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1. Introduction
This document describes the basis for a 10 year Coastal Monitoring Action Plan (CMAP) for
the Peron Naturaliste region (Figure 1). The plan is intended to support decision making for
both active coastal management and adaptation for risk mitigation by the nine local
government authorities (LGAs) who comprise the Peron Naturaliste Partnership (PNP),
including:

City of Rockingham City of Mandurah
Shire of Murray Shire of Waroona
Shire of Harvey Shire of Dardanup
City of Bunbury Shire of Capel
City of Busselton

Preparation of the CMAP has been undertaken by Damara WA Pty Ltd, commissioned by the
Peron Naturaliste Partnership.

Figure 1: PNP members with study area extending from Cape Peron to Cape Naturaliste
(Source: PNP website http://peronnaturaliste.org.au)

PNP was established to facilitate effective and timely adaptive response to climate change in
the coastal zone. As part of ongoing programs for coastal management, the PNP has
undertaken to develop an implementation strategy for a sustainable, long term and
standardised coastal monitoring program. Three documents have been prepared to support
the overall strategy (Table 1). This document is the Coastal Monitoring Action Plan, which
provides detail on the technical basis for coastal monitoring in the PNP region and a
recommended monitoring program for 2016 to 2025.

Cape Peron

Cape
Naturaliste
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Table 1: Overview of deliverables for the PNP regional coastal monitoring program

Project Documents Overview
1: Coastal Database
Report

A summary report describing a coastal database, developed
from existing datasets and coastal monitoring programs
along the PNP coast. The report considers the data coverage
relative for erosion and inundation hazard decision making.

2: Coastal Monitoring
Action Plan
(This report)

The technical basis for coastal monitoring in the PNP region
and an outline of coastal monitoring activities recommended
to be undertaken over the next 10 years.

3: Coastal Monitoring
Guidelines

Description of data collection requirements and methods for
coastal monitoring outlined in the CMAP that can be
undertaken by LGA officers.

This Plan addresses data collection needs for the PNP to implement a targeted and
meaningful monitoring program beaches and coastal systems of the Peron Naturaliste
coastal region. It provides a basis to inform ongoing decision making for coastal
management. Although the advice provided is regional in scope, it is recognised that each
local government’s pressures and resources for coastal management will vary. Previous
implementations of coastal monitoring programs in Western Australia have demonstrated
the difficulty of continuing monitoring longer than 2 5 years. To support application at a
local scale, the technical basis for coastal monitoring is presented, which may allow a LGA to
comprehend the implications for decision making if the monitoring program is varied.
Recommendations are presented at the scale of tertiary sediment cells, typically for
segments less than 10km length.

1.1. DOCUMENT CONTENTS
This document has been structured to include both technical content describing the basis for
coastal monitoring and a less technical content intended for those intending to apply the
CMAP (Table 2). Sections 2 and 3 of this document include the majority of technical content
and should be considered reference material for non technical readers.

Section 4 outlines the recommended coastal monitoring and actions for 2016 2025 for the
entire PNP coast. It therefore contains content which may be of less value to readers
interested in a specific area. Section 5 provides a summary of the recommended actions,
which is intended to support targeted use of Section 4.

Table 2: Document Sections

Section 1 Introduction
Section 2 Coastal Conditions Coastal behaviour within the PNP region and influence

on coastal monitoring requirements
Section 3 Coastal Monitoring

and Sampling
Evaluation of existing PNP coastal monitoring
frameworks in comparison

Section 4 Coastal Monitoring
Action Plan

Definition of protocol used to select monitoring level
and its application to PNP coast

Section 5 CMAP Summary Summary of recommended coastal monitoring and
actions
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1.2. COASTAL HAZARD MONITORING & MANAGEMENT
This Plan has been developed to support the management of coastal hazards by the PNP
member agencies, specifically through Coastal Hazard Risk Management and Adaptation
Plan (CHRMAP) framework 1 proposed in the State Coastal Planning Policy SPP 2.6 2. The
main coastal hazards evaluated through this Plan are erosion, inundation and damage to
coastal structures.

Threats posed by coastal hazards vary over time, and are influenced by weather conditions,
the shore conditions, the assets or amenity which may be affected and human interventions.
Following the implementation of environmental risk management frameworks 3, practical
methods to deal with changing risk can either be to adopt a conservative initial position, or
to use an adaptive management approach, where monitoring is used to help identify the
most appropriate suite of management actions. The State Coastal Planning Policy
recommends the application of development setbacks and minimum levels to provide a
conservative initial coastal management position, but acknowledges that a number of
existing sites and facilities are presently exposed to coastal hazards or may be threatened at
a later date. SPP 2.6 recommends that a risk management framework be applied to these
sites, incorporating coastal monitoring as part of adaptive management through a CHRMAP.

An adaptive approach to coastal management implies that there is capacity for a change of
state within coastal parameters (Figure 2). SPP 2.6 identifies sea level rise and the
consequent anticipated shoreline retreat as the main change of state to be considered over
a 100 year forecast time frame for planning. However, other mechanisms may be significant
over shorter time frames, for example the El Niño to La Niña mean sea level shift from 1993
to 2012, or the severe erosion phase experienced on the Shire of Harvey coast between
1953 and 1970. Some state changes may be cyclic, such as identified on the Rockingham
beach ridge plain 4 or caused by anomalous wind conditions 5; or may be the result of
evolving coastal features 6,7. Human interventions in coastal processes are a common cause
of coastal state change, typically affecting coastal position 8,9 although some notable
examples such as the Dawesville Channel project influence flooding 10.

Figure 2: Concepts Defining the Role of Adaptive Management
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1.3. COASTAL MONITORING OBJECTIVES
Coastal monitoring is a fundamental tool for informed decision making in coastal
management. Monitoring is therefore a function of the issues faced by a coastal manager,
and their opportunities for action. Coastal monitoring objectives may be associated with
broad levels of coastal management (Table 3), with increased resources required for both
monitoring and management at higher levels.

Table 3: Management Levels and Corresponding Monitoring Objectives

Management Level Description Monitoring Objectives
0. Reactive Coastal management addressed as

required after disturbance event
Confirm that reactive
management remains
feasible

1. Planned Foreshore reserve used to provide
buffer against coastal fluctuations

Allow forecast of effective
time frame for buffer to be
viable

2. Prioritising Isolated management activities
undertaken including storm clean up,
dune revegetation or armouring

Provide measure to assist
decision making

3. Adaptive * Management activities deliberately
varied according to conditions and
width of foreshore reserve

Identify the need to change
management effort

4. Active Using sand management or
structures to distribute erosive or
accretive pressures

Quantify management
actions

* Note that adaptive management has a wider context here (i.e. includes shorter time
frames) than adaptation to climate change

1.4. WIDER OBJECTIVES OF THE PLAN
This Coastal Monitoring Action Plan is proposed to cover a 10 years from 2016, and it is
therefore necessary for the plan to capture information required for effective coastal
management over that time frame. However, the Plan also aims to:

Identify one off information that is appropriate to improve the application of
ongoing monitoring, such as sediment grain size and targeted geophysical
investigations; and
Provide an appropriate information framework to support long term coastal
management, particularly that necessary to determine the adequacy of foreshore
reserves intended to limit active management for 100 years or longer.

1.5. ADAPTIVE DECISION MAKING
Adaptive thinking may be required in response to long term coastal change: changes may
include response to sea level rise, state changes associated with extreme or sustained
anomalous conditions, or permanent changes imposed by large coastal structures. Such
changes may be extremely important in situations where the imposed change represents a
cessation or reversal of behaviour upon which existing coastal management has been based.
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A notional basis for changes in sediment availability and the corresponding coastal response
has been discussed within the PNP region in the context of response to sea level rise 11,12

(Figure 3) and is recognised as a major challenge to long term adaptation. Coastal response
to sea level rise is expected to increase the volume of sediment ‘lost’ from the coastal
system offshore, into dunes or into estuaries. This either reduces the amount of sediment
available for alongshore transport or balances the loss through coastal erosion. The
transition from a net positive supply of sediment to the coast through to net erosion is
projected to occur by around 2080, although this will be highly modified by the local
capacity for sediment retention. Sections of coast most likely to be first affected are those
which are supported by ongoing sand supply, or those at the downdrift end of coast with
high retention (e.g. sections of sandy coast north of rocky coast within the PNP region) .

Despite its potential importance, major changes due to sea level rise are decades away,
implying that the main objective for coastal monitoring (in an adaptation context) is to
provide a baseline for comparison of future conditions. However, the occurrence of shorter
term fluctuations in prevailing coastal conditions may also result in large behavioural
changes, as indicated by the Becher Point beach ridge 4, sediment dynamics within Warnbro
Sound 6 and the change in coastal flooding associated with El Niño – La Niña climate cycles
13.

Figure 3: Notional Change in Sediment Availability and Coastal Behaviour

* Use of retaining systems to provide stability requires increasing commitment to adaptation
and maintenance of structures, through seabed deepening and higher wave stresses

In most cases, state changes indicating the need for adaptive decision making should not be
determined using the same set of coastal state indicators 14 used to describe year to year
coastal change 15. This is either because small progressive changes are obscured by more
frequent fluctuations; or, changes caused by extreme or anomalous conditions may be more
clearly identified by the associated meteorological or oceanographic parameters, which can
potentially be used to establish event likelihoods. Defining a separate set of long term
coastal state indicators is presently a topic of scientific research. However, improved
capacity to use existing ‘short term’ or ‘local’ coastal state indicators for identification of
state changes may be developed through greater spatial awareness or by modifying the
derived analysis parameters.
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The recommended monitoring program (Section 4) acknowledges its’ relatively short time
frame, and therefore has focused on possible linkages between short term and medium
term coastal state indicators – either through spatial coherence or geomorphic sensitivity.
This approach is also intended to support the more rapid ‘day to day’ coastal management
decision making likely to be required when operating through a CHRMAP framework.
Information developed should be suitable to provide a baseline for ongoing assessment and
help to identify coastal variability.

Spatially derived indicators for state change associated with medium term (5 10 years)
coastal dynamics may include:

Change developing outside the notional depth of closure, which potentially
indicates a shift in the balance of cross shore sediment transport processes;
Change to the apparent retentive capacity at cross shore structures, which indicates
the relative capacity for bypassing (e.g. updrift accumulations or headland
connected spits);
Spatial variation of sediment cell accretion and erosion patterns that suggests
change to the relative distribution of stresses. At the smallest scale, this may involve
comparing adjacent sediment cells, whilst for larger time and space scales, the
behaviour of cells within a regional scale coastal unit may need to be considered.
State indicators may simply involve a count of erosion (or accretion) on a cell by cell
basis, or (less simply) provide an interpretation of how the regional distribution of
erosive and accretion may indicate reliability of alongshore sediment supply.

Sensitivity based indicators for state change associated with medium term coastal dynamics
include:

Coastal segments that display seasonal state switching may indicate almost
balanced alongshore transport, even for moderately biased forcing. The relative
prevalence of one state may provide a useful indicator of coastal state change;
Areas that are ‘lagged’ with respect to the sediment supply pathway, and therefore
may show increased signs of delayed recovery after acute erosion events. This is
anticipated at locations immediately downdrift of a series of compartments, that
‘normally’ bypass, such as the eastern end of the City of Busselton coast.

