast shorelines are within 220 metres of properties may be exposed to coastal
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erosion beyond current planning periods, if the projected acceleration of sea level rise is
realised.
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Figure 7 Lengths of open-coast sandy shorelines in NSW that are backed by soft backshore
types [solid] and hard backshore types only [stroked] according to Smartline. Total
shoreline lengths, shoreline lengths within or backed by National Parks (NPs), and
shoreline lengths within 220 m, 110 m and 55 m of properties are shown.

Figure 8 shows the distribution of NSW sandy open-coast shorelines located within National
Parks, and within 55, 110 and 220 metres of properties. The distribution suggests that while
only 5% of potentially erodible NSW sandy open-coast shorelines were characterised as
located within 55 metres of properties, the distribution of these areas exceeds the
distribution of the nominated coastal erosion 'hot spots’.

The coastal erosion hot spots have been established to prioritise coastal areas currently at
high risk from erosion hazards. As such, the additional areas identified as having properties
located within 55 metres of potentially erodible shorelines may indicate the potential for
broader exposure to coastal erosion in the immediate future, due to a period of intense storm
activity. Where coastal protection measures are already in place, the analysis highlights that
they will require ongoing maintenance to withstand increasing coastal erosion pressure
under current projections of sea level rise over the coming decades.

Appendix B presents a breakdown of the proximity analysis findings for each LGA. Plots
and maps similar to Figure 7 and Figure 8 are provided for each LGA. It should be noted
that the proximity analysis was carried out using LGA boundaries current in 2014. This does
not influence the statewide results, although the reader should bear in mind that some LGA
boundaries have changed.
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Figure 8 NSW sandy open-coast shorelines located in close proximity (i.e. 55, 110, 220 m) to
properties, or within National Parks. The locations of nominated erosion hot spots
are shown. Appendix B provides a breakdown of this map for each coastal LGA.
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4 Regional-scale modelling (Second pass)

The second pass analysis provides a consistent and state wide coastal erosion exposure
assessment based on regional-scale probabilistic coastal erosion hazard modelling of most
NSW beaches. Given the increased uncertainty associated with long-term forecasts, a
higher exceedance level (50%) representing a mid-range prediction was adopted for the
2100 forecast, whereas low exceedance (1%) or high-range predictions were considered for
the present and 2050 forecasts, which are characterised by lower uncertainty.

4.1 Statewide

The regional-scale analysis indicates that approximately 1200 properties may be affected by
coastal erosion under present conditions (1% exceedance), rising to around 3100 and 4800
properties at 2050 (1% exceedance) and 2100 (50% exceedance) (Figure 9).

The total numbers of exposed properties are categorised by the proportion of each property
lot potentially affected by coastal erosion in Figure 9 to provide a sense of the relative
impact of coastal erosion on exposed properties. Warmer colours indicate higher impacts.
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Figure Primary address exposure throughout NSW for the present-1%, 2050-1% and 2100-
50% scenarios. Colouring indicates the proportion of each property lot potentially
affected by coastal erosion.

When considering the total property exposure to coastal erosion —i.e. including secondary
addresses associated with affected primary addresses — the numbers of properties
potentially affected for present (1% exceedance), 2050 (1% exceedance) and 2100 (50%
exceedance) scenarios, increase to around 2300, 5200 and 8200 respectively (Figure 10).
Note that the vertical axis scale is twice that of Figure 9.

The categorisation by the proportion of each property lot that is potentially affected by
coastal erosion is similar to Figure 9 because the same primary (lot) addresses are
considered.
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An increase in any category in Figure 10 indicates that a large number of secondary
addresses are associated with affected property lots in that proportion-of-lot category.
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Figure 10 Total property exposure (includes secondary addresses) throughout NSW for the
present-1%, 2050-1% and 2100-50% scenarios. Colouring indicates the proportion
of each property lot potentially affected by coastal erosion.

The total lengths of roadways potentially affected by coastal erosion follows a similar trend to
affected properties. Figure 11 shows that about 70 kilometres of NSW roadways may be
exposed to coastal erosion at present (1% exceedance).

For the 2050 (1% exceedance) and 2100 (50% exceedance) scenarios, total lengths of
exposed roadways increases to 196 kilometres and 311 kilometres respectively.

At present vehicular tracks make up the majority of roadway exposure behind NSW
beaches. However, the analysis shows that increasing lengths of local and arterial roads are
affected by the 2050 and 2100 scenarios.

No primary roadways or motorways are affected according to the regional-scale analysis.
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Figure 11 Roadway exposure throughout NSW for the present-1%, 2050-1% and 2100-50%
scenarios. Colouring indicates the types of roadways potentially affected by
coastal erosion.

4.2 NSW regions

The regional-scale analysis suggests that all NSW regions except Hunter and South East
have considerable exposure to coastal erosion at present (1% exceedance), while exposure
at 2050 (1% exceedance) and 2100 (50% exceedance) increases most significantly in the
Northern Rivers, Mid North Coast lllawarra-Shoalhaven regions (Figure 12).

Large increases in the numbers of addresses for which greater that 50% of the property lot
(orange and red shading) is affected by modelled coastal erosion highlights regions where
there may be very significant increase in the impacts of coastal erosion this century. Figure
12 suggests that all NSW regions, are characterised by significant increase in exposure to
coastal erosion during this century, based on current development.

Any future unmitigated development within council erosion hazard lines would increase the
numbers of properties exposed to coastal erosion based on the 2050 and 2100 scenarios.
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Figure 12 Primary address exposure by NSW regions for the present-1% (left), 2050-1%
(middle) and 2100-50% (right) scenarios. Colouring indicates the proportion of each
property lot potentially affected by coastal erosion.

Considering the total property exposure to coastal erosion (including secondary addresses
associated with affected primary addresses), the numbers of properties potentially affected
by coastal erosion is about 1.5 to 2 times the primary address exposure for the Northern
Rivers, Mid North Coast, Central Coast and Greater Sydney regions (Figure 13). Note that
the vertical axis scale is twice that of Figure 12.

The limited abundance of affected multi-dwelling coastal properties in the Hunter, lllawarra-
Shoalhaven and South East regions is indicated in minimal or no increase in the exposure
statistics between Figure 12 and Figure 13.

