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This report summarises the development of coastal hazard mapping for the Peron-
Naturaliste Partnership Coastal Adaptation Decision Pathways (PNP-CAPS) project
Developing Flexible Adaptation Pathways for the Peron Naturaliste Coastal Region of

Executive Summary

Western Australia. The mapping is specifically for economic assessment of adaptation
options, which forms Phases Il and Il of PNP-CAPS.

Inundation hazard mapping has been developed from evaluation of tide gauge data sets
from Fremantle, Bunbury, Busselton and the network of gauges within the Peel-Harvey
estuarine system. This assessment shows a spatial trend, with flood levels increasing
towards Busselton. Interpretation of flood level reductions within the estuary basins at
Leschenault, Vasse-Wonnerup and Broadwater has been developed on the basis of
historically surveyed flood levels.

Erosion hazard mapping has been derived from the downscaling of a regional recession
study, through consideration of geology and landforms. The recession study method, which
aimed to explore uncertainties of coastal response to sea level rise, constrained the
reliability of the hazard assessment. Key locations including Quindalup-Busselton, Bunbury
and Mandurah are not well represented by the erosion model. Despite this limitation, the
hazard mapping is considered suitable for economic assessment for all sites except the
largely enclosed area of Koombana Bay. Bias introduced by the recession study is considered
likely to exaggerate the scale and urgency of adaptation, which should be recognised in the
interpretation of economic assessment. Further refinement of the erosion threat is
considered to require higher resolution identification of underlying rock features and
inclusion of alongshore controls such as headlands and groynes, when evaluated at a local
scale.

The coastal hazard mapping exercise demonstrated the value of extensive regional data sets
that have been collected by WA State Government agencies. Several components of the
mapping process had not been previously attempted at a regional scale, and there were a
number of lessons learned that are invaluable for future studies of similar scope.
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1. INTRODUCTION

This report summarises the development of coastal hazard mapping for the Peron-Naturaliste
Partnership Coastal Adaptation Decision Pathways (PNP-CAPS) project Developing Flexible
Adaptation Pathways for the Peron Naturaliste Coastal Region of Western Australia. The mapping is
specifically for economic assessment of adaptation options, and was deliberately simplified to
provide a fit-for-purpose product under time duress. Several components of the mapping process
had not been previously attempted at this scale, and there were a number of lessons learned that
are invaluable for future studies of similar scope.

1.1. Peron-Naturaliste Partnership

The Peron Naturaliste Partnership comprises the local governments of Bunbury, Busselton, Capel,
Dardanup, Harvey, Mandurah, Murray, Rockingham and Waroona. These parties have agreed to
work collaboratively with State and Federal governments to build a resilient regional community, in
an effort to reduce risks and optimise opportunities presented by climate change and climate
variability.

1.2. Study Background

The Peron Naturaliste Partnership, in association with State and Federal Government partners, is
conducting an evaluation of the region’s coastal vulnerability to climate change. Previous studies
have identified the region as potentially subject to erosion and coastal inundation due to climate
changel?3*5, This situation prompted local, State and Federal government agencies to look at the
region in a detailed scientific manner, as one of the target areas for the so-called ‘second-pass’ of
the National Coastal Vulnerability Assessment. A preliminary set of studies were coordinated by
Geoscience Australia, evaluating the coastal recession risk, and the potential for coastal flooding
under a set of sea level and storm surge scenarios®’. Key characteristics of the recession risk study
include the use of uncertainty-based parameterisation and coastal aggregation, which provides a set
of uncertainty-based risk zones, rather than a time-varying projected shoreline position.
Significantly, the scope and timing of the ‘second-pass’ studies was such that they took only partial
account of data gathering and coastal studies being coordinated by the WA and local governments.

Natural extension of the ‘second-pass’ coastal vulnerability studies was their application to coastal
risk studies, in such as way as to facilitate decision-making with respect to climate change
adaptations. A program for a series of targeted studies was initiated through the Department of
Climate Change and Energy Efficiency, through the Coastal Adaptation Decision Pathways (CAPS)
program.

The Peron-Naturaliste Partnership CAPS submission Developing Flexible Adaptation Pathways for the
Peron Naturaliste Coastal Region of Western Australia aimed to develop a scientifically rigorous
economically-based adaptive framework for the coastal region. In particular, the project aimed to
identify flexible adaptation options to mitigate adverse impacts of climate change, particularly
threats of coastal inundation or erosion associated with sea level rise. Three project phases were
identified:

- Phase |l is a synthesis of coastal hazards affecting the region;
- Phase Il is a regional-based assessment of impacts, specifically comparing present day
conditions with those projected for 2100;
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- Phase lll is a locally-based assessment of impacts, incorporating the changing time series of
hazard response, to develop ‘real options’ for adaptation, which take into account the
implication of undertaking adaptive management actions at different points in time.

The need for synthesis of the ‘second-pass’ coastal vulnerability studies with regional and local
coastal studies was recognised as an important step within Phase I. Consequently, this Phase aimed
to draw together as much as possible of the data collection and information gathered by all
contributing agencies. In addition to the ‘second-pass’ studies, this includes, but is not limited to,
LiDAR and LADS data collected by the Departments of Planning and Water, along with landform
mapping undertaken as part of the WA Coast Program by the Geological Survey of Western
Australia®® and coastal compartment definition funded by Departments of Environment &
Conservation, Planning and Transport®. In addition, the ‘second-pass’ studies had limited access to
older data such as the regional coastal study (Bunbury-Mandurah) conducted as part of the
Dawesville Channel Project!?, or studies of estuarine stratigraphy completed by UWA School of
Geology in the 1970s and 1980513,

Preliminary evaluation of the uncertainty-based assessment of Cowell & Barry (2012) indicated
dramatic differences between the regional recession study and local-scale assessments which had
followed application of Schedule One of the State Coastal Planning Policy SPP 2.6, Consequently,
two studies were commissioned that relate to application of the regional recession study:

e A study was commissioned by the Department of Transport to feed directly into the PNP-
CAPS project®. This aimed to identify (open) coastal sediment cells, which were intended to
facilitate up-scaling and downscaling between regional and more local studies;

e Atechnical peer review of the Cowell & Barry (2012) regional recession study was
commissioned by the Department of Planning. Whilst this review was not intended to
directly support the PNP-CAPS project, its findings have been invaluable for interpretation of
the recession study uncertainty-based results.

1.3. Study Description

This report summarises the development of coastal hazard mapping for the PNP-CAPS project
specifically for economic analyses in Phase Il and Phase Ill. The study has involved synthesis of
available coastal vulnerability assessments, in order to develop coastal hazard lines.
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2. HAZARD ASSESSMENT APPROACH

2.1. Description

The main principle applied to this evaluation has been to use existing studies where appropriate,
provide re-interpretation where it is considered viable, and to redefine hazard assessments only
when necessary. The starting position was to consider simple ‘bath-tub’ inundation mapping and to
select an appropriate set of erosion hazard scenarios from the range developed by Cowell & Barry
(2012). Ultimately, both the inundation and erosion assessments required considerable refinement
to enable their use in a practical manner: the high sensitivity of coastal inundation to small vertical
differences required a refined method for assessment; and the erosion hazard scenarios were
strongly re-interpreted to accommodate sub-scale variation.

Preliminary mapping of coastal inundation risk was undertaken using ‘bath-tub’ modelling, with
hazard levels estimated by superposition of highest astronomic tide, a 1.0m storm surge and a sea
level rise projection curvel®. Derivation of coastal inundation lines, suitable for use in the economic
assessment, initially undertook review of these ‘bath-tub’ flooding estimates, involving:

1. Comparison with available analyses of Department of Transport (DOT) tide gauge records,
historic records of flood levels during TC Alby and modelling results from Geoscience
Australia (GA);

2. Assessment of flood level exaggeration in Peel-Harvey estuarine system based upon
available analyses of DOT tide gauge records and validated modelling results from GA and
University of Western Australia.

As the initial review process indicated potentially significant flaws in the assessment of flooding
levels, particularly in low-lying estuarine reaches, it was determined that redefinition and mapping
of flooded areas was necessary. This involved analysis of a wider database of tide gauge records,
refinement of surge estimates and re-mapping using the Department of Water LiDAR data. Identified
contours were clipped to ensure that only those areas with a hydraulic connection to the ocean
were included in the hazard zones. This process, whilst arguably a relatively straightforward GIS
exercise, was broadly problematic, as outlined in Section 6 ‘Lessons Learned’.