A whole of region monitoring approach is proposed as a means of obtaining sufficient
information to evaluate these spatially derived and sensitivity based indicators for state
change.
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2. Coastal Conditions

2.1. COASTAL SETTING
The Peron Naturaliste coast is located in the southwest of Western Australia, forming a
largely sandy coastline for approximately 200km (Figure 4). The area is bounded by rocky
coastal areas of the Capes Coast to the south and the Garden Island ridge to the North. The
overall coastal structure is arcuate, varying from a north northeast facing shoreline near
Cape Naturaliste to a west southwest facing shoreline near Cape Bouvard. Further north, the
shore orientation is more irregular with embayments of various size located on the lee side
of gaps in the large offshore limestone ridges. The largest of these embayments are Comet
Bay, adjacent to Mandurah, and Warnbro Sound, on the southern side of the Rockingham
Peninsula.

Offshore, the margin of the continental shelf is much straighter than the shoreline, aligned
north northeast. This creates a 100km wide continental margin over Geographe Bay, at the
southern end of the Peron Naturaliste coast, narrowing to approximately 30km at the
northern end near Point Peron. Sediments across the inner shelf are mainly calcareous, of
various depths overlying limestone pavement, but typically shallow.

The Peron Naturaliste coast is predominantly sand overlying and abutting various relict
geological features, principally Tamala limestone formations that mark coastal positions
from eras of different mean sea level 16. These include the massive limestone ridges that
define the Sepia Depression, which runs more than 50km from Mandurah to Rottnest. The
geological framework supports a series of sand formations, including parallel dune fields,
parabolic dunes and linear barrier dune systems. Sediment sequences from these dunes and
adjacent landforms also indicate coastal response to varying sea level, albeit over a much
shorter time frame than the geological history. The modern coast is largely a result of a rapid
sea level rise over the late Holocene, which peaked 1 2m above present day levels
approximately 6,000 years before present 17. This process swept huge volumes of sand from
the inner shelf plain landward, forming coastal barrier dunes between Wonnerup and
Rockingham, along much of the Peron Naturaliste coast 18. Subsequent coastal evolution has
occurred through aeolian and marine processes as sea levels gradually fell to present day.

The change from rapidly rising to gradually falling sea levels produced a significant change in
the southern part of Geographe Bay, by supporting a sand feed from the Capes coast,
presently evident as the Dunn Bay Bar near Quindalup, and other smaller onshore feeds. The
sand feeds have historically provided net accretion along the Busselton coast 19, supporting
the use of groynes in local erosion management.
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Figure 4: Southwest Region Bathymetry

Bathymetric image sourced from Geoscience Australia 20
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There is limited influence of rivers on the coastal sediments, with the largest rivers
debouching into coastal lagoons and estuaries, rather than forming coastal deltas. Systems
include the Vasse Wonnerup and Broadwater wetlands, coastal wetlands near Peppermint
Grove Beach, the Leschenault Estuary and the Peel Harvey Estuarine System. Several of
these waterbodies have been principally subject to incursion by marine sand over recent
millennia rather than infilling by fluvial sediments. Historically, there have been extensive
interventions on most rivers and streams through the Peron Naturaliste region, including
weirs or floodgates on many natural channels, and new channels excavated to drain land
subject to water logging. The near surface groundwater aquifers are also heavily used,
mainly for agriculture.

Coastal dynamics along the Peron Naturaliste coast reflect both episodic and cyclic
variations of coastal forcing. Although behaviour is largely characterised as wave driven,
with net northward sediment transport, interpretations of observed coastal change requires
consideration of short term reversals, cross shore sediment transfer or local features which
respond to other types of forcing, including currents or water levels.

Coastal interaction with estuarine systems occurs along the Peron Naturaliste coast,
including the large estuarine systems of Peel Harvey, Leschenault Estuary, Vasse Wonnerup
and Broadwater. The relative importance of estuarine foreshore management is increased
due to the relative intensity of development in some areas, the small development setbacks
and the extensive levels of intervention in natural processes. Estuarine foreshore dynamics
are typically more complex than those of the coast due to more mobile sediments, the
increased role of currents, significant local scale variations in wave climate, exaggerated
scale of cross shore features and greater interactions with benthic or riparian vegetation.
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2.2. COASTAL DYNAMICS
Coastal dynamics are a result of three dimensional sediment movements over time, driven
by waves, currents and winds, which are themselves influenced by the structure of land and
bed forms. These interactions mean that the coast is changing almost continuously, with:

(i) Landform evolution in response to prevailing environmental conditions;
(ii) Coastal dynamics caused by variation of environmental forcing;
(iii) Progressive change due to variation of prevailing conditions; and
(iv) Change imposed by human modification of the coast.

Distinction between the three ‘natural’ mechanisms for change is predominantly made by
considering change over different time scales (Table 4) although they are all active within
any time frame. Importantly, short term ‘temporary’ coastal processes cause gross sediment
movement that is typically at least an order of magnitude greater than moderate term
‘evolutionary’ coastal processes.

Table 4: Coastal Processes Typically Associated with Different Timescales

Main Cause of
Change

Response to varying
conditions

Response to
prevailing conditions

Variation of
prevailing conditions

Timescale where
change dominates

Short term:
Sub annual

Moderate term:
Annual to decadal

Long term:
Supra decadal

Main Process Storm response Littoral drift Evolution

Main Direction Cross shore Alongshore Cross shore

Scale in SW WA Up to 60m erosion 21 20 100,000m3/y 22,23 ~1 m/y change 24

Volumetric Order ~100 m3/m/y ~10 m3/m/y ~1 m3/m/y

Notional
Contribution

~90% of annual
range

~9% of annual range ~1% of annual range

~10% of change over
100 years

~45% of change over
100 years

~45% of change over
100 years

In many cases, the effect of short term coastal processes is temporary, as much of the
change is related to profile or plan form adjustment that is reversed following a return to
prevailing conditions. The capacity for recovery needs to be considered when decision
making, as stop gap responses have often resulted in high and unnecessary expense. Cycles
of storm erosion and subsequent recovery are commonly described phenomena within
many types of sandy beach systems. Recovery is normally comprised of short term recovery
(within a week or two) and more gradual recovery (seasonal), although much slower
recovery is possible.

The short term recovery rate is reduced by the proportion of change outside the beach’s
hydraulic zone, which limits the capacity for the coast to return towards its original state
under prevailing conditions. Examples of change outside the hydraulic zone include erosion
occurring high on a dune, sediment moved far offshore or sediment transported into an
adjacent beach unit.
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Longer term recovery rates are determined by sediment supply or slower sediment
transport mechanisms, including aeolian and diffusive processes.

The temporary nature of short term erosion events does not imply that they are
unimportant, but it affects decision making, as:

Proactive decision making is influenced by the uncertainty regarding short term
erosion. Quite different responses may be suggested depending on whether a risk
tolerant or risk averse perspective is applied;
Reactive decision making is often influenced by the desire not to use resources
when there is a likelihood of at least partial recovery. Unless detrimental impact to
infrastructure is imminent, it is common to adopt a risk tolerant ‘watching brief’.

Some approaches toward distinguishing short term and moderate term changes may
include sampling to avoid short term variability (e.g. at the least variable time of year 25),
using separate methods to capture different types of change, using indicators that show
different modes of change (Figure 16) or the use of ‘envelopes’ of acceptable short term
response.

Similar challenges, which are often more difficult, occur in the distinction of long term
change from short or moderate term change. Three possible approaches, which may be
more or less locally applicable at each site according to local morphodynamics, are:

Signal Processing Approach: the long term response is considered to be the residual
of many short and moderate term oscillatory coastal movements. Identification of
long term change therefore requires a sufficiently long perspective to ensure that
the residual (or trend) is larger than the coastal variability associated with short and
moderate term processes. A combination of high and low frequency monitoring may
therefore be appropriate to establish the trend (low frequency) and contextual
variability (higher frequency);

Spatial Approach: the concept that coastal position is determined by a balance of
cross shore processes implies that long term coastal recession may also be
associated with increased offshore deposition. This concept underlies the Bruun
model for coastal response to sea level rise. A spatial evaluation of areas of
accretion and erosion can be used to indicate relative alongshore and cross shore
sediment transfers. Typically the depth of closure concept is used to distinguish
short term and longer term cross shore dynamics.

A challenge associated with spatial evaluation is the relative difficulty of detecting
coastal change on the seabed compared with beach movements. Very small vertical
changes on the seabed may represent large volumes of sediment, and have small
effect on the cross shore balance of sediment movement. This is further
complicated by bedform variability, which may have a large effect on the cross
shore balance of sediment movement, with initially small volumetric change.
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Indicator Approach: the behavioural state of the coast (e.g. eroding or accreting) is
indicated by various attributes of coastal morphology. This may be as simple as the
extent of foredune building or erosion scarps, or more complex, such as whether
sand bodies are acting as sources or sinks. At a much finer scale, behaviour may be
indicated by changes to sediment properties. Identification of locally relevant
indicator morphology may be used to develop comparatively small scale monitoring
programs. Within the PNP region, some possible indicator features include the sand
bars within southern Geographe Bay, estuary entrances and the foredune plain at
Becher Point.

Change Imposed by Human Modifications
In addition to coastal movements brought about by varying weather and oceanographic
conditions, substantial historic change has occurred as a result of human activities along the
Peron Naturaliste coast. Major activities have included:

Port and harbour construction at Bunbury, Port Geographe and Busselton (Jetty);
Excavation of Dawesville Channel to improve flushing;
Navigation works at Bunbury and Mandurah;
Drainage works along Busselton coast, Capel River, Harvey Diversion and for streams
draining into the Peel Harvey estuarine system;
Acid waste disposal along Leschenault Peninsula;
Offshore spoil disposal associated with Bunbury Port;
Roads and housing constructed on foredune areas occur at various locations along
the PNP coast, typically prompting protective works if threatened;
Foreshore stabilisation works along Busselton and Mandurah coast, from small
timber groynes through to large rock structures such as Siesta Park.

The manner in which these modifications alter coastal dynamics varies, according to the
action taken and the influence on relative sediment availability. A targeted coastal
monitoring program should be developed to directly assess the coastal response to the
modification and help determine appropriate management actions, as part of the
Environmental Impact Assessment process.

The most common coastal response to human modifications is due to interference with the
littoral transport, with a resulting reorientation of adjacent beaches through updrift
accretion (typically on the south or west side) and downdrift erosion (typically on the north
or east side) relative to a structure. The offshore length of the structure is the major
parameter determining response, with smaller structures more capable of reaching a
bypassing state through reorientation (Figure 5). Larger structures, or a closely connected
sequence of structures, may develop more complex responses, particularly through their
influence on storm response and recovery through enhanced onshore offshore transfer,
with highly lagged recovery common on the downdrift side.
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Figure 5: Response to Coastal Structures (Groyne Effect)

Coastal response to other forms of human intervention may generally be considered in
terms of their effect on existing sediment dynamics:

Coastal walling is intended to retain a section of coast in preference to the adjacent
shore. Sediment demand, say due to onshore offshore transfer, is active on a
smaller section of coast, which amplifies response. Coastal walling locally increases
wave reflection, and therefore may locally enhance sediment transport until
deepening occurs in front of the wall;
Infrastructure placed on foredunes provides an incentive for protecting the area
from erosion. This reduces the volume of sand available to support beach recovery;
Bypassing provides sand to the coast as a discrete supply, which may change the
rates of alongshore delivery.
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2.3. CROSS SHORE ZONES
The ability to understand the cause of coastal change and manage it effectively is sometimes
restricted by the perspective developed through a coastal monitoring framework. Almost all
monitoring effort contributing to erosion and inundation management occurs within the
‘active coastal zone’ between the nearshore and the foredunes, yet it is a small fraction,
typically 0.5% (horizontally) of the whole coastal zone between the outer shelf and coastal
hinterland. We rely upon the active coastal zone being the focal area for coastal change and
the area where change is most easily detected. This is not always a wholly reliable approach.