The categorisation by the proportion of each property lot that is potentially affected by
coastal erosion is similar to Figure 12 because the same primary (lot) addresses are
considered. An increase in any category in Figure 13 indicates that a large number of
secondary addresses are associated with affected property lots in that proportion-of-lot
category.
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Figure 13 Total property exposure (includes secondary addresses) by NSW regions for the
present-1% (left), 2050-1% (middle) and 2100-50% (right) scenarios. Colouring
indicates the proportion of each property lot potentially affected by coastal
erosion.

The distribution of exposed roadways, based on regional-scale modelling, suggests that the
greatest exposure of infrastructure occurs by far in the Northern Rivers and Mid North Coast
regions (Figure 14). Roadway exposure is relatively low in the Hunter, Central Coast and
Greater Sydney regions, and moderate in the Illlawarra-Shoalhaven and South East regions.
Similar to properties, roadway exposure increases between the present, 2050 and 2100
scenarios in all regions, with increasing exposure of local and arterial roads in particular.
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Figure 14: Roadway exposure by NSW regions for the present-1% (left), 2050-1% (middle) and
2100-50% (right) scenarios. Colouring indicates the types of roadways potentially
affected by coastal erosion.

4.3 Local government areas

The comparison of exposure statistics between LGAs adds an additional level of resolution

to the regional analysis. As is expected, the distribution of exposure follows a similar pattern
to the regional breakdown, although it is evident that particular LGAS represent the majority
of exposure in their respective regions.

Central Coast and Northern Beaches LGAs have the highest exposure to coastal erosion at
present, while Shoalhaven LGA also has high exposure although mostly in the less than
50% proportion-of-lot categories (Figure 15). The analysis also suggests that exposure to
coastal erosion will increase considerably for many LGAs over the present century.

As is reflected in the state wide and regional analyses, the numbers of properties for which
greater that 50% of the property lot (orange and red shading) is affected by council erosion
hazard lines increases markedly for most LGAs for the 2050 and 2100 scenarios.

[ 0-10% C—110-25% [ 25-50% [ 50-90% (I 90-100%
1000

800

Number of Properties

200

&OQ @
@‘F o® ¢

Figure 15 Primary address exposure by local government area for present-1% (left), 2050-1%
(middle) and 2100-50% (right) scenarios. Colouring indicates the proportion of each
property lot potentially affected by coastal erosion.

Considering the total property exposure to coastal erosion (including secondary addresses
associated with affected primary addresses) highlights the influence of high development
concentration in the coastal zone on exposure.

Compared with affected primary addresses, or lots (Figure 15), total numbers of properties
potentially exposed to coastal erosion roughly double for Byron, Ballina, Coffs Harbour, Mid
Coast, Central Coast and Northern Beaches LGAs (Figure 16). This indicates that there is a
high proportion of secondary addresses (units, apartments) that are associated with
potentially exposed property lots in those LGASs.
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Figure 16 Total property exposure (includes secondary addresses) by local government area
for present-1% (left), 2050-1% (middle) and 2100-50% (right) scenarios. Colouring
indicates the proportion of each property lot potentially affected by coastal
erosion.

The distribution of roadways that are potentially exposed to coastal erosion reflects the NSW
regions breakdown, with far north and mid north coast LGAs having the highest exposure
(Figure 17).

While, the majority of present exposure is vehicular tracks, which generally have minimal
infrastructure, increasing proportions of local and arterial roadways are likely to be exposed
to coastal erosion through this century.
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Although Central Coast LGA has high property exposure, infrastructure exposure appears to
be relatively average compared with other NSW LGAs.
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Figure 17: Roadway exposure by local government area for present-1% (left), 2050-1% (middle)
and 2100-50% (right) scenarios. Colouring indicates the types of roadways
potentially affected by coastal erosion.
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5 Local government hazard lines (Third
pass)

The third pass analysis provides a state wide coastal erosion exposure assessment based
on local government erosion hazard lines. The reader is reminded that the spatial coverage
of council datasets is incomplete and does not cover all NSW beaches, and the aggregated
statistics presented below must be interpreted with that in mind.

Appendix A documents the coastal hazard studies associated with erosion hazard line data
that was applied in the third-pass exposure assessment. The reader is referred to those
studies for further information on data coverage, and the methods used to generate erosion
hazard lines for each LGA.

51 Statewide

The statewide analysis indicates that approximately 1000 properties are affected by council
erosion hazard lines that represent present erosion risk, and that number rises to 2000 and
almost 3500 properties for 2050 and 2100 erosion hazard lines respectively (Figure 17).

The total numbers of exposed properties are categorised by the proportion of each property
lot affected by council erosion hazard lines in Figure 17 to provide a sense of the relative
impact of coastal erosion on exposed properties. Warmer colours indicate higher impacts.
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Figure 17 Primary address exposure throughout NSW for present, 2050 and 2100 scenarios.
Colouring indicates the proportion of each property lot potentially affected by
coastal erosion.

When considering the total property exposure to coastal erosion —i.e. including secondary
addresses associated with affected primary addresses — the numbers of properties affected
roughly double for the present, 2050 and 2100 scenarios, to around 2000, 3700 and 6800
respectively (Figure 18). Note that the vertical axis scale is twice that of Figure 17.
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The categorisation by the proportion of each property lot that is affected by council hazard
lines is similar to Figure 17 because the same primary (lot) addresses are considered. An
increase in any category in Figure 18 indicates that a large number of secondary addresses
are associated with affected property lots in that proportion-of-lot category.
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Figure 18 Total property exposure (includes secondary addresses) throughout NSW for
present, 2050 and 2100 scenarios. Colouring indicates the proportion of each
property lot potentially affected by coastal erosion.

The total lengths of roadways affected by council erosion hazard lines follows a similar trend
to affected properties. Figure 19 shows that about 50 kilometres of roadways are currently
exposed to coastal erosion according to council hazard lines. For the 2050 and 2100
scenarios, total lengths of exposed roadways increases to 90 kilometres and 160 kilometres
respectively.

At present vehicular tracks make up the majority of roadway exposure behind NSW
beaches. However, the analysis shows that increasing lengths of local and arterial roads are
affected by the various 2050 and 2100 scenarios. No primary roadways or motorways are
affected by council erosion hazard lines.
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Figure 19 Roadway exposure throughout NSW for present, 2050 and 2100 scenarios.
Colouring indicates the types of roadways potentially affected by coastal erosion.

