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Executive Summary
This report has established the existing met-ocean and environmental conditions relevant to Robbins Island
and Robbins Passage. Design extreme water levels for the proposed engineering structures have been derived
from these data, using recommended guidance and relevant national standards. An overview of climate change
impacts relevant to the study site and within the design life of the proposed structures, is also included.

MET-OCEAN CONDITIONS
The climate at Robbins Island is dominated by the seasonal shift in the position of the subtropical ridge (STR)
and, to the south, the passage of fronts driven by the band of strong westerly winds encircling Antarctica. The
hydrodynamic regime is highly complex and results from a mixture of tidal, wind and wave forcing. Winddriven wave energy is generally low, leaving tidal variations as the main driver of hydrodynamic flow.
Robbins Island experiences a predominantly south-westerly wind direction with secondary modes from the
east and north. The wave climate is a mix of long-period Southern Ocean swell, and a more localised wind-sea.
Tides are diurnal and meso-scale. The primary flood tide enters from the east and bifurcates at the eastern
entrance to Robbins Passage. One tidal wave propagates through Robbins Passage from the east, while the
other travels round the tip of Walker Island via Boullanger Bay in the west. The two tides meet around Robbins
Crossing. A second flood tide enters through the passage between Hunter Island and Woolnorth Point.
Analysis of the long-term sea level record at Burnie indicates a net rise in mean sea level since 1984 of 1.9
mm/yr. There is an upward trend in maximum monthly sea levels since 1984 of 3.3 mm/yr., suggesting the
rate of increase in extreme sea level events is occurring more rapidly than the increase in the mean. Decadal
variability of sea level maxima and minima is also apparent, driven by the 18.6-yr lunar tidal cycle.
Since 1952, sea levels have reached 2.01 m above AHD (37 cm above HAT). Robbins Passage and the east coast
of Robbins Island are vulnerable to easterly surge events, being sheltered from winds and waves from the west.
These result from either cut-off lows in western Bass Strait, or mesoscale lows in the Tasman Sea.
The current sea level rise trend is expected to continue during the coming decades. Sea level rise projections
vary between 0.40 and 0.68 m by 2100 for the Circular Head area, although rates of sea level rise are uncertain.
Climate model projections indicate wind speeds may increase in winter in Tasmania along with wave heights
in general in the Southern Ocean. A poleward shift in the large-scale circulation could lead to an increased
easterly component to the annual wind climate and an anti-clockwise rotation in the mean wave direction.

DESIGN WATER LEVELS
The design water level average recurrence interval (ARI) used for both structures was 200 years. For the
causeway, the assumed design life is 100 years. The 200-yr ARI equates to a risk of encounter of approx. 39 %
over this period. For the landing facility, the assumed design life is 10 years. A 200-yr ARI equates to a risk of
encounter of approx. 5 % over this period.
Our analysis suggests that an appropriate design water level for the causeway is between 2.80 and 3.45 m above
Australian Height Datum, AHD (1.28 to 1.93 m above the Highest Astronomical Tide, HAT as measured in
Robbins Passage), depending on future global emissions scenarios. An appropriate design water level for the
landing facility is between 3.24 and 3.32 m AHD (1.72 and 1.80 m above HAT).
i
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1.

Introduction

1.1

PROJECT BACKGROUND
UPC Robbins Island Pty Ltd has submitted a permit
application under the Land Use Planning and Approvals Act
1993 to undertake a wind energy project on Robbins Island,
off the north-west coast of Tasmania, known as the Robbins
Island Renewable Energy Park. The project involves 180
wind turbines over the western two-thirds of the island
producing up to 1000 MW. GHD Australia (GHD) are
responsible for scoping the logistics and expenses involved
in transporting these turbines, and associated equipment
and vehicles to erect these turbines, which is a major factor
in ensuring the project runs efficiently.
The transportation and installation of the turbines require
suitable access between Robbins Island and mainland
Tasmania in the form of a causeway or bridge structure
within Robbins Island Passage (Figure 1), as well as the
possibility of a marine landing and wharf on the east coast
of the island for large size components.

GHD needs to identify and establish the physical
restrictions, facilitation works and impact mitigation of
establishing access to the island. Specifically, a number of
options have been considered, including; a Deep Water
Open Quay Berth; a NAABSA or Ro-Ro type Berth; a Beach
Figure 1 Robbins Island Passage. Source: Peter Landing Facility; a Gated Wet Dock; a Marine Slipway or
Bellingham Photography, 2018.
Synchrolift; a Harbour Facility with Protective Structures,
and; a Causeway connected to the mainland.
To appraise these options, GHD has engaged Macquarie University and Risk Frontiers to undertake a review
of the local met-ocean and coastal processes, followed by an impact assessment of some or all of these
engineering options on the local hydrodynamics and sedimentation processes.

1.2

PROJECT SCOPE

The aim of this present study is to undertake a baseline assessment of the known met-ocean and hydrodynamic
conditions for Robbins Island and Robbins Island Passage to determine the optimum method for the transport
of wind turbine materials to the Island. This is followed by a detailed analysis of the impact of design structures
on the local hydrodynamics and sedimentology.
To achieve this, the project has been broken down into two phases;
•

Phase 1 involves establishing the existing met-ocean (winds, waves, tides, sea level, barometric
pressure, climate drivers), bathymetric, topographic and sedimentological conditions of Robbins
Passage and the east coast of the island and deriving design extreme water levels for the engineering
structures (and wave climate conditions for the barge offload site) from these data.

•

Phase 2 involves modelling the localised hydrodynamic and sedimentological conditions around
Robbins Island and Robbins Passage for a range of extreme storm scenarios, to provide detailed
current fields and boundary loadings (waves and currents) to support findings in Phase 1. The impacts
of GHD’s engineering options on the local hydrodynamics and sediment transport processes at the
proposed sites, will also be investigated during this phase of the project.
1
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1.3

APPROACH TAKEN

To guide the met-ocean and modelling analysis, we have employed the most recent recommended engineering
impact assessment procedure for coastal and ocean structures as detailed by the National Committee on
Coastal and Ocean Engineering, Engineers Australia (Harper, 2017). The procedure is described in more detail
in Section 3, but the guiding principles are summarised in Figure 2.
The procedure includes eight steps:
1.

Specify the design life or planning horizon;

2.

Examine the consequences of failure;

3.

Select the design event encounter probability;

4.

Follow an appropriate design philosophy;

5.

Select appropriate design criteria;

6.

Undertake a sensitivity analysis;

7.

Assess and review design assumptions;

8.

Adjust design if necessary.

Of these, steps 1 to 6 are appropriate for the scope of this study. Steps
7 and 8 are relevant for Phase 2 of the project.
To assess climate change impacts relevant to the design life of the
proposed structures, we have used the most recent and reputable
sources of information for the Robbins Island area.
This includes projections of sea level rise and allowances for Tasmania,
undertaken for the Tasmanian Department of Premier and Cabinet,
based on the IPCC AR5 (McInnes et al., 2016), and an understanding
of regional wind and wave climate change based on the body of
scientific literature, including our related research project in progress
Figure 2 Recommended engineering on the coastal evolution of Robbins Island and response to sea-level
impact assessment procedure. Source:
and wave climate change (Goodwin and O’Leary, in progress, 2016Harper (2017).
2019).
This study has also been carried out in accordance with the Australian Standard Guidelines for the design of
maritime structures (AS 4997-2005). This includes:
•

Site investigation and planning: appropriate analysis of hydrographic and terrestrial survey data,
datums, geotechnical surveys for the adequate modelling of loads (winds, waves and tidal currents);

•

Design requirements: investigation of the local littoral drift regime and sedimentation/erosion
processes, and consideration of sea level rise effects for structural design;

•

Design actions: appropriate definition of design wind and wave events with respect to structures’
expected design life.

1.4

REPORT STRUCTURE

Following this introductory section, this report consists of:
•

Section 2: An overview of boundary met-ocean conditions at Robbins Island and Robbins Passage,
including a site overview, the regional climate drivers, wind and wave climate, and inferred sediment
transport pathways;
2
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1.5

•

Section 3: An overview of the design criteria for the causeway and landing facility to direct the metocean data analysis;

•

Section 4: A description of met-ocean datasets collated and used, including winds, waves, tides, water
levels, bathymetry and topography;

•

Section 5: An analysis of the wind climate from observations and derivation of extreme values;

•

Section 6: An analysis of the wave climate at the model boundaries and at the barge offload point, from
a modelled hindcast and observations, and derivation of extreme values. A parametric assessment of
wave runup and cross-shore sediment transport at the landing facility is also included;

•

Section 7: An analysis of tides, sea level and barometric pressure data from observations and derivation
of extreme values;

•

Section 8: An overview of climate change impacts relevant to the study area and within the design life
of the proposed structures, including sea level rise and changes to the regional wind and wave climate;

•

Section 9: Key findings and recommendations.

TERMINOLOGY

In this report we use meteorological convention to describe the direction of winds, waves and tidal currents
(direction coming from, in degrees True North, ° TN).

1.6

DISCLAIMER

The results in this report should be treated as guidance only and need to be assessed by a suitably qualified
engineer before being applied to any structural design associated with the Robbins Island Renewable Energy
Park project. It is implicit that the use of these results to design structures reflects an endorsement by the GHD
engineering team. While all effort has been made to prepare material in this report for engineering application,
the work nevertheless has an applied science focus.
The report has been prepared with design requirements available at the time of writing. As such, this is a ‘live’
document with amendment and review required as additional design information becomes available.

3
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2.

Boundary Met-Ocean Conditions

2.1

SITE OVERVIEW

Robbins Island
Robbins Island (40.7 °S, 144.9 °E) is located off the north-western Tasmanian coast, separated from the
mainland by a tidal channel called Robbins Passage, which at its widest point is 4 km wide (Figure 3). The
regional coastline (Circular Head Region) is complex, comprising a number of inlets and offshore islands, an
extensive network of tidal channels, and intertidal and shallow subtidal flats that are interspersed with seagrass
beds.
Robbins Island consists of two bedrock blocks: the central 50-60 m high granitic White Rock Ridge; and the
basaltic Bluff in the north east. These bedrock outcrops are tied by coastal strand-plains that have formed
during the late Quaternary, principally, 130,000 to 114,000 years BP. The most extensive strandplain, known
as Remarkable Banks, forms the central portion of the island. The 9 km long outer sand barrier that extends
from the Bluff to Walker Island along the northeast coast of Robbins Island is relatively young, having formed
since 6,000 years BP (before present). Walker Island, an adjoining island to the north, is a 20-30 m high
continuation of the ridge. Robbins and Walker Islands are separated by a 300 m wide tidal channel and are
adjacent to the shoreface sand deposit known as Petrel Bank (Goodwin et al., in prep 2018).

Figure 3 Map of the study site showing major place names; conceptual pattern of tidal flow and; prevailing direction of
winds and waves. Inset shows location of site relative to Tasmania and Bass Strait, and pattern of regional tidal flow.
Blue lines are flood tide flow, red lines denote ebb tide. Tidal flow patterns have been derived from geomorphological
features in the area and preliminary hydrodynamic modelling over a 1-month flood-neap cycle.

Robbins Passage and Boullanger Bay
Robbins Passage is an east-west oriented tidal channel, spanning an area of approx. 60 square kilometres. This
can be broadly separated into two geographic regions; Robbins Passage East and Robbins Passage West
4

Robbins Island Met-ocean & Coastal Processes Study: Phase 1 Report
(Donaldson et al., 2012). Each region is characterised by two main tidal channels that are separated by a lowtide exposed flood ramp at Robbins Crossing. At tidal states lower than mean sea level, this provides a shallow
to dry crossing point for 4WD vehicles between the mainland (Robbins Island Road) and Robbins Island. This
composite flood ramp has a significant impact on the hydrodynamics and sedimentology of the passage, as will
be demonstrated later in this report.
To the west of Robbins Island is a large, swell-sheltered (tide-dominated) embayment called Boullanger Bay.
It forms the western entrance to Robbins Passage, and extends north to include the area between the shores of
Robbins and Walker Islands to the east, and Woolnorth Point and Hunter Island to the west, spanning approx.
160 square kilometres. Most of this area comprises vast intertidal sand and seagrass flats with extensive
subtidal seagrasses, that are dissected by a complex network of tidal channels.
Western Robbins Passage itself is almost entirely sheltered from ocean swell, but experiences strong tidal
currents and prevailing wind-driven waves (Donaldson et al., 2012). The east side of Robbins Island is exposed
to east through to north-east wind-waves. The prevailing wind and wave direction is from the south-west yearround, with sub-dominant directions from the east and north.
Intertidal and subtidal habitats
Habitat mapping for the Circular Head region was completed in 2007 as part of the state-wide SeaMap Habitat
Mapping project (Lucieer et al., 2007). This used the Climate Future LiDAR dataset (used in this study) to
derive extents of inter-and sub-tidal habitats (Figure 4).

Figure 4 Extents of intertidal (left panel) and subtidal (right panel) habitats in Robbins Passage and Boullanger Bay.
Habitats have been classified into reef, seagrass, sand and saltmarsh. Image source: Mount et al. (2010).

Intertidal seagrass occupies most of the intertidal flats at 61 square kilometres (56%), while the unvegetated
areas (46 square kilometres, 43%) occupy the areas with more tidal, fluvial, wave and wind energy and consist
mostly of sand and outcropping peat platforms with the exception of a few mud flats in the more sheltered
estuaries and bays (Mount et al., 2010). Outcropping rock makes up the balance with a relatively small 600
square metre (0.6%).
The shallow subtidal habitat consists of extensive seagrass beds (~60 square kilometres or 57%), very large
areas of sand (~43 square kilometres or 40%) and a small area (~1.9 square kilometres or 1.8%) of outcropping
rock (i.e. reef).
There are large subtidal channels between 0.5 to 3 kilometres wide cutting across the sea floor including at
both ends of Robbins Passage and at the entrance to Duck Bay. These channels are mostly formed by the tides
as they move in and out of the area, but some also drain the main rivers entering the area including the
Welcome, Montagu and Duck Rivers.
5
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Large networks of smaller tidal channels drain to the main channels and link the subtidal areas with the
intertidal areas including in Boullanger Bay, Robbins Passage, Big Bay and Duck Bay. In general, the floor of
these channels is harder and more resistant to erosion than the surrounding seabed due to the higher velocities
of water in the channels. In places, the channel floor consists of cobbles, for example, in the eastern end of
Robbins Passage and the entrance to Duck Bay (Mount et al., 2010).