Other parts of the coastal zone may present challenges to measurement, including the effect
of vegetation, spatial heterogeneity or broadly distributed change (e.g. sand sheets).
Typically change outside the active coastal zone is more episodic, with long periods of
limited change, making it difficult to justify detailed monitoring. The key benefit of
monitoring other parts of the coastal zone, whether offshore or onshore, is typically to
provide better targeted coastal management, particularly when using structural
interventions.

Definition of a set of cross shore zones was undertaken to support the classification of
information stored within the PNP Coastal Database (Figure 6). This spatial description
indicated that LGAs who are more actively involved in sediment management, through the
use of bypassing works or coastal structures, typically obtain more coastal data and have
greater use of data from the nearshore.

Figure 6: Cross shore Zones

Shelf Edge 
The shelf edge, for the purpose of this report, has been considered to be the upper level at
which there is a significant change in gradient offshore from the inner shelf plain. A previous
definition of 170m has been used 26. In the Peron Naturaliste region, the shelf edge is closest
to shore near Rockingham (~35km) and at its widest near Bunbury (~100km). The shelf edge
is approximately 45km from shore between Cape Leeuwin and Cape Naturaliste.
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The contribution of the shelf edge to coastal dynamics at the time scale of coastal
management is often considered to be limited, although in isolated cases (not considered
applicable in the southwest), shelf margin sediments provide a background ongoing supply
towards the coast. Shelf edge sediments are not subject to significant surface wave influence
due to depth. Potential sources of seabed mobility include shelf edge oceanographic
currents (Leeuwin and Capes currents), tidal and surge currents, large scale eddies and
internal waves.

Outer Shelf 
The outer shelf is a transition from the steeply sloping shelf break to the more gently graded
inner shelf plain, generally located between 130m and 50m depth. Much of the bed is rocky,
with patches or a veneer of mobile sediment. Surface material is generally fine sand at
greater depth, with increasingly coarse material towards shore. The seabed is typically
occupied by sponges and bryozoans. South of Rottnest, the outer shelf includes the South
Bank Ridge, a relict algal limestone ridge which is occupied by macrophytic algae.

The lower parts of the outer shelf experience direct influence from the alongshore Leeuwin
Current, but are of sufficient depth for swell waves to have limited effect on bed mobility.
Shallowing to landward reduces shelf current strength and increases wave orbital velocities,
providing a transition across the outer shelf from alongshore current dominated seabed
conditions through to cross shore wave influenced conditions. The presence of seabed
features around 50m depth has been previously argued as a basis for defining the coastal
depth of closure 11,24; however, the structure and orientation of these features, including
deposit depth and areas of bare rock obscures this interpretation and would require more
detailed scientific assessment to evaluate 27.

Shelf Plain 
The shelf plain is the gently graded area of the inner shelf stretching from the shelf edge to
shore, generally occurring from 50m to 10m depth. Between Cape Naturaliste and Rottnest,
material is generally medium to coarse sand, of variable but typically shallow depth,
overlying a calcrete surface that was stripped through the sea level transgression. This
surface is occupied by seagrass and algal meadows, with areas of calcrete.

The change in depth across the shelf plain provides a transition from wholly oscillatory near
bed wave orbitals (offshore) through to a landward net residual current (nearshore). This
theoretically facilitates a landward sweeping of sediment, counterbalanced by seabed
gradients, sediment availability and diffusive processes causing shore shelf transfer. Within
the PNP region, the availability of sediment is strongly affected by benthic vegetation,
including seagrass, which also facilitates sediment bioproduction 28,29. The relative balance of
relict and contemporary sediments is an important scientific question, which may require
further resolution to support long term projection of coastal change in the southwest
(Section 3.4.4).
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Modelling of seabed mobility along the PNP coast suggests that the majority of the shelf
plain is capable of being mobilised by winter swell waves 30. Although this proposition is not
fully supported by either benthic vegetation or existing morphology, it highlights the
importance of benthic cover on the cross shore sediment balance. This prompts support for
long term monitoring of benthic habitats across the shelf plain or selected parts thereof 31.

The increasing net landward drift of sediment provides high opportunity for areas of rock
near to shore to limit sediment availability. The difference between potential mobility and
sediment availability tends to create a near horizontal bed on the lee side of the rock
feature, with any episodes of sediment supply creating sand waves or sheets. This may
effectively provide a ‘break’ between the shelf plain and the beach, which is likely to have
implications for the relative long term response to sea level rise.

Between Rottnest and Cape Bouvard the shelf plain is truncated by two significant semi
continuous limestone ridges, which bound the Sepia Depression. These ridges strongly
influence both currents and wave conditions, and correspondingly act to control onshore
delivery of sand at several locations along the coast.

Near Shore 
The near shore area is on the landward side of the shelf plain, which steepens in response to
landward residual drift developed from wave orbitals. This transition generally occurs
landward of the 10m contour, although it is affected by wave sheltering, including effects of
offshore reefs and wave diffraction in the lee of Cape Naturaliste. Along the PNP coast, the
dynamics of the near shore zone vary considerably according to the relative presence of rock
features. These features influence wave sheltering, sediment availability, and in some
locations provide focusing of tidal and wind driven currents. Nearshore rock features are
present along the PNP coast, from Capel through to Rockingham.

The structure of nearshore sand bars along southern Geographe Bay coast are indicators of
some of the physical process transitions which occur between the shelf plain and the beach.
Predominantly cross shore forcing (waves and tidal currents) is modified by coastal
boundary effects to produce mainly alongshore currents. Although waves typically refract to
become more shore normal, and therefore may provide cross shore sediment movement,
their net contribution to sediment transport is generally alongshore through littoral drift.

Beach
The beach is the dynamic interface between the marine and terrestrial conditions, formed
through the balance of net shoreward wave energy with dispersive forcing, including wave
and current induced sediment mobility. The result is a highly dynamic zone, which is almost
always adjusting in response to changing tides, waves and currents, as described in Section
2.2. The majority of change occurs in response to short term variation of forcing conditions,
with much of the rapid response occurring through cross shore beach profile adjustment.
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More gradual adjustments to the beach are developed through residual alongshore
transport, including littoral drift. Negative feedback between the shoreline orientation and
alongshore transport determines that seasonal fluctuations in weather typically produce
reversals in sand transport along the beach, which may result in beach rotation for enclosed
or partly enclosed beaches. Along the PNP coast, rock features or artificial coastal protection
structures play an important role in determining whether fluctuations in wave direction
result in beach rotation caused by net alongshore transport. Beach behaviour is further
complicated in situations where rock is seasonally exposed, or at a level that its influence
varies according to storm water level.

In addition to cross shore and alongshore dynamics, the beach also provides pathways for
transfer of material to the nearshore and foredune zones. Transport to the nearshore may
occur through rips and cross shore response to extreme storm waves. Landward movement
to the foredune is most commonly related to aeolian sand drift, although it may also occur
through wave driven storm deposits during high wave or water level conditions. On the
Dawesville coast, the level of the beach flat has been observed to respond to high water
levels or wave conditions, with stranding during subsequent less energetic conditions
allowing occupation of the upper beach by colonising plant species.

Beaches are present along the majority of the PNP coast, experiencing similar variations in
weather conditions 32 and water levels 13. However, the response may vary significantly,
depending upon wave sheltering, beach orientation and structural controls. To date, the
dynamic nature of the PNP coast has only been evaluated for segments, particularly
locations where sand bypassing occurs or coastal infrastructure is intensively developed.
However, it is expected that much of the behaviour will be similar to that of the Perth
Metropolitan coast 33,34, where much of the local seasonal beach movements may be
described by cellular behaviour prompting the definition and application of sediment cells 35.

Foredune
The foredune is an area landward of the beach area, which is rarely subject to marine
processes, which therefore may support vegetation growth and potential subsequent sand
capture 36. With ongoing deposition, a foredune may accumulate sufficiently to build into a
dune a, and in some cases can ultimately result in a horizontal sequence of dunes 4.
However, in most cases the foredune is an ephemeral feature, with a seasonal to decadal life
cycle as a result of storminess and sand supply variation.

Destabilisation of foredunes typically occurs through extreme storm conditions, resulting in
beach profile flattening that cuts into the foredune. Under extreme water levels, wave
overtopping may cause the foredune to destabilise by moving sand landward, a process
which has been observed along the Busselton coast.

a This foredune growth will typically be mainly vertical.
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Dunes
Coastal dunes are mainly developed through aeolian processes, where sand pushed
landward by the wind is colonised by vegetation, therefore reducing subsequent sand
mobility 37. Successive transport allows upwards growth of the dune, with the front face
eventually reaching a steepness that limits sand transfer from the beach. Coastal dunes are
therefore developed through sediment supply, vegetation and relative stability of the
coastal position.

Instability of the dune vegetation may allow the dune sand to mobilise, potentially creating
migratory dune forms, sand sheets and blowouts. Dune instability is potentially enhanced
along the coast through erosion, as scarping may provide a mobile sand face which is subject
to wind drift. The nature of the resulting forms is affected by the volume of mobilised sand
and the capacity for revegetation. Coastal dune mobility has been observed along the
majority of the PNP coast, with the greatest mobility indicated on the Harvey coast, due to
the large volume in the high dunes and ongoing history of erosion, exacerbated by industry.
Dune mobility may result in substantial movement of material.

Extremely high sand supply during several geomorphic eras (tie to sea level) has led to
successive dune sequences along the southwest Western Australia coast 38. The most recent
sequence developed through the late Holocene, and is typically described as the Safety Bay
sand formation.

Hinterland 
By definition, the ‘hinterland’ is the area effectively removed from the coastal zone.

2.4. SUB REGIONAL VARIATION OF COASTAL GEOMORPHOLOGY
The coastal geomorphology of a region influences how coastal change occurs and therefore
may affect approaches to coastal monitoring. Within the Peron Naturaliste region, sub
regional morphology may be distinguished by a number of features, including:

Shore aspect;
Offshore reef and rock pavement structures;
Size, structure and mobility of coastal barrier dunes;
Sediment availability, affecting storm erosion recovery pathways, which may occur
through alongshore or cross shore sediment transport;
Nearshore rock features influencing alongshore transport.

Some of these features are apparent from bathymetry and plan form (Figure 7).
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Figure 7: Sub Regional Variation of Coastal Processes

Comparatively high energy sections of coast, such as Binningup Myalup, have high capacity
for cross shore movement, which can obscure long term loss from slow recovery.
Distinction requires increased offshore information or consideration over long time frames.

Within compartments, beach rotation or end point accumulation may create difficulty when
interpreting a discrete set of cross shore measurements, instead requiring a method that
simultaneously captures both alongshore and cross shore change.

The presence of features which apparently contribute to onshore sediment supply or cross
shore transport increases the coverage required by monitoring, to at least the nearshore
zone (Figure 8). The most apparent features along the PNP coast occur along Busselton,
including Dunn Bay Bar and the smaller sandbars from Quindalup to Wonnerup 7.
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Local features, even relatively close to the coast, may substantially affect the interpretation
of proxy coastal measures (e.g. vegetation lines provide a poor measure adjacent to a
salient) or complicate the assessment of detected change, as they may be affected by
additional processes (e.g. estuary entrance channels).