Coastal inundation hazard was identified through a series of ‘low’, ‘medium’ and ‘high’ estimates of
extreme water level for 12 different zones between Cape Naturaliste and Rockingham (Table 2),
based upon tide gauge data and interpretation of estuarine flood damping. Data from Fremantle,
Mandurah, Bunbury and Busselton were used to derive extreme distributions, with tide gauge and
post-flood event surveys used to estimate damping inside estuaries. Extreme water level estimates
were added to the sea level rise projection curve to provide coastal inundation hazard levels from
present day to 2110.

The Cowell & Barry (2012) recession lines required a distinctly different approach. They were derived
using a regional-scale coastal change assessment which integrates both process uncertainty and the
likelihood of environmental variations to develop probabilistic recession lines. As a consequence, the
results indicate ‘what we don’t know’ as much as suggesting the anticipated response to sea level
rise. In extremely simplified terms, the Cowell & Barry (2012) study considers a wider range of
possible responses to sea level rise, with ratios of horizontal recession to sea level rise from 30:1 to
300:1 which window the commonly-applied ratio of 100:1. For the present hazard mapping,
supplementary information has been used to direct interpretation of the Cowell & Barry (2012)
recession lines. It is important to acknowledge that this interpretation is not ‘refinement’ of these
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lines, but an effort to incorporate ‘educated estimates’ of where the active processes for each
coastal sub-cell fit within the scenario range of the recession lines.

Key consideration used for this selection process included:

1. Evaluation of Geological Survey of Western Australia landform mapping at tertiary cell scale
to identify whether any significant structural (geological) controls exist that are likely to
influence the aggregated coastal erosion modelling by Cowell & Barry (2012);

2. Determine the spatial scale of coastal variation indicated by shoreline change mapping,
particularly with respect to secondary and tertiary sediment cells;

3. Examine LiDAR bathymetry, to determine consistency with assumed characteristics of the
Cowell & Barry (2012) modelling process.

4. Assess modelling assumptions input into Cowell & Barry (2012) against additional available
information, to determine if uncertainty-based hazard zones are likely to be reduced in
scale.

This information was used to define low, medium and high recession distances for 2010, 2030, 2070
and 2110. The 2010 and 2110 distances were mapped to provide a basis for Phase Il economic
analysis. Other years are provided for alternative applications, but are not directly used in the Phase
Il analysis, which considers coastal hazards for each sequential year.

River flooding hazard maps were provided by the Department of Water and have been incorporated
‘as is’ into the hazard assessment. For the purpose of the regional assessment, change of river
flooding hazard due to sea level rise has been assumed to occur strictly within the coastal fringe, and
therefore been captured within the coastal inundation assessment. It is recognised that catchment
flooding can cause significantly higher water levels if it is coincident with high ocean levels,
particularly for small water bodies such as the Leschenault Inlet and the Vasse-Wonnerup estuarine
system.

More detailed evaluation of runoff flooding has been undertaken as part of the Phase Ill case
studies. A key component of evaluating sea level rise influence on flooding has been to consider the
transition from estuary basin to floodplain inundation, as the increased area of the floodplain
reduces the vertical response for a given volume of water (Figure 1). Consequently, the anticipated
change in extreme runoff flooding levels is generally less than sea level rise. For each of the local
estuaries, storage volume-depth relationships have been determined to enable superposition of
discharge volume upon rising sea levels.

Sea Level Rise

N

Water Surface

Water Surface Discharge

Storage Volume

Seat_evel

Ocean WL Discharge Ocean WL Rise
Storage Volume
(a) SLR superimposed on Flood Level (b) Discharge superimposed on SLR

Figure 1: Effect of Sequencing Flood Discharge and Sea Level Rise

The influence of saline intrusion associated with sea level rise is recognised as a major potential
impact on the Swan Coastal Plain. However, it has not been directly incorporated into the regional
assessment, as the hydrology and hydrogeology vary significantly at sub-regional scales. Whilst this
process is beyond the original study scope, it was identified as a major economic concern for many
of the partnership members, and a preliminary assessment of adaptation measures has been
included in Phase Il of the economic assessment.
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The intended application of the coastal hazard mapping is to support economic assessment of real
options for adaptation to sea level rise. The concept of real options is built upon the successive
accumulation of mitigation works and therefore considers the timing and scale of a sequence of
adaptation responses to climate changes. To this end, it is important that the selection of climate
change scenarios is neither too mild nor severe (Figure 2). A simple example is suggested by
response to sea level rise at Bunbury, where a 0.5m rise requires limited action, but a 2.5m rise
suggests abandonment of the city centre or massive coastal defences.

A

2.2. Selection of Hazard Criteria

The relative severity of the selected
climate change scenario affects the Action S.4

. Severe
7 range of adaptation options Scenario
; considered and their timing
g Action S.3
(]
&
© Mild
5 Action S.2 > s .
= », Scenario
g Possible timing errors » /Iﬁ
w .
% Action S.1 Action M.3
E /ﬂAction M.2
w | TTAction M.1

» Timing

Figure 2: Effect of Scenario Selection upon Identified Adaptation Sequence

Severe scenarios for change provide a more extensive adaptation sequence, but will suggest
incorrect timing of responses and may thereby provide undue emphasis upon remotely possible
outcomes. Mild scenarios for change do not allow identification of the full sequence of adaptation
actions, but may provide the subtlety required for local coastal management.

Basic guidance for criteria selection is given by State Government natural hazard and coastal
planning policies'”!8. These suggest consideration of extreme conditions (100 year average
recurrence interval, ARI) over a 100 year planning time frame. However, different coastal hazards
present different impacts when criteria are exceeded. Therefore application of uniform likelihood
criteria presents the possibility of an unbalanced risk profile. For the present study, the implications
of erosion threat are far more severe than those of inundation. This is simply illustrated through the
marginal impact of both hazards on a house — erosion reaching the house will likely cause failure,
whereas inundation causes damage, but generally more than 0.3m inundation is required to cause
structural failure. As a consequence, an effort has been made to apply a more conservative
approach to erosion assessment than to inundation.

The planning criterion of 100-year ARI implies a probabilistic approach to the definition of coastal
hazards. However, projection of hazard likelihoods requires simulation, even if this is just based
upon historic observations. Therefore any estimate will include process uncertainty, as well as
scenario or statistical uncertainty. This approach has been factored into recession modelling6, but it
is generally not included within inundation assessments, although it is acknowledged to occur®, and
has been locally demonstrated?’. Treatment of process uncertainty for inundation is discussed in
Section 3.2.
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3. COASTAL INUNDATION

3.1.

Western Australian coastal water levels are measured through a network of tide gauges, with most

Knowledge Base

originally established at working ports. The WA Department of Transport manages eight tide gauges
between Fremantle and Busselton, with five of the gauges located within the Peel-Harvey estuarine
system.

The Peron-Naturaliste region experiences a very low tidal range, which enables other (non-tidal) sea
level processes to be comparable in scale, including seasonal and inter-annual mean sea level (MSL)
variations, storm surge, continental shelf waves, seiching, meteotsunami and inter-annual tidal
modulations (Table 1)?%22, Furthermore, seasonal variations of tide, storm surge and mean sea level
are almost coincident during May-July to produce high water levels?. Within this environment, the
simplification of equating tidal residual to storm surge is inappropriate, as a significant proportion of
the seasonal and inter-annual MSL ranges represent the response to changing weather or
climate??*2> The relative phase of tide and mean sea level during autumn months is also the major

reason why tropical cyclones, which are capable of producing extreme surges when they travel

parallel to the west coas

t26

, do not figure prominently in extreme water level records.