2.2

BOUNDARY CLIMATE CONDITIONS

General circulation
Robbins Island, at 40.7 °S, is directly affected by cold fronts associated with extratropical low-pressure weather
systems that pass west to east over Tasmania and Bass Strait or produce south-westerly wave energy from
higher latitudes in the Southern Ocean. At ~40°S, the climate is dominated by the seasonal shift in the position
of the subtropical anticyclonic ridge (STR), the location of the highest atmospheric pressure, and, to the south,
the passage of fronts driven by the band of strong westerly winds encircling Antarctica (CSIRO, 2015) (Figure
5). The seasonal to decadal north-south oscillation of pressure over the Southern Ocean and the storm-track
of the westerlies is associated with the hemispheric mode of climate variability known as the Southern Annual
Mode (SAM). The more northern westerly storm track controls the seasonal wind and wave climate over
northern Tasmania and Bass Strait.
In summer, the latitude of the STR over Southeast Australia shifts poleward to around 38 °S, a couple of
degrees north of Robbins Island (Figure 5 A). This brings generally more stable weather conditions with more
northerly and easterly air flow. In winter, the STR shifts equatorward to around 28 °S, drawing the mid-latitude
westerlies and Southern Ocean low-pressure systems closer to the Circular Head region, increasing the
prevalence of westerly and south-westerly air flow (Figure 5 B).

Figure 5 Mean sea level pressure (MSLP, hPa) composites for (A) summer (Dec – Feb) and (B) winter (Jun – Aug) over
the period 1948 – 2018. Plots show approximate location of the Subtropical Ridge (STR) and direction of movement.
Plots created using NCEP/NCAR Reanalysis (Kalnay et al., 1996).

Extreme weather events
Studies by McInnes and Hubbert (2003), McInnes (2009) and O’Grady and McInnes (2010) showed that
approx. 80 % of cases of elevated sea level events in Bass Strait are produced by cold fronts; less commonly,
they are caused by mesoscale low-pressure systems which develop and intensify in or close to Bass Strait. Cold
fronts affect Bass Strait all year round although in winter, when the STR moves north, the frontal systems tend
to be stronger and more conducive to storm surge generation. These can produce sustained and strong south6
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westerly to westerly winds and associated local wind-waves and elevated water levels around the Robbins
Island area, depending on the orientation of the front.
An example of a westerly frontal system that these authors referred to occurred on 26 May 1994 (Figure 6 A).
This was a cold front which travelled through Bass Strait and brought sustained, uniformly westerly winds of
around 15 m/s (~ 29 knots) between 25 and 28 May. The cold front is the northern limb of a Southern Ocean
low-pressure system passing south of Tasmania. This is a classic example of west to south-west storm
conditions for our study area.
Mesoscale lows are less common causes of storm surge in Bass Strait, but usually occur during spring and
summer (Browning and Goodwin, 2013; 2016). While less common, it is worth noting that these systems can
intensify to produce damaging coastal conditions – the worst storm surge event known to have occurred in
Bass Strait was produced by a mesoscale low in November 1934 (producing a storm surge of 1.33 m on the
Victorian coast).
There are two types of mesoscale lows that can influence the Circular Head region; cut-off lows that intensify
off the western entrance to Bass Strait producing north to north-easterly wind conditions, as occurred on 29
Sept 1996 (Figure 6 B), or Central/South Tasman lows that produce east to south-east winds across northern
Tasmania, as occurred on 5 Dec 1995 (Figure 6 C). Incidentally, this pattern is similar to the infamous June
2016 East Coast Low that tracked down the southeast coast of Australia to Tasmania, causing damaging coastal
conditions and severe flooding (Mortlock et al., 2017).
These three synoptic patterns are used to inform storm design parameters in the modelling. Typically, these
extreme weather events produce elevated sea levels of 0.2 to 0.6 m above the astronomic tide level in the
western Bass Strait region.

Figure 6 Three types of synoptic patterns likely responsible for extreme winds at Robbins Island; (A) a cold front passing
through Bass Strait producing south-west to westerly winds; (B) a Cut-Off Low at the western entrance to Bass Strait
producing north to north-easterly winds; and (C) a Southern Tasman Low producing east to south-easterly winds. Plots
show daily mean sea-level pressure (MSLP, hPa) on (A) 26 May 1994, (B) 28 Sept 1996, and (C) 6 Dec 1995. Plots created
using NCEP/NCAR Reanalysis (Kalnay et al., 1996).

Wind and wave climate
The wind and wave climate impacting the study area is directly linked to the general atmospheric circulation
and extreme weather events described in the section above. Wind observations and wave hindcast data is
analysed in detail in Sections 5 and 6 of this report, while the modelling results describe the local hydrodynamic
patterns that result from wind, wave (and tide) forcing. Broadly speaking, the western Bass Strait and Circular
Head region experiences a predominately south-westerly wind climate year-round, with secondary directions
from the east and north, depending on season and synoptic set up.
7
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The mean offshore wave direction is similarly from the south-west, with swell wave energy being generated
from low-pressure systems traversing west to east below Tasmania in the Southern Ocean, or by the associated
frontal patterns passing further north. Because of the complexity of the nearshore study area, the local wave
climate is highly refracted and shoaled. As is shown in Section 6, the distinction between locally-generated
wind-waves and refracted swell waves is important for this location, because the two sources of wave energy
can be propagating at different speeds and from different directions in the lee (east) of Robbins Island.
To our knowledge, there has been no detailed wave modelling undertaken for the area. Prahalad et al. (2015)
undertook simplistic wind-wave exposure modelling for Robbins Passage using a GIS-based cartographic wave
exposure model called the Generic Relative Exposure Model (GREMO, Pepper and Puotinen, 2009). A set of
sample points were set up along the shorelines of Robbins Passage, and for each point, GREMO calculated the
fetch length between that point and the nearest potential wave blocking obstacle. A Wave Fetch Index (WFI)
was then developed for each sample point.
Results showed that the degree of estuarine shoreline erosion in Robbins Passage was positively correlated
with the WFI and hence the exposure of the shoreline to wind-wave energy. Likewise, scarp heights for
saltmarsh shorelines were also strongly related to WFI. This suggests that wave energy is a dominant factor in
shaping the geomorphology of the fetch-dominated soft shorelines within the study area, with erosion status
and scarp height strongly related to wind fetch as a proxy for wave energy (Prahalad et al., 2015). Wind-wave
fetch is greatest from the east; thus, easterly wind and wave conditions are likely to be most important for the
stability of Robbins Passage shorelines because of the potential for higher easterly wave energy propagation
into the Passage.

2.3

CONCEPTUAL SEDIMENT TRANSPORT PATHWAYS

Robbins Island
There have been no field studies that have examined the sediment transport regime around Robbins and
Walker Islands, prior to the current ongoing study by Goodwin et al., (in prep, 2018) that commenced in 2015.
The latter is investigating the coastal evolution of Robbins Island and its response to changes in sea-level, wave
climate and sand supply. At this stage, we draw upon the work in progress and infer net transport directions
from the modern coastal geomorphology and late Quaternary coastal evolution, as detailed in Goodwin et al.,
in prep, (2018).
The predominant sand supply sources are the continental shelf along NW Tasmania and the shallower
continental shelf within western Bass Strait. During the Holocene, the dominant source of sand to form both
Ransonnet Coast and the Boullanger Bay coast has been supplied by sand transported from the NW Tasmanian
shelf into Boulanger Bay by westerly quadrant swell, and thence by net northward tidal current transport in
Boulanger Bay. The tidal delta and channel morphology between Hunter Island and Robbins Island is
indicative of the bidirectional tidal currents from the two tides that propagate into the region. The flood ramp
(Middle Bank) and ebb spits of the Walker Channel system are linked to an extensive ebb shield sand deposit
(Petrel Bank) to the north and east of Walker Island. This is the largest store of sand on the inner continental
shelf and the primary source of sand, reworked by northerly quadrant waves to nourish and prograde the
Ransonnet Bay coast of Robbins Island. Under easterly quadrant waves, sand from the Petrel Bank and Walker
Channel ebb spits is transported longshore along the western Robbins Island coast to form a sequence of flying
or recurved spits.
Analysis of aerial photographs and the bathymetry along the Ransonnet Bay Coast from Walker Island to the
easternmost point of Robbins Island (Cape Elie) shows the outcropping basaltic reef and minimal sand
patches. This indicates that presently, there is insignificant sand transport from south-east to north-west along
this coast. Consequently, we define 5 open coastal sediment compartments around Robbins Island and
extending across Perkins Bay to Cable Point as shown in Figure 7. The bathymetry indicates that there is sand
leakage between Petrel Bank and Cable Point, out to 10 m water depth. With the predominantly low wave
height-low wave period climate, we estimate that littoral exchange of sand between coastal compartments is
primarily restricted to shallower than the 5 m water depth. This indicates that eastwards littoral bypassing of
Guyton Point occurs under periods of frequent NW swell and W-NW winds.
8
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Figure 7 Conceptualisation of potential sediment transport pathways around Robbins and Walker Islands and through
Robbins Passage. Red arrows show sediment pathways produced by the tide propagating from the west, or westerly
winds and/or westerly quadrant swell. Yellow arrows show sediment pathways produced by the tide propagating from
the east, or easterly winds, and/or easterly quadrant waves. Also shown is the extent of the 5 coastal sediment
compartments. Background chart is Australian Hydrographic Office (AHO) chart AUS00790 – Stokes Point to Circular
Head – Oct 1971.

Robbins Passage
During the early Holocene (6,000 to 10,000 years BP), the sea-level transgression flooding the glacial-age
terrestrial surface (including freshwater peat sediments) has produced a thin veneer of sand over the
underlying peat and bedrock outcrops. The thin veneer of sand in Robbins Passage is most likely supplied from
Perkins Bay and transported by the net westward tidal currents. The net tidal flow would support the westerly
progress of this sediment through the Passage. In addition, periodic strong easterly winds could also drive
episodic westward sediment transport, particularly on a spring flood tide.
While there have been no explicit modelling or observations of sediment transport through Robbins Passage,
changes in the sub-tidal geomorphology is a good indicator of the net direction of transport. Mount et al. (2010)
and Otera (unpublished data) examined a 19-year timeseries (1990 to 2009) of Landsat satellite imagery of the
Robbins Crossing area. The images show a migration of the meanders and sand banks in the Robbins Passage
(west) channel in a north-west direction into Boullanger Bay. This indicates that the net flow of sediment in is
from east to west through the Passage, at least over these two decades. This conforms with a) the apparent
direction of net hydrodynamic flow in Robbins Passage and b) the geomorphological evolution of an ebb-tidal
delta in Boullanger Bay and a flood delta inside the eastern entrance of Robbins Passage, and also Duck Bay.
Mount et al. conclude that this indicates there are geomorphic processes delivering mobile sediment to the
Robbins Crossing area. They hypothesise that this could be from:
1.

Marine sediment being delivered into the eastern entrance of Robbins Passage. The extension of the
western end of Perkins Island since the 1950s by more than 200 m (Prahalad, 2014) supports this
theory.
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2. Fluvial sediment being delivered into Robbins Passage from the Montagu River (Figure 7). However,
present-day natural sand supply from rivers in this study area is thought to be minimal.
3. Terrestrial sediment may be supplied by the shores of Robbins Passage (Figure 7), although there is
no evidence to suggest this.
Role of seagrass
Seagrass plays a key role in the inter-tidal geomorphology of the Robbins Passage-Boullanger Bay area
primarily by trapping sediment. The sediment will settle out of the water column when the water turbulence
can no longer hold it in suspension. Water turbulence is reduced among the seagrass compared to the water
passing above; in this way, sediments are deposited near the seagrass beds.
Because of this capability, the intertidal seagrasses tend to form mounds between tidal channels and are
remarkably stable. While the analysis of Landsat imagery by Mount et al. (2010) indicated sand banks and
tidal channels were migrating, it also showed that the large subtidal seagrass beds were very stable over this
period. The attenuation of tidal flows over seagrass beds, compared to over bare sand flats or subtidal channels,
is very different and needs to be appropriately parametrised in the modelling.
Robbins Passage recent shoreline erosion
As suggested above, it is possible that there is a present sediment input into Robbins Passage from shoreline
erosion within and around the Passage. A study by Prahalad (2014) mapped shoreline trends in the Circular
Head region from the 1950s to present day using historical aerial photography. This study found that over 75
% of the area’s saltmarsh-fronted shoreline has been eroding over this period. The highest rates of retreat were
recorded in Perkins Passage, where some parts of the marshland bordering the south-east of Perkins Island
retreated by up to 70 m.
Similarly, the dominant response of the non-saltmarsh shorelines was erosion. The erosion rate was approx.
12 – 30 cm/yr for saltmarsh shorelines and 0 – 18 cm/yr for non-saltmarsh shorelines. Erosion was most
apparent from 1968 onwards.
Both Mount et al. (2010) and Prahalad (2014) suggest that the current erosive state of the shoreline is a net
result of low historical sedimentation and relative exposure to wind-waves, and the recent sea-level rise trend.
No quantitative studies have been conducted to confirm this hypothesis.
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3.

Engineering Requirements

3.1

CAUSEWAY

Two structures are proposed to support the transfer and landing of wind turbine materials onto Robbins
Island. The first is a causeway across Robbins Crossing area in Robbins Passage and the second is a landing
facility to receive materials from barges.
The causeway design, while preliminary, will probably comprise a rubble mound / rock armoured type
structure with a paved top surface, concave in shape (Figure 8). The causeway will connect Robbins Island
Road on the mainland with an east-west oriented track on the island. It spans approx. 1,700 m in length and
is oriented in a south-west to north-east direction. It includes three proposed 3.6 by 3.6 m box culverts to be
utilised as beach vehicle access at low tide and a central bridge section.

Figure 8 Preliminary design drawings for the causeway at Robbins Crossing.