5.2 NSW regions

The regional analysis suggests that despite being the smallest of the NSW regions the
Central Coast has the greatest number of primary addresses affected by council erosion
hazard lines that represent present erosion risk, while exposure based on the various 2050
and 2100 scenarios increases markedly in the Northern Rivers and Mid North Coast regions
in particular (Figure 20).

Large increases in in the numbers of addresses for which greater that 50% of the property
lot (orange and red shading) is affected by council erosion hazard lines highlights regions
where there may be very significant increase in exposure to coastal erosion this century.
Figure 20 suggests that all NSW regions, except the South East, will likely feature a
significant increase in exposure to coastal erosion during this century, based on current
development.

Any future unmitigated development within council erosion hazard lines would increase the
numbers of properties exposed to coastal erosion based on the 2050 and 2100 scenarios.
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Figure 20 Primary address exposure by NSW region for present (left), 2050 (middle) and 2100
(right) scenarios. Colouring indicates the proportion of each property lot potentially
affected by coastal erosion.

Considering the total property exposure to coastal erosion (including secondary addresses
associated with affected primary addresses), the numbers of properties affected by council
erosion hazard lines is about 1.5 to 2 times the primary address exposure for each region
(Figure 21). The spatial distribution of total exposed properties between regions (Figure 21)
reflects the distribution of exposed primary addresses between regions (Figure 20).

The categorisation by the proportion of each property lot that is affected by council hazard
lines is similar to Figure 20 because the same primary (lot) addresses are considered. An
increase in any category in Figure 21 indicates that a large number of secondary addresses
are associated with affected property lots in that proportion-of-lot category.
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Figure 21 Total property exposure (includes secondary addresses) by NSW region for
present (left), 2050 (middle) and 2100 (right) scenarios. Colouring indicates the
proportion of each property lot potentially affected by coastal erosion.

The distribution of exposed roadways, based on council erosion hazard lines, suggests that
the greatest exposure of infrastructure occurs in the Northern Rivers and Mid North Coast
regions (Figure 22). Roadway exposure is relatively similar between the other regions,
despite considerable variation in the geographic extent of each region (Figure 6). Similar to
properties, roadway exposure increases between the present, 2050 and 2100 scenarios in
all regions, with increasing exposure of local and arterial roads in particular.
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Figure 22 Roadway exposure by NSW region for present (left), 2050 (middle) and 2100 (right)
scenarios. Colouring indicates the types of roadways potentially affected by
coastal erosion.

5.3 Local government areas

The comparison of exposure statistics between LGAs adds an additional level of resolution

to the regional analysis. As is expected, the distribution of exposure follows a similar pattern
to the regional breakdown, although it is evident that particular LGASs represent the majority
of exposure in their respective regions.

Central Coast LGA has the highest exposure to coastal erosion, based on council erosion
hazard lines, followed by Northern Beaches and Coffs Harbour (Figure 23). The analysis
also suggests that Byron, Clarence Valley, Mid Coast, Newcastle and Shoalhaven LGAs
have particularly high exposure to coastal erosion.

As is reflected in the state wide and regional analyses, the numbers of properties for which
greater that 50% of the property lot (orange and red shading) is affected by council erosion
hazard lines increases markedly for most LGAs for the 2050 and 2100 scenarios.
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Figure 23 Primary address exposure by local government area for present (left), 2050
(middle) and 2100 (right) scenarios. Colouring indicates the proportion of each
property lot potentially affected by coastal erosion.

Considering the total property exposure to coastal erosion (including secondary addresses
associated with affected primary addresses) highlights the influence of high development
concentration in the coastal zone on exposure.

Compared with affected primary addresses, or lots (Figure 23), the total number of
properties potentially exposed to coastal erosion triples for Northern Beaches and Coffs
Harbour LGAs, and doubles for Central Coast LGA (Figure 24).

This indicates that in those LGASs there is a high proportion of secondary addresses (units,
apartments) associated with property lots that are affected by council erosion hazard lines.
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Figure 24 Total property exposure (includes secondary addresses) by local government area
for present (left), 2050 (middle) and 2100 (right) scenarios. Colouring indicates the
proportion of each property lot potentially affected by coastal erosion.

The distribution of exposed roadways based on council erosion hazard lines between LGAs
suggests that Coffs Harbour has the highest infrastructure exposure (Figure 25).

However, the majority of exposure is vehicular tracks, which generally have minimal
infrastructure. In contrast, Tweed, Northern Beaches, Byron and Mid Coast LGAs have
significant lengths of local and arterial roadways potentially exposed to coastal erosion.

Although Central Coast LGA has high property exposure, infrastructure exposure appears to
be relatively average compared with other NSW LGAs, based on lengths of potentially
exposed roadways.
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Figure 25 Roadway exposure by local government area for present (left), 2050 (middle) and
2100 (right) scenarios. Colouring indicates the types of roadways potentially
affected by coastal erosion.
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6 Summary of exposure to coastal erosion

This assessment of exposure to coastal erosion presents the findings of three alternative
analysis techniques, which vary in spatial coverage, complexity and detail. Each analysis
provides useful information at different spatial scales, and the findings must be interpreted in
the context of the coverage and limitations of each analysis technique.

6.1 Extent and distribution

The proximity analysis (First pass) identifies parts of the NSW coastline where properties
are situated in close proximity to sandy open-coast shorelines that may be susceptible to
coastal erosion. The method does not consider the influences of regional- or local-scale
morphology and processes on potential coastal erosion.

The analysis indicates that all coastal regions of NSW feature settlements and properties
that may be affected by coastal erosion at present or in the future, due to their close
proximity to potentially erodible sandy open-coast shorelines (Figure 8). The occurrence of
potentially high-risk locations where properties lie within 55 metres of the shoreline exceeds
the distribution of the 15 nominated coastal erosion 'hot spots' (Appendix A).

The assessment suggests that central and southern NSW have more settlements that are in
very close proximity to open-coast sandy beaches. However, although northern NSW does
feature considerable spans of unpopulated beaches, often located within National Parks
(Figure 8), exposed settlements are characterised by a higher concentration of properties
(Figure 12), and often include multi-dwelling properties with additional secondary addresses
(Figure 13). Furthermore, the geomorphology of southern NSW - rugged, embayed, and
with frequent bedrock — affords some protection to many coastal settlements, and assets on
many rural properties are set farther landward of seaside property boundaries.