Table 1: Water Level Components for Southwest WA
Adapted from Eliot (2012)

Process Duration Scale (m) Reference

Wave action 2-20 sec ~5 Lemm et al (1999); Li et al (2011)
Wave set-up 5-30 mins ~0.3 Bode & Hardy (1997)
Infragravity waves 2-60 mins ~0.3 Metocean Solutions Limited (2008)%’
Seiches 30-90 mins ~0.2 Allison & Grassia (1979)
Pressure surge 1-3 hours ~0.2 Reid (1990)

Meteotsunami 1-6 hours ~0.4 Wijeratne et al (2012)

Wind set-up 3-6 hours ~0.2 Pugh (1987)

Tidal conditions 12-24 hours ~0.8 Easton (1970)

Sea breeze cycle 24 hours undetermined | Masselink & Pattiaratchi (2001)
Pressure systems (cycle) 1-10 days ~0.8 Hamon (1966)

Continental shelf waves 3-10 days ~ 0.6 Eliot & Pattiaratchi (2011)
Fortnightly tidal cycle 2 weeks ~0.4

Density changes 1-3 months ~0.3 Dept of Env. Prot. (1996)
Seasonal tide cycle 6 months ~0.2

Leeuwin Current Seasonal ~0.3 Pattiaratchi & Buchan (1991)
Oceanographic forcing Years ~0.5 Church et al (2006)

Nodal tide 18.6 years ~0.15 Pugh (1987); Eliot (2011)
Climate variability Decades ~0.2 Pariwono et al (1986)

Sea level rise 100 years ~1.0 Hunter (2007)

Interglacial influences 10% years ~10 Wyrwoll et al (1995)
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Weather events acknowledged to cause extreme water level in the southwest include extra-tropical
or mid-latitude storms?®, tropical cyclones® and meteotsunami®°. Mid-latitude storms are the most
frequent of these phenomena, with the greatest likelihood of occurring coincident with high tide and
mean sea level during winter. Tropical cyclones are comparatively infrequent, with only one cyclone
travelling through the southwest per decade, on average in summer-early autumn; although more
remote systems may act to force water levels in the southwest through continental shelf waves?®%,
Meteotsunami are produced by rapidly moving pressure jumps, such as thunderstorms, and are
capable of producing extreme, albeit short-lived high water level events if they approach resonant
characteristics of the basin across which they propagate.

The role of resonance to influence water level phenomenon has been previously identified within

3132 with more recent analysis presently in preparation (Figure 3)3

the southwes
there may be a basis for the anecdotal perspective that enhanced surges can occur between
Bunbury and Busselton, as the effect of a seiche may be to effectively sustain a water level signal

longer than its period of generation, giving it more opportunity to superimpose with high tide.

. This suggests that

Surge and tidal damping are recognised to occur within the major estuaries across the
southwest?%343% 3lthough for linear basins such as Harvey Estuary, surges may be enhanced if the
wind direction is sustained along the basin’s long axis.

Higher energy indicates

L
greater-seiching

115.0 115.5 116.0

Figure 3: Four Hour Seiche Energy

(Source from S.Wijeratne)
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The complexity of active phenomena limits how well a conventional harmonically-derived separation
of tide and surge represents southwest water levels, and challenges the reliability of probabilistic
methods for the analysis of extreme water levels®®. In particular, the period from 1990 to 2012 has
experienced a significant increase in mean sea level, associated with a change from El Nino to La
Nina environmental conditions. Within this period, the frequency of high and extreme water level
events in the southwest has increased, which along with the 18.6-year nodal cycle reduces the
reliability of techniques based upon historic records®°. A consequence of the weakly defined extreme
water levels is that use of ‘representative design events’ has remained locally in vogue, despite a
global trend towards more probabilistic methods. Well-quoted examples of the three phenomena
include:

e An extra-tropical storm on 16 May 2003 caused sustained strong westerly winds, allowing
the storm surge to superimpose upon high tidal conditions, to produce the highest recorded
water levels at Fremantle (1.22m AHD), Mandurah and within Peel Inlet;

e Tropical cyclone Alby on 4-6 April 1978 caused strong northwesterly winds, with an extreme
storm surge combined with moderate tides. The event caused flooding in the southern part
of Harvey Estuary, throughout Bunbury and along Busselton foreshore. Post-event surveys
identified total water levels of approximately +1.8m AHD in Bunbury and +2.0m AHD in
Busselton;

e Tropical cyclone Bianca, in January 2011, declined dramatically offshore from Perth, without
causing significant wind or pressure setup. Despite this, a residual of over 0.75m was
recorded on high tide, associated with the shelf wave generated by the cyclone and a
contribution from La Nina climate conditions;

e An exceptional water level of +2.0m AHD was recorded at Busselton on 22 July 2007, during
a moderate northerly storm event. Subsequent analysis has identified that this was the
result of meteotsunami formation due to the storm cell propagation.

The extreme nature of both TC Alby and the May 2003 storm have prompted their re-simulation in
work done by Geoscience Australia®” and the University of Western Australia®® respectively. Both
have been termed ‘100 year events’, although without supporting statistical analysis of either
historical water levels, or the meteorological parameters used to describe either mid-latitude storms
or tropical cyclones.

For mid-latitude storms, the likelihood of an extreme water level is affected by mean sea level,
seasonal phase (tide and MSL) and inter-annual tidal cycles, in decreasing order of importance.
These factors have not been in phase since the 1950s, which suggests that an extreme distribution
based upon historic records is likely to underestimate likelihoods. A simulated extreme water level
distribution, which includes several of the identified sources of variance, suggests a 100-year AR
extreme water level of 1.39m AHD for Fremantle®,

Tropical cyclones are rare events, even in tropical regions and therefore they are commonly
parameterised using a range of meteorological characteristics including central pressure, radius of
maximum winds, speed and direction of approach3®%°, This alone makes it difficult to describe
likelihoods for southwest Western Australia, as such systems are too infrequent to define a reliable
distribution of cyclone parameters. However, their influence on water levels is considerably further
complicated by extra-tropical transition*! and continental shelf wave generation?®?°. As a result, it is
effectively impossible to assign a probability of extreme water levels in the Mandurah-Busselton
region associated with tropical cyclones.
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42 43 and the 2007 inundation event at

In addition to the two storm types, the 2004 Aceh tsunami
Busselton demonstrates that other mechanisms are capable of generating extreme water levels

under certain conditions. The rarity of such events, and the relatively recent scientific progress to
represent the physics of these phenomena determine that a probabilistic description is presently

unavailable.

Overall, our existing knowledge base suggests that there is a very high degree of uncertainty
associated with the estimation of flood likelihood, whether generated by mid-latitude storms,
tropical cyclones or other phenomena. The key implication to future hazard mapping is that
estimation of flood scenarios should make allowance for this uncertainty and clearly recognise the
limitations of nominating an event recurrence interval.

3.2. Coastal Inundation - Mapping Basis

The basis for coastal inundation mapping has been derived from observed moderate to long term
tide gauge data sets at Fremantle, Mandurah, Bunbury and Busselton, along with instruments
deployed within the Peel-Harvey system and post-event flood records for Leschenault, Vasse-
Wonnerup and Broadwater estuaries**. This information was used to distinguish 12 inundation zones
(Table 2), which considered the spatial variation of high water levels and the influences of estuarine
damping upon coastal flooding.

The primary description of coastal flooding likelihood was determined from extreme distributions
fitted to high water level observations from the Fremantle, Bunbury and Busselton data sets, which
suggested a significant spatial variation, with higher water levels to the south. Limitations of fitting
to historic data have been variously debated*>%¢, with a rule-of-thumb that data sets become less
reliable for estimates of events with ARI that extends beyond three times the length of the data set,
hence giving increased weight to the Fremantle data set and less to the Busselton data. The
Mandurah, Peel Inlet and Harvey Estuary gauges were correlated with the Fremantle record?, to
reduce the influence of short data sets, which can only be considered relevant after completion of
Dawesville Channel in 1994. Estuarine damping was evaluated from post-flood surveys after TC Alby
in April 1978, with further interpretation based upon the shape and orientation of the estuary
basins.

Medium and High inundation scenarios have been selected from extreme distributions derived from
the observations. However, the reliability of these distributions was recognised as very low, both
due to length of data sets and the unquantified effects of process uncertainty. The 100-year ARI
water level estimate was used for the Medium scenario, and the upper 90% confidence limit of the
of the 500 year ARl water level estimate used for the High scenario (Figure 4). Present-day high
inundation scenarios are comparable with the observed total flood levels (including wave action)
during TC Alby, which had the same spatial pattern. Wave runup was not included in the analysis, as
due to its highly coastal nature, its effect upon inundation declines very rapidly with landward
propagation.