Figure 9 shows the causeway location in relation to the channel bathymetry. Directly to the lee (west) of the
causeway, the main tidal channel splits in two, north and south, around an inter-tidal sand flat which, from
habitat mapping shown in Figure 4, indicates is covered in part by seagrass. A cross-section through this area
shows the main channel extends down to -3.4 m AHD with a steeper, higher bank on the south side (-0.1 m
AHD) than on the north side. The tide planes from Howie Island indicate the whole Passage at this cross section
is wet below 1.52 m AHD at HAT. The main tidal channel is still wet at LAT (-1.63 m AHD), meaning there will
be water movement in this channel at all states of tide.
Figure 9 also shows the boundary of the model domain (red line), which provides a sufficient buffer over dry
land to capture wetting and drying processes during extreme sea level conditions.
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Figure 9 Location of proposed causeway in relation to morphology of Robbins Passage. Red line indicates model domain
boundary; black line indicates coastline (0 m AHD contour). Inset shows transect taken through LiDAR at causeway.

3.2

LANDING FACILITY

Figure 10 Location of proposed landing facility and barge offload point on east coast of Robbins Island. Locations of
profile lines taken through LiDAR are also shown. Underlying map is AHO Chart AUS 790.
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The proposed location of the landing facility is on the eastern side of Robbins Island, facing north-east (Figure
10). The proposal is that a ship will offload to a barge approx. 5 km offshore of the landing facility, in around
10 m water depth, with the barge then bringing the wind turbine materials to shore. A detailed wave climate
analysis of the barge offload point has been undertaken in Section 6.
There are no designs available at present for the landing facility, but it is understood it will form a simple boatramp type feature that is temporary in design.
The draft clearance of the barge is approx. 6 m. A single-beam echosounder (SBES) bathymetric survey was
undertaken for the Ransonnet Bay area fronting the proposed landing facility site at Little Bluff by PDA
surveyors (Figure 11). This survey showed that the draft clearance for the barge of 6 m is located approximately
700 m offshore at LAT, suggesting that the landing facility / ramp feature would need to extend to a least this
depth to receive material from the barge. It also shows that this nearshore area consists of outcropping bedrock
overlain by a thin veneer of sand, which is also visible from the aerial photography.

Figure 11 Bathymetric survey undertaken by PDA Surveyors showing the location of HAT, MSL and LAT, and the limit
of draft clearance, for the nearshore area in Ransonnet Bay fronting the proposed landing facility site.

A key consideration for this structure will be nearshore wave and tide conditions and particularly wave runup.
Wave runup is the uprush of water up the beach (or ramp) caused by breaking waves. Wave runup and other
nearshore conditions for this site, including an analysis of the cross-shore bathymetry / topography at the
profile locations shown in Figure 10, are discussed in Section 6.
It should be noted that the construction of a concrete ramp – even when following the natural beach slope –
can increase wave runup potential due to reduced wave friction.
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3.3

DESIGN CRITERIA

Here we follow the recommended engineering impact assessment procedure for coastal and ocean structures
as detailed by the National Committee on Coastal and Ocean Engineering, Engineers Australia (Harper, 2017).
These guidelines advocate a risk-based approach where the average recurrence interval of the threat (i.e.
extreme water levels) is related to the design life and an acceptable risk of encounter (or possible failure at that
level of threat), expressed as:

T=

−N
ln 1 − R

(

100

(Eq. 1)

)

Where T is the average recurrence interval of the threat to be considered, N is the design life (in years), and R
is the acceptable risk of encounter chosen. R is chosen based on the impact of failure in terms of cost, safety
and environment. The relationship between R and N are shown in Table 1.
Table 1 Design average recurrence interval, T, as a function of R and N.

% Risk of Encounter
(R)

Design Life or Planning Horizon in Years (N)
1

10

20

50

100

500

99

0.2

2.2

4.3

11

22

109

90

0.4

4.3

8.7

22

43

217

64

1.0

10

20

49

98

489

50

1.4

14

29

72

144

721

20

4.5

45

90

224

448

2241

10

9.5

95

190

475

949

4746

5

19

195

390

975

1950

9748

1

99

995

1990

4975

9950

49750

For example, if the acceptable risk of encountering an event magnitude that is equaled or exceeded at least
once during the next 100 years is 64 %, then the appropriate design extreme event is 1:98 yr. (let’s say 1:100
yr.) event. Expressed in another way, in the next 100 years, there is a 64 % chance that the ~ 100-yr event will
be equaled or exceeded.
For the causeway, the assumed design life is 100 years. In the absence of other information, we assume a firstpass acceptable risk of encounter is at least 50 %. From Table 1, the average recurrence interval surge
conditions to be modelled should be at least 144 years. We round this up to 200 years as a factor of safety.
From Eq. 1, there is a ~ 39 % chance that the 200-yr surge level will be equaled or exceeded at least once during
the design life of the causeway.
For the landing facility, the assumed design life is only 10 years as this is a temporary structure. However, the
acceptable risk of encounter is likely to be far lower because the structure should be operational most of this
time and its location at or close to sea level in a more exposed location means there is a higher threat to safety
and operability. To standardize the analysis, we have selected R as 5 %, meaning T is 195 years (rounded to
200 years) when N is 10 years.
The design water level average recurrence interval (ARI) for both structures is therefore 200 years.
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4.

Met-Ocean Datasets

4.1

WINDS

Wind observations were sourced from; Cape Grim, approx. 20 km east of Robbins Island; Smithton
Aerodrome, approx. 25 km south-east of Robbins Island; and on Robbins Island itself. Observations from
Wynard Airport, approx. 100 km east of Robbins Island, were also analysed (Figure 12).

Figure 12 Met-ocean datasets used in this study, showing wind (red crosses), wave (black circles) and water level
observation stations (green crosses); barge offload point (green circle); boundary coupling locations (red circles); the
model boundary (red line); the coastline (0 m AHD contour, black line) and the three sources of bathymetry.

Robbins Island
Wind monitoring equipment was installed on Robbins Island (40° 42.510’ S, 144° 54.745’ E) recording hourly
minimum, mean, maximum and standard deviation wind speeds in m/s), and mean wind direction from 28
March 2003 to 29 Feb 2008 (approx. 5 years), at heights of 20, 50 and 70 m above the ground. The mast was
located on the eastern side of White Rock Ridge where the ground elevation is approx. 65 m AHD. The 20 m
data did not record wind direction; therefore, only the 50 and 70 m data were used. These data were collected
as part of the Robbins Island Renewable Energy Park project and made available for the present study.
Timeseries data was recorded in AEST (UTC + 10).
The location of these observations, in the centre of our study area, makes them the most representative wind
data for modelling. The disadvantage is that long-term and extreme value statistics could not be derived
because of the relatively short record.
Cape Grim and Smithton Aerodrome
Longer-term wind observations are available at Cape Grim, Smithton Aerodrome and Wynard Airport, all of
which are operated and maintained by Bureau of Meteorology (BoM). Data from these stations is held by Risk
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Frontiers, purchased from BoM Climate Data Service on 17 October 2017. Half-hourly mean and gust wind
speeds (in km/h) and mean wind directions were obtained. After analysis of these datasets, it was decided that
only Cape Grim and Smithton were of use; Wynard was too far east of the study area to reliably replicate local
wind forcing (Figure 12).
Cape Grim (40.6828 °S, 144.69 °E, station no. 091245) is located on the far northwest tip of mainland
Tasmania. The base of the station is at 94 m AHD and the barometer is affixed at 92.5 m above the ground.
Data begins 19 May 1997 with > 98 % data recovery (~20.4 yrs. to Oct 2017).
Smithton Aerodrome (40.8347 °S, 145.0847 °E, station no. 091292) is located adjacent to the Aerodrome
runway. The base of the station is at 7.5 m AHD and the barometer is affixed at 8.9 m above the ground. Data
begins 24 July 1998 with > 99 % data recovery (~19.3 yrs. to Oct 2017). Timeseries data at both these stations
was recorded in AEST (UTC + 10).

4.2

WAVES

Wave buoy observations
Long-term wave buoy deployment is ongoing at Cape Sorrell off the Tasmanian west coast (42°9.0′S,
145°1.0′E, 100 m depth, Hemer, 2010). The Cape Sorrell buoy is located over 150 km to the south of Robbins
Island on the continental shelf off the west coast of Tasmania. This is well south of the study area, but its
observations are most likely indicative of the swell wave climate for the west coast Tasmanian continental shelf,
and particularly the SW and W swell.
Close to the study area, a short-term wave buoy deployment was undertaken by CSIRO at Cape Grim between
March 1991 and April 1992 (~ 1.1 year) (Reid and Fandry, 1994). Non-directional wave data (significant wave
height, Hs, zero-crossing wave period, Tz, and peak spectral wave period, Tp) were recorded in three-hourly
data bursts over this period.
The buoy was moored in approx. 65 m water depth 15 km off the north-west coast of Tasmania (40.78 °S,
144.55 °E). This is just outside the model domain (black circle, Figure 12) but wave conditions at this location
will approximate to those occurring along the western boundary. While the dataset is short, it represents the
only wave monitoring undertaken in this area and provides a means to validate the CAWCR wave hindcast
(described below), at least over this one-year period.
The CAWCR wave hindcast
In the absence of long-term wave observations for western Bass Strait and the Robbins Island region, our wave
climate analysis was based on hindcast (modelled) wave parametric data from CSIRO’s CAWCR wave hindcast
(Durrant et al., 2014). CAWCR (Centre for Australian Weather and Climate Research) represents the bestresolution hindcast wave data available (at the time of analysis) for Australian shelf waters. The wave hindcast
covers a 36-year period from 1979–2014 providing hourly data at a global scale with a resolution of 0.4°
(Durrant et al., 2014). Additionally, several nested grids (including Bass Strait) provide data at a resolution of
4’ (approx. 7 km). The hindcast wave model uses WAVEWATCH III v.4.18 with a mosaic grid method where
grids of differing resolution are run concurrently (Durrant et al., 2014).
Hourly parametric wave data that included the significant wave height, Hs (in metres), the mean wave period,
Tm02 (in seconds), the peak spectral wave period, Tp (in seconds), and the mean wave direction, MWD (in
degrees true north, °), were obtained every hour for the period 01/01/1979 to 31/07/2014. Data was
timestamped relative to UTC (AEST - 10). This was later converted to AEST to align with other met-ocean
datasets. At the time of writing, the CAWCR hindcast does not extend beyond July 2014.
The full hindcast dataset (hourly, 1979 – 2014) was output at boundary points 2, 7 and 12 (mid-points of west,
north and east boundaries, Figure 12) in order to analyse the long-term wave climate at each boundary and
perform an extreme value analysis.
In addition, the full hindcast was output at the barge offload point approx. 5 km north-east of the proposed
landing facility location on the east coast of Robbins Island (40.64 °S, 145.04 °E, see Figure 12). This was to
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undertake a wave climate analysis for the mooring of larger vessels at this location.
Validation
CAWCR data were output at the nearest grid node to the location of the CSIRO wave buoy off Cape Grim for
the period of wave buoy observations (March 1991 to April 1992). The CAWCR modelled Hs and Tm02
distributions at this grid node were compared to Hs and Tz recorded at the CSIRO wave buoy every three hours
(resolution of buoy data) to provide a limited validation of the CAWCR parameters (Figure 13).
Tz is the mean zero-crossing wave period, which was calculated by Reid and Fandry (1994) using the zero upcrossing method from the buoy data, and is equivalent to Tm02, the mean wave period, which is derived from
the second moment of the wave energy spectrum and provided by CAWCR. A comparison of the mean, rather
than the peak spectral wave period, provides a better indication of how CAWCR is modelling the bulk wave
energy climate.

Figure 13 Comparison of buoy-measured and CAWCR-modelled (A) wave height and (B) wave period distributions over
the period March 1991 to April 1992.

Figure 13 shows that – during this one-year period – CAWCR replicates the wave height distribution
reasonably well, with a tendency towards under-estimating larger wave heights (although the magnitude of
this underestimate in the linear fit in Figure 19 A is exaggerated by the single data point on the far right of the
plot). Likewise, the wave period distribution is reasonably well modeled. While too much must not be drawn
from such as short dataset, these results provide a level of confidence in using CAWCR as a source of long-term
data for met-ocean analysis and for boundary wave forcing for the model, at least along the western boundary.
The residual error (scatter) shown in Figure 13 could result from; the buoy location and CAWCR grid node not
perfectly aligning, the small difference in definition of the mean wave period between Tz and Tm02, the shortness
of the wave buoy record, and/or deficiencies in the WaveWatch III model physics or the reanalysis winds used
to drive the model. It should also be noted that wave buoy data also has error associated with the
measurements, thus can only be considered a best approximation of actual conditions.
Previous comparisons in ocean and shelf environments show similarly good correlation with buoy-measured
wave heights, with a slight underestimation of extreme wave heights (e.g. Durrant et al., 2014; Mortlock et al.,
2016). The underestimation of storm waves is a common bias in global wave hindcasts and originates in part
from the inability of the reanalysis wind products, used to drive the wave models, to fully capture the smallscale meteorological systems responsible for extreme and local wind and wave generation.
Winds from the NCEP Climate Forecast System Reanalysis v.2 (CFSv2) were used as input to CAWCR
(described in Saha et al., 2010). O’Grady and McInnes (2010) found NCEP to generally underestimate peak
wind speeds in Bass Strait, but to underestimate winds more frequently during easterly wind events. This is
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likely because easterly wind (and wave) events are driven by mesoscale low-pressure systems, whose size and
track may not be well resolved in reanalyses. Westerly wind (and wave) events are usually a product of a much
larger-scale and quasi stationary synoptic pattern, and thus better represented in the models.