6.2 Regional-scale analysis

The regional-scale modelling analysis (Second pass) provides the only state-wide and
consistent analysis of coastal erosion exposure in NSW, making it the most suitable for
investigating the regional distribution of property and infrastructure exposure.

The second-pass assessment identified approximately 1200 properties that may be affected
by coastal erosion under present conditions (1% exceedance level), rising to around 3100
properties at 2050 (1% exceedance level) and 4800 properties at 2100 (50% exceedance
level) (Figure 9). Considering the increased uncertainty associated with long-term forecasts,
a higher exceedance level representing a mid-range prediction was adopted for the 2100
forecast, whereas low exceedance or high-range predictions were considered for the present
and 2050 forecasts, which are characterised by lower uncertainty.

For every region, the majority of growth in exposure numbers between present and future
scenarios was properties for which >50% of the property lot was predicted to be affected by
coastal erosion (Figure 12), a pattern that is reflected in the state-wide statistics (Figure 9).

When including secondary addresses within multi-dwelling properties, the total numbers of
potentially affected properties increase to 2300 at present, 5200 at 2050, and 8200 at 2100
(Figure 10). As a general rule, considering secondary addresses (e.g. units and apartments)
increased exposure numbers based on property lots alone by 1.5-2 times.
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However, many potentially affected lots may be only partially exposed to coastal erosion.
Considering only properties for which more than half of the lot area may be affected, the
exposure numbers based on the second-pass method reduce to 247 property lots (455 total
addresses) potentially affected at present, rising to around 1862 lots (2718 total addresses)
at 2050, and 3300 lots (5076 total addresses) at 2100.

Based on the same scenarios and exceedance levels as above, about 70 kilometres of NSW
roads may be exposed to coastal erosion at present, increasing to 196 kilometres at 2050
and 311 kilometres at 2100, with an increasing proportion of local and arterial roads affected
(Figure 11). Roadway exposure provides a useful approximation of general infrastructure
exposure, as the volume of utilities and infrastructure scales with road type and length.

The regional breakdown of property exposure indicates that Northern Rivers and Mid Coast
regions have the highest exposure, followed by Central Coast, Greater Sydney and
lllawarra-Shoalhaven and South East regions (moderate exposure), with Hunter region
featuring the lowest exposure (Figure 12). When considering the total addresses potentially
affected at present, Greater Sydney, Mid Coast and Central Coast regions feature the
highest exposure, with Northern Rivers and Illawarra-Shoalhaven regions featuring
moderate exposure, and South East and Hunter regions featuring the lowest exposure
(Figure 13).

Infrastructure exposure as indicated by lengths of potentially affected roadways is highest for
Northern Rivers and Mid Coast regions, moderate for lllawarra-Shoalhaven and South East
regions, and low for the remaining regions (Figure 14).

6.3 Local-scale analysis

The local government hazard lines analysis (Third pass) identifies properties and
infrastructure that fall within erosion hazard zones as defined in council coastal hazard
definition studies. Due to the incomplete spatial coverage of local government hazard lines
the analysis is most suited to investigating exposure to coastal erosion within each LGA.

Although not directly comparable with the second-pass assessment, the third-pass analysis
identified over 1000 properties (2000 total addresses) affected by council erosion hazard
lines that represent present coastal erosion risk (Figure 17 and Figure 18). That number
rises to over 2000 properties (3700 total addresses) and around 3500 properties (6800 total
addresses) for erosion hazard lines representing 2050 and 2100.

However, many potentially affected lots may be only partially exposed to coastal erosion.
Considering only properties for which more than half of the lot area may be affected, the
exposure numbers based on the third-pass method reduce to 210 property lots (321 total
addresses) potentially affected at present, rising to around 731 lots (1,134 total addresses)
at 2050, and 2040 lots (3315 total addresses) at 2100.

Coffs Harbour, Central Coast, Northern Beaches and Shoalhaven LGAs were found to have
the most properties affected by council erosion hazard lines representing present and future
conditions (Figure 23). Byron, Clarence Valley, Mid Coast and Newcastle LGAs also feature
significant exposure for present and future conditions, particularly when considering the total
property exposure including secondary addresses (Figure 24).

Many other LGAs, particularly Byron, Clarence Valley, Mid Coast and Newcastle LGAs,
show a considerable increase in properties affected by council erosion hazard lines
representing 2050 and 2100 conditions, with an increasing proportion of properties having
more than 50% of the lot area affected by erosion hazard lines (Figure 23).

For LGAs with relatively comprehensive coverage by council erosion hazard lines, such as
Coffs Harbour and Central Coast, numbers of properties predicted to be exposed to coastal
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erosion based on the second-pass regional-scale analysis (Figure 15) were comparable to
the numbers of properties affected by council erosion hazard lines (Figure 23).

While roadway exposure was particularly high in Coffs Harbour LGA, most identified roads
were vehicular tracks, and thus actual infrastructure exposure is likely to be less than Tweed
LGA, for example, which features considerable exposure of arterial roads (Figure 25).

It is important to note that while the second- and third-pass assessments both consider
future (2050 and 2100) scenarios, the exposure statistics are based on the present-day
distribution of properties and infrastructure, and do not account for future development.
Thus, the future exposure statistics should be considered lower bounds based on the
second- and third-pass methods, pending further coastal development through the present
century.

6.4 Limitations of the assessment methods

The exposure assessment findings presented here are subject to various limitations arising
from three primary sources:

1. The proximity and modelling methods used to define the coastal erosion hazard.
4. The property and infrastructure datasets interrogated to quantify exposure.
5. The spatial analysis methods used to carry out the exposure assessment.

As described in Section 2.1, the proximity buffers used to define the coastal erosion hazard
in the first-pass approach are generic in nature, and do not represent any particular forecast
period, hazard scenario, or setting. The buffer widths capture a range of potential responses
covering a spectrum of coastal settings and climate change scenarios. The approach makes
no attempt to account for complex and spatially varying coastal dynamics, it simply identifies
properties that are situated within certain distances of potentially erodible sandy shorelines.