Figure 8: Example of Features Displaying Cross shore Influence
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Table 5: Sediment Cell Morphologic Attributes Influencing Monitoring

Tertiary Sediment Cell Key Geomorphic
Features

Comment Key
Measurement

R06D14. Cape Peron to
Mersey Point

Pocket beaches and
island salients

High capacity for cross
shore exchange
Alongshore dynamics

Plan Form

R06D13. Mersey Point
to Safety Bay

Offshore reef system
Onshore sand feed

Complex spit behaviour Plan Form

R06C12. Safety Bay
(excluding Warnbro
basin) to North Becher

Diffracted wave
climate
Bidirectional
alongshore transport

Cross shore profile
adjustment

Cross shore

R06C11. North Becher
to Ansteys Car Park

Historically accreting
Onshore sand feeds

Foredune development
Inter annual anomalies

Plan Form /
Width

R06C10. Ansteys Car
Park to Robert Point

Engineered shoreline
Onshore sand feeds

Beach shore dynamics
modified

Volumetric

R06C9. Robert Point to
Cape Bouvard

Managed shoreline
Headland & perched
beaches

High capacity for cross
shore exchange

Plan Form

R06B8. Cape Bouvard
to Preston Beach North

Perched beaches
Pavement reef
Sand ribbon

High capacity for cross
shore exchange
Alongshore dynamics

Beach Width /
Level

R06B7. Preston Beach
North to Lake Preston
South

Offshore reef system
Inshore sand waves

High seasonal cross
shore change
Local variability due to
rock

Profiles /
Dunes

R06B6. Lake Preston
South to Binningup

Barrier dune (eroding) High seasonal cross
shore change
Local variability due to
rock

Profiles /
Dunes

R06B5. Binningup to
Bunbury Harbour

Barrier dune (eroding)
with rock platform at
Binningup

High seasonal cross
shore change
Local variability due to
rock

Profiles /
Dunes

R06A4. Bunbury
Harbour to Capel River
mouth *

Perched beaches &
dunes
Sand ribbon

Sensitive to storms /
recovery

Beach Width /
Level / Dunes

R06A3. Capel River
Mouth to Norman
Road

Limited onshore sand
feed
Increased alongshore
transport

Sensitive to alongshore
supply

Beach Width /
Plan Form

R06A2. Norman Road
to Point Piquet

Onshore sand feeds,
with diffracted swell

Highly sensitive to
onshore supply / local
storm response

Beach Width /
Plan Form /
Bars

R06A1. Point Piquet to
Cape Naturaliste

Pocket beaches, with
highly diffracted swell

Alongshore dynamics Plan Form

* Large local sensitivity at Hayward Street
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2.5. TEMPORAL AND SPATIAL VARIABILITY
Maintaining financial and staff resources for coastal monitoring is a common challenge for
LGAs and State government. Pressure occurs in quiescent phases where there is limited
coastal change, but also in active phases if the same resources must be shared between
monitoring and implementation of management actions. For this reason, coastal monitoring
is often refined to a ‘bare minimum’ approach, with discrete temporal or spatial coverage.

The relative effectiveness of monitoring coverage is determined by the time and space
scales at which coastal behaviour remains coherent. Consequently, there is a clear need to
understand temporal and spatial variability when setting a coastal monitoring program.

2.5.1. Temporal Variability
Coastal dynamics occur at a wide range of time scales, from the response of the seabed to
individual waves over seconds, through to shelf scale changes over the time scale of
millennia 39. Time scales relevant to coastal monitoring are those relevant to coastal
management, engineering and planning, and therefore occupy the range from a single storm
event (hours) through to planning time frames (decades). This includes the substantial
changes which occur within a year due to seasonal variations of weather and tide.
Significantly, these variations do not affect all parts of the coast equally, and along a
compartmentalised coast, different sections may be completely out of phase 33, such as
North City Beach compared with Floreat Beach (Figure 9).

The capacity for local differences determines that monitoring and subsequent decision
making should identify and acknowledge these local variations. This does not imply a need
for staggered monitoring, but should provide a context for interpretation on those sections
of coast where the monitoring schedule is likely to create a bias from ‘worst case’ or ‘typical’
conditions. Coastal behaviour at sub annual to annual time frames is often well understood
anecdotally, but is typically poorly documented except at focal points such as Mandurah
Northern Beaches. This situation has been partly offset by community based photographic
monitoring 40, which may provide a relatively high frequency, albeit qualitative, record of
coastal change.

The relatively greater cost of monitoring using surveys or aerial photography determines
that more quantitative coastal measurements are typically undertaken annually or bi
annually, with rare exceptions of quarterly or monthly measurement. Identification of the
‘best’ time to measure coastal change varies according to perspective:

The season at which capture is most likely to be successful (e.g. aerial photography
is mainly captured in summer months);
Months in which the annual ‘worst case’ position is likely to be experienced;
Months immediately preceding seasonal erosion, to provide an indication of risk and
anticipated management effort;
Months in which the coastal position is least likely to be affected by short term
variability 25.

The complexity of coastal variability demonstrated on the Perth coast (Figure 9) suggests
that even for a single objective, the most appropriate timing is likely to vary between
locations.
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Figure 9: Northern Perth Beach Width Variation, Port Beach to Trigg

Measuring at one or two set times within a year may provide complications for
interpretation, as demonstrated by the Scarborough beach width record 21 (Figure 10).
Variability is unlikely to be well represented by a single annual measurement, with the storm
influence clearly not captured in the summer record. Time series comparison on a monthly
basis has demonstrated that there is a range of driving processes, which may cause irregular
timing of the seasonal ‘best’ or ‘worst’ conditions 5.
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Figure 10: Coastal Behaviour Identified from Scarborough Beach Widths

Comparison of driving processes suggest that March April and September October are likely
to ‘window’ the annual range of beach position, and therefore could be used to set a
preliminary bi annual schedule. However, because there is substantial capacity to vary
between sites, it is recommended that a program be undertaken to refine the monitoring
schedule:

For sites with existing coastal measurements (e.g. Mandurah), simple analysis
should be undertaken to identify the seasonal range and variability;
For sites with monthly or fortnightly photo monitoring, the seasonal ‘minimum’ and
‘maximum’ beach positions should be identified;
A program of beach width measurement on a monthly basis should be undertaken
for a minimum of 3 years, to quantify the seasonal timing.

This program would allow confirmation of the most appropriate timing for measurements
within each coastal sediment cell.

Short term variability may strongly influence the estimation of coastal change trends (note
Section 3.4). For short term variability, such as storm erosion and subsequent recovery, the
monitoring time scale may influence both the perception of acute response and the
estimation of coastal trend if recovery lags (Figure 11).

When establishing trends, an equivalent problem exists where step change behaviour is
possible, such as illustrated for Scarborough Beach (Figure 10). Broadly spaced
measurements, such as 10 yearly spaced aerial photographs, cannot distinguish the step
change from a trend, and therefore may incorrectly represent both the potential acute
response and the longer term pattern of change. This phenomenon occurred on the
Binningup Myalup coast, where a short period of rapid coastal erosion (~2m/yr) was
projected over long term to define setbacks. Subsequent recovery has been argued as a
basis for reduced setback, with the acute step change not recreated by the SPP 2.6 coastal
modelling approach.

Analysis of trends from longer term datasets (20 100 years) should always evaluate the
appropriateness of assuming linear trends 41. Decadal scale variations or long term reversals
may significantly affect whether the trend can be used to support future projections.
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Figure 11: Trend Aliasing due to Sampling Rates and Acute Erosion

2.5.2. Spatial Variability
The nature of cross shore and alongshore sediment transport processes, combined with a
finite volume of sediment, provides a basis for coherence of observed coastal change in both
cross shore and alongshore directions. Where coherence occurs, the resulting similarity in
behaviour (or opposite phase) may allow discrete measurements along the coast to be
interpolated.

Coherence in the cross shore typically displays the greatest coastal response at the shore,
enhanced by high wave energy and steep beach gradients 42. The response in each cross
shore direction must ultimately be balanced by a transition to change in the opposite
direction (erosion or deposition of either the seabed or dune to offset behaviour at the
shore). This pattern of cross shore coherence is the basis for 1 line coastal evolution models,
which neglect cross shore exchanges, focusing on net volume change over the profile.

On an open section of coast, the dependence of alongshore transport rates on shore
orientation supports formation of slowly varying alongshore transport rates and therefore a
high degree of alongshore coherence. This behaviour is a common outcome of empirical
orthogonal function (EOF) analysis of beach profiles 43.

For a compartmentalised coast, two additional patterns of behaviour may occur:
The finite volume of sediment distributed within the coastal cell determines that the
EOF occurs in both positive and negative phases (i.e. rotation); or
Steep alongshore gradients of alongshore transport occur towards the ends of the
coastal cell, creating sediment source and sink at the updrift and downdrift ends of
the cell.
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These patterns of behaviour, associated geological features and the presence of
characteristic landforms have been used to help define a geomorphic framework for parts of
the Western Australian coast.
The spatial framework applied to the CMAP is the sediment cells framework developed for
the Vlamingh Region between Cape Naturaliste and Moore River 35 (Figure 12) which follows
on from the landform based spatial hierarchy developed for Western Australia 44. The
framework has been developed based upon the coherence of coastal change observed along
Perth coast 34, Yalgorup coast 45, Busselton 12 and Leschenault Peninsula 46.

Figure 12: Sediment Cells Framework from Cape Naturaliste to Moore River
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Spatial coherence of coastal change is also related to the dynamics of coastal landforms and
larger scale land systems. Further understanding of coastal dynamics may be established
through the use of coastal systems mapping derived from apparent connections between
adjacent landforms 47. Fluctuation, migration or evolution of landforms may create
characteristic patterns of coastal change. Although some of this behaviour is suggested by
textural comparison in a vertical difference plot between surveys 30 years apart (Figure 13),
it is also clearly apparent that much of the identified change is caused by differences in
survey and processing methods.

Figure 13: Bathymetric Comparison 1978 to 2008
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Much of the ‘signal’ is caused by differences in survey and processing methods

2.5.3. Conceptual Behaviour of Landforms
Interactions between landforms and the coastal processes driving sediment transport
produce several types of coastal behaviour:

Quasi equilibrium, where perturbations from prevailing conditions cause
fluctuations around a position that only varies gradually over time;
Migratory, where the landform is moving over time but largely retains its form (e.g.
Busselton sand bars). Perturbations from prevailing conditions typically affect the
rate of migration;
State switching, where the landform is capable of shifting rapidly between two or
more discrete forms, commonly as a result of extreme perturbations from prevailing
conditions. The different forms may have characteristic behaviour that is quasi
equilibrium, migratory, ephemeral, accumulative or dissipative;
Ephemeral, where the landform initially develops through response to a
perturbation from prevailing conditions, but progressively decays over time,
typically with evolving form;
Accumulative, where the landform changes in such a manner that it is increasingly
capable of accumulating sediment volume;
Dissipative, where the influence of the landform upon sediment transport processes
increases the rate of sediment loss from the landform.

Recognition of these behavioural types is important when defining monitoring frameworks
or when interpreting observed coastal changes to support future projections.
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3. Coastal Monitoring and Sampling

3.1. COASTAL MONITORING SYSTEMS AND FRAMEWORKS
The majority of developed countries have ‘coastal monitoring systems’, which may be
applicable to a very diverse range of coastal management issues. These may include human
activities (beach use, navigation), environmental values (fauna, benthic vegetation,
pollution), coastal hazards (safe beach use, inundation, threat to infrastructure) or
geomorphic change (coastal dynamics). This diversity creates various perspectives of what
parameters should be monitored and therefore what provides an appropriate monitoring
system for each objective.