Based upon correlations between the Peel and Harvey tide gauge observations to the Fremantle
data, an allowance for damping was derived for Peel Inlet and Harvey Estuary. This compared closely
with extreme distributions generated from the estuarine data sets. Comparison of flood levels inside
and outside Leschenault Estuary during TC Alby was used as a basis for estimating damping in the
smaller basins at Leschenault, Vasse and Broadwater.
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Figure 4: Schematic Showing Definition of Inundation Scenarios

An interpretation of the effects of changing coastal or estuary basin orientation was also used to

extrapolate the extreme distribution to zones away from the tide gauges. Reduced water levels were

applied for Quindalup and Leschenault Estuary due to the corresponding north and south facing

aspect. Water level within Harvey Estuary was enhanced for the High inundation scenario, based

upon the increased flood response observed during TC Alby.

Table 2: Present Day Inundation Scenarios

Location Medium High Source and Modifications*
Inundation Inundation
Fremantle 1.19m AHD 1.38m AHD Fremantle tide gauge data
Mandurah 1.19m AHD 1.38m AHD Fremantle
Peel Inlet 0.89m AHD 1.08m AHD 0.3m damping
Harvey Estuary 0.99m AHD 1.25m AHD 0.2m damping, +5% for high
Binningup 1.34m AHD 1.57m AHD Fremantle + Bunbury
Bunbury 1.49m AHD 1.76m AHD Bunbury tide gauge data
Leschenault Estuary 1.22m AHD 1.38m AHD Bunbury, 0.2m damping, -5 to 10%
Peppermint Grove 1.48m AHD 1.74m AHD Bunbury + Busselton, +0.02m amplified
Wonnerup 1.44m AHD 1.70m AHD Busselton + Bunbury, +0.02m amplified
Busselton 1.39m AHD 1.64m AHD Busselton tide gauge data
Vasse / Broadwater 1.29m AHD 1.54m AHD Busselton, 0.1m damping
Quindalup 1.39m AHD 1.48m AHD Busselton, -10% for high

* Modification for damping was applied as a constant factor. Modification for orientation was
applied as a % change to the extreme level, with different factors for medium and high scenarios.
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It is worth noting that the medium scenario flood levels are marginally lower than the 100 year ARl
water levels provided by the on-line sea level rise decision-support tool available from the Antarctic
Climate & Ecosystems CRC3%8, This is largely due to ACE-CRC use of the joint probability method
(integrating combined tide and tidal residual distributions) to derive extreme water levels. This
simple method is biased in south-west WA by the simulation of storm surge by tidal residual, with up
to 50% of the tidal residual being associated with mean sea level anomalies. As a consequence, the
ACE-CRC method creates opportunity for combining (slightly) exaggerated non-winter tidal residuals
with high winter tide and mean sea level.

Present Day scenarios are modified by sea level rise allowances for the 2030, 2070 and 2110 time
periods of +0.15m, +0.47m and +0.90m respectively'®.

Mapping has been conducted by applying Fledermaus or ArcGIS to the Department of Water LiDAR
topography. Direct output contours have been clipped to capture the most landward contour that
retains direct hydraulic connection with the ocean. As areas susceptible to inundation were
generally widely separated, the issue of interfacing between adjacent zones was insignificant.

11
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4. COASTAL RECESSION

4.1. Knowledge Base

Coastal erosion and accretion within the study area has been identified historically as acting in a
holistic manner from Cape Naturaliste to Rockingham, with trapping of material by large coastal
structures affecting long distances downdrift*. This originally led to systematic evaluation of the
coast between Bunbury and Mandurah for the Dawesville Channel Project!?; and a similar sub-
regional sediment budget-based approach for the analysis of Geographe Bay coastal dynamics®®>L.

The potential for coastal retreat associated with climate change-induced sea level rise in the Peron-
Naturaliste region was first identified through application of the IPCC Common Methodology>?, with
parts of the Swan Coastal Plain targeted for focused assessment through subsequent Federal
Government funded coastal vulnerability assessments4->°3,

The critical role of underlying geology in affecting the dynamics of the Swan Coastal Plain has been
recognised in geomorphic and stratigraphic assessments, which indicate a mean sea level peak
approximately 1-2m above present day levels some 2,000 years before present®*°>>%®, This represents
a small regional variation from the Australian sea level record, which suggests rapid rise from 15,000
years before present, reaching a stillstand approximately 6,000 years ago’8. The local sea level
drop has provided increased stability to coastal features that were formed by landward
transgression during the post-glacial rise. Stratigraphic interpretation suggests that the
corresponding coastal development has not been uniform, with responses partitioned by rock
nearshore features and estuary basins®®. This geologic framework influences the active processes
and therefore is strongly related to the adjacent and overlying coastal landforms. Consequently,
landforms provide an indication of mechanisms by which the coast may respond to change. The
most significant of these are the alternate tendencies for landward or seaward sediment transfer;
and the relative distribution of any offshore deposition (Section 4.2).

Lessons learnt from previous coastal studies in the region were incorporated into the methodology
for coastal hazard projection at Bunbury and Mandurah by Geoscience Australia. Specifically, the
potential for coastal dynamics was incorporated through a sediment budget-based coastal study,
which considered inter-relationships of different coastal segments between Cape Naturaliste and
Rockinghameé. A heuristic-based approach was applied, which incorporates the credible
uncertainties associated with projected coastal change, to identify the wider range of possible
outcomes. This method consequently results in larger recession estimates than those which are
derived based upon ‘best-estimate’ models of change (Figure 5).

12



Damara WA Pty Ltd

Outcomes associated with credible Outcomes

ranges (uncertainty based) for all associated with

processes \ .. best estimate
"% set of processes

Probability
(normalised)

Possibilities
. associated with
% individual sets of
""=.,._processes

Recession

»
»

Best Estimate Range from credible scenarios

Figure 5: Schematic Distinction between Best-estimate and Uncertainty-based Models

In parallel with the development of the Federally-funded coastal study, three locally significant
projects were being undertaken by the State Government:

1. Collection of LiDAR and LADS for the Swan Coastal Plain, by the WA Departments of Planning
and Water;

2. WACoast Project, mapping coastal landforms, by Geological Survey of Western Australia®’;

3. Investigation of the role of geological coastal compartments as coastal planning and natural
resource management units, on behalf of the Department of Planning and the Department
of Environment and Conservation®.

The latter project identified that the use of coastal compartments, and at a smaller scale sediment
cells, may provide a useful framework for the upscaling and downscaling of coastal planning and
natural resource management. This has been further supported by modern-day coastal responses to
local compartmentalisation by rock features®:.

Data from State-funded studies became available late in the Geoscience Australia study, and
therefore was partly incorporated into the assessment, rather than being fundamental to the
methodology. However, the knowledge gained by the State-government projects was considered
likely to allow some refinement of the coastal change uncertainties modelled by Cowell & Barry
(2012), and thereby tighten the coastal recession assessment. It is understood that this was an
objective sought by the Peron-Naturaliste Partnership through Phase | of the PNP-CAPS project.
Within this framework, it is essential to have a strong understanding of the strengths and limitations
of the Cowell & Barry (2012) recession study.
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The concept of sea level rise driving coastal recession is broadly acknowledged. However, ongoing
scientific debate remains active regarding the mechanisms by which change may occur — consensus
being difficult because different processes are active on different coast types. The major pathways

of response are landward transport typical on low-lying or barrier coasts, nearshore bar growth and
offshore transport (Figure 6).

4.2, Sea Level Rise and Coastal Recession

Overwash

Overwash

Bar Growth Sea Level Rise

Figure 6: Alternative Pathways for Coastal Response to Sea Level Rise
Modified from Dubois (1992)%*

The most widely applied response pathway in coastal change assessment is for offshore transport,
based upon Bruun’s conceptual model which balances dune erosion with offshore deposition®
(Figure 7). Constraints on the applicability of this conceptual model have been discussed, including
commentary by Bruun himself®*%>% Some refinements to the original conceptual model have been
proposed so as to incorporate local factors such as wave climate, but the majority of applications use
it very simply, typically with a constant 100:1 ratio of horizontal recession to vertical sea level rise,
including the Western Australian State Coastal Planning Policy setback schedule for sandy coasts®’.

Sea Level Shore to Shelf

Transfer

Figure 7: Schematic Description of Shore to Shelf Transfer
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Applicability of Bruun’s conceptual model along southwest Australia is strongly challenged by the
presence of extensive nearshore areas of limestone substrate, which are often bare or covered in a
very thin layer of sand. These features provide a separation between the sandy coastal deposits and
the offshore areas, which combined with low relief topography suggests an increased tendency for
landward rather than offshore transfer of material (Figure 8).