The regional-scale modelling method (Section 2.2) applies regional-scale and site-specific
data, describing coastal morphology and responses at individual beaches, using a standard
modelling approach. The coastal erosion forecasts are based on alongshore-averaged
beach and dune morphology, derived from high-resolution Lidar data, and regional-scale
shoreface bathymetry for the coastal sediment compartment containing each beach.
Consequently the modelled shoreline change represents beach-average forecasts. In reality,
coastal erosion and shoreline change may not be evenly distributed alongshore within each
embayment. For embayments that feature multiple beach sectors in the Australian Beach
Database (Short, 2007), the regional-scale modelling was carried out for each beach sector.
A full description of the regional-scale modelling method and its limitation is provided in OEH
(2017).

Local government hazard lines (Section 2.3) are derived using a range of modelling
methods and datasets, each characterised by various limitations. Kinsela and Hanslow
(2013) and Wainwright et al. (2014) have described these limitations in detail. Regarding the
third-pass exposure assessment findings presented here, it should be noted that the hazard
lines prepared for each LGA are based on varying methods and datasets, and the available
hazard lines do not cover all NSW beaches where potential exposure may exist.

The exposure assessment method (Section 2.4) used both cadastral and address (GURAS)
datasets and innovative spatial analysis techniques to overcome many of the limitations of
using either parcel (lot) or address point data alone. While the method provides a high level
of confidence in the identification of exposed addresses (within the context of the methods
used to define the coastal erosion hazard), an insignificant number of incorrectly identified
addresses may be preserved due to inconsistencies in the cadastre and address data.

While it was beyond the scope of the assessment to consider the exposure of individual
property assets, the proportion-of-lot spatial analysis, which was used to categorise the
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relative level of individual property exposure, provides a useful means of identifying those
properties that may be more seriously affected by coastal erosion. Future revision of this
work using the Geoscape dataset would enable a more detailed assessment of property
asset exposure.
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Appendix A: Local government hazard lines

The third-pass exposure assessment considered properties affected by the coastal erosion
hazard lines prepared by engineering consultants for NSW local government councils.

Table A1 documents the coastal hazard studies associated with the erosion hazard line data
that was applied in the third-pass exposure assessment. Only hazard lines current from
2007 onwards were considered as earlier lines are based on outdated sea level rise
projections. Furthermore, to carry out a statewide analysis of present and future exposure,
only hazard lines consistent with the typical planning periods of immediate/2050/2100 were

considered.

Table Al

in the third-pass exposure assessment.

Coastal hazard studies associated with erosion hazard line data that was applied

Council

Tweed

Byron!

Ballina?

Richmond Valley

Clarence Valley®

Clarence Valley*

Coffs Harbour

Bellingen*

Nambucca

Kempsey

Port Macquarie-
Hastings®

Greater Taree

Hazard study

Tweed Shire
Coastline Hazards
Assessment

Byron Shire Coastline
Hazards Assessment
Update

Updated Coastal
Hazard Areas for
Ballina Shire: Stage 1
— Preliminary Update

Evans Head Coastline
Hazard and Estuarine
Water Level Definition
Study

Brooms Head Coastal
Processes and
Hazards Study

Wooli Beach / Village
Review of Coastal
Hazards

Coffs Harbour Coastal
Processes and
Hazards Definition
Study Volume 1: Final
Report

Bellingen Coastal
Processes and
Hazards Definition
Study

Nambucca Shire
Coastal Hazard Study
Final Report

Kempsey Coastal
Processes and
Hazards Definition
Study

Lake Cathie Coastal
Hazard Study -
Revised

Risk Assessment to
Define Appropriate
Development
Setbacks and
Controls in Relation to

Authors
BMT WBM

BMT WBM

BMT WBM

Worley Parsons

SMEC

Worley Parsons

BMT WBM

BMT WBM

SMEC

BMT WBM

SMEC

Royal Haskoning
DHV
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Report date

Dec 2013

Sep 2013

Oct 2011

Apr 2012

Aug 2010

Feb 2011

Aug 2011

Apr 2010

Mar 2013

Nov 2010

Apr 2014

Status

Final

Final

Draft

Final

Draft

Final

Final

Draft

Final

Draft

Final Revised

Draft



Council

Greater Taree®

Great Lakes’

Great Lakes

Port Stephens

Newcastle

Lake Macquarie

Wyongﬁ.g,lo

Gosford*

Pittwater'>*3

Warringah

Warringah'*

Manly

Woollahra *

Waverley*

Randwick
Botany Bay
Rockdale
Sutherland

Wollongong

Shellharbour

Hazard study

Coastline Hazards at
Old Bar

Old Bar Hazard
Definition Study

Great Lakes Coastal
Hazard Study

Boomerang Beach
and Blueys Beach
Coastal Processes
and Hazard Definition
Study

Stockton Beach
Coastal Processes
Study Final Report

Lake Macquarie
Coastal Zone Hazard
and Risk Assessment

Wyong Coastal
Hazard Study

Open Coast and
Broken Bay Beaches
Coastal Processes
and Hazard Definition
Study

Coastline Hazard
Definition and Climate
Change Vulnerability
Study

Coastal Erosion
Emergency Action
Plan for Beaches in
Warringah

Review of Coastline
Hazard Lines for
Collaroy-Narrabeen
Beach and
Fishermans Beach

Identification of
Coastal Hazard Risk
Areas to Projected
Sea Level Rise for the
Manly Local
Government Area

Waverley Coastal
Risks and Hazards
Vulnerability Study

Wollongong City
Council Coastal Zone
Study Volume 1 -
Main Report

Shellharbour Coastal
Hazard Analysis

Authors

Worley Parsons

SMEC

Worley Parsons

DHI

BMT WBM

SMEC

Worley Parsons

Worley Parsons

Worley Parsons

Worley Parsons

WRL

Worley Parsons

Cardno Lawson
Treloar

SMEC
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Report date

Oct 2008

Feb 2012

Nov 2010

Feb 2007

May 2012

Jan 2010

Feb 2014

Jun 2012

May 2011

Jul 2009

Nov 2011

Dec 2011

Jun 2010

Aug 2010

Draft

Draft

Final Draft

Final

Final Draft

Draft

Final

Draft

Draft

Final Draft

Final Draft

Final

Final

Final
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Council Hazard study Authors Report date Status

Kiama Coastal Hazard Study  Cardno Lawson Jan 2007 Draft
Surf Beach, Kiama Treloar

Shoalhaven Shoalhaven Coastal SMEC Jul 2009 Final

Hazard Study -
Summary Report

Eurobodalla®® Eurobodalla Shire SMEC Oct 2010 Final Draft
Coastal Hazards
Scoping Study

Bega Valley Bega Valley Shire BMT WBM Nov 2015 Final
Coastal Processes
and Hazards
Definition Study

* Indicates that the outcomes of hazard definition studies or inspection of sandy open-coast shorelines suggest that there is no

property exposure to coastal erosion hazards within these LGAs.