In many cases, coastal parameters that are appropriately monitored for one objective may
be useful for another target, although the frequency or coverage of monitoring may be
different. Agency needs and pressures therefore require careful dialogue between agencies
conducting monitoring (and data users) to limit duplication of effort and support wide
application of coastal data. In many cases the monitoring approach is determined by the
agency with the greatest need for data with high frequency and broad spatial coverage.
Other agencies rely on the lead agency to collect the information, and obtain a relevant
subset through purchase or data agreements.

For the purpose of this document, a coastal monitoring system is relevant to the objectives
of only one agency, although contributing monitoring activities may be undertaken by other
agencies. A coastal monitoring framework is the entire set of coastal monitoring activities
undertaken, which may support multiple coastal monitoring systems by a range of agencies.

The coastal monitoring system described for this Plan is focused on the identification of
erosion, inundation and infrastructure risk, to support application of the Coastal Hazard Risk
Management and Adaptation Plan (CHRMAP) framework on the Peron Naturaliste coast by
local government. It operates within the wider Western Australian coastal monitoring
framework which is developed through Federal and State government, academic and
industry agencies. International monitoring is typically supplementary to this framework,
although information such as satellite based monitoring clearly may have direct value,
particularly to detect offshore change.

Challenges of limited funding or changing agency roles have occasionally affected coastal
monitoring in Western Australia, prompting development of collaborations to support
coastal data collection and management. Western Australian agencies with this role include:
Western Australian Land Information
System (WALIS Marine Group)

Partnership of State and Local Government
agencies, co ordinating land and marine data
storage, management and access.

Western Australian Marine Science
Institute

Collaboration of State, Federal, industry and
academic entities to create research and scientific
information.

Western Australian Integrated Marine
Observing System

Multi institutional research collaboration, operating
ocean and coastal observing equipment.
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Approaches towards monitoring of coastal erosion vary geographically (from nation or state
scale, down to LGA and local scale) and between types of institution (local government,
state government, planning or engineering). However, the most important factor
influencing a coastal monitoring approach is proximity of assets to the coastal hazard zone,
which is itself a function of institutional practices for coastal hazard risk mitigation.

Key drivers influencing the way in which coastal hazard risk is mitigated include population
pressure, economic drivers and the level of governance, illustrated conceptually by Figure
14. In Western Australia, high levels of governance typically prompt the use of avoidance or
protection. For areas of low development density, avoidance is the preferred approach,
which corresponds to the application of coastal setbacks to ‘greenfields’ developments 2. In
areas of high density development, although SPP 2.6 suggests a preferential hierarchy in
which protection is the least favoured option, purely economic argument supports the
approach of protection 48.

Figure 14: Concept for Drivers of Coastal Hazard Risk Mitigation

Approaches to avoid coastal erosion hazard via implementing development setback differ in
composition 49 and may therefore imply different coastal monitoring requirements 25, often
with a combination of objectives. Approaches and subsequent monitoring aims include:

Those which set an arbitrary setback distance from a physical benchmark do not
implicitly require coastal monitoring;
Monitoring may be required to establish long term shoreline trends 50,51,52;
Coastal monitoring may support identification of possible acute erosion 53;
Coastal monitoring may aim to determine the effectiveness of management actions
and potentially guide future actions 54.

The above sequence broadly corresponds to a need for increasingly refined monitoring.

In areas where protection is used to mitigate coastal erosion hazard, monitoring is mainly to
evaluate the effectiveness of protective works, including evaluation of erosion transfer.

Coastal monitoring implicit within the State Coastal Planning Policy SPP 2.6 is limited to the
extraction of vegetation lines from aerial imagery at approximately 5 year intervals. This
level of coastal monitoring was developed as a low cost approach that could be applied on a
State wide basis, suitable for coast with substantial setback to coastal development. SPP 2.6
guidelines suggest that the coast’s acute erosion response should be modelled, rather than
derived from observation.
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Although there is a relatively low policy requirement, existing coastal erosion monitoring in
Western Australia is more comprehensive, with a range of qualitative, quantitative and
interpreted information collected by different agencies (Figure 15).

Figure 15: Existing Coastal Monitoring Framework in WA (Generalised)

Presentation of complete or partial beach profile volumes, or using a proxy such as
vegetation line, may obscure or highlight the relative significance of cross shore transport
events, such as storm erosion and recovery (Figure 16). A key advantage of using vegetation
lines is that relatively few erosion events create a ‘signal’, however, this may also restrict
substantial change being identified if it is located within the beach flat itself.

Figure 16: Variation of Signal Contributions due to Shoreline Monitoring Method
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3.2. METEOROLOGICAL AND OCEANOGRAPHIC MONITORING
Monitoring frameworks developed to manage erosion almost always combine erosion
measurement with meteorological and oceanographic (metocean) monitoring. Wider
applications for metocean monitoring typically determine that it is managed externally to
LGAs. A similar organisational structure occurs in Queensland, New South Wales and
Western Australia.

Meteorological and oceanographic monitoring that is undertaken in the southwest of
Australia includes components that are undertaken by State and Federal governments, along
with research and international data agencies (Figure 17).

Figure 17: Metocean Monitoring in Southwest Australia

Information that is most directly relevant to coastal erosion monitoring is mainly collected
by State and Federal government agencies:

Meteorological measurements by the Bureau of Meteorology, including use of
international satellite data and other forms of instrumentation;

Offshore currents and sea conditions (heat, salinity) measured by Commonwealth
funded programs including Indian Ocean Monitoring and Observing System, IMOS,
including support to international monitoring programs, such as the Global Ocean
Observing System (GOOS). The local sub programs are WAIMOS and WA GOOS;

Surface waves are measured towards the shelf boundary by State government
programs using permanent wave rider buoy deployments. These support modelling
that translates waves onshore, by providing offshore boundary conditions;
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Inner shelf wave measurements are normally temporary deployments, and may be
undertaken by a range of organisations, including State government, port
authorities, LGAs and private organisations. These are intended to help identify
relationships to conditions further offshore, and therefore provide an interpreted
longer term record, based on the offshore measurements. Processes that may need
to be identified include refraction, friction, diffraction, wave breaking and directional
scatter. The type of instrumentation used depends on the relative importance of
these processes and the corresponding deployment depths. The most common type
of measurement is through acoustic meters b although a range of instruments may
be practical, from high precision waverider buoys down to simple pressure
transducers. High frequency radar has been used to provide a spatial measure of
inner shelf wave conditions in the Perth region. However, applicability of this
technology is still being confirmed through its use in research programs;

Tide gauges in Western Australia are mainly managed by the Department of
Transport, with the majority being deployed within harbour facilities, to support
navigation. They are crucial components of port underkeel clearance programs at
Fremantle and Bunbury. A high precision tide gauge is located at Hillarys as part of
the Australian Baseline Sea Level Monitoring program, managed by the National
Tidal Centre (BOM);

Stream and river gauging in the southwest is managed by the Department of Water.
Collected information may include stream flow rates and river levels, with some
estuarine sites capturing a mixture of oceanic and fluvial processes;

Current meters formed an important component of coastal water quality monitoring
during the 1980s and 1990s 55,56, although there has been reduced application
following validation of hydrodynamics models. The role of current measurements in
coastal erosion monitoring has been similar, principally to provide model validation,
with short term deployments at sites of focused tidal currents 10,57.

b Nortek Acoustic wave and current meters (AWAC) or Sontek acoustic doppler current profilers
(ADCP) are two widely used instruments for nearshore measurement.
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3.3. EXISTING COASTAL MONITORING PROGRAMS

3.3.1. Coastal Monitoring Meta database
Development of a meta database for coastal data held by LGAs or identified as directly
available within the Peron Naturaliste region formed one part of the wider project
supporting this Plan. The database demonstrated that the majority of the PNP members
predominantly used data sets collected by State government agencies, supplemented by
locally collected beach photograph information. More detailed coastal data is collected
within Mandurah and Busselton as part of LGA co ordinated coastal monitoring programs.

A difference noted between LGAs is that the spatial location of collected data shifted
seaward for those agencies with coastal monitoring programs. This reflects the more active
coastal management undertaken within these LGAs and the corresponding desire to support
decision making with a more comprehensive understanding of coastal processes.

3.3.2. State and Commonwealth Government Monitoring
State and Commonwealth government coastal monitoring programs are mainly directed
towards a combination of vertical aerial photographs with metocean monitoring (Table 6).
This is sufficient to support low cost qualitative coastal change assessment, appropriate
where coastal setbacks are the primary means of mitigating erosion hazard risk. This
information is supplemented by a State hydrographic survey program, although the primary
objective of the surveys is to collect information for navigation charts.

More detailed coastal monitoring using terrestrial and bathymetric survey techniques is
undertaken by State Government agencies at targeted monitoring sites. This is usually as
part of investigations following coastal management interventions or after a severe storm
event. Ongoing monitoring is required to support bypassing activities in Mandurah.

Table 6: State and Commonwealth Agency Monitoring Programs

Monitoring
Component

Frequency Timing Agency

Hydrographic
Surveys

Ten Yearly (approx) Transport (WA)

Vertical Aerial
Photographs

Annual Ongoing Landgate (WA)

Shoreline Movement
Plots

Five Yearly (approx) Ongoing Transport (WA)

Wave Data
(Offshore Buoy)

Continuous Ongoing Transport (WA)

Tide Data Continuous Ongoing Transport (WA)

River Gauging Continuous Ongoing Water (WA)

Weather Data
Wind, Pressure, Rain

Continuous Ongoing Bureau of
Meteorology
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3.3.3. Mandurah Northern Beaches
Mandurah Northern Beaches coastal monitoring program 58 has been developed by the
Department of Transport and the City of Mandurah, to support decision making for
approximately 10km of actively managed foreshore (Table 7). There are a wide range of
coastal protection structures and an annual program of sand bypassing 23, which is also
influenced by bypassing at Dawesville Channel. The overall objective of the collected works
is to stabilise the southern section of coast and transfer erosion stresses to the north, where
there has been a modern trend of accretion. Existing setbacks to coastal infrastructure are
minimal along the Northern Beaches, and consequently there is need for accurate
quantitative information regarding coastal erosion.

Table 7: Mandurah Coastal Monitoring Program Elements

Monitoring Component Frequency Timing Agency

Hydrographic Survey Annual Ongoing
March

Transport *

Cross shore Profiles Annual Ongoing
March

Transport *

Cross shore Profiles Quarterly Ongoing
Mar, Jun, Sep, Dec

Mandurah

Vertical Aerial Photographs Annual Ongoing Transport *

Oblique Aerial Photographs Six Monthly Ongoing Transport *

Shoreline Movement Plots Five Yearly Ongoing Transport *

Field Photographs
Winter
Summer

Fortnightly
Monthly

1+ Years Mandurah

Wave Data (Offshore Buoy) 3+ Years Transport * /
Mandurah

Wave Data (Nearshore AWAC) 1 Year Transport * /
Mandurah

Tide Data Continuous Ongoing Transport *

Sediment Samples Six Monthly 1 Year Mandurah

Structure Condition
Assessment

Five Yearly Within 1 year after
Marina walls

Mandurah

Structure Photo Monitoring Annually Spring Mandurah

* Department of Transport involvement is due to commitments to Mandurah and Dawesville
bypassing programs.