4.3

TIDES AND WATER LEVELS

Robbins Passage
Water level observations made in Robbins Passage and Boullanger Bay by Donaldson et al. (2012) were
obtained for this study and used as a calibration dataset for the model and to form a conceptual understanding
of the hydrodynamics of the area.
Sea level observations from (east to west) Howie Island, Kangaroo Island and Welcome Inlet (locations Figure
12) were recorded using pressure gauges deployed in remote stilling wells. Data were collected at 5-minute
intervals from November 2011 (Howie and Kangaroo Islands) and December 2011 (Welcome Inlet) to May
2012 (~ 5-month period). Water levels were provided relative to AHD and AEST (UTC + 10). A tidal plane
analysis based on these observations were undertaken by Donaldson et al. (2012), which is discussed in Section
7.
Burnie
The nearest, long-term sea level record to the study site is at Burnie, approx. 90 km to the east of Robbins
Island. Continuous sea level measurements have been undertaken at this site since 1952. From 1952 to 1991,
data was collected by Burnie Port Authority. Since 1992, data has been collected by the National Tide Centre
and forms part of the Australian Baseline Sea Level Monitoring Project. The level of the gauge post 1972 is 1.938 m relative to AHD; gauge zero (GZ) prior to this was -2.128 m AHD (Hunter, 2008).
The hourly record from September 1992 to April 2018 (~ 26.6 years) was obtained from the Australian Baseline
Sea Level Monitoring Project through the BoM. Data was converted from the local Chart Datum to AHD. Data
was provided relative to AEST. In addition to sea level, this dataset includes: water temperature, air
temperature, barometric pressure, sea level residuals, sea level anomalies, and wind speed, gusts and direction.
The monthly sea levels from July 1952 to February 2018 (~ 65.4 years) were obtained from the National Tide
Centre via the Permanent Service for Mean Sea Level (PSMSL). Data includes minimum, maximum, mean and
standard deviation of monthly sea levels. Data was converted from the local Chart Datum to AHD. Data was
provided relative to AEST.

4.4

BATHYMETRY AND TOPOGRAPHY

ARC Discovery LiDAR
Four different bathymetric sources were used. The best available dataset was a 1 square-metre resolution
LiDAR DEM covering Robbins Passage, Robbins and Walker Islands and the nearshore area around both
islands (yellow fill, Figure 12). This data was flown by Airborne Research in 2016 to specifications determined
by Ian Goodwin (MQ) and Mick O’Leary (CU), as research data for an Australian Research Council (ARC)
Discovery project led by Ian Goodwin (Goodwin et al., in prep 2018).
The multi-sensor airborne topographic and bathymetric LiDAR system was able to capture elevations from 71
m to -15 m AHD, covering all of the inter- and sub-tidal morphology in Robbins Passage and a good portion of
the subaqueous upper shoreface around Robbins and Walker Islands. Reported vertical accuracy (to one
RMSE, or 68 % confidence) is ± 0.15 m. This provided an invaluable dataset for high-resolution modelling of
Robbins Passage.
Climate Futures LiDAR
This was complemented by another LiDAR-derived DEM collected as part of the state-wide Climate Futures
for Tasmania project, completed in 2008. This covered the mainland Circular Head coastline and parts of
Boullanger Bay not captured by the ARC Discovery Project LiDAR (blue fill, Figure 12).
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The Climate Futures LiDAR extends from the low water mark to 40 m in depth or 1.5 kms from the shore
(whichever boundary is first identified). In our area, depths extended to – 10 m AHD. The DEM was provided
at a 10 square-metre resolution. The reported vertical accuracy (to one RMSE) is ± 0.25 m.
Single-Beam Echosounder Survey Ransonnet Bay
A single-beam echosounder survey (SBES) of the nearshore area fronting the proposed Landing Facility in
Ransonnet Bay was undertaken in July 2018 by PDA Surveyors. This consisted of a series of shore-parallel
survey lines spaced approx. 50 m apart, extending from the back of the sub-aerial beach to -9.7 m AHD, approx.
1900 m offshore. This dataset was not available at the time of writing and has not yet been incorporated into
the model bathymetry.
Hydrographic charts
For all other areas in the model domain not covered by the above two LiDAR datasets (generally, elevations <
- 10 m AHD), soundings and contour lines were digitized from Australian Hydrographic Office (AHO) nautical
chart AUS 790 Stokes Point to Rocky Cape, Nov 2004 edition. Contour lines were converted to points equally
spaced at 0.005 ° intervals. Depths were converted to elevations, then elevations were converted from Chart
Datum to AHD (-2.06 m). Locations of digitized soundings are shown in Figure 12.
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5.

Wind Climate

5.1

ROBBINS ISLAND

Hourly wind speeds and directions were recorded on Robbins Island from Mar 2003 to Feb 2008 at 50 and 70
m above ground level. Given the central location of these observations within the study area, they are likely to
be the most representative for modelling. The short record hinders any long-term or extreme-value analysis,
however, so the wind climate analysis is supplemented with the longer-term records provided at Cape Grim
and Smithton Aerodrome.
Wind speed reduction
First, wind speeds were reduced to equivalent 10-m above sea level values (u10) to provide an appropriate ‘overwater’ wind climate for use in the hydrodynamic modelling. A standard wind profile power law was used:
α

 z
u = ur  
 zr 

(Eq. 2)

Where u is the required wind speed, ur is the wind speed at the reference height, z is the required wind speed
height (i.e. 10 m) and zr is the reference wind speed height. The exponent α is an empirically derived coefficient
that varies dependent upon the stability of the atmosphere. For neutral stability conditions, α is approx. 1/7,
or 0.143. The value of 1/7 for α is commonly assumed to be constant in wind resource assessments, because
the differences between the two levels are not usually so great as to introduce substantial errors into the
estimates (usually < 50 m). However, when a constant exponent is used, it does not account for the roughness
of the surface, the displacement of calm winds from the surface due to the presence of obstacles (i.e., zeroplane displacement), or the stability of the atmosphere.
Wind speeds were first reduced from 70 m to 50 m using
the above power law and compared to the observed wind
speeds at 50 m, to check the validity of the height reduction.
Figure 14 shows a very good fit with observations (the
correlation coefficient, R, is 0.99 at the 95 % confidence
level). There were, however, some outliers at lower wind
speeds, which may have resulted from locally turbulent
conditions.
For the rest of the analysis, reduced u10 winds were used in
conjunction with 50 m wind directions. Wind directions at
50 m on Robbins Island were comparable to wind
directions measured around 10 m above ground level at
Smithton Aerodrome, suggesting they are a good
representation of near-ground level directional conditions.
Directional wind climate
An analysis of the directional wind data indicates there are
Figure 14 Comparison between observed (y-axis) and three distinct directional sectors by which the wind climate
can be parameterised (Figure 15). These include an East, E,
calculated (x-axis) 50-m wind speeds.
sector from 30 to 150 °, a Southwest, SW, sector from 150
to 320 °, and a North, N, sector from 320 to 30 °.
Figure 15 shows that the prevailing wind direction is from the SW, although strong winds (> 15 m/s, or 29
knots) can occur less frequently from both the E and N sectors. The median wind speed from the SW is 6.5
m/s. For easterly winds it is 6 m/s and for northerlies it is 6.1 m/s. Easterlies, while more prevalent than
northerlies, have wind speed distributions that are comparable in magnitude.
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Figure 15 Directional wind climate at Robbins Island. (A) histogram of wind directions, (B) histogram of u10 wind speeds
and (C) wind rose of speeds and directions.

Seasonal wind climate
A seasonal break down of the three directional sectors shows that SW winds are relatively constant year-round
and make up the bulk (approx. 62 %) of the annual wind climate (Figure 16). Seasonal variations occur between
the relative occurrence of N and E winds. In spring and summer, an increase in E winds occurs with a
simultaneous decrease in N winds. In autumn and winter, the opposite occurs; N winds increase at the expense
of E winds. The northerlies displace easterlies with the seasonal equatorward shift in the STR.

Figure 16 Seasonal break-down of the directional wind climate at Robbins Island.

Annually, the relative occurrence of these wind directions is approx. the same – on average, 62 % from the SW,
30 % from the E and 8 % from the N. Even though N winds occur less frequently than E winds, they both
produce a similar amount of wind power. SW winds are the most frequent, by far, and the most powerful.

5.2

CAPE GRIM AND SMITHTON

While the Robbins Island data is likely the best representation of the wind climate for the study area, the time
series is short. Hence extreme value statistics draw from this dataset would not be robust and need to be drawn
from a longer-term record.
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Two other sources of longer-term winds are Cape Grim, west of Robbins Island, and Smithton Aerodrome, to
the east. Data from a third observation station at Wynard Airport was also considered, but after examination
it was apparent that the site was too far to the east (approx. 100 km) to be representative of local winds.
The Cape Grim barometer is 92.5 m above ground level, while Smithton is 8.9 m. Cape Grim wind speeds were
reduced to u10 equivalents using Eq. 2, while the Smithton data already approximates to u10. Both datasets were
converted from km/h (as recorded) to m/s. Data were provided to the nearest whole km/h, which caused some
stepping in the time series and extreme value analyses.
Suitability for Robbins Island
The transferability of wind observations at Cape Grim and Smithton to Robbins Island was assessed. Figure 17
shows the whole-of-record wind roses for Cape Grim (left panel) and Smithton (right panel).

Figure 17 Wind rose for (A) Cape Grim and (B) Smithton Aerodrome.

Figure 17 shows that Cape Grim records a more zonal W-E wind climate, while the Smithton wind rose is very
similar to that from Robbins Island (Figure 15 C). This is possibly the result of the local topographic effect of
the cliffed location at Cape Grim, as opposed to the coastal plain topography at Smithton. Accordingly,
Smithton is a more reliable indicator of the long-term directional wind climate at Robbins Island, than Cape
Grim.
A closer look at the directional distribution at Smithton shows that the sector splits made at Robbins Island fit
well (Figure 18). The wind speed distribution is slightly different, however; the Smithton data shows a fatter
tail and more positive skew than the Robbins Island time series, which is more Gaussian-distributed. This is a
sign that the Robbins Island data is not ‘mature’ enough yet to fit the classis Rayleigh wind speed distribution
expected of long term datasets exhibiting stationarity. The Smithton dataset conforms more to the expected
distribution. This indicates that:
a) The Robbins Island time series provides a good indicator of the directional wind climate of the area,
but;
b) It should not be used to derive extreme values because the tail of the distribution is not fat/mature
enough with only five years of data.
The same seasonal shift in the directional wind climate is also apparent in the longer-term record at Smithton
as at Robbins Island (Figure 19). While the percentage values are slightly different, the inter-seasonal trend is
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the same – suggesting that the Robbins Island data, while relatively short, provides a good representation of
the mean seasonal signal of the wind climate over the past 20 years at least.

Figure 19 Directional wind climate at Smithton Aerodrome. (A) histogram of wind directions, (B) histogram of u10 wind
speeds and (C) wind rose of speeds and directions.
Figure 18 Seasonal break-down of the directional wind
climate at Smithton Aerodrome.

5.3

EXTREME VALUE WINDS

Given the similarity between wind observations at Smithton and Robbins Island, the 19.3-yr Smithton time
series was used to derive extreme value statistics for u10. To design modelling scenarios, the wind data needed
to be extrapolated to suitable ARI levels.
ARI wind speeds were derived for the three directional sectors identified in the above sections; E (30 – 150 °),
SW (150 – 320 °) and N (320 – 30 °), and for all-data. A Generalised Extreme Value (GEV) distribution was
used. Sensitivity testing was undertaken to ensure the best fit, by varying the exceedance threshold (from 90th
to 99.99th percentiles) and using a range of extreme value curves. In the end, a Weibull-type GEV and the
99.99th percentile were found to produce the best data fit. Results are given in Figure 20 and Table 2.
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Figure 20 Return period estimates for u10 winds at
Smithton as a surrogate for Robbins Island, for E, SW
and N sectors.

Table 2 ARI estimates for u10 (m/s) winds at Smithton. Median wind direction of each group is given in brackets.
Corresponding barometric pressure values for these wind speeds are given in Table 13 in the section on storm surge.

ARI

All

East (70 °)

Southwest (230 °)

North (320 °)

50

21.0

19.1

21.1

18.8

100

21.4

19.3

21.5

19.0

200

21.8

19.5

21.9

19.2

500

22.3

19.8

22.5

19.5
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6.

Wave Climate

The paucity of wave buoy observations for the Robbins Island region was discussed in Section 4.2. Hence, our
analysis of the wave climate relied on hindcast (modelled) wave data. The best available dataset in terms of
spatial resolution and regional validation was CSIRO’s CAWCR wave hindcast which provides a ~ 7 km grid
point spacing in Bass Strait. Given this dataset cannot be directly validated for our study area, we assume past
validation of CAWCR around Australia, and the NCEP CFSR winds that drive it, is applicable here (see Section
4).
The purpose of wave climate analysis is to derive an understanding and definition of the parametric wave data
to be used in the Phase 2 Hydrodynamic Modelling study, and to assess the parametric wave climate at the
Barge Offload Point in Ransonnet Bay, north-east of Robbins Island. Hence, the results of the wave climate
analysis that are discussed below are split into two sections: the wave climate at each of the 3 model boundaries
(W, N and E); and, the wave climate at the proposed barge offload point. For the model boundary wave climate
analysis, Hs, Tp and MWD were output at points on the mid-sections of the west, north and east boundaries
(see Figure 12) to determine the refraction of the different wave regimes entering the model domain from each
boundary. Wave parameters were output at hourly intervals from 1979 to 2014 (1979 being the start of the
CAWCR record and the beginning of reliable satellite assimilation into reanalysis winds that drive CAWCR,
and 2014 being the end of the hindcast record).
The same parameters (hourly Hs, Tp and MWD, 1979 – 2014) were output for the proposed barge offload point,
approx. 5 km off the east coast of Robbins Island (location Figure 12). In total, this gave four timeseries
comprising 1.25 million data points, spanning 35 years each, with which to analyse the long-term wave climate.
To describe wave parametric distributions, we use modal values rather than the mean or median. This is
because most wave height and directional data are not Gaussian-distributed and often have a positive skew
and fat tail. This means the mode is a better representation of the most common parameter-value in the
distribution. In cases where the distribution is clearly multi-modal (i.e. for wave direction), the modal peaks
are given for each sector identified.

Figure 21 A conceptual plot of wave climate dynamics around the study area.
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In general, the analysis showed that, from a simple uni-modal SW swell wave climate on the western boundary
of the model domain, the wave climate becomes increasingly mixed and complex in a clockwise direction round
to the east of Robbins Island (Figure 21).
The Robbins Island regional wave climate comprises:
(i)
(ii)
(iii)
(iv)

(v)

6.1

SW’ly wave train refraction clockwise around Hunter Island and into shallow Bass Strait water;
W’ly winds and swell waves from cut-off lows in the Great Australian Bight and from embedded
cold fronts as the cut-off lows migrate through Bass Strait;
NE wind sea from frequent anticyclonic winds and less frequent mesoscale lows in eastern Bass
Strait;
Infrequent NE long-period swell waves from Central Tasman Lows, and/or Tropical Lows,
propagating through an acute swell window between Wilsons Promontory and Flinders Island;
and,
Strong SW’ly winds create cross-offshore directed waves and bi-directional wave conditions to the
east of Robbins Island.