Shallow-Based Barrier .
. Sea Level Rise AN _
Barrier T_T — & )

Underlying Rock

Deep-Based
Barrier

Dune %

Littoral Zone
\

P

Beach

Mobile Sediment

Figure 8: Difference in Response for Shallow and Deep Coastal Sand Deposits

Coastal recession due to sea level rise is also affected by alongshore processes. As the Bruun
conceptual model assumes a net volume balance, any external supply or loss of sediment will modify
the coastal response. The effect may be pronounced at a coastal headland or structure, where
retention on the updrift side causes locally increased erosion on the downdrift side (Figure 9). On a
heavily compartmented coast, or when regional recession is large enough, retention by headlands or
structures may significantly affect the alongshore sediment cascade.

Rocky
Coastal
Headland

Figure 9: Local Effects of Headland upon Larger-scale Recession
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A detailed review and summary of Cowell & Barry (2012) has been developed to make the study
more accessible and to identify potential applications and extensions of the results®”8, This section
provides an abbreviated version of the summary, highlighting those factors that are most relevant to
its use in the present hazard mapping.

4.3. Rockingham-Naturaliste Recession Study

Modelling by Cowell & Barry (2012) is a sediment budget based analysis of shoreline change,
incorporating storm erosion, estuary sequestration and onshore-offshore material transfer. The
method is presented in a probabilistic manner, which comprises both the variability associated with
coastal processes and the uncertainty associated with those processes. The study does not actually
consider direct geomorphic relationships between environmental forcing and coastal response, but
examines the sensitivity of the coast to variations in alongshore transport rates and cross-shore sand
transfer in response to sea level rise. Analysis of shore and vegetation line movements is used to
estimate storm erosion processes. Checks on model validity have been based upon comparison with
observed or interpreted sediment management volumes at Bunbury, Dawesville and Mandurah.

Analysis has been conducted using a series of sub-cells 17 to 30km in length (Figure 10), within each
of which the structure was ‘averaged’ alongshore and incorporated with a geological-based cross-
section to describe coastal response under sea level rise. The resulting figures describing recession
distances are included within Section 6 (of the recession study) for each of the sub-cells. Cowell &
Barry (2012) mapped these recession distances against the coastal vegetation line with limited
smoothing between sub-cells, and exclusion of all areas for which rock was identified above 2.5m
AHD using the GSWA 1:50,000 geological maps. This approach represents a very simple downscaling
approach, and apparently fails to capture areas where there is significant rock, including the
northern part of Bunbury Back Beach and north of Falcon Beach, Mandurah. Secondly, the approach
does not take account of the potential transport restrictions that may occur at sub-cell boundaries if
headlands are active.

The most significant aspect of the recession study for application to risk assessment is the inclusion
of the full range of process uncertainty, particularly the potential sediment transfer from the coast
to inner shelf associated with sea level rise. The distribution of sediments (Figure 11), seabed surface
features and offshore wave climate have been used to justify the possibility that accretion equal to
sea level rise may occur across shelf areas in the order of 30km width. The remote likelihood of this
outcome occurring has been acknowledged in the study, but the inclusion of this possibility still
provides a massive influence on the recession study results, giving a horizontal recession to sea level
ratio that may be as high as 300:1. The dominance of shore-shelf sediment transfer upon the
recession study results limits the ability of other processes to be distinguished, including alongshore
sediment supply and accelerated landward movement of low elevation barrier systems.

The sediment budget model time and space scales also provide several major constraints to use of
the recession study results:

e Regional representation of variation in sediment supply and transport accumulates
alongshore, providing an increase in recession rates heading northward. This gives a loose
simulation of the spatial reliability in sediment supply, but does not take into account
alongshore controls or the pathway by which sediment is supplied such as sandbars in
southern Geographe Bay.
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Figure 10: Cowell & Barry (2012) Study Area and Defined Sub-cells
Results for sub-cell 7 were not reported, although they were mapped.

Performance of the sediment-budget model in southern Geographe Bay is constrained.
However, recession distances have been mapped for this area, which are largely consistent
with the adjacent sub-cell (Wonnerup-Stratham) results. This apparent treatment suggests
no consideration of the significant local sediment supply, which would therefore suggest the
Cowell & Barry (2012) recession results may be highly exaggerated in the Quindalup-
Wonnerup sub-cell.

The sub-cell scale for sediment budget calculations effectively assumes that the influence of
alongshore control features, including groynes and natural headlands, does not change with
shoreline position. This behaviour is not supported by the landform structures, and
effectively excludes the influence of any coastal protection systems.

The influence of local morphology upon sediment transfer processes has been included
based upon late Holocene evolution only (stillstand or falling mean sea level). This effectively
means that coastal barriers are assumed to be eroded, rather than being transgressive in

nature®7°,
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Figure 11: Sedimentology and Substrate for the PNP region
Figure from Richardson et al. (2005), following Collins (1988)7%72

The major outcome of the recession study is to quantify the significance of what we do not know
about coastal response to sea level rise. In this respect, the recession study is suitable for scoping
how much management effort may be required and identifying broad areas within which (diffuse)
land-use planning and policy may possibly need to consider future coastal erosion hazard. The study
demonstrates a need for greater understanding of the physical environment, which will require a
flexible approach to coastal management over the longer term, in particular for land-use planning.

Location of a residence within or even seaward of the recession lines does not indicate that a
property will be lost due to sea level rise. Recession lines are determined for long stretches of coast
within which there is likely to be considerable variability of local response to sea level rise.
Significant factors that are not incorporated in the recession study include:

¢ The presence of erosion-resistant rock features;
¢ The capacity for alongshore capture of sediment; and
¢ Potential for coastal defence and management.

Evaluation of erosion hazard at a particular site requires assessment at a local scale, which considers
these characteristics. For the range of scenarios considered in the recession modelling, a site located
seaward of all recession lines that is not founded on rock, or otherwise protected, requires more
detailed consideration for potential erosion hazard.

Importantly, mapping of erosion and inundation hazards do not define setback lines, as other factors
should be considered in development approval decision-making. This includes recognition of
liabilities which may be associated with private development approvals and the potential for
restrictions upon adaptation options, thereby prejudicing future decisions.
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The approach applied to recession mapping has been to assume a ‘reasonable’ uncertainty level
from the Cowell & Barry (2012) results, and then undertake an upscaling process (Figure 12) using
knowledge of geology and landforms.

4.4. Coastal Recession - Mapping Basis

Error! Reference source not found.

Figure 12: Upscaling and Downscaling

Selection of a ‘reasonable’ uncertainty level has been determined based on the dominance of the
coast-shelf sediment transfer within the Cowell & Barry (2012) modelling. Recession study results at
a 50% level approximately correspond to accretion of an exponential bed profile rather than evenly
deposited across the shelf width. Based upon the existing coastal structure and the formation of
sandy seabed features revealed by the Department of Planning LADS data, this is considered a
‘reasonable’ upper limit for the recession estimate (Figure 13).

Decreasing
Present Supply
Situation o Reliability
Limited Relative
Shore-Shelf Remote Recession
Transfer Likelihood
0% Transfer 25% Transfer 50% Transfer 100% Transfer

to Shelf to Shelf to Shelf to Shelf

Figure 13: Shelf Infill Rates Used for Mapping
Mapping range is that used for the present hazard mapping

A further potential reduction is suggested by the capacity for material to be transported offshore,
which relies upon extreme wave conditions, and is commonly considered through the ‘depth of
closure’ concept in profile models’. This factor can arguably reduce the effective infill volume by a
factor of up to four, depending upon interpretation of wave conditions. For the present mapping
exercise, a factor of two on recession distances has been considered to span between ‘low’ and
‘high’ recession scenarios.