Existing structures along Mandurah Northern Beaches are all rock, including training walls,
seawalls and groynes. These structures are typically resilient and typically continue to
perform their function even when partly damaged 88. As a consequence, structure condition
assessment is relatively infrequent.
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3.3.4. Busselton Coastal Monitoring
Busselton coastal monitoring program 59 has been developed by the City of Busselton, to
support decision making for approximately 30km of actively managed foreshore (Table 8).
The coast has been managed with a large number of coastal protection works, which are
intended to distribute available sediment, supporting existing coastal setbacks 8,9,12. This
setback supports use of a monitoring program that is slightly more qualitative than applied
by the City of Mandurah.

Table 8: Busselton Coastal Monitoring Program Elements

Monitoring
Component

Frequency Timing Agency

Hydrographic Survey 5 Yearly Busselton *

Cross shore Profiles 5 Yearly Busselton *

Cross shore Profiles Annual Busselton

Vertical Aerial
Photographs

Annual Ongoing Transport

Oblique Aerial
Photographs

Annual Ongoing Busselton

Shoreline Movement
Plots

Five Yearly Ongoing Transport

Field Photographs Six Monthly Ongoing Busselton

Wave Data
(Nearshore AWAC)

5 Years Transport

Weather Data
Wind, Pressure, Rain

Ongoing Bureau of
Meteorology

Structure Condition
Assessment

Annual Busselton

Existing Monitoring Programs
Wave Data
(Offshore Buoy)

3+ Years Transport /
Busselton

Tide Data Continuous Ongoing Transport

Baseline Data Sets
Sediment Samples Transport

* indicates where the City of Busselton has previously sought support from the Department
of Transport

Coastal structures along Busselton foreshore include timber and geosynthetic structures,
along with a number of dilapidated rock structures. Consequently, structural condition
assessment has a higher frequency than is recommended for Mandurah northern beaches.
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3.3.5. Community Monitoring
Collection of site photographs by community groups potentially provides a high frequency
indication of coastal change that may be used to reduce the effects of trend aliasing caused
by less frequent LGA physical monitoring (Figure 11). If a smooth pathway for information
transfer to LGAs is developed, community monitoring may be used as a trigger for more
quantitative measurements.

Availability of community based photographic monitoring is largely restricted to populated
sites, and its collection may not always be reliable. Definition of photographic monitoring
protocols and deliberate association with community groups involved with foreshore
restoration has resulted in greater integration of community monitoring to LGA decision
making for coastal management 60.

3.3.6. Interpretation
Existing coastal monitoring effectively describes two different levels. Coasts with a ‘high’
level of monitoring are actively managed, with costs mainly borne by LGAs. Coasts with a
‘low level’ of monitoring are those for which coastal erosion hazard is principally mitigated
by coastal erosion setback, and the majority of monitoring costs are incurred by State and
government agencies.

Comparison of monitoring program attributes (Table 9) shows that the actively managed
coasts provide greater assessment precision. However, physical measurements are unlikely
to cost effectively deliver the high frequency of assessment that may be available through
community monitoring.

Table 9: Comparison of Monitoring Program Attributes

Program Characteristic Community
Monitoring

State / Federal
Government

Mandurah Busselton

Terrestrial Coverage
Frequency High Low Moderate Low
Precision Low Moderate High High
Coverage Discrete Area Focused Discrete
Class Qualitative Interpreted Quantitative Qualitative

Marine Coverage
Frequency Low High Moderate
Precision High High High

Differences in the relative frequency of coverage for Mandurah and Busselton largely relate
to differences in morphology, leading to the relative availability of sediment.
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3.3.7. Existing Monitoring Gaps
Identifying monitoring ‘gaps’ is subjective, as the monitoring data may be used to support a
wide range of decision making. Varied levels of uncertainty may be accepted due to
organisational jurisdiction, risk tolerance, or even personal preferences at an officer level.
Completeness of a monitoring program may be considered in terms of how the program’s
spatial, temporal and process coverage may support coastal management triggers.

Community monitoring provides discrete spatial observations of coastal features above the
water surface. This is a qualitative monitoring approach that typically requires considerable
further interpretation of meteorologic and oceanographic data to support its use as a
management trigger. It is suitable for Reactive coastal management (Level 0 in Table 3).
However, it is likely to provide value by supporting higher frequency interpretation of more
quantitative monitoring.

‘State’ monitoring provides discrete temporal observations of a proxy for coastal change
(vegetation line), which is spatially continuous for the PNP coast. Long gaps between aerial
images, a limited season for data collection and potential deviation from the pattern of
coastal change (Figure 16) suggest that this monitoring program is most suitable for
decision making over 10 30+ year time frames. It is suitable for Planned coastal
management (Level 1 in Table 3). Vegetation lines provide a poor indicator of coastal change
on heavily used and rocky coasts. Collection of beach widths is recommended as a
supplement to the ‘State’ monitoring. This potentially provides improved projection of
management effort required over 1 5 year time frames.

Measurement of offshore waves, with occasional inshore deployments may create some
difficulties with interpretation where there are multiple sources of wave transformation
towards shore, including friction, sheltering, diffraction, refraction and scatter. This was
demonstrated by the wide range of interpretive modelling for Busselton foreshore 61.
Targeted measurement to identify wave friction factors in the Perth region has
demonstrated that high friction is experienced locally 30. The complex roles that limestone
reef systems may have upon incoming waves have also been suggested by existing
measurement programs 62. Improved understanding of nearshore wave processes is likely to
require additional instrumentation for inshore deployments, to reduce second guessing
regarding parameterisation of processes. This would require simultaneous deployment of at
least two inshore instruments throughout the year, at selected sites. This is considered to be
a research project, possibly supported by State government or PNP.

‘Focused’ monitoring at Mandurah and Busselton provides discrete spatial and temporal
observations, using quantitative measures including beach profiles and hydrographic
surveys. The sampling frequency and density are different between the two LGAs: with
Busselton monitoring program suitable for Adaptive coastal management with a 5 year time
frame for decision making (Level 3 in Table 3); and Mandurah monitoring program suitable
for Active coastal management with a 5 year time frame for decision making (Level 4 in
Table 3). Some aspects of these monitoring programs that may deserve further refinement
include alongshore coherence and identification of changes in adjacent areas.
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The alongshore coherence of coastal change (i.e. either similar or opposite response to an
event) is presently determined by site photographs and infrequent vertical aerial imagery.
This gives a relatively qualitative measure, which determines that precision of volume
change estimates varies with the alongshore spacing of beach measurements (profiles or
widths). This results in a transition from qualitative assessment with widely spaced
‘indicator’ profiles, to a quantified assessment using tightly spaced profiles. The higher cost
of precise monitoring may be justified for contractual control of works rather than highly
refined coastal management decision making (e.g. for bypassing, it is more cost effective to
survey accurately than pay for uncertain volumes).

As an alternative to dense spacing of beach measurements, a ‘continuous’ alongshore
measurement may be undertaken in conjunction with cross shore measurements. This
should typically entail measurement of beach crest and the upper limit of the beach, using
such techniques as a survey traverse or RTK survey from a quad bike, as undertaken to
support the Perth Coastal Planning Strategy.

The survey methods define an area in which coastal change is identified and possibly
quantified. This area must either be sufficiently large to encompass change, or a set of
indicators developed to determine whether change has occurred adjacent to the survey
area. These should consider:

The greatest change occurring outside the beach face is likely to be through
offshore transfer, which is a key difference between the ‘State’ monitoring program
and those conducted by Busselton and Mandurah;
Aeolian transport may obscure coastal change measurements, with estimated
landward sand transport rates at active sites along the Western Australian coast
being comparable to the annual alongshore sand transport;
Sediment transfer between estuaries and the adjacent coast is potentially important
for determining the stability of the coast or estuarine foreshores, particularly in the
context of longer term sea level rise 63. The capacity for high sediment influx has
been demonstrated at artificial entrances for Leschenault Estuary 64 and Dawesville
Channel, as well as the modified entrance at Mandurah Channel with ongoing
sedimentation at Fairbridge Bank.

The contribution of coast estuary sediment transfers to coastal erosion pressure is not
presently well understood in the PNP region. Existing estuary morphology suggests that
there is limited sediment supply from the estuaries to the coast, which implies that the
longer term response to sea level rise is expected to be an influx of marine sediment into
the estuary basins, with consequent erosion pressure on the coast adjacent to the estuary
entrance. A theoretical assessment, if basin vertical accretion were to be directly equal to
sea level rise, would suggest that by 2050 to 2070, the ‘potential’ rate of influx is a similar
order of magnitude to existing alongshore sediment transport rates. However, existing
entrance channels may limit the speed at which sediment may enter the estuary – this
creates less impact on the coast, but ‘drowns’ the estuary basin 65.
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The rate of deposition and size of sill formed at Leschenault Estuary after the Cut entrance
was excavated was initially comparable to the rate of alongshore sediment transport.
However, subsequent deposition within the entrance has been much slower, implying that
the capacity for basin sedimentation is unlikely to keep pace with sea level rise.

3.4. COASTAL EROSION MONITORING
Coastal erosion occurs through a range of processes, which may occur rapidly or more
progressively. Change may also occur as a trend, cycle, or through a shift in coastal state
(secular change). Within the State Coastal Planning Policy, a major distinction is made
between acute erosion (S1 allowance) or sustained erosion (S2 and S3 allowances). The
importance for coastal erosion monitoring lies in different, albeit similar, information being
used to establish the acute or sustained coastal response, herein termed as monitoring for
coastal hazard or for coastal trend (Figure 18).

Figure 18: Information Used to Define Hazard and Trend

Coastal monitoring in Western Australia has almost exclusively focused upon monitoring for
coastal trend. This is largely due to the common presence of wide foreshore reserves,
established through policy since 1974 66. These allow coastal fluctuations to occur whilst
providing limited pressure to terrestrial assets. A wide setback therefore reduces the need
to accurately determine the likelihood of acute erosion.

Amendments to SPP 2.6 from 2013 are anticipated to result in increased use of the
foreshore, ranging from low value coastal infrastructure, through to high value
infrastructure managed under CHRMAP. Where this results in a narrow foreshore reserve,
there may be an increased need to accurately determine the likelihood of acute erosion.
However, this is partly offset by the CHRMAP process, which requires that suitable
management actions should be identified for a wide range of possible events. Therefore the
main implication of a limited understanding of acute response is further uncertainty
regarding the costs of coastal management.
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The relative focus for coastal monitoring upon hazard (acute coastal response) or trend
(sustained coastal response) is determined largely by the associated infrastructure
pressures, along with the relative scale of acute or sustained erosion (Figure 19).

Figure 19: Influence of Infrastructure Position on Coastal Monitoring Focus
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Coastal trend analysis focuses on identifying the time available before a change in coastal
management is necessary, normally the transition from negligible hazard to exposure to
acute hazard (Figure 18). The forecast time is often estimated by the distance by which a
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average rate of coastal change (dW/dt).

The key dataset required is a time series of coastal position, from which a trend may be
established. However, for many coastal measurements, observations are affected by short
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The simple time forecast suggested above may also require further interpretation on the
basis of a spatial distribution of coastal change. Examples requiring further thought include:

Presence of alongshore controls such as rock headlands or groynes may effectively
provide a limit to erosion or accretion, after which dW/dt changes;
On a coast with alongshore transport, coastal position may reflect the relative
volume of a sink or a source and the consequent availability of material;
A mixture of erosion and accretion may suggest coastal rotation at a beach or cell
scale, which tends to reduce the future rate of change, or be subject to reversal;
The influence of migratory landforms can be significant at a local scale, as
demonstrated by the accretion and erosion patterns caused by sand bar movement
in southern Geographe Bay 7.