WAVE CLIMATE AT EACH CARDINAL BOUNDARY

Hindcast wave climate at the western model boundary
The western boundary of the domain receives an almost exclusive uni-directional SW wave climate, which
approaches from between 220 and 280 °, with most waves coming from 220 - 260 ° (modal mean wave
direction (MWD) 234 °) (Figure 22). While W swell events are much less frequent, they produce extreme wave
conditions, exceeding 6 m Hs (Figure 22 D). The modal Hs is 2.2 m, and the 10.6 s model Tp define an energetic,
swell-wave dominated climate. The hindcast suggests that significant wave heights since 1979 have exceeded
7 m in some instances, and periods have reached 16 s. This wave climate is generated from Southern Ocean
low-pressure systems travelling west to east below Tasmania.

Figure 22 Directional wave climate along the western boundary. (A) wave direction, (B) wave height and (C) wave
period distributions with modal values highlighted. (D) shows wave rose of directional frequency/intensity.

Western boundary buoy observations
The non-directional wave buoy deployed by CSIRO at Cape Grim gives an observational dataset of wave
conditions from March 1991 to April 1992. Although the location of the buoy is just outside the model domain
(see Figure 12 for location), wave conditions should be representative of the south-west corner of the western
boundary. Figure 23 shows the wave height and period distributions measured at the buoy over this period.
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The modal wave height, at 2.9 m, is larger than estimated at the mid-point of the western boundary by CAWCR,
and the modal wave period, 12.8 s, is larger. While the distributions are broadly similar, they are not wholly
comparable because; a) they represent two different locations (the western boundary modelled data point is
approx. 30 km to the north of the buoy), and b) they represent two different periods (buoy data is 1991 – 1992,
CAWCR data is 1979 – 2014).

Figure 23 (A) wave height and (B) wave period distributions measured at the Cape Grim wave buoy between March 1991
and April 1992, with modal values highlighted.

Hindcast wave climate at the northern model boundary
The northern boundary receives a predominantly uni-modal wave climate from W and refracted SW swell,
together with a smaller secondary mode from the NE (Figure 24). NE waves, while less frequent, produce
significant wave heights of up to 4 m (Figure 24 D).

Figure 24 Directional wave climate along the northern boundary. (A) wave direction, (B) wave height and (C) wave
period distributions with modal values highlighted. In (B) and (C), the NE sector distributions are shown in blue, and the
W sector distribution in red. (D) shows wave rose.
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When the wave climate is split into these two directional sectors (modal MWD for NE sector is 68 °, and for W
sector is 262 °), it is apparent that both W and NE wave sources produce a similar wave height distribution
with modal Hs between 1.1 and 1.3 m for both directions (Figure 24 B), but a very different wave period
distribution.
The W swell and refracted SW swell waves propagate at a modal Tp of 8.4 s, but with a fat tail up to 15 s (Figure
24 C). NE waves have a tighter distribution around 6 s. This suggests W waves are from swell sources and NE
waves are fetch-limited wind-sea. Assuming most W waves captured at this point represent the propagation of
a swell train from the SW, the modal direction has rotated clockwise by almost 30 ° (262 from 234 °) and
reduced in wave height considerably from 2.2 to 1.1 m as it shoals onto the shelf, together with a reduction in
period from 10.6 to 8.6 s.
The reduction in modal wave height and period may also suggest the addition of a more local wind sea on top
of the refracted SW swell, coming from the W, contributing higher frequency wave energy to the spectrum
(Figure 21). This is consistent with the regional climate setting, where the passage of cut-off lows and westerly
cold fronts through Bass Strait produce westerly winds and waves.
Hindcast wave climate at the eastern model boundary
NE waves from eastern Bass Strait and the Tasman Sea dominate the eastern boundary. In addition, the
refracted W-SW swell waves propagate with a WNW direction across the eastern boundary (Figure 25 B and
C).

Figure 25 Directional wave climate along the eastern boundary. (A) wave direction, (B) wave height and (C) wave period
distributions with modal values highlighted. In (B) and (C), the NE sector distributions are shown in blue, and the NW
sector distribution in red. (D) shows wave rose.

The refracted W-SW swell at the eastern boundary has a much-reduced wave height (0.7 m, rather than 1.1 m
on the northern boundary and 2.2 m on the western boundary), and a further reduced wave period (4.8 s from
8.6 and 10.4 s, respectively). NW wind sea from anticyclones centred over eastern Australia produce a wind
sea acting on top of the swell waves from this direction and is a more prevalent component of NW waves along
the eastern boundary.
The NE wind sea and swell is a much more important constituent of the wave climate along the eastern
boundary. It contributes approx. 50 % of wave conditions with a very similar Hs and Tp distribution (and thus,
wave power delivery) as the NW component.

28

Robbins Island Met-ocean & Coastal Processes Study: Phase 1 Report
6.2

EXTREME VALUE WAVES

Extreme value wave heights
As with winds, extreme value wave heights were required to provide boundary conditions for the future
modelling of extreme scenarios. From the above analysis, the following wave conditions have the potential to
enter the domain and affect hydrodynamic conditions around the study sites:
•
•
•

High energy SW to W swell waves propagating into western Bass Strait;
Mixed sea-swell conditions from the NW propagating into western and northern Bass Strait, and;
Predominantly wind-sea conditions from the NE to ENE generated in eastern Bass Strait, together
with NE swell propagating from the Tasman Sea.

Extreme value curves were created for each of these wave types (Figure 26 and Table 3). These relate to model
boundary conditions and will be used to drive the hydrodynamic modelling of extreme climate scenarios in
Phase 2 of this work. SW to W extreme wave height values were derived from the (entire) western boundary
dataset (depth ~ 60 m); NW conditions from a sub-set of the northern boundary data (> 200 °) (depth ~ 50
m) and NE to ENE conditions from a sub-set of the eastern boundary data (< 110 °) (depth ~ 40 m).
As per winds, a Generalised Extreme Value (GEV)
distribution was used. Sensitivity testing was
undertaken to ensure the best fit, by varying the
exceedance threshold (from 90th to 99.99th
percentiles) and using a range of extreme value
curves (e.g. Gumbell, Weibull). In the end, a
Weibull-type GEV and the 99.99th percentile were
found to produce the best data fit. This was the same
as for the wind analysis, meaning the method for
deriving both extreme winds and waves is the same.
Figure 26 Return period estimates for wave heights
entering the model domain from SW-W, NE and NEENE.
Table 3 ARI estimates for Hs (m) entering the model
domain from different directional sectors. Corresponding peak wave periods are given in brackets.

ARI

Southwest to West

Northwest

Northeast to East-Northeast

50

11.4 (14.7 s)

7.8 (11.3 s)

4.9 (8.5 s)

100

11.6 (14.8 s)

8.0 (11.4 s)

5.0 (8.6 s)

200

11.8 (15.0 s)

8.3 (11.7 s)

5.1 (8.6 s)

500

12.2 (15.2 s)

8.6 (11.9 s)

5.2 (8.7 s)

As can be seen, results vary considerably between directional sectors. SW to W wave conditions produce the
most energetic extreme waves, then waves from the NW and NE-ENE. This is consistent with the known
climate drivers, coastal orientation and fetch length.
Wave height and period joint probabilities
To assign realistic wave periods to the extreme wave height estimations, the joint probability of occurrence of
wave heights and periods from each directional sector (SW to W, NW and NE to ENE) must be known. The
joint probability distributions and linear fits for these wave directions are given below in Figure 27. Using the
linear trends, the wave periods for corresponding ARI wave heights were calculated and included in Table 3.
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Figure 27 Joint probability distributions of wave height (Hs) and wave period (Tp) for (A) SW to W, (B) NW and (C) NE
to ENE wave conditions. Contours show probability density; data points show modelled values. A linear trend is taken
through the data and the equation used to define Tp values for corresponding ARI wave heights.

6.3

WAVE CLIMATE AT BARGE OFFLOAD POINT

The wave climate at the barge offload point was analysed in more detail to provide information for ship
mooring and materials transfer to barge in this locality.
Long-term wave climate at the barge offload point
Long-term wave conditions at the barge offload point are a function of the progression and mixing of wave
types propagating from western, eastern and northern Bass Strait. The refracted long-period swell with a ~N
MWD, together with wind-seas from opposing NE and SW directions, produces wave conditions with
predominantly low-energy (Figure 28). The wave rose shows a predominately NE wave climate (modal MWD
53 °) with sub-dominant peaks in N waves (refracted W-SW swell) as well (modal MWD 9 °).
The wave climate at the barge offload point is dominated by NE waves that enter through the eastern, and to a
lesser extent, northern boundary. The NE waves occur from 30 to 90 °, peaking around 50 °. They mostly
comprise small wave heights (modal Hs 0.4 m) and periods (modal Tp 4.7 s), suggesting a prevailing wind-sea.
However, the tail of the wave period distribution for NE waves is quite long (Figure 28 B), indicating that waves
with periods up to 10 s (on rare occasions) can be generated from the NE. This indicates that the NE wave
sector itself could be divided into two further sub-types; a dominant shorter-period wind sea – providing most
of the wave energy for this location - and a rarer longer-period, low amplitude swell. In addition, it is known
from observations that ENE waves generated from rare Central Tasman Lows can produce high amplitude
storm waves incident at the Barge Offload Point. However, these events are under sampled in the CAWCR
hindcast wave data.
Most waves from the NE have a maximum fetch length of about 350 km. The rarer longer-period swell that is
apparent in the NE distribution probably comes from between 30 to 50 °, where, through this acute swell
window, waves can travel on a great circle path from low-pressure systems in the Central to Northern Tasman
Sea with an unlimited fetch.
Waves from the N have very small wave height (most common is 0.1 m), suggesting they are highly shoaled at
this point. However, the wave data suggests waves of over 2 m are possible from the N during extreme wind
conditions. The wave period distribution shows most are travelling at around 4.6 s (similar to NE waves)
suggesting local wind generation. However, like the wave height distribution, the tail of the wave period
distribution is very long, indicating wave periods can reach up to 12 s from the N (Figure 28 C).
This conforms with the analysis of this wave generation source on the northern and eastern boundaries; it is a
mix of (mostly) wind-sea and some residual long-period SW swell that has managed to wrap around the NW
cape and into this sheltered location. Because of the large amount of refraction required to do this (over 130
°), there is very little energy left in these waves at this point. The N wave component, therefore, could also be
conceptualised as having two sub-components; a dominant wind-sea and a very weak refracted swell.
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Figure 28 Directional wave climate at the barge offload point. (A) wave direction, (B) wave height and (C) wave period
distributions with modal values highlighted. In (B) and (C), the NE sector distributions are shown in blue, the N sector
distribution in red, and all else (offshore-directed waves) in green. (D) shows wave rose.

All other conditions outside this N – NE window are offshore-propagating waves coming from a wide
directional band that extends from 90 through to 340 °. These conditions are most probably produced by the
prevalent SW winds (see Section 5), blowing in an offshore direction on the north-east facing coast of Robbins
Island. These waves are small in height (0.4 m) and have very short periods (3.3 s). Both the wave height and
period distributions are very tight for this directional sector, indicating that they are capped by the limited
over-water fetch of winds from this direction (essentially only 5 km from the SW). The wave hindcast suggests
that, over the past 35 years, the maximum height and period from this direction is 1.5 m and 6 s, respectively.
Seasonal wave climate at the barge offload point
The long-term wave climate was broken down into seasonal components in the same manner as for the wind
climate at Robbins Island (see Section 5). Offshore-directed waves, broadly from the SW quadrant, account for
almost 50 % of all wave conditions year-round. The other 50 % is made up of refracted W-SW swell and NE
waves – although the wave rose in Figure 31 D
shows that wave heights are considerably greater
from the N and NE, because waves from the SW are
severely fetch-limited. The contribution of N and
NE waves varies through the year, but in each
season, NE wave conditions are more prevalent
(mean of 38 %) than wave from the N (15 %)
(Figure 29).
In spring and summer, there is an increase in NE
wave conditions with a simultaneous decrease in N
waves. In autumn and winter the opposite occurs:
more N wave conditions and less NE.
This conforms with the directional wind analysis
on Robbins Island where in spring and summer, an
increase in E winds occurs with a simultaneous
decrease in N winds. In autumn and winter the
Figure 29 Seasonal break-down of the directional wind climate
opposite occurs: N winds increase at the expense of
at the barge offload point.
E winds.
This suggests that E winds at Robbins Island are coincident with NE wave conditions along the east coast of
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the island (NE because of refraction towards shallower water to approach normal to the shore), and that N
winds are correlated with N winds. The dominance of SW winds on Robbins Island also conforms well with
the prevalence of offshore-directed wave conditions from the SW, resulting from these winds.
The correlation between these two datasets also suggests that the CAWCR wave hindcast – and by inference
the CFSR winds driving the hindcast – are capturing the broad-scale seasonal pattern of the wind and wave
climate in the study area.
Table 4 summarises the seasonal and annual wave climate at this location. While seasonal changes in the
directional wave sources have been identified (Figure 29), the wave energy from each source is broadly similar
meaning there is very little variation in the bulk wave parameters through the year. The modal Hs and Tp is 0.4
m and between 3.3 and 3.9 s throughout the year. The 99th percentile Hs and Tp over the past 35 years has been
2.1 m and between 9.3 and 10.4 s. Even the modal MWD appears constant through the year (between 53 and
58 °), although this masks the considerable variation of wave directions around the modal value, as indicated
by the 5th and 95th percentile range given in brackets in Table 4.
Table 4 Modal and extreme (99th percentile) wave parameters at the barge point location per season, from the CAWCR
wave hindcast 1979 – 2014. Bracketed values for MWD are the 5th and 95th percentile values to illustrate the range of
directions around the mode.