The rate of shelf infill may be further modified by the relative availability of sediment from offshore
or alongshore; and the presence of geomorphic or geological features which limit shore to shelf
transfer, such as underlying rock shelves or reefs.
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The reliability of sediment supply has not been considered in the coastal mapping. However, it is a
factor that should be considered in the interpretation of results. Present day morphology, as
indicated by Cowell & Barry (2012) suggests that rates of sediment supply are high, meaning that
today’s physical processes are towards the lower end of the range of modelled conditions. A much
broader range of processes is modelled, so as to accommodate possible regime shifts associated
with a switch from net positive sand supply to net loss — nominally occurring between 2030 and
2070. As discussed in Section 4.2, there is a spatial bias in sediment supply, with the southern part of
the Peron-Naturaliste coast likely to have a more reliable supply. Preliminary assessment of supply
conditions suggests (albeit crudely) that the regime shift is likely to occur in the Busselton region
towards 2070 and in the Rockingham region by around 2030. This bias, plus the neglect of
transgressive barrier behaviour, is considered likely to over-estimate recession rates for the
Quindalup-Busselton region.

The role of geological features has been interpreted from LADS bathymetry and landform mapping
(see example Figure 14), which strongly suggest that the presence of rock along the Peron-
Naturaliste coast is more extensive than has been represented by Cowell & Barry (2012). This is
partly apparent when the WACoast database is interrogated for rock substrate, which shows almost
continuous rock substrate from Peppermint Beach to Cape Bouvard. However, the database does
not capture known areas of moderately high rock, such as Bunbury Back Beach and Mandurah, north
of Falcon Beach.

The identified rock (both substrate and higher rock) has been used as a basis for interpreting the
Cowell & Barry (2012) recession rates through upscaling. This process assumes the sub-cell recession
describes net behaviour, but uses the geological structure to indicate how the erosion is distributed
along the section of coast. Two aspects have been considered:

e Headlands are assumed to have stronger influence upon trapping sediment than suggested
by Cowell & Barry (2012);

e Beaches with a broad zone of rocky substrate are assumed to have reduced ability to
transfer sediment offshore.

This assumed behaviour has been used to select recession exceedence ‘probabilities’ from the
Cowell & Barry (2012) results according to three different coast types (Table 3). This combination
provides net sub-cell recession that approximates the study range shown in Figure 13, whilst
preserving a maximum recession distance that approximately matches the Cowell & Barry (2012)
upper results.

Table 3: Basis for Recession Line Selection
Percentages are Cowell & Barry (2012) recession exceedence probabilities.

Coast Type Storm Recession | Low Scenario Med. Scenario High Scenario
Moderate-High Rock all 99.9% 90% 80%
Rocky Substrate all 70% 55% 40%
Sandy all 50% 30% 10%

The recession distances have been further modified according to geomorphic structures within each
of the cells. For example, on a section of sandy coast with a headland, the recession distance is
linearly increased from the most resistant scenario to the least resistant scenario, taking into
account the direction of alongshore transport. Large cuspate forelands at Preston Beach and
Warnbro were also dealt with at a local scale.
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Overall, the upscaling process has considered coastal segments at a secondary sediment cell level®.
Refinement to consider tertiary sediment cells is considered impractical, as the projection is beyond
tertiary time scales and recession distances under consideration will have a significant impact on the
tertiary cell boundaries. This means that the mapping results are likely to have lower validity for
areas with multiple alongshore controls. The most significant of these occurs at Bunbury, where
Koombana Bay is effectively isolated by Casuarina Point, and the sub-cell recession distances are
considered to grossly exaggerate recession potential.
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Figure 14: Example of LADS Imagery and WACoast Coastal Landform Mapping
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5. MAPPING SUMMARY

Maps of coastal inundation and coastal recession have been prepared (for use by coastal managers
only) in ArcGIS shapefile (.shp) and Google Earth (.kmz) formats.

Table 4: Datasets and Information Provided

Folder on ftp
site

Filename

Contains

Inundation
Scenarios -
kml Format
20120411.zip

Inundation 2010
100yr.kmz

Kml lines of coastal inundation for 2010 100yr ARI scenario

Inundation 2110
Medium.kmz

Kml lines of coastal inundation for 2110 Medium scenario

Inundation 2110
High.kmz

Kml lines of coastal inundation for 2110 High scenario

Inundation
scenarios -
shapefile

format.zip

SC-2350-1-
1 2010.shp

All coastal inundation scenarios for 2010 (100yr AR, high and
extreme) for south of Bunbury to Rockingham

Three scenario elevations provided for each of the areas
Leschenault, Bunbury, Binningup, Harvey Estuary, Peel Inlet,
Mandurah and Fremantle. There are often multiple lines for the
same scenario.

The lowest value corresponds to 2010 100yr AR, the
intermediate value corresponds to 2010 High Scenario and the
highest value corresponds to a 2010 Extreme scenario.

If a similar value was used for adjacent areas for an inundation
level they were combined (e.g. Fremantle-Mandurah 1-38.)

SC-2350-1-
2_2110.shp

All coastal inundation scenarios for 2110 (low, moderate and
high) for south of Bunbury to Rockingham.

Three scenario elevations provided for each of the areas
Leschenault, Bunbury, Binningup, Harvey Estuary, Peel Inlet,
Mandurah and Fremantle. There are often multiple lines for the
same scenario.

The lowest value corresponds to 2110 Low scenario, the
intermediate value corresponds to 2110 Moderate scenario and
the third highest value corresponds to the 2110 High scenario.
If a similar value was used for adjacent areas for an inundation
level they were combined (e.g. Fremantle-Mandurah 2-09.)

SC-2350-1-
3_2010.shp

Polylines for coastal inundation for 2010 100yr ARI for
Quindalup to Peppermint Grove.

Separate lines provided for Quindalup, Busselton, Vasse
Wetlands, Wonnerup, Peppermint Grove.

If a similar value was used for adjacent areas for an inundation
level they were combined (e.g. Quindalup Busselton 1-39.)

SC-2350-1-
4 _2110.shp

Polylines for coastal inundation for 2110 Low scenario for
Quindalup to Peppermint Grove.

Separate lines provided for Quindalup, Busselton, Vasse
Wetlands, Wonnerup, Peppermint Grove.

If a similar value was used for adjacent areas for an inundation
level they were combined (e.g. Quindalup Busselton 2-29.)

SC-2350-1-
5_2110.shp

Polylines for coastal inundation for 2110 High scenario for
Quindalup to Peppermint Grove.

Separate lines provided for Quindalup, Busselton, Vasse
Wetlands, Wonnerup, Peppermint Grove
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Folder on ftp
site

Filename Contains

Geographe Geographe Ba
Bay .g P v Indicative Drain locations and names for south-west area.
. drains.kmz
drains.kmz
Setback All setbacks 2030 . . .
scenarios - 5040 2050 2070 Kml of coastal recession for low, moderate and high scenarios at
. . 2030, 2040, 2050, 2070, 2110. In some locations the Low,
kml 2100 High Mid . . .
Moderate and High scenarios are coincident.
format.kmz and Low.kmz
Setback . . . .
scenarios — setback scenarios Nine polylines of coastal recession for scenarios of 2030 L/M/H,
. - 2070 L/M/H and 2100 L/M/H. In some locations the Low,
shapefile .shp . . o
. Moderate and High scenarios are coincident.
format.zip
Shapefile used for the ‘coastline’ for the erosion scenario
mapping. This was a heads-up digitised vegetation line from
20120_412' 2008 and 2009 aerial photography. The area of Port Geographe
Coastline.shp used December 2008 photography and the rest of the coastline
20120412 - was digitised from February 2009 photography.

Coastline.zip

20120412-
Coastline.kmz

20120412-
Coastline.dwg

Kml of ‘coastline’ for the erosion scenario mapping.

dwg of ‘coastline’ for the erosion scenario mapping.

ines covering the whole coast for the three scenarios in .shp (ArcGlIS) format requires the

Inundation |

following sh

1.

apefiles:

2010 100yr ARI Scenario (2 shapefiles, 14 records total):

SC-2350-1-1_2010.shp (all 100 year scenario records labelled Fremantle-Mandurah 1-19,
Peel-Inlet 0-89, Leschenault 1-22, Harvey Estuary 0-99, Bunbury 1-49, Binningup 1-34)
for south of Bunbury to Rockingham.

SC-2350-1-3_2010.shp (all four records) for Quindalup to Peppermint Grove.

2110 Medium Scenario (2 shapefiles, 16 records total)

SC-2350-1-2_2110.shp (all 2110 Medium scenario records labelled Fremantle-Mandurah
2-09, Peel-Inlet 1-79, Leschenault 2-12, Harvey Estuary 1-89, Bunbury 2-39, Binningup 2-
24) for south of Bunbury to Rockingham

SC-2350-1-4_2110.shp (all four records) for Quindalup to Peppermint Grove.