Numerical superscripts indicate identified Coastal Erosion Hot Spots that are considered within the corresponding hazard
definition studies, as follows:

1. Belongil Beach

2. Lennox Head

3. Brooms Head

4. Wooli

5. Lake Cathie

6. Old Bar Beach

7. Winda Woppa - Jimmys Beach

8. Noraville

9. Norah Head

10. The Entrance North

11. Wamberal/Terrigal

12. Bilgola

13. Mona Vale

14. Collaroy/Narrabeen

15. Batemans Bay
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Appendix B: Local government areas proximity
analysis

The first-pass analysis calculated the lengths of potentially erodible sandy shorelines that
are close to existing development, to provide a basic indication of areas that may be
exposed to coastal erosion. Further to the summary statistics provided for the state, NSW
regions, and LGAs the main report, individual plots and maps are provided for each relevant
LGA here.

Figures B1 to B67 present summary statistics and maps for each of the 28 NSW LGAs that
feature sandy shorelines that a primarily influenced by open coast processes. The reader is
reminded that the proximity analysis was carried out using LGA boundaries current in 2014.
This does not influence the statewide results, although it should be kept in mind that some
LGA boundaries have changed due to council amalgamations.

The figures are organised north-south, beginning with Tweed and ending with Bega Valley
LGAs. The council summaries include the following information for each LGA:

¢ Plot showing total length of all open-coast sandy shorelines (soft and hard backshores),
and lengths of those shorelines that are located within 55 metres, 110 metres or
220 metres of valid properties, or within National Parks

¢ Map identifying all ‘open-coast’ sandy shorelines (soft and hard backshores), and those
that are located within 55 metres, 110 metres or 220 metres of valid properties, or within
National Parks.

The reader is reminded that the soft and hard backshore classification applied here is based
on the national Smartline dataset (Sharples et al., 2009a). The classification considers both
natural and anthropogenic (e.g. seawalls) hard backshore substrates.

It is important to note that some inconsistencies have been identified in the Smartline
dataset and thus the backshore classification should be interpreted with caution. For
example, while buried and exposed seawall is classified as hard backshore at Collaroy-
Narrabeen Beach (Warringah), the seawall structure at Stockton Beach (Newcastle) is not
classified as a hard backshore type. Therefore, it is suggested that the 'all backshore types'
statistics provide a more conservative indicator of locations that are potentially exposed to
coastal erosion, and that may warrant a more detailed assessment.
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Figure B1 Lengths of sandy shorelines within Tweed LGA that are backed by all backshore
types [upper] and soft backshore types only [lower] according to the Smartline
dataset. Total shoreline lengths, shoreline lengths within or backed by National
Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of properties are
shown.
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Figure B2 Map of Tweed LGA showing sandy shorelines that are located in close proximity to
properties (55, 110, 220 m), and within or immediately backed by National Parks.
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The Smartline dataset was used to distinguish between sandy shorelines that are
backed by soft and hard backshore substrate types.
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Figure B3 Lengths of sandy shorelines within Byron LGA that are backed by all backshore
types [upper] and soft backshore types only [lower] according to the Smartline
dataset. Total shoreline lengths, shoreline lengths within or backed by National
Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of properties are
shown.
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Figure B4 Map of Byron LGA showing sandy shorelines that are located in close proximity to
properties (55, 110, 220 m), and within or immediately backed by National Parks.
The Smartline dataset was used to distinguish between sandy shorelines that are
backed by soft and hard backshore substrate types.
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Figure B5 Lengths of sandy shorelines within Ballina LGA that are backed by all backshore
types [upper] and soft backshore types only [lower] according to the Smartline
dataset. Total shoreline lengths, shoreline lengths within or backed by National
Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of properties are
shown.
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Figure B6: Map of Ballina LGA showing sandy shorelines that are located in close proximity to
properties (55, 110, 220 m), and within or immediately backed by National Parks.
The Smartline dataset was used to distinguish between sandy shorelines that are
backed by soft and hard backshore substrate types.
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Figure B7 Lengths of sandy shorelines within Richmond Valley LGA that are backed by all
backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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Figure B8 Map of Richmond Valley LGA showing sandy shorelines that are located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.

49



Coastal Erosion in New South Wales Statewide Exposure Assessment

Clarence Valley

80 I T
—_ 67.11
£
= 60} 4
£ 5121
<)
3
- 40 -
4]
£
©
E 20 B
7.66
Total NPs 220m 110m 55m

Sandy Shorelines - ALL BACKSHORE TYPES

80 T T T
T 63.16
f 60 - 1
= 4933
c
8 a0t 1
Q
£
©
5 20t .
L
7] 8.1
—— 2.14 0.64
O e —— L
Total NPs 220m 110m 55m

Sandy Shorelines - SOFT BACKSHORE ONLY

Figure B9 Lengths of sandy shorelines within Clarence Valley LGA that are backed by all
backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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Figure B10 Map of Clarence Valley LGA showing sandy shorelines that are located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B11 Lengths of sandy shorelines within Coffs Harbour LGA that are backed by all
backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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Figure B12 Map of Coffs Harbour LGA showing sandy shorelines that are located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B13 Lengths of sandy shorelines within Bellingen LGA that are backed by all backshore
types [upper] and soft backshore types only [lower] according to the Smartline
dataset. Total shoreline lengths, shoreline lengths within or backed by National
Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of properties are

shown.
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Figure B14 Map of Bellingen LGA showing sandy shorelines that are located in close proximity
to properties (55, 110, 220 m), and within or immediately backed by National Parks.
The Smartline dataset was used to distinguish between sandy shorelines that are
backed by soft and hard backshore substrate types.
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Figure B15 Lengths of sandy shorelines within Nambucca LGA that are backed by all
backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.