3.4.2. Monitoring for Coastal Hazard
Coastal hazard evaluation focuses on the immediate threat of coastal erosion. It therefore
requires an understanding of the present state of the coast and an understanding of
likelihood of acute erosion. The key information to support coastal hazard analysis is a set of
measurements of acute coastal response, typically storm events, with which a likelihood of
acute erosion may be established. This is often presented as an erosion distance (sometimes
area or volume) with an N year average recurrence interval.

In most cases, there is insufficient information to establish event recurrence, which is instead
parameterised by coastal variables such as wave height, water level or storm persistence.
This approach has been adopted in SPP 2.6 as a general means for estimating acute erosion
likelihood, although considerable further work is necessary to characterise response for
different coastal configurations, let alone establish likelihood relationships.

Monitoring of acute response requires either frequent coastal measurement or a program of
occasional coastal measurement combined with post event measurements. In either case, it
requires corresponding metocean monitoring to support evaluation of acute erosion
likelihood and will typically require coastal modelling.

Monitoring to support identification of key processes and enable validation of coastal
modelling is generally not required for the PNP coast. Although such refinement could be in
the order of 20m, it is not crucial to coastal management because:

On undeveloped shores, it is a small component relative to the allowances for long
term trends (S2 + S3), which are typically around 100m;
For developed shores, active management requires the ability to respond to
extreme events, regardless of their estimated likelihood.

Situations in which a strong understanding of acute response is required are largely
restricted to those cases where coastal erosion management requires short term
preventative actions (e.g. sand bagging or temporary removal of foreshore infrastructure).
Following CHRMAP principles, this type of management should only correspond to low value
coastal assets.
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3.4.3. Wider scale Evaluation of Coastal Erosion
Coastal change includes alongshore movements of sediment in response to both short term
weather events and prevailing weather conditions (Table 4). Along the PNP coast, this is
typically dominated by seasonal movements, with northward transport during summer and
reversal common during winter, although not occurring in all years. The resulting sand
movements back and forth along the coast influence the relative abundance of sediment
adjacent to coastal barriers, such as groynes or rock headlands. In turn, these affect the
rates of ‘natural’ sand bypassing and the abundance of sediment along the adjacent
(downdrift) coast. This pattern is exhibited seasonally for much of the PNP coast, with sand
typically bypassing larger coastal barriers only for a small part of the year. The capacity for
bypassing is enhanced under very strong or sustained conditions.

On a compartmentalised coast, fluctuations of alongshore transport may cause material to
move from one end of the compartment to another. Unless it is balanced by a supply from
updrift, this will produce erosion at one end of the compartment and accretion at the other.
In most cases, this pattern of behaviour suggests a limited need for intervention, as a return
to ‘prevailing’ conditions is also likely to cause the sediment to largely return to its original
position. However, situations where this may not occur include:

An unusually high volume of bypassing has occurred, which affects the availability of
sediment within the compartment; or
Sediment movement has caused disruption or formation of features that reduces
the volume of available sediment substantially, such as infilling of a large previously
existing depression, or formation of a sand lobe (such as mega rip deposition 67) that
is subsequently slow to break down.

Coastal monitoring along an entire compartment, even qualitatively, is therefore essential as
a means of identifying whether ‘recovery’ due to alongshore transport is likely. An
understanding of spatial sediment transfers developed through coastal systems mapping 47

and related to driving processes may help identify this likelihood. The sediment cells
framework for the PNP region 35 defines compartment scales to consider, based upon
apparent barriers (or impediments) to alongshore transport.

Spatial connectivity also applies to adjacent cells. In most cases adjacent cells experience
similar coastal forcing and therefore comparing the similarity of behaviour between adjacent
cells is one means of distinguishing whether the erosion is a local or regional issue. However,
as cells and the coastal barriers which define them are rarely of similar configuration, the
pattern of response and rate of bypassing is not usually identical. Local erosion may
therefore occur when loss from one cell has not been balanced by supply from the updrift
cell. A decision regarding intervention to address erosion should consider the availability of
sediment from updrift if the driving conditions continue.
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Connectivity between a series of compartments also occurs. Depending on the sediment
demand and the balance of transfers between cells, this may create preferential areas for
erosion (sometimes termed erosion hotspots) 68. A typical occurrence is where a severe
storm causes sand to be moved offshore along multiple cells – some will recover much faster
than others. The recovery rate is generally related to the origin of sand supply and its
pathway, with those cells closest to the source being most capable of recovery, whilst those
further along the path experience lagged recovery and possibly enhanced downdrift erosion.
A similar mechanism is likely to occur of longer time scales in response to changing
prevailing conditions, including sea level rise 69.

Different levels of spatial coherence for coastal behaviour determine that there may be
several indicators of potential natural erosion mitigation (Table 10). Decision making
regarding coastal erosion is therefore best informed by coastal monitoring which captures
both a local and a wider regional perspective.

Table 10: Areas Related to Indicators of Potential Erosion Mitigation

Area
Considered

Indicator of Potential Natural
Erosion Mitigation

Speed of Response

Cross shore Presence of nearshore bar Fast: much of the recovery may occur
within the same season

Within Cell Equivalent accretion at other
end of cell

Moderate: recovery typically requires
seasonal reversal

Adjacent Cell
(updrift)

Sand bypassing imminent Moderate: recovery is usually partial &
typically requires seasonal reversal

Updrift Cells
(from source)

Adequate sand available updrift
and bypassing occurring

Slow: may take several years for
recovery to occur

Consideration of potential cross shore transfer is commonly applied to coastal management
decision making, and is a major cause of increased nearshore monitoring for LGAs
undertaking active coastal management. However, consideration at larger scales has been
less targeted, with most understanding developed through site inspection or via vertical
aerial photographs. The hierarchical sediment cells framework for the PNP region 35 has
been developed to support spatial interpretation, with different levels of the framework
applicable depending on the time scale or physical scale of the coastal disturbance (e.g.
severity of storm erosion or the size of a constructed facility).

3.4.4. Assessment for Long term Changes
Projected global climate change includes sustained change to coastal conditions, with sea
level rise, alteration of storm systems and shifts in prevailing winds 70. Modelling for the next
60 to 100 years suggests that likely changes within the next 10 20 years are small in
comparison to existing climate variability and unlikely to be distinguishable in coastal
observations. The recommended CMAP for 2016 2025 is therefore not directly tailored to
identification of long term responses. However, the CMAP along with existing available
information should provide a baseline against which future change may be identified.
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Use of LIDAR to provide a high resolution description of both topography and bathymetry
has been proposed as a means of identifying change. The 2008/2009 LIDAR sampling by the
State Departments of Planning, Transport and Water has already provided an invaluable
resource for developing greater understanding of coastal behaviour 31,35. However, as
illustrated by Figure 13, there are challenges to its use as a quantitative monitoring method:

Differences in instrumentation and processing may substantially affect the results;
Areas for which significant change occurs are either small, or naturally dynamic, with
the latter being better described by higher frequency monitoring.

The high value of offshore LIDAR to provide indicators characteristic of long term dynamics,
including benthic habitat coverage and seabed sediment transport pathways, suggests that
LIDAR (or equivalent) should be collected on a 20 30 year basis.

There is potential for long term coastal movement to alter the set of geological features that
are actively controlling the coast. Geophysical methods have been demonstrated as a
practical means of identifying these features 71 and they are considered to be an important
tool for the identification of appropriate long term coastal setbacks 24. The relative need to
undertake geophysical assessment is therefore related to development pressure and the
occurrence of sustained erosion. Over the time frame of the CMAP, geophysical assessments
are unlikely to be required for decision making related to active coastal management, but
are likely required to support long term planning. The relative importance of development
pressure is considered the main impetus for establishing accurate coastal setbacks, and
therefore determining whether geophysical assessment should be incorporated within the
CMAP.

Strategic opportunities to enhance the effective use of geophysical methods within the PNP
region include:

Defining a geophysical assessment scope that is appropriate for the majority of the
PNP region, able to be distributed to LGAs when undertaking investigations to
support planning [Recommended Agency: PNP with support from State Government,
including Department of Minerals & Petroleum];
Collation and review of existing geotechnical and geophysical information, to
determine where the geological framework may influence future behaviour
[Recommended Agency: PNP with support from external consultants];
Review development pressure along the PNP coast, to determine priorities for
developing long term coastal setbacks and identifying coastal nodes [Recommended
Agency: Department of Planning with input from LGAs coordinated by PNP;
Undertake a test case, to demonstrate the relevance of geophysical assessment to
coastal planning (ability to identify suitable coastal node locations) [Recommended
Agency: PNP and Department of Planning, with input from selected LGA];
Review coastal behaviour and development pressure on a 10 20 year basis, to
determine sites where geophysical assessment may support decision making for the
following 10 20 years [Recommended Agency: Department of Planning, with input
from Department of Transport coastal engineers and PNP].

Preliminary consideration of sites for geophysical assessment based purely on physical
characteristics includes:
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Rockingham coast has a high existing level of development and a mixture of rocky
and sandy shore. Geophysical methods may help to refine the extent of works
required to mitigate erosion;
Mandurah coast between Halls Head and Dawesville Channel has a predominantly
rocky backshore, with a limited amount of sand. Geophysical assessment is likely to
be local in scope, relevant to management of small sections of beach;
The Harvey coast north of Binningup has experienced the greatest sustained erosion
since the 1950s and therefore may be an appropriate location for geophysical
assessment, although its existing coastal setbacks are generally large;
The coast between Bunbury Back Beach and Peppermint Grove Beach has a sandy
barrier dune overlying rock platform. Geophysical assessment may help to identify
sections of dune which are most susceptible to destabilisation in the long term.
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3.5. INUNDATION MONITORING

3.5.1. Background for Inundation Monitoring
Water level fluctuations occur in coastal regions through a range of astronomic,
oceanographic and atmospheric processes 72, with at least 20 processes identified from
scientific research in the PNP region 13,73. The micro tidal nature of the PNP region 74

determines that each of these processes may be important within a particular spatial or
temporal context. Water level fluctuations provide a range of coastal and foreshore
management issues for LGAs, including:

Movement of the wetted foreshore fringe, affecting amenity and access;
Change to riparian vegetation due to shifting frequency of inundation;
Environmental and health issues due to local ponding and stagnation, including
mosquito management;
Changing navigability related to available seabed clearance;
Foreshore change in response to water levels, particularly beach adjustments;
Change to hydrodynamics stresses affecting foreshore infrastructure, including
throughflow and overtopping;
Flood damage caused by water that reaches assets (typically infrastructure or
environmental) that are not water tolerant; and
Human safety hazards, ranging from knockdown and slip hazards along foreshore
promenades 75, to risk to life associated with extreme coastal flooding 76.

Each of these issues requires consideration of a different range of water levels, which may
be loosely classified as ambient, high or extreme. These classifications are based upon the
suite of processes most likely to contribute to water level recurrence (Figure 20). These may
be most simply described as corresponding to tide, surge or mean sea level processes.