2110 High Scenario (2 shapefiles, 15 records total):

SC-2350-1-2_2110.shp (all 2110 High scenario records labelled Fremantle-Mandurah 2-
28, Peel-Inlet 1-98, Leschenault 2-28, Harvey Estuary 2-15, Bunbury 2-66, Binningup 2-
47) for south of Bunbury to Rockingham

SC-2350-1-5_2110.shp (all five records) for Quindalup to Peppermint Grove.

A check may be provided by comparing the total coverage with the inundation scenarios kmz file.

PDF maps have been prepared for inundation and erosion scenarios across the region.
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6. CONCLUSIONS

6.1. Lessons Learned

It is recognised that the PNP-CAP project is effectively one of a series of test cases for developing
methodologies of coastal hazard assessment across Australia. As such, there is significant value in
identifying some of the problems associated with the project processes, and consequently what
could be done better if a similar methodology were to be applied elsewhere.

The coastal hazard mapping exercise was intended to be a relatively simple exercise, to provide a
rapid interpretation of existing studies, with the use of existing datasets, particularly the Department
of Water LiDAR data. However, the process was considerably more time consuming than desired,
and required a number of compromises that lead to a product that is of lower quality and value than
intended at the outset. Several of these compromises and their effects on quality include:

e Inundation simulations were planned to be spatially variable, but this presented a constraint
when applying to spatial data, and was simplified into 12 zones;

e Mapping of inundation lines from LiDAR topography produced a convoluted hazard line that
could not be readily used for interrogation of economic databases. This required smoothing;

e Regional assessment of erosion hazard produced an unrealistic spatial distribution due to
the limited treatment of alongshore controls. Downscaling of the projected hazard was
restricted to the use of secondary sediment cells, as the magnitude of erosion considered
would significantly modify the tertiary cell structure.

A primary issue faced by the project delivery relates to the contractual breakdown of the work
program for the PNP-CAP project. Separation of Phase | from Phases Il and Il effectively determines
that the ‘required’ input to the latter phases is a set of hazard lines, which are then used to
interrogate economic information, much of which is obtained from GIS sources. The imbalance of
this approach is indicated by the time required for evaluation of hazard values (~2 days) and the
subsequent mapping (~6 weeks). In particular, the interrogation of LiDAR data required to isolate
hydraulically disconnected areas was a labour intensive task. A more elegant and in hindsight a
potentially far quicker approach, would be to directly link economic GIS databases with a LiDAR GIS
query. An ARCGIS procedure “cost-distance” was identified in the course of the mapping exercise by
Oceanica as a possible technique to minimise labour through use of batch-file processing.

LiDAR Hazard > Economic
GIS Lines GIS

A 4

A second issue related to the project structure is the fundamental requirement for the analysis to be
valid at multiple scales. Essentially this causes the project to bridge a technology gap between GIS
(good for ‘querying’ large datasets, but difficult to use for data manipulation) and CAD (good for data
manipulation on smaller datasets). This gap is only recently being filled by products such as
Fledermaus, which provide highly effective visualisation tools for large spatial data sets such as
LiDAR output. As the analysis was ultimately required for local scale assessment during PNP-CAP
Phase lll, a decision was made to use Fledermaus for contour extraction, which would ultimately
provide a CAD product suitable for Phase lll. This was based upon opportunistic testing of a part of
the LiDAR data set, which suggested that the approach would be time efficient and practical.
Unfortunately, the sample data tested was a poor representation of how easily contours could be
extracted from the larger data set, and a series of subsequent problems with the methodology and
data set were progressively unearthed.
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In hindsight, there were a number of teething difficulties associated with attempting to establish a
functional method. However, the majority of problems were directly related to data quality and data
management, as outlined following.

None of the datasets included metadata. This is a major constraint to its ease of use.

Due to the (perhaps misguided) desire to end up with a data set that was suitable for CAD, LiDAR
data sets were sought that would be compatible with Fledermaus. Data was provided by the
Department of Water, Department of Transport and City of Mandurah in a total of 5 different
formats (.gdb, .bil, .adf, .txt, .erv).

Two of the datasets used file naming conventions which were obscure and gave no indication of
spatial coverage. It was understood this data (.gdb) represented a complete dataset. However,
attempts to understand the data by extracting sections were unsuccessful for four different spatial
data analysts, admittedly none of whom were familiar with the (.gdb) format. This was later
explained by the requirement for ALL files within a (.gdb) dataset directory to be transferred,
otherwise significant information such as the vertical scale may not be accessible.

It was identified that the Department of Transport data set (.txt) included information that was able
to be read by Fledermaus — which led to the initial data testing and consequent project scheduling.
However, it was subsequently identified that the data set was incomplete, and did not cover the
region south of Bunbury. Discussion with the Department of Transport identified that for
Fledermaus to import (.gdb) format data, an ArcGIS licence must also be held. Considerable but
ultimately unsuccessful efforts were made by Department of Transport staff to convert large base
files (.adf) and smaller 5x5km (.bil and .gdb) files into formats more readily used by Fledermaus.

e Failure to convert (.adf) was indicated as a function of excessive file size;

e Failure to convert (.gdb) corresponded to the area that was unavailable in (.txt), suggesting
why the Department’s dataset did not have complete spatial coverage;

e Conversion of (.bil) files gave ‘nonsense’ results.

Despite documented compatibility, the (.bil) format files were not initially able to be opened in
Fledermaus by Damara’s cartographic subconsultants, an issue which has subsequently been
rectified by the software provider. The resulting data set was revealed to be non-ground data, which
is the residual produced in the conversion from a digital terrain model to a digital elevation model,
such as caused by trees and buildings.

GIS staff from Oceanica were called in to assist with the conversion of (.gdb) format data to (.adf) for
use with Fledermaus, and to undertake direct GIS-based contour analysis.

Mapping of inundation levels along approximately 130km of coast using CAD-based techniques took
approximately 6 working days for 6 scenarios. Mapping of approximately 60 km of coast using GIS-
based techniques took approximately 3 working days for 3 scenarios. Whilst there is no simple
method for direct comparison (different areas, tasks and scenarios), this suggests that the two
approaches are both similarly time consuming.

The relative degree of effort, and the corresponding expense, makes it questionable (again in
hindsight) whether the time saving achieved by using a fairly crude interpretation of existing studies
was worthwhile. It is strongly recommended that alternative project pathways, particularly a more
direct link between economic and LiDAR GIS (possibly requiring GIS modelling), should be considered
in the future.

The result has been highly frustrating and disappointing, despite the best efforts and hard work of
over ten people. Special thanks must go to John Mullally, of the Department of Transport, whose
hard work despite a series of dead-ends, enabled clarification of a substantial number of the major
issues with the LiDAR dataset and the analysis method.
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Coastal hazard mapping has been prepared for erosion and inundation threats along the Point Peron
to Cape Naturaliste coast. Whilst the mapping is considered ‘fit-for-purpose’ to support regional
economic assessment of coastal adaptation options, there are a number of aspects that deserve
further consideration if a similar exercise is to be completed, or the work to be repeated at a later
date.

6.2. Recommendations for Future Studies

Input elements used to develop the mapping have variable quality and accuracy, particularly the
high-resolution LiDAR data compared with the inundation level estimates. A similar tension exists
between the use of sediment cells and application to economic assessment: change that is
sufficiently large to be economically meaningful is also likely to drastically affect tertiary sediment
cells and the associated coastal processes.

A key modification recommended for the inundation assessment is the upscaling of LiDAR spatial
data, to provide a less convoluted hazard line. Alternative techniques are available, for either CAD or
GIS methods:

e When using CAD, breaklines must be developed from the LiDAR data before kriging to a
coarse resolution to maintain hydraulic connections and linear landforms that can only be
observed at higher resolution. This allows a simplified surface to be established;

e When using GIS, data interrogation such as the ‘cost-distance’ procedure may be used to
provide hydraulically connected shapes at discrete selected levels. The use of polygons
rather than points provides relatively greater ease for scaling.