Modal
Hs (m)

99 pct.
Hs (m)

Modal
Tp (s)

99 pct.
Tp (s)

Modal P
(kW/h/m)

99 pct. P
(kW/h/m)

Modal MWD
(°)

DJF

0.4

2.1

3.3

9.3

0.32

21.96

58 (32 – 322)

MAM

0.4

2.1

3.8

10.3

0.26

21.83

53 (12 – 344)

JJA

0.4

2.1

3.8

10.4

0.26

22.32

53 (10 – 347)

SON

0.4

2.1

3.9

10.2

0.26

21.49

53 (13 – 344)

Annual

0.4

2.1

3.7

10.1

0.27

21.90

53 (12 – 345)

Wave power, P, is also given in Table 4. Wave power describes the amount of energy density in the crests of
waves as they move past a fixed point (measured in kW/h per 1-m wave crest length, or kW/h/m). Wave power,
unlike wave energy, integrates the effect of wave height and wave speed (related to wave period). This is
important for offshore structures where there is no coastline for waves to stop. Wave power is also controlled
by water depths at locations that are not in deep water (i.e. where the water depth, d, does not exceed half the
wavelength, L).
For the calculation of P, the following equation was used:

P=

1
ρ gH s 2 cg
16

(Eq. 3)

Where ρ is the density of seawater (1025 kg/m3), g is the acceleration due to gravity (9.81 m/s) and cg is the
group celerity (speed) of waves. cg is found by integrating water depth, wavelength and wave period using
linear wave theory. A water depth of 10 m was used for this location, derived from the bathymetry created for
use in the modelling.
At 10 m water depth, all wave conditions will be unbroken at this location, even during the most extreme
conditions. Most waves break at a height-to-depth ratio of approx. 0.7, as such only waves of 7 m or greater
would be breaking at this water depth. Over the past 35 years, the largest (hindcast modelled) wave height
reached 3.3 m and the relatively small fetch at this location limits the potential for wave growth much beyond
this.
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6.4

WAVE RUNUP AT LANDING FACILITY

The proposed site of the landing facility, on the east coast of Robbins Island (Figure 10), is exposed to easterly
and north-easterly winds and waves. This means that, under extreme conditions, the contribution of wave
breaking effects needs to be considered in addition to the elevation of the still water level due to barometric
surge and wind setup.
Wave breaking on open coast sites can elevate local water levels due to the effects of swash, wave setup and
wave runup. Swash is generally defined as the time-varying location of the intersection between the ocean and
the beach. Wave-induced setup is the super-elevation of the still water level due to the presence of waves. Wave
runup is the maximum vertical extent of wave uprush on a beach or structure. Most calculations of runup
include the effects of swash and wave-induced setup and are therefore a measure of the maximum elevation of
wave influence above the still water level.
Wave runup was estimated empirically from modelled offshore wave parameters and cross-shore bathymetric
transects, using the equation of Stockdon et al. (2006):
0.5

H s L ( 0.563 tan β 2 + 0.004 ) 
0.5

R2% 1.1 0.35 tan β ( H s L ) +
=


2



(Eq. 4)

Where R2% is the elevation above the still water level that is exceeded by 2 % of the wave runups (a commonlyused design measure), tanβ is the beach slope, and Hs and L are the offshore significant wave height and wave
length, respectively. This equation has been applied here because it is valid for a broad range of sandy beach
types and has been developed for extreme wave and water level conditions (Stockdon et al., 2007).
The ARI northeast to east-northeast wave heights for the eastern model domain boundary, and corresponding
wave periods were used to define appropriate wave runup boundary conditions (Table 3). The wavelength was
then calculated using:

L=

 2π d 
tanh 

2π
 L 

gTp 2

(Eq. 5)

Where d is the water depth, which at the mid-point of the eastern boundary is approx. 40 m.
The beach slope was estimated from shore-normal transects taken through the high-resolution ARC Discovery
LiDAR DEM either side of the proposed landing facility. The locations of these transects are shown in Figure
10. The cross-shore profiles are shown in Figure 30.
As can be seen in Figure 10, the LiDAR extends, in parts, up to approx. 3.5 km offshore of the east coast of
Robbins Island. In other areas, the LiDAR only extends between 5 to 700 m offshore. The differences are
related to water turbidity and the ability for the airborne LiDAR to register a depth value. Two profiles were
taken through the most extensive sections of the LiDAR, either side of the proposed landing facility (Figure 30
A), and five shorter profiles approx. 1 km either side of the proposed site. This was to obtain good area-averaged
slope values for both the upper and lower shoreface.
Figure 30 shows there is a very shallow (0.00032 m/m) lower shoreface slope between 1200 and 3500 m
offshore (9 to 10 m water depth), with a steeper upper shoreface (0.013 m/m) between the shoreline and 700
m offshore (to 5 m water depth), with a transition slope in between.
The appropriate slope to use in the calculation of wave runup is that which covers the depth range of wave
breaking during extreme conditions. The maximum Hs value considered here is 5.2 m (NE to ENE conditions
in Table 3). Assuming a constant height-to-depth ratio of 0.7 for wave breaking, this means the storm surf zone
begins at around 7.5 m water depth, or 800 m offshore. This approximates to the length of the upper shoreface,
thus the value of 0.013 m/m is most appropriate for Eq. 4. Wave runup estimates are given in Table 5.
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Table 5 shows that, for 200-yr. ARI wave conditions from the NE to ENE, the expected height exceeded by 2
% of the wave runups is 0.96 m above the still water level (i.e. 98 % of runups are expected to be below this
level).

Figure 30 Cross-shore profiles taken through a high-resolution LiDAR-derived DEM near the proposed landing facility.
Profiles extend from the east coast of Robbins Island in a north-easterly direction. (A) shows two long profiles to approx.
3.5 km offshore (10 m water depth). (B) shows five short profiles to approx. 700 m offshore (5 m water depth).
Table 5 Wave runup estimates at the proposed landing facility for northeast to east-northeast ARI wave conditions.

ARI

Wave height, Hs
(m)

Wave period, Tp
(s)

Wave length, L
(m)

Wave runup, R2%
(m)

50

4.9

8.5

110.4

0.94

100

5.0

8.6

112.8

0.95

200

5.1

8.6

112.8

0.96

500

5.2

8.7

115.2

0.98

It should be noted that building a concrete ramp over the top of the beach slope is likely to increase wave runup
during extreme wave conditions. Even if the ramp is of the same or similar gradient to the beach slope, the
reduced friction induced by the concrete structure on broken wave energy will increase runup. If the ramp has
a steeper gradient than the beach slope, this effect will be amplified.
While this is a very low energy wave regime, runup during rare (extreme) wave events may be significant. We
recommend that different ramp gradients and orientations be tested using a dedicated wave runup model
(XBeach or similar) under extreme wave scenarios.

6.5

CROSS-SHORE SAND TRANSPORT AT LANDING FACILITY

The limit of cross-shore movement of sand in Ransonnet Bay is an important consideration for the
construction of the proposed landing facility. Prior to detailed modelling in Phase 2 of this work, depth limits
of cross-shore sand exchange can be estimated from wave parameters and verified by comparing against
geomorphic features in the cross-shore bathymetric profiles (Figure 30). These delineators include the Depth
of Closure (DoC), the upper/lower shoreface interface and the lower shoreface/inner shelf interface.
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Depth of closure
The DoC is the most landward depth seaward of which there is no significant change in bottom elevation and
no significant net sediment transport between the nearshore and the offshore (usually over the period of a
year) (Krauss et al., 1998). It therefore provides an estimate of the depth at which significant sedimentation or
erosion ceases on annual timescales. Engineering structures at depths seaward of this are therefore likely to
have a reduced impact on sedimentation processes. The DoC often approximates to the seaward edge of a surf
zone bar.
The DoC (hin) can be estimated from the equation of Hallermeier (1981):

H2
=
hin 2.28 H s − 68.5  s 2 
 gT 

(Eq. 6)

Where Hs is the effective wave height seaward of the breaker zone that is exceeded for 12 hours per year (i.e.
the significant wave height with a probability of yearly exceedance of 0.137 %.) T is the wave period associated
with Hs and g is the acceleration due to gravity (9.81 m/s).
Hs at the barge offload point (hindcast 1979 – 2014) is 1.98 m and the equivalent Tp is 6.0 s. From Eq. 6, the
DoC is approx. 3.8 m. The DoC is highlighted in Figure 30 B and occurs approx. 350 m offshore. It also
concords with the seaward edge of a bar feature visible in some of the profiles.
Upper-lower shoreface interface
The interface between the upper and lower shoreface delineates the depth at which there is no significant crossshore exchange of sand over the longer-term (i.e. > annual timescales). It can be considered, therefore, a
longer-term or outer DoC (hout). It occurs where there is a distinct break of slope between the upper (steeper)
and lower (shallower) shoreface. The depth at which this occurs can be estimated from the equation of
Hallermeier (1983):

hout = 0.018 H mTm

g
d50 ( s − 1)

(Eq. 7)

Where Hm and Tm are the median wave height and period, respectively, d50 is the median sediment diameter
and s is the ratio of specific gravity of sand to fluid (approx. 2.65). Hm and Tm at the barge offload point are
0.56 m and 4.3 s (hindcast 1979 – 2014). The sand is fine grained, and d50 is estimated at 0.15 mm. This gives
a lower/upper shoreface interface at approx. 8.6 m. From Figure 30 A, we can see this conforms well with the
location of the break of cross-shore slope, approx. 1 km offshore.
Lower shoreface-inner shelf interface
The interface between the lower shoreface and the inner shelf delineates the seaward extent of all sand
transport and the limit of the shoreface. By definition, no sand exchange occurs across this boundary. It is
synonymous with the notion of wave base, which is the depth at which waves begin to interact or ‘feel’ the
seabed.
Wave base can be approximated as L/2 where L is wavelength as per Eq. 5. This is highly dependent on the
wave period used; for example, when Tm is used, wave base is approx. 14 m, whereas if the 0.137 %-exceedance
T is used as per Eq. 6, wave base doubles to 28 m depth. From the model bathymetry, this occurs between 8
to 11 km offshore of the east coast of Robbins Island.
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7.

Tides and Sea Level

7.1

TIDES

Regional-scale tides
Far northwest Tasmania experiences diurnal tides which vary substantially in their range and time of arrival
(Short, 2006). Measured observational data from this region is sparse (the closest, long-term gauge to Robbins
Island is at Burnie, some 90 km to the east). To our knowledge, the gradient and behaviour of tides experiences
along the north-west coast of Tasmania have not been studied in detail. However, the region receives tides
propagating from two amphidromic nodes: a major node located over New Zealand; and, another secondary
node off southwest Tasmania shown in Figure 30. The general trend is for an increase in the tidal range and a
delay in the arrival of high tide, from east to west at least between Granville Harbour and Stanley (from BoM
tidal planes; Stanley is 30 kilometres east of Robbins Island).

Figure 31 Tidal circulation and amphidromic nodes. Source: NASA/Goddard Space Flight Center, Jet Propulsion
Laboratory, Topex/Poseidon.

The strong variation in tides in this region results from the interaction between the offshore approaching tidal
wave and the regional complex bathymetry (Donaldson et al., 2012). Tasmania’s tides initially arrive from the
east and meet towards the western end of the north coast some 5 hours later. The tides first enter Bass Strait
from the east, and subsequently refract around Tasmania’s south and west coast to finally enter the strait from
the west (Short, 2006; inset Figure 3). This produces two propagating tides into western Bass Strait. The funnel
like nature of Bass Strait’s shallow seafloor and its surrounding coastline geography leads to a significant
increase in the tidal range toward the middle of the north coast. The strongest gradient in tides is experienced
along the Tasmania’s far northwest shores where the tidal wave becomes substantially amplified over relatively
short distances (Donaldson et al., 2012).
Local-scale tides
The tidal characteristics become more complex on the local scale. As illustrated in Figure 3, one tidal wave
floods from the east and bifurcates on the most eastern point of Robbins Island. Some of the tidal flow enters
Robbins Passage and propagates through to Robbins Crossing location, while some makes its way up the
eastern side of Robbins Island, around the northern tip of Walker Island, and down the western side of the
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island to enter Robbins Passage as a lagged tidal wave. The two tidal fronts meet around Robbins Crossing
location, meaning this location is essentially a tidal null point.
The tide from the east is the primary tide signal for Robbins Island east and Robbins Passage (we refer to this
as Tide 1). However, a second tidal wave also floods in from the west and affects the west coast of Robbins
Island and Boullanger Bay (Tide 2). Preliminary modelling suggests Tide 2 is delayed with respect to Tide 1 by
several hours. As a result, the flood Tide 2 combines with the ebbing Tide 1 to increase the tidal flow northwards
up the west coast of Robbins Island and around the northern tip of Walker Island. It also delays the ebbing of
water out of Boullanger Bay.

Figure 32 Locations of sea level observations (black stars) and sediment cores (white stars) undertaken by Donaldson et
al. (2012) through Robbins Passage. Image source: Donaldson et al. (2012).

Donaldson et al. (2012) undertook approx. five months of sea level observations between Nov/Dec 2011 and
May 2012 at three locations through Robbins Passage; (from east to west) Howie Island, Kangaroo Island and
Welcome Inlet (Figure 32). This represents the only set of water level observations for the study area. This data
has been obtained for the present study and is used to drive the modelling.
Donaldson et al. (2012) found a large geographical variation in tides through Robbins Passage-Boullanger Bay.
The meso tide range decreases from the east to the west, from approx. 3.2 m at Howie Island to 2.4 m at
Welcome Inlet, consistent with the regional gradient experienced across northwest Tasmania (Table 6).
Table 6 Tidal ranges derived from Donaldson et al. (2012) in Robbins Passage-Boullanger Bay.

Tidal range

Howie Island

Kangaroo Island

Welcome Inlet

Total

3.151

2.626

2.422

Indian Spring Water

2.866

2.410

2.122

Mean Spring

2.796

2.200

2.094

Mean Neap

1.839

1.312

1.311

All three sites experience asymmetric tides with shorter flood than ebb times due to shallow water slowing the
speed of the receding tidal wave trough. Howie Island is the first to receive high tide, followed by Kangaroo
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Island and Welcome Inlet some 20 minutes later (Table 7). Donaldson et al. conclude that the coincident arrival
time of the tidal wave at Welcome Inlet and Kangaroo Island suggests that Boullanger Bay experiences a
broadly south-south-easterly propagating flood tidal front. This conforms with the hypothesised path of a tidal
wave that travels over the north of Walker Island and down the western side of Robbins Island into Boullanger
Bay (illustrated in Figure 3).
Table 7 Arrival times of high and low water through Robbins Passage (Donaldson et al., 2012).