Figure 20: Water Level Classification Scheme
Note that Low and Extreme Low classifications have not been included in this scheme,

although they may be important for riparian zones and navigation.
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Tidal processes are developed through water level response to harmonic cycles of
gravitational forces from the sun and moon. These create periodic fluctuations that are
largely predictable, with cycles occurring twice daily, daily, fortnightly, semi annually and
inter annually. Tidal effects vary spatially, particularly geographically, across the continental
shelf and between semi enclosed basins. In the PNP region, tides are small and mainly occur
with one cycle per day.

Surges may be developed through an array of atmospheric and oceanographic processes,
which creates high spatial and temporal variability. Significant spatial variation of surge is
introduced on the open coast by coastal configuration, which can support or dissipate wind
and wave setup, as well as the shore profile, which may affect run up and overtopping
processes. Along the PNP coast, the effects of waves have been observed to have up to 5m
vertical influence up the dune face, with surges estimated up to 1.5m based on tidal
residuals. The wave response is substantially reduced within estuaries, due to their enclosed
nature, but the effect of wind setup within an estuary basin may be locally enhanced due to
the speed of response and the capacity for water to ‘pile up’ within small estuarine bays. A
set up difference of 1.3m was observed within Peel Harvey estuarine system during the
passage of TC Alby, with positive surge in the north of Peel Inlet and negative surge at the
southern end of Harvey Estuary.

Mean sea level processes, including the seasonal cycle (peaking in May June, low in
November December), inter annual variability (related to El Niño Southern Oscillation
phenomena) and long term sea level rise have limited spatial variability, including transfer
into the estuarine basins. As a consequence, they may have substantial influence on the
relative recurrence of high water level events, demonstrated by the increased number of
closures for Bunbury Storm Surge Barrier during recent high mean sea levels 77.

Along the micro tidal PNP coast, the relative importance of surges and mean sea level
variability to tide propagation means that an ocean to estuary tidal relationship derived
from short term measurements is unlikely to remain relevant under all conditions 13. This
justifies the continuous deployment of instrumentation within the large estuary basins of
Peel Inlet and Harvey Estuary.

3.5.2. Objectives and Appropriate Monitoring Networks
Typical objectives when measuring water levels are to describe the relative timing and
occurrence of water levels at various thresholds which influence the behaviour of interest.
The network of instrumentation appropriate to describe the key processes for ambient, high
or extreme conditions (Figure 20) is suggested by Table 11.

Where a suitable network exists, description and measurement of individual water level
processes may support model validation. In cases where less information is available,
unvalidated processes may be modelled using ‘typical’ parameters, or based on validation
from comparable sites. However, it is worth noting such ‘transferred validation’ may result
in significant model uncertainty, particularly if processes contributing to flood events are
confused. This is illustrated for flooding modelling in Peel Inlet, where a simulation of TC
Alby estimated internal variation of basin levels substantially less than actually recorded 78.
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Table 11: Applications of High Frequency Water Level Measurements

No. of Instruments Applications Suitable For
DescribingPermanent Temporary

ONE Identify tidal constituents. Ambient
Conditions

ONE Characterise tide, surge & MSL processes.
Real time monitoring (local).

Ambient to High
Conditions

ONE Multiple Distinguish processes using spatial
relationships, up to the deployment time
scale.

Ambient to High
Conditions *

Multiple Identify spatial relationships for long term
processes, including relative sea level rise.
Hydrodynamic model validation.

Ambient to
Extreme
Conditions **

* May be suitable for extremes if there is limited spatial variation of surges (e.g. open coast)
or if there is supplementary means of measuring extreme events (e.g. post event surveys).
** Characterisation of extreme events from monitoring requires events of similar magnitude
and equivalent process to have occurred during the monitoring period. Occurrence of an
extreme is a random process, with its likelihood increased by a longer period of observation.

The ability to characterise tidal fluctuations using a relatively short period of measurement
determines that the major objectives for inundation monitoring are to describe mean sea
level processes and to characterise surges. This parallels the detection of trend and acute
response described for erosion hazard (Figure 18) although the relative importance of these
components varies over time:

Over sub decadal time scales, variation of mean sea level is dominated by cyclic
response to oceanographic conditions 79 which is far smaller than surges, promoting
focus on acute inundation likelihood. The capacity for assets to tolerate limited
inundation also means that a lot of infrastructure and amenity is placed in the
‘inundation hazard zone’;
Over planning time scales of 50 100 years, the projected change to mean sea level
80 is similar order of magnitude to surges typically observed in the Peron Naturaliste
region. This means increasing inundation stress for assets within the inundation
zone, which may require relocation or other forms of adaptation.

3.5.3. Existing Inundation Monitoring Network
Water level fluctuations along the PNP coast are monitored by a network of tide gauges,
managed by the Department of Transport. These provide a high frequency measurement of
water level and are present at all boat harbour facilities along the PNP coast (Mandurah,
Bunbury, Port Geographe), along with gauges at channel entrances and inside the basins for
Peel Inlet, Harvey Estuary and Leschenault Inlet. Gauges are all located in relatively sheltered
locations, where wave effects including setup and run up are damped.
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Wave conditions are measured by permanent waverider buoys offshore from Rottnest and
Cape Naturaliste and inshore gauges at Bunbury as part of the port underkeel clearance
program. These are supplemented by short term instrument deployments along parts of the
Peron Naturaliste coast, including AWACs used for monitoring at Mandurah and Busselton.
Modelling may be used to translate offshore wave conditions to the coast and provide
estimates of wave coast interactions including run up and setup.

The absence of wave measurements inside the estuarine basins prompts the use of
hindcasting based on Bureau of Meteorology wind records where they are suitably located
81. This approach is practical where there is limited swell penetration into the estuary and
therefore applicable for the majority of the PNP estuaries.

3.5.4. Extension to Monitoring Network
The relative reliance upon modelling to describe how the inundation hazard varies away
from the points of observation suggests that improved description ofhigh or extreme events
could be used to identify locally relevant processes and potentially support model validation.

The existing monitoring network supports identification of water level processes, moderate
identification of wave processes along the coast (requiring modelling) and inference of wave
processes within estuary basins (based on hindcast). Extension to the monitoring network
can include:

Short term deployment of inshore instruments, to locally resolve inshore wave and
water level processes. The requirement for improved precision of ambient
conditions is only likely to be cost effective for large coastal infrastructure projects
such as harbours or defences on the town beaches at Busselton, Bunbury,
Mandurah or Rockingham;
‘Capture’ of high or extreme events through the use of flood frequency logs or post
event flood mapping (methods described in the Monitoring Manual). These low cost
approaches provide locally relevant measures of inundation recurrence and spatial
characteristics.

It is recommended that:
1. Flood frequency logs be established for existing ‘problem sites’ by each LGA with a

history of flooding, particularly inside the estuaries; and
2. The capacity to instigate post event flood mapping be developed by PNP, with field

support to be provided by LGAs. Flood mapping should typically be undertaken on
an ‘as needed basis’ for severe events, say above 25 year ARI (see Coastal
Monitoring Guidelines, Section 4, Table 4 1).

In situations where the LGA asset principally at risk due to flooding is foreshore walling, then
it may be more practical to directly measure structure performance, rather than infer
decision making based upon theoretical damage to the structure due to sea level change 82.
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3.6. COASTAL STRUCTURE MONITORING
Coastal structures are present along several parts of the Peron Naturaliste Coast, with the
greatest concentration of structures at Busselton, Mandurah and Bunbury. These facilities
are typically intended either to directly resist erosion (seawalls or revetments), to modify
sand transport so that supply is directed towards target sites, or to support navigation
(entrance training walls). Coastal structure monitoring typically identifies both the condition
of the structure itself (condition assessment) and the influence of the structure upon coastal
processes (function assessment). For many coastal structures, a moderate or even high level
of damage may occur before there is a reduction of function.

Structure condition assessment requires identification of damage to the structure. Various
condition inspection and rating procedures have been developed internationally for the
assessment of coastal structures 83,84,85, particularly varying with building materials including
rock, timber, concrete or steel. A useful set of procedures for several different types of
structure was developed by the US Army Corp of Engineers through the Repair, Evaluate,
Maintain and Rehabilitate (REMR) program 84,86,87. However, these are generally applied to
larger maritime facilities on a single facility basis. A modified version of the USACE REMR
technique for evaluating the physical condition and performance of rock armoured
breakwaters has been developed to support a high level assessment of a large number of
structures 88.

Function assessment of coastal structures requires identification of the influence of the
coastal structure upon the availability of sediment supply. This includes the intended
impoundment of sediment either updrift or behind the structure, the effect of the structure
on alongshore sand transport, as well as secondary volume effects, such as downdrift
erosion, deepening due to wave reflection or flanking erosion due to local end effects 89. Key
questions that should be identified in the function assessment include:

Structure protection: Does the structure protect significant assets?
Shore protection: Does the structure stabilise the beach?
Shore realignment: Does the structure change the local shoreline orientation?
Sediment transport: Does the structure modify net alongshore transport?

The appropriate frequency of coastal structure monitoring is determined by the relative
resilience of the structures and the decision making time frame associated with structure
sediment supply interactions. Consequently, a yearly inspection program has been
recommended for Busselton coast 59, where small scale sand redistribution is applied and
the structures includes both timber and dilapidated rock structures. In contrast, a five yearly
condition assessment program has been recommended for Mandurah northern beaches 58,
which has exclusively rock structures and an active annual sand bypassing program.

It is recommended that coastal structure monitoring be undertaken by experienced coastal
engineering professionals.
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3.7. SEDIMENT SAMPLING
Sediment sampling has been recommended as part of the Mandurah Northern Beaches
coastal monitoring program, with two sets of samples taken in the first year of monitoring,
one in winter and one in summer.

Sediment information is a fundamental tool for coastal modelling 90,91,92 and may also
provide a useful diagnostic indicator of coastal processes 26,93. However, its role within
coastal monitoring over annual to decadal time scales is likely to be limited.

Alongshore variation of sedimentary characteristics may display mineralogical and biological
origins that support identification of sediment source to sink pathways and therefore help
define large scale sediment cells. However, unless there is substantial local variation of
sediment sources, reworking and exchange develops low spatial gradients of sediment
chemistry or structure and therefore is most suited to large scale evaluation (10’s to 100’s of
kilometres), such as demonstrated for the whole PNP region 94,95, the Perth region 96 and the
Busselton coast 97.

Over smaller scales, sediment variation is largely apparent as change in grain size. Within a
continuous landform unit, grain size may be used as an indicator of coastal trend, with
coarser material implying erosive tendency and finer material implying accretive tendency 98.
However, this interpretation is significantly obscured when comparing sediment sizes on
different landforms, as there may be significant influence of the landform, or even landform
elements, upon sand grain sorting. This occurs at a cross shore scale, which may be
managed through rigorous sampling procedures, but also occurs as a much finer scale,
including ripples, bars, cusps, splays and berms. The role of this local scale variation may be
difficult to identify within a sampling program.

Sediment sampling is acknowledged as a useful piece of data collection, and is particularly
necessary where modelling is used to support active coastal management, including
installation of coastal protection and sand bypassing 99,100. It requires a more effective and
detailed program of assessment than individual sampling tests typically undertaken for
individual sites when deriving coastal setbacks 101.

It is recommended that:
LGAs collect information on sediment sizes on a monthly basis using visual tools
only, in conjunction with beach width measurement;
The State Government develop and implement a one off scientifically based coastal
sediment sampling plan, which may be evaluated by academic agencies. This should
provide a basis to evaluate site based monitoring used by consultants to develop
coastal setback analyses;
Supplementary sediment information, including dune and offshore samples, may be
collected and analysed by academic agencies, in conjunction with the base State
government information.