56



Coastal Erosion in New South Wales Statewide Exposure Assessment

Office of

Environment
&Heritage

This map is intended to identify coastal areas that may be at
risk from coastal erosion and shoreline recession due to their

proximity to potentially erodible sandy shorelines. Potentially
odle sandy i d 220m of

NSW

GOVERNMENT

shorelines within 55m, 110m an;
properties are identified. Shorelines backed by soft substrate
that may be susceptible to shoreline recession (solid lines)
are distinguished from shorelines backed by hard substrate
{dashed lines) using the shoreline stability class fication from
the Smartline dataset.

DISCLAIMER
Copyright NSW Office of Environment and Heritage (OEH).
This m3p is not guaranteed to be free from error or omission
nor to be wholly appropriate for your particular purpose.
©OEH and its employees disclaim liability for any use of the
information presented in this map and any consequences of
such use or data omissions. In the preparation of this map all
efforts have been made to use the best available data.

Nambucca Shire

= \\/ithin 55m of properties (soft backshore)
"""""" Within 55m of properties (hard backshore)
e Within 110m of properties (soft backshore)
------------ Within 110m of properties (hard backshore)
Within 220m of properties (soft backshore)
Within 220m of properties (hard backshore)
«== \\ithin National Parks (soft backshore)
"""""" Within National Parks (hard backshore)
—— Other sandy shorelines (soft backshore)

"""""" Other sandy shorelines (hard backshore)

- National Parks

Figure B16 Map of Nambucca LGA showing sandy shorelines that are located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B17 Lengths of sandy shorelines within Kempsey LGA that are backed by all backshore
types [upper] and soft backshore types only [lower] according to the Smartline
dataset. Total shoreline lengths, shoreline lengths within or backed by National
Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of properties are
shown.
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Figure B18 Map of Kempsey LGA showing sandy shorelines that are located in close proximity
to properties (55, 110, 220 m), and within or immediately backed by National Parks.
The Smartline dataset was used to distinguish between sandy shorelines that are
backed by soft and hard backshore substrate types.
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Figure B19 Lengths of sandy shorelines within Port Macquarie-Hastings LGA that are backed
by all backshore types [upper] and soft backshore types only [lower] according to
the Smartline dataset. Total shoreline lengths, shoreline lengths within or backed
by National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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Figure B20 Map of Port Macquarie-Hastings LGA showing sandy shorelines located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B21 Lengths of sandy shorelines within Mid-Coast (Greater Taree) LGA that are backed
by all backshore types [upper] and soft backshore types only [lower] according to
the Smartline dataset. Total shoreline lengths, shoreline lengths within or backed
by National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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Figure B22 Map of Mid-Coast (Greater Taree) LGA showing sandy shorelines that are located
in close proximity to properties (55, 110, 220 m), and within or immediately backed
by National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B23 Lengths of sandy shorelines within Mid-Coast (Great Lakes) LGA that are backed
by all backshore types [upper] and soft backshore types only [lower] according to
the Smartline dataset. Total shoreline lengths, shoreline lengths within or backed
by National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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Figure B24 Map of Mid-Coast (Great Lakes) LGA showing sandy shorelines that are located in
close proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B25 Lengths of sandy shorelines within Port Stephens LGA that are backed by all
backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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Figure B26 Map of Port Stephens LGA showing sandy shorelines that are located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B27 Lengths of sandy shorelines within Newcastle LGA that are backed by all
backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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This map is intended to identify coastal areas that may be at
risk from coastal erosion and shoreline recession due to their
proximity to potentially erodible sandy shorelines. Potentially
erodible sandy shorelines within 55m, 110m and 220m of
properties are identified. Shorelines backed by soft substrate
that may be susceptible to shoreline recession {solid lines)
are distinguished from shorelines backed by hard substrate
(dashed lines) using the shoreline stability class fication from
the Smartline dataset.
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information presented in this map and any consequences of
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efforts have been made to use the best available data.
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Figure B28 Map of Newcastle LGA showing sandy shorelines that are located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B29 Lengths of sandy shorelines within Lake Macquarie LGA that are backed by all
backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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Figure B30 Map of Lake Macquarie LGA showing sandy shorelines that are located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B31 Lengths of sandy shorelines within Central Coast (Wyong) LGA that are backed by
all backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of

properties are shown.
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Figure B32 Map of Central Coast (Wyong) LGA showing sandy shorelines that are located in
close proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B33 Lengths of sandy shorelines within Central Coast (Gosford) LGA that are backed
by all backshore types [upper] and soft backshore types only [lower] according to
the Smartline dataset. Total shoreline lengths, shoreline lengths within or backed
by National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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Figure B34 Map of Central Coast (Gosford) LGA showing sandy shorelines that are located in
close proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B35 Lengths of sandy shorelines within Northern Beaches (Pittwater) LGA that are
backed by all backshore types [upper] and soft backshore types only [lower]
according to the Smartline dataset. Total shoreline lengths, shoreline lengths
within or backed by National Parks (NPs), and shoreline lengths within 220 m, 110
m and 55 m of properties are shown.
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Figure B36 Map of Northern Beaches (Pittwater) LGA showing sandy shorelines that are
located in close proximity to properties (55, 110, 220 m), and within or immediately
backed by National Parks. The Smartline dataset was used to distinguish between
sandy shorelines that are backed by soft and hard backshore substrate types.
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Figure B37 Lengths of sandy shorelines within Northern Beaches (Warringah) LGA that are
backed by all backshore types [upper] and soft backshore types only [lower]
according to the Smartline dataset. Total shoreline lengths, shoreline lengths
within or backed by National Parks (NPs), and shoreline lengths within 220 m, 110
m and 55 m of properties are shown.
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Figure B38 Map of Northern Beaches (Warringah) LGA showing sandy shorelines that are
located in close proximity to properties (55, 110, 220 m), and within or immediately
backed by National Parks. The Smartline dataset was used to distinguish between
sandy shorelines that are backed by soft and hard backshore substrate types.
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Figure B39 Lengths of sandy shorelines within Northern Beaches (Manly) LGA that are backed
by all backshore types [upper] and soft backshore types only [lower] according to
the Smartline dataset. Total shoreline lengths, shoreline lengths within or backed
by National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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risk from coastal erosion and shoreline recession due to their
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Figure B40 Map of Northern Beaches (Manly) LGA showing sandy shorelines that are located
in close proximity to properties (55, 110, 220 m), and within or immediately backed
by National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B41 Lengths of sandy shorelines within Woollahra LGA that are backed by all
backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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This map is intended to identify coastal areas that may be at
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proximity to potentially erodible sandy shorelines, Potentially
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Figure B42 Map of Woollahra LGA showing sandy shorelines that are located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B43 Lengths of sandy shorelines within Waverley LGA that are backed by all backshore
types [upper] and soft backshore types only [lower] according to the Smartline
dataset. Total shoreline lengths, shoreline lengths within or backed by National
Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of properties are