Arrival time after Howie
Island (minutes)

Kangaroo Island

Welcome Inlet

High water

Low water

High water

Low water

Max

30

30

35

60

Min

10

-20

5

10

Average

20

0

20

40

From Table 7, it can be seen that low tide is generally experienced concurrently at Howie Island and Kangaroo
Island, followed approx. 40 minutes later at Welcome Inlet. This may be indicative of the tide draining faster
on the main channels than around the upper inlets.
Donaldson et al. conclude that their measurements suggest two separate tidal waves enter Robbins Passage,
from the east and west, and meet in the middle. The decrease in tidal range from east to west indicates a net
hydrodynamic flow occurs in the same direction. This observation supports the interpretation of Mount et al
(2010) of the long-term morphological evolution through the Passage. It can also clearly be seen from aerial
imagery that there is an ebb tidal delta in Boullanger Bay (to the west) and a flood tidal delta towards Duck
Bay (east) (see Figure 32). While this is the apparent net direction of flow, it is quite probable that with a strong
westerly wind, particularly on an ebbing spring tide, this can be reversed.
Tidal constituents
In decomposing their water level observations into tidal harmonic constituents, Donaldson et al. made two key
findings:
1.

The National Tide Centre’s tide model underestimates the tidal range for Boullanger Bay by approx.
30 %. This means the coastal inundation mapping undertaken for Tasmania (Lacey et al., 2012; 2015),
which uses the NTC tides, likely underestimates the flood hazard for this area.

2. The reason for this underestimation is the importance of higher-order shallow water harmonics in
amplifying the tidal wave in this area (accounting for up to 14 % of all tidal variation).
It is therefore important to account for shallow water harmonics in modelling tidal flow through Robbins
Passage. In this study, we will use the phase and amplitude measures of tidal constituents derived from the
observations of Donaldson et al., rather than the standard (deep-water) composition provided by global tide
models, which has been shown to underestimate tidal range in this locality.
Tidal planes
Donaldson et al. provide estimates of tidal planes at the three observations sites through Robbins Passage.
These are given in Table 8. It is important to note that, because of the relatively short length of their record
(approx. five months), a standard observation-based tidal plane analysis was not possible (this is the only
universally accepted method of defining tidal planes but requires a timeseries that spans the 18.6-yr nodal tidal
cycle, ICSM, 2017). To partially get around this, they applied their observation-based definitions to longer
periods (~ 20 years) of predicted sea levels (see Donaldson et al., 2012 for more detail on method). The
estimates may still result in an over- or underestimation of the tidal planes because not all astronomical
constituents can be solved over the short observational record. However, they are the best available for this
area, and superior to those available from the NTC tide model for this locality.
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Table 8 Tidal planes derived from the study by Donaldson et al. (2012). All values relative to Australian Height Datum
(AHD). HAT = Highest Astronomical Tide, ISHW = Indian Spring High Water, MHWS = Mean High Water Spring,
MHW = Mean High Water, MHWN = Mean High Water Neaps, MSL = Mean Sea Level (and same for low water
equivalents). * Burnie tidal planes from Australian Baseline Sea Level Monitoring Project analysis.

Tidal plane

Howie Island

Kangaroo Island

Welcome Inlet

HAT (1.66 m at Burnie*)

1.521

1.278

1.187

ISHW

1.451

1.169

1.063

MHWS

1.384

1.151

1.048

MHW

1.189

0.926

0.874

MHWN

1.015

0.716

0.715

MSL (-0.009 m at Burnie*)

0.009

-0.018

0.001

MLWN

-0.824

-0.596

-0.596

MLW

-1.101

-0.909

-0.807

MLWS

-1.412

-1.049

-1.046

ISLW

-1.433

-1.205

-1.061

LAT (-1.90 m at Burnie*)

-1.630

-1.348

-1.235

The values relating to Highest Astronomical Tide (HAT) are of most relevance to this study – varying from
approx. 1.2 m above AHD at Welcome Inlet to 1.5 m AHD at Howie Island. By comparison, HAT at Burnie, the
nearest long term tidal record to our site, approx. 90 km to the east, is 1.64 m. This is consistent with a
reduction in the tidal range from east to west. It is worth noting that ISHW was the tidal plane used for mapping
sea level inundation in Tasmania (Lacey et al., 2012; 2015), not HAT.

7.2

SEA LEVEL

Figure 33 Time series of sea level recorded at Burnie from July 1952 to February 2018. Multi-annual data gaps occur
prior to 1984. A step change related to a gauge zero difference is visible prior to 1972. The time series can be considered
complete from 1984 onwards.

The tide gauge at Burnie provides the most reliable and long-term (1952 to present) sea level data relevant to
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the study area. While the monthly time series spans approx. 65 years, there are large, multi-annual gaps and
step changes in the data prior to 1984 (the step changes are related to the change in gauze zero circa 1972)
(Figure 33). To ensure a homogenous time series, we have only used data from July 1984 to February 2018
(33.5 years) in the analysis here.
Sea level rise and variability
Mean monthly sea levels from 1984 to 2018 were fitted with a linear trend (Figure 34). This showed that, over
this 33.5-year period, there has been a 6.4 cm rise, equating to an average 1.9 mm/yr increase. This is a gross
figure and incorporates all components of relative sea level rise; including land subsidence or uplift
contributing in part to this signal.

Figure 34 Sea level rise trend in mean monthly sea levels at Burnie since 1984.

Previous work by Mount et al. (2010) quotes a similar net rise in mean sea level at Burnie of 1.4 mm/yr since
1966. These rates are consistent with the Australian average for the period 1920 – 2000, estimated to be 1.2
mm/yr (Church et al., 2006). It is also consistent with a global average 20th Century rate of 1.7 mm/yr (Church
and White, 2006). The latter rate is estimated to be accelerating at 0.013 mm/yr.
Similarly, there is an apparent upward trend in maximum monthly sea levels since 1984, with an average of
3.3 mm/yr. This suggests that the rate of increase in extreme sea level events is occurring more rapidly (by 1.4
mm/yr) than the increase in the mean.
While this has not be investigated in detail, this conforms with statistical theory of climate change; that a small
shift in the mean of the distribution can lead to a larger shift in the tails (extremes), especially when there is
an inherently high amount of variability in the climate phenomenon (in this case, sea level) and thus a widertailed distribution.
Also apparent in the time series of monthly maxima is a low-frequency (quasi 10-year) signal, not visible in the
time series of monthly means. 1988 to 1997 is a period of above-average sea level maxima (i.e. above the longterm average, defined by the linear trend); followed by a period of below-average maxima between 1997 and
2007; and then another period of above-average maxima from 2007 to 2018.
The Highest Astronomical Tide (HAT, 1.66 m AHD at Burnie) is the highest theoretical tide reached during a
single lunar tidal cycle (18.6-year period) and a commonly-used design plane for maritime structures. It should
be noted, however, that an upward trend in the mean sea level will also act to increase the frequency with which
sea level maxima are reached and potentially change what is regarded as HAT in the future.
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Sea level extremes and storm surge
The three highest maximum and three lowest minimum monthly sea levels recorded since 1952 at Burnie are
given in Table 9. Over the past ~ 65 years, sea levels have reached 2.01 m above AHD (37 cm above HAT) and
-2.37 m below AHD (47 cm below LAT).
Table 9 The three highest maximum and three lowest minimum monthly sea levels recorded since 1952 at Burnie.

Highest three water levels

Elev. (m AHD)

Elev. (m above HAT)

Jun 2009

2.01

+ 0.37

May 2016

2.00

+ 0.36

Oct 2007

1.94

+ 0.30

Lowest three water levels

Elev. (m AHD)

Elev. (m below LAT)

Sep 1953

-2.37

- 0.47

Jun 2009

-2.15

- 0.25

May 2016

-2.13

- 0.23

Table 9 shows that sea level extremes are most likely to occur in winter and spring with the passage of midlatitude storm systems. It also shows that some of the highest and lowest sea levels occurred at the same time;
in October 2007, June 2009 and May 2016. These months also coincide with the peaks and troughs of the
lunar tidal cycle (Donaldson et al. 2012), suggesting tidal forcing on extreme sea levels is strong in this area.
From 1992, the hourly sea level record is available at Burnie with coincident predicted tides and measurements
of barometric pressure. This means the surge component can be separated from the total water elevation.
Storm surge refers to the superposition or suppression of the water elevation above or below the astronomic
tide due to meteorological forcing. During a storm event this usually consists of two components; 1) the inverse
barometric effect, whereby the water surface can be elevated by lower than normal atmospheric pressure, and
2) wind setup, which refers to the ‘piling up’ of water downwind of a storm. Wave breaking effects (described
in Section 6) are not relevant here because the gauge is located in a water depth that is too deep for wave
breaking even during extreme events.
The surge residual (the difference between the measured water level and the predicted tide) is usually taken to
be synonymous with the meteorological storm surge, although in certain locations this residual can also include
non-linear tide-surge coupling effects in addition to barometric and wind effects (e.g. Horsburgh and Wilson,
2007). McInnes and Hubbert (2003) suggest tide/surge interactions are important determinants of surge
maxima along the Victorian coast in Bass Strait. Thus, simply adding a meteorological storm surge component
onto a predicted tidal level may under-estimate the total water level because the tide/surge physics are not
accounted for. If the whole water level (tide plus surge) is either dynamically modelled or taken from
observations, these interactions are accounted for.
Table 10 The three largest surge residuals at Burnie since 1992, and corresponding wind direction.

Three largest surge residuals

Elev. (m AHD)

from all directions

& wind dir.

25 Aug 2009 12:00

0.71 (241 °)

26 May 1994 07:00

0.70 (250 °)

12 Jul 2016 02:00

0.68 (329 °)

The surge residual suffices, however, as an indicator
of the driving meteorology behind extreme water
levels at Burnie. The three highest surge residuals
since 1992 are given in . This shows that the highest
surge residual recorded since 1992 was in August
2009, reaching 71 cm above the predicted tide.

Using the 6-hourly ERA-40 reanalysis (as per
Figure 6), we can see that the largest three surge events at Burnie since 1992 were all produced by the passage
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of westerly to north-westerly frontal winds through Bass Strait (Figure 35). However, while Burnie may be
exposed to both westerly and easterly surge events, Robbins Passage and the east coast of Robbins Island are
only vulnerable to (less common) easterly surge events, being sheltered from winds and waves from the west.

Figure 35 Three largest surge events in the Burnie record since 1992. Plots generated from nearest UTC time slice from
6-hr. ERA-40 reanalysis. As can be seen, the highest surge events are from westerly frontal winds through Bass Strait.
Table 11 The three largest surge residuals at Burnie since 1992 from the east, and corresponding wind direction. *The
wind direction for the 1996 event was not available and therefore needed to be estimated from the synoptic plot.

Therefore, the surge record was split by wind
direction into easterly and westerly events (at 180
from the east (< 180 °)
& wind dir.
°). The three largest surge events from the east are
26 Aug 2009 00:00
0.69 (127 °)
shown in Table 11. As can be seen, wind directions
from the NNE through to SE can produce significant
21 Nov 1992 05:00
0.58 (28 °)
surge events at Burnie – comparable in magnitude
(albeit slightly smaller) to those produced from the
11 Sep 1996 12:00
0.58 (15 ° *)
west. Surge events from these directions have a
limited fetch length (apart from the south-east which can extend through the Tasman Sea), thus producing
slightly lower sea level anomalies than from the west, where the fetch length is essentially unbounded.
Three largest surge residuals

Elev. (m AHD)

The synoptic patterns of these easterly surge events are shown in Figure 36. As can be seen, the largest surge
event from the east (since 1992) resulted from a low-pressure trough to the west in the Tasman Sea with an
adjacent high-pressure ridge to the east over South Australia, resulting in south-easterly winds and a westerlypropagating sea level anomaly of 69 cm in height. The second and third largest events from the eastern sector
resulted from a steep meridionally-oriented ridge between an anticyclone to the east in the Tasman Sea and a
cut-off low to the west in the Great Australian Bight. These events both produced north-north-east to northeasterly winds and a south-westerly propagating sea level anomaly of 58 cm in height.
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Figure 36 Three largest surge events from the east (< 180 °) in the Burnie record since 1992. Plots generated from nearest
UTC time slice from 6-hr. ERA-40 reanalysis. As can be seen, the highest surge event is produced by a low-pressure
trough in the Tasman Sea, while the second and third largest events result from cut-off lows to the east of Bass Strait.

7.3

EXTREME VALUE WATER LEVELS

Sensitivity testing
Extreme value sea levels are required to inform structural design. Easterly winds and sea level anomalies are
most relevant for our study site because both Robbins Passage and the east coast of Robbins Island are
sheltered from westerly and south-westerly winds and waves. To discretize extreme values by direction, it was
necessary to use the hourly sea level data from Burnie available from 1992, which has simultaneous directional
wind information.
Before parsing by direction, a sensitivity analysis was undertaken to examine the effect of using time series
data from 1992 rather than from 1952 (the full record). To do this, monthly sea level maxima were used from
the 1952 record and compared to extreme values derived from hourly data from the 1992 record.
As per winds and waves, a Generalised Extreme
Value (GEV) distribution was used. To ensure a fair
comparison, annual maxima were used as the
exceedance threshold for both datasets with a
Weibull-type GEV. As can be seen in Figure 39,
there is a higher estimation of sea level ARIs when
using the data from 1992, than when using the
record from 1952. Using the 1992 data results in a
linear offset of approx. + 0.03 m at every ARI level
to 500 years, compared to using the 1952 record.
This may be because there have been a higher
number of extreme sea level events recorded in the
period 1992 – 2018 than 1951 – 1992, perhaps in
part because of the large data gaps in the record
prior to 1984. This difference may also be caused by
the sea level rise trend through time, increasing the
Figure 37 ARI estimates for extreme sea levels at Burnie using
frequency of sea level extremes in the recent past.
the 1992 (solid line) and 1952 (dashed line) records.