Ideally, the inundation assessment should be developed through validated numerical modelling, but
this comes with associated time and costs;

It is strongly recommended that a more refined erosion model be used for assessment. It is significant
that model apparently provides its worst representations in the locations of Quindalup-Busselton,
Bunbury, Mandurah and Rockingham. As these are the most developed parts of the regional coast,
they are likely to hold the greatest significance for economic assessment. Downscaling of the
regional model is constrained by limited information regarding geological features, for which
collection of further information is likely to require a deliberate program of assessment. Other key
aspects for erosion model refinement include clear distinction of model components (landform
influences, sediment supply reliability) and improved representation of alongshore influences, to
facilitate its use in assessing adaptation responses. In its present format, the inability to represent
engineering adaptations and the simultaneous modelling of all sources of uncertainty prevents the
erosion model being used to explore the combined effects of regional management.

A potential approach to evaluate regional impacts is to integrate the use of a finer scale sediment
budget model, such as SBAS’* with a regional (unmodified) sediment budget, such as developed by
Cowell & Barry (2012). Questions to be addressed include:

e How much sediment can be retained by each management technique?

e How long will it take before each sediment sink is filled?

e How much of the trapped material is offset locally by downdrift erosion?

e How does recession affect alongshore transport rates, particularly bypassing of
obstructions?

These questions are fundamental information to enable downscaling, which may be facilitated
through the use of sediment cells identified for the region?®.
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7. GLOSSARY

Aggregation Representation of a large spatial data set (of units) by a smaller set (unit

(Spatial) groups). Characteristics of the smaller set are derived from the larger set by
gathering units together into groups that behave in a similar way. Spatial
aggregation requires that groups are developed from units with geographic
proximity.

Average The average time interval between occurrences of an event of a particular

recurrence interval
(ARI)

magnitude. Events of a given recurrence interval may, and often do, occur in
far more rapid succession over the short-term, when influenced by extrinsic
(background) environmental conditions.

Bathymetry The vertical level of the sea floor in ocean, seas and lakes; by common
convention described as water depth below a nominated vertical datum,
which typically corresponds to lowest astronomic tide.

‘Bath-tub’ Representation of inundation model results using a single vertical level. This

inundation typically obscures spatial variation in elevation associated with a flood event.

‘Best-estimate’
models

Models for which each process is simulated by a technique selected to provide
a best estimate of reality.

Coastal adaptation

Modification of behaviour, through construction of infrastructure or change in
land-use practices, that prevents or reduces the risk associated with coastal
hazards.

Coastal
compartment

An area of coast bounded alongshore by large geologic structures, changes in
geology or geomorphic features exerting structural control on the plan form of
the coast.

Coastal hazard

The interaction of coastal processes with human use, property or
infrastructure, the action of which adversely affects or may adversely affect
human life, property or assets.

Coastal hazard
lines

Spatial representations of a particular coastal hazard scenario. Typically this
will be a particular event, or associated with a defined likelihood of occurring.

Coastal inundation

When ocean water levels and waves are high enough to cause flooding of
normally dry land.

Coastal recession

A continuing landward movement of the shoreline OR a net landward
movement of the shoreline within a specified time.

Coastal sediment

A length of coast and adjacent areas within which the movement of sediment

cell is apparent through identification of land features which function as sediment
sources, transport pathways and sediment sinks. Typically sediment exchange
to adjacent cells is restricted, although cells are rarely isolated completely.

Coastal The threat to coastal landforms, associated infrastructure or land-use that

vulnerability (to
climate change)

may be caused by a sustained shift in environmental conditions.
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Continental shelf A water level signal that travels parallel to the coast (southwards on PNP
waves coast), with characteristics that are determined by the continental shelf
structure. The wave has maximum amplitude at the coast and decreases
offshore. Continental shelf waves are generated by synoptic weather systems,
particularly those causing winds parallel to the shore, and have been observed
to travel extensive distances along the Western Australian coast.

Cuspate forelands | Accretions of sand extending seawards that develop in the lee of a shoal or
offshore feature due to wave refraction or diffraction around both sides of the
offshore feature. Cuspate forelands principally develop in response to
variation of longshore sediment movement and are highly susceptible to
changes in metocean processes

Depth of Closure The water depth beyond which repetitive profile or topographic surveys
(collected over several years) do not detect vertical sea bed changes, generally
considered the seaward limit of littoral transport. Note that this does not
imply the lack of sediment motion beyond this depth.

Downdrift The direction of predominant movement of sediment close to the coast.

Downscaling The process of combining information collected at a coarse resolution with an
additional source of information to describe behaviour at a fine resolution.

Estuarine flood Reduction of vertical flood levels from the ocean to an estuary caused by
damping friction through the estuary channel and dispersion of incoming floodwaters
across the estuary basin.

Estuary The process of gradual accumulation of marine sediments within estuarine
sequestration basins, particularly that which has occurred in the recent millenia over which
sea levels have been largely stable.

Geomorphic Using measurement and knowledge of landforms to identify or extrapolate
assessments processes or active pathways of change.

Heuristic-based A scientific technique where a potential range (lower to upper limits) of a
approach parameter are evaluated, commonly used where it is not possible to define a

single precise value for that parameter.

Holocene An epoch of the quaternary period, from the end of the Pleistocene, about
8,000 years ago to the present time.

LADS (Laser Laser bathymetric survey tool that has applicability in clear coastal waters
Airborne Depth down to approximately 70 m depth

Sounding)

LiDAR (Light A type of aircraft-based remote sensing, using laser-driven pulses of light and
Detection and multispectral cameras to scan and process digital information about a
Ranging) landscape.

Landform A naturally shaped feature of the Earth’s surface. Landforms range in size from

small features apparent at a local scale to large structures apparent at a land
system or regional scales.
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Landform mapping

Identification, classification and definition of spatial coordinates for landforms
within an area of interest.

Lowest Astronomic
Tide (LAT)

The combination of astronomic tidal components which would produce the
lowest total water level. LAT is normally defined within a 19-year tidal cycle.

Mean sea level
(MSL)

The average level of the surface of the sea, over a nominated period of time. A
range of different periods are commonly used, including monthly, annual and
the 19-year tidal cycle.

Meteotsunami

Sea level oscillations, with periods of the order of minutes to several hours,
generated by the movement of atmospheric pressure jumps. They are distinct
from but related to seiches and storm surges. Meteotsunami can be locally
generated by squalls, tornadoes, thunderstorms or frontal passages.

Polylines

In computer graphics, a continuous line composed of one or more line
segments. You can create a polyline by specifying the endpoints of each
segment. In draw programs, you can treat a polyline as a single object, or
divide it into its component segments

Probabilistic

models

Modelling of some type (e.g. numerical or analytic) with a statistical element
attributing the likelihood of particular outcomes. Distinction may be made
between typical event (ambient) modelling which is represented by
percentage occurrence, and extreme event modelling which only identifies the
likelihood of exceptional conditions.

Seiche

A standing wave oscillation of a waterbody that continues, pendulum fashion,
after the cessation of a disturbing force (seismic or atmospheric) that has the
same frequency as the natural frequency of the water body system.

Shoreline

A discrete line representing the landward limit of the sea at some point in
time. Methods to define shoreline vary and may be based upon a fixed vertical
level, or by the apparent interface of water and land using a particular means
of detection, such as aerial photography.

Still water level

The vertical level that the water surface would be in the absence of wave
action. This is commonly estimated by averaging the water level over a period
of time, such as five or fifteen minutes.

Storm surge

A rise in water levels that may be attributed to atmospheric influences
including pressure, wind and waves during a storm or tropical cyclone.

Stratigraphy

The study of geologic strata or layers of sediment.

Tides

The periodic rising and falling of the water surface resulting from gravitational
attraction of the moon and sun and other astronomical bodies acting upon the
rotating earth.

Tidal modulations

Tidal modulations are slow variations of the amplitude of the diurnal (~24-
hour) or semidiurnal (~12-hr) tide associated with longer period relative
motions of the Earth, Moon, and Sun.
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Transgressive Along-coast landform developed through the landward movement of
(coastal) barrier sediment due to marine processes, including aeolian (wind), wave and sea
level rise.

Uncertainty-based | Modelling of some type (e.g. numerical or analytic) which recognises the role
models of weakly quantified factors in the model outcomes. This may take the form of
evaluating model precision, identifying sensitivity to parameters which are not
well known, or making allowance for processes that are the subject of
scientific conjecture.

Upscaling The process of simplifying information collected at a fine resolution to
describe behaviour at a coarse resolution.

Wave runup The upper vertical limit reached by a wave on a beach or coastal structure,
relative to the still water level.
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