shown.
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Figure B44 Map of Waverley LGA showing sandy shorelines that are located in close proximity
to properties (55, 110, 220 m), and within or immediately backed by National Parks.
The Smartline dataset was used to distinguish between sandy shorelines that are
backed by soft and hard backshore substrate types.
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Figure B45 Lengths of sandy shorelines within Randwick LGA that are backed by all
backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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Figure B46 Map of Randwick LGA showing sandy shorelines that are located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B47 Lengths of sandy shorelines within Bayside (Botany Bay) LGA that are backed by
all backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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Figure B48 Map of Bayside (Botany Bay) LGA showing sandy shorelines that are located in
close proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B49 Lengths of sandy shorelines within Bayside (Rockdale) LGA that are backed by all
backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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Figure B50 Map of Bayside (Rockdale) LGA showing sandy shorelines that are located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B51 Lengths of sandy shorelines within Sutherland LGA that are backed by all
backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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This map is intended to identify coastal areas that may be at
risk from coastal erosion and shoreline recession due to their
proximity to potentially erodible sandy shorelines. Potentially
erodible sandy shorelines within 55m, 110m and 220m of
properties are identified. shorelines backed by soft substrate
that may be susceptible to shoreline recession (solid lines)
are distinguished from shorelines backed by hard substrate
{dashed lines) using the shoreline stability classification from
the Smartline dataset.
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Figure B52 Map of Sutherland LGA showing sandy shorelines that are located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B53 Lengths of sandy shorelines within Wollongong LGA that are backed by all
backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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This map is intended to identify coastal areas that may be at
risk from coastal erosion and shoreline recession due to their
proximity to potentially erodible sandy shorelines. Potentially
erodible sandy shorelines within 55m, 110m and 2.
properties are identified. Shorelines backed by soft substrate
that may be suscaptble to shoreline recession {sold ines)
are distinguished from shorelines backed by hard substrate
(dashed lines) using the shoreline stability classification from
e Smartline dataset.
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Figure B54 Map of Wollongong LGA showing sandy shorelines that are located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B55 Lengths of sandy shorelines within Shellharbour LGA that are backed by all
backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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This map is intended to identify coastal areas that may be at
risk from coastal erosion and shoreline recession due to their
proximity to potentially erodible sandy shorelines, Potentially
erodible sandy shorelines within 55m, 110m and 220m of
properties are identified. Shorelines backed by soft substrate
that may be susceptible to shoreline recession (solid lines)
are distinguished from shorelines backed by hard substrate
{dashed lines) using the shoreline stability classification from
the Smartline dataset.
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ﬁ Copyright NSW Office of Environment and Heritage (OEH).

5 This map is not guaranteed to be free from error or omission
nor to be wholly appropriate for your particular purpose.

H and its em ployees disclaim liability for any use of the
information presented in this map and any consequences of
such use ordata omissions. In the preparation of this map all
efforts have been made to use the best available data.
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Figure B56 Map of Shellharbour LGA showing sandy shorelines that are located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B57 Lengths of sandy shorelines within Kiama LGA that are backed by all backshore
types [upper] and soft backshore types only [lower] according to the Smartline
dataset. Total shoreline lengths, shoreline lengths within or backed by National
Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of properties are
shown.
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Figure B58 Map of Kiama LGA showing sandy shorelines that are located in close proximity to
properties (55, 110, 220 m), and within or immediately backed by National Parks.
The Smartline dataset was used to distinguish between sandy shorelines that are
backed by soft and hard backshore substrate types.
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Figure B59 Lengths of sandy shorelines within Shoalhaven LGA that are backed by all
backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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This map is intended to wdenm! coastal areas that may be at
risk from coastal erosion and shoreline recession due to their
proximity to potentially erodible sandy shorelines, Potentially
erodible sandy shorelines within 55m, 110m and 220m of
properties are identified. Shorelines backed by soft substrate
that may be susceptible to shoreline recession (solid lines)
are distinguished from shorelines backed by hard substrate
(dashed lines) using the shoreline stability c lassification from
the Smartline dataset.
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Figure B60 Map of Shoalhaven LGA (north) showing sandy shorelines located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B61 Map of Shoalhaven LGA (south) showing sandy shorelines located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B62 Lengths of sandy shorelines within Eurobodalla LGA that are backed by all

backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by

National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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Figure B63 Map of Eurobodalla LGA (north) showing sandy shorelines located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B64 Map of Eurobodalla LGA (south) showing sandy shorelines located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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Figure B65 Lengths of sandy shorelines within Bega Valley LGA that are backed by all
backshore types [upper] and soft backshore types only [lower] according to the
Smartline dataset. Total shoreline lengths, shoreline lengths within or backed by
National Parks (NPs), and shoreline lengths within 220 m, 110 m and 55 m of
properties are shown.
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Figure B66 Map of Bega Valley LGA (north) showing sandy shorelines located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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This map is intended to identify coastal areas that may be at
risk fram coastal erosion and shoreline recession due to their
proximity to potentially erodible sandy shorelines. Potentially
erodible sandy shorelines within 55m, 110m and 220m of
properties are identified. Shorelines backed by soft substrate
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are distinguished from shorelines backed by hard substrate
(dashed lines) using the shoreline stability classification from
the Smartline dataset.
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Figure B67 Map of Bega Valley LGA (south) showing sandy shorelines located in close
proximity to properties (55, 110, 220 m), and within or immediately backed by
National Parks. The Smartline dataset was used to distinguish between sandy
shorelines that are backed by soft and hard backshore substrate types.
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