This may be because there have been a higher
number of extreme sea level events recorded in the period 1992 – 2018 than 1951 – 1992, perhaps in part
because of the large data gaps in the record prior to 1984. This difference may also be caused by the sea level
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rise trend through time, increasing the frequency of sea level extremes in the more recent past.
However, the difference between the two curves is small (< 2 % at the 200 yr. ARI level) and well within the 95
% confidence bounds of the data. At this magnitude, the difference between curves is as much a result of the
curve-fitting method used as it is due to data differences.
By comparison, estimates from the CANUTE sea level rise project, based on hydrodynamic modelling of storm
surge climatologies around Australia by Haigh et al. (2014), estimate the 200-yr ARI water level at Burnie to
be approx. 2.1 m AHD (1.9 to 2.3 m within 95 % confidence range, centred on 2.1 m AHD) (Figure 40). This
compares well with our statistically-derived
estimate (2.10 to 2.13 m AHD), further giving
confidence in our results.
It can be concluded, therefore, that ARI estimates
using the time series from 1992 provides a good
estimate of the longer-term extreme values, with
a potentially small (< 2 %) positive bias that is
well within the 95 % confidence bounds.

Figure 38 ARI estimates of extreme sea levels derived
from Haigh et al. (2014). The blue curve represents
extra-tropical storm surge generation, and the red
curve tropical cyclone. Tropical cyclone is not relevant
for this location.

Easterly sea level extremes
Hourly sea level data from 1992 was parsed by wind direction to only include those events that came from the
east (< 180 °), and then an extreme value analysis was undertaken on this subset. Since the 1992 dataset also
included tidal predictions and barometric air pressure measurements, the surge component could be separated
from the total sea level. In addition, the inverse barometric and wind setup components of the meteorological
surge could be estimated. The inverse barometer (IB) effect was calculated:

 1

=
h 102 
P − Pref 
σ g


(Eq. 8)

Where h is the change in the sea surface height at the shore (m), ρ is the density of seawater (1025 kg/m3), g is
the acceleration due to gravity (9.81 m/s), P is the atmospheric pressure measured at the barometer and Pref is
the global mean atmospheric pressure (1013.3 hPa). The effect of 1/ρg is small (approx. 0.01 m), such that Eq.
8 is often reduced to Pref – P.
The remainder of the surge residual was assumed to be attributable to wind setup (although this is not always
the case – see Section 7.2), such that wind setup = surge residual – IB effect. In this way, ARI curves for total
still water level (i.e. tide + surge), surge (all surge residual), barometric surge and wind setup, for easterly
extreme water level events, could be estimated (Figure 41 and Table 12).
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Figure 39 ARI estimate for easterly sea level extremes
at Burnie including total sea level and meteorological
surge components.

Table 12 ARI estimates for extreme sea level events from the east at Burnie, including total still water level (tide plus
surge) and meteorological surge components.

Surge

Surge

Surge

Tide plus surge

(barometric, m)

(wind setup, m)

(total, m)

(m AHD)

50

0.37

0.53

0.73

2.03

100

0.38

0.56

0.76

2.06

200

0.39

0.58

0.79

2.10

500

0.40

0.61

0.82

2.15

ARI

Table 12 shows that the 200-yr. ARI still water level (most appropriate for our design criteria) is 2.10 m AHD
(0.44 m above HAT), and that the 200-yr. ARI surge residual is 79 cm. These values represent extreme water
levels produced by easterly wind and wave events, to which our area of interest is most exposed. These events
are caused by either Southern Tasman Lows, or from Cut-Off Lows situated towards the east of Bass Strait
(Figure 36).

7.4

BAROMETRIC PRESSURE
Figure 40 The relationship between barometric
pressure and extreme wind speeds (> 99th percentile)
at Burnie since 1992. Plot shows contours of
probability density, data points, and linear regression.

A suitable barometric pressure value is required for
hydrodynamic modelling to account for the inverse
barometric effect of elevated sea levels, in addition
to the sea level anomalies produced by the model
due to winds and wind-driven waves. An analysis
of the concurrent measurements of wind speed and
barometric pressure at Burnie since 1992 shows
that the most extreme wind speeds (> 99th
percentile) are related to low barometric pressure
(Figure 42). This general trend is to be expected,
since a lower central pressure of an extra-tropical
storm system will lead to a higher barometric surge
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(Eq. 8).
As shown in Figure 42, there is a broad range of barometric pressure values related to lower wind speeds, which
conforms with our previous analysis that significant sea level anomalies can be produced by anticyclonic (highpressure) intensification as well as low-pressure systems. However, the trend shows the most extreme wind
speeds (at least since 1992) have been produced by progressively lower atmospheric pressures. This conforms
with our analysis of historical surge in Section 7.2, which indicates the most extreme surge-producing events
result from low-pressure systems, either as westerly frontal winds, cut-off lows or Southern Tasman lows.
The linear regression in Figure 42 was used to estimate atmospheric pressure values that correspond to the
wind speed ARIs in Table 2. These values are given in Table 12. It should be noted that this trend cannot be
extended indefinitely, as very low atmospheric pressures are limited by a thermodynamic Maximum Potential
Intensity (MPI). While an exact MPI value has not be calculated for this area, it will be around 900 hPa, based
on our estimate of MPIs in tropical-cyclone affected regions of the Australian coast.
Table 13 ARI wind speeds for different directional sectors as per Table 2, with corresponding central pressure values
(bracketed, in hPa) as per relationship in Figure 42.

ARI

All

East

Southwest

North

50

21.0 (956)

19.1 (960)

21.1 (956)

18.8 (961)

100

21.4 (955)

19.3 (959)

21.5 (955)

19.0 (960)

200

21.8 (954)

19.5 (959)

21.9 (954)

19.2 (960)

500

22.3 (953)

19.8 (958)

22.5 (953)

19.5 (959)
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8.

Climate Change Projections

8.1

SEA LEVEL RISE

McInnes et al. (2016) undertook a sea level rise (SLR) and allowances study for Tasmania. This represents the
most up to date SLR information for Tasmania based on the Intergovernmental Panel on Climate Change’s
(IPCC) AR5 report. In this work, sea level projections were developed for each Tasmanian coastal council. The
projections for Circular Head are shown in Figure 43 and Table 14 below.
In Figure 43 and Table 14, four different
scenarios for SLR are given. These are
called Representative Concentration
Pathways (RCPs), which each define a
specific emissions trajectory and
subsequent radiative forcing used by
the IPCC. RCP 2.6 assumes that global
greenhouse gas emissions peak between
2010 – 2020, reducing substantially
thereafter. At the other extreme, RCP
8.5 is regarded as the “business-asusual” scenario with no emissions
reductions and is consistent with a fourdegree world by 2100 (IPCC, 2014). The
scenarios should be
considered
plausible and illustrative, but do not
have probabilities attached to them.
Figure 41 Sea level rise projections for Circular Head region. Black line shows sea-level variability since 1993. The multimodel mean projections (thick red and blue lines) for RCP8.5 an RCP2.6 are shown with the 5-95 percentile range (red
and blue shaded regions) from 2010 to 2100. Thick blue and orange lines represent multi-model mean projections for the
RCP4.5 and 6.0 scenarios, respectively. The black dashed lines represent the estimates of interannual variability. Image
from McInnes et al. (2016).
Table 14 Summary of projected sea level rise with the 5 to 95 percentile ranges and allowances (m) for 2050 and 2100
for the four IPCC RCP scenarios. Source: McInnes et al. (2016).

Scenario

2050

A

2100

A

RCP2.6

0.17 (0.11 – 0.23)

0.18

0.40 (0.23 - 0.57)

0.47

RCP4.5

0.18 (0.13 – 0.24)

0.19

0.48 (0.31 – 0.67)

0.57

RCP6.0

0.17 (0.11 – 0.24)

0.18

0.51 (0.32 – 0.70)

0.60

RCP8.5

0.21 (0.14 – 0.28)

0.22

0.68 (0.46 – 0.94)

0.84

Allowances
In consideration of planning for future sea-level rise and its associated uncertainty, Hunter (2012) proposed a
method to calculate an allowance from a projected future sea-level range, that if added to current design values
would mean that the expected number of exceedances at the future time with sea-level rise would be the same
as expected under current day conditions without the sea-level rise. In other words, the performance of the
mitigation measures would be as effective in the future as they are today.
Allowances provide an estimate of how much present planning heights would need to be raised under uncertain
sea-level rise to ensure that the expected frequency of future exceedances remains the same as in the present
climate. Allowances in Table 14 are based on scale parameters generated by the study of Haigh et al. (2014).
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Sea level rise estimates used in this study
The maximum design life of structures to be considered in this study is 100 years (Section 3). To best mitigate
risk, we use the RCP8.5 projections of 0.68 m + 0.84 m allowance by 2100 calculated by McInnes et al. (2016),
given in Table 14, to estimate design water levels within the life of the proposed structures.
The return period water level to be used is the 200-year Average Recurrence Interval (ARI) (the reasons for
this are explained in Section 3). To apply the sea level rise (SLR) estimate to a design water level, the following
formula is used:

Present-day 200-yr ARI extreme still water level (tide plus surge) + wave breaking effects (if applicable) +
SLR expected by end of design life + SLR allowance for end of design life

The first two components are estimated in this report statistically from nearby long-term records and will be
refined within the hydrodynamic model. The last two components are added afterwards.
It is important to note that sea level rise could be far greater than the estimates provided in Table 14, within
the design life of the proposed structures. Uncertainties in meltwater production from Antarctic Ice Sheet and
Shelf recession are large. SLR by the end of the century could be greater than 1 m.
It should also be noted that these allowances assume stationarity in other climate variables – i.e. that the
statistical distribution of extreme events due to winds and waves remains constant. If, for example, there is an
increase in the prevalence of easterly wind and wave events at the expense of westerlies (with a poleward shift
in the STR), this could lead to an under-estimate of the sea level rise allowance value for our site.
Expected shoreline impacts
In general, shorelines are expected to recede (erode) in response to rising sea levels, as parameterised in the
Bruun Rule (Bruun, 1954;1988). This rule states that – in the absence of counteracting processes – a shoreline
subject to sea level rise will respond through increased wave erosion of the upper shoreface (dry beach), and
deposition of the eroded debris on the lower shoreface (offshore), to maintain an equilibrium profile relative
to the rising sea level. As a rule of thumb, this equates to a shoreline retreat of between 50 to 100 times the
amount of vertical sea level rise (Bird, 1993).
Using the RCP8.5 scenario in Table 14, the Brunn Rule suggests there may be 34 to 68 m of shoreline erosion
by 2100 relatively to present day, equating to approx. 0.4 to 0.8 m/yr.
However, the validity of the Brunn Rule has been the subject of considerable criticism, much of which relates
to the fact that other coastal processes occurring simultaneously with sea level rise (such as an onshore
sediment supply) may counteract the effects of shoreline recession with SLR. Indeed, the progradation of
Perkins Island resulting from the post-glacial marine transgression bringing large quantities of sand onshore,
is a good example of this (Mount et al., 2010).
The low energy shorelines of Boullanger Bay, through Robbins Passage to Duck Bay have been subject to
gradually rising sea levels (section 3.1) and shoreline erosion (section 2.7) since the 1960s. There is an evident
lack of sediment supply to these shorelines to counteract the tendency for shoreline retreat. We therefore
expect erosion to be the ongoing trend for this area over the coming decades. However, the observed rate of
erosion since 1968 has been up to 0.18 m/yr for non-saltmarsh shorelines and 0.30 m/yr for saltmarsh
shorelines, which is lower than (almost half) the future rates estimated using the Bruun Rule. The future rate
of sea level rise, however, is expected to accelerate, in line with a recent acceleration in global (Church et al.,
2006) and local (this section) rates of SLR – perhaps accelerating the future rate of erosion in this area.
Sea level rise mapping undertaken by University of Tasmania for Department of Premier and Cabinet (Lacey
et al., 2012; 2015) mapped the potential position of the high-water mark (equating to Indian Spring High
Water, ISHW) for present-day, 0.15 m SLR and 1.10 m SLR through Robbins Passage (Figure 42 left panel).
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They also mapped the potential landward extent of the 1 % AEP (Annual Exceedance Probability) storm tide
for these scenarios (Figure 44 right panel).
As can be seen, there is not much difference in shoreline position between present-day and the 0.15 m SLR
scenario. However, there is a significant retreat of the shoreline under the 1.1 m scenario. As highlighted in
Donaldson et al. (2012), because Lacey et al. (2012; 2015) used NTC data to define tidal planes, their modelling
is likely to under-represent the true extent of inundation during SLR scenarios by up to 30 %.
There is no published information on shoreline trends for the east of Robbins Island. This could be undertaken
as a separate analysis using the archive of historical aerial photography dating back to around the 1960s, but
this is outside of the scope of the present study. Modern geomorphology indicates there has historically been
a sand supply of sand throughout most of the Holocene, which allowed the coast to modestly prograde
seawards. However, it is unclear whether there is still an ongoing onshore sand supply, or whether this has
now largely been exhausted. An analysis of the past 500-1000 years of shoreline change would provide a longterm sand budget.

Figure 42 Sea level rise mapping for the Robbins Passage area shoreline, showing (left panel) the potential position of
the high-water mark and (right panel) the landward extent of 1 % AEP storm tide, for present-day, 0.15 and 1.10 m SLR.
Source: Mount et al. (2010).

8.2

WIND AND WAVE CLIMATE CHANGE

Wind climate
Mean wind speeds are projected to increase in winter in Tasmania (CSIRO, 2015) as are wave heights in general
in the Southern Ocean (Young, 1999), both related to a spin-up in the mid-latitude westerly wind belt.
In the near-future (by 2030), the differences in modelled mean wind speeds are mostly comparable to those
expected due to natural variability, and thus represent little change. However, late in the century under higher
RCP scenarios, a pattern of winter wind speed increase over Tasmania is projected (CSIRO, 2015). These
changes are consistent with broad-scale patterns of atmospheric circulation change and the winter changes are
projected with high confidence.
Changes in extreme winds tend to follow the change indicated for mean winds. However, Global Climate
Models (GCMs) are not able to adequately resolve many small-scale meteorological systems that contribute to
extreme winds such as mesoscale low-pressure systems affecting our study area. Therefore, GCM projections
are often down-scaled to resolve these systems. This contributes to a general lowering of confidence on extreme
wind changes (McInnes et al., 2011).
While small scale storms are not well resolved, there is generally medium confidence in the increase in extreme
winds over Tasmania because the changes are consistent with broad-scale changes to circulation in these
latitudes (CSIRO, 2015).
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In addition to changes in wind speed, there may also be modifications to the directional wind climate. The
observed intensification of the subtropical ridge and expansion of the Hadley Cell circulation are projected to
continue into the twenty-first century, both representing an expansion of the tropics. As a result, mid-latitude
weather systems that affect Tasmania are projected to shift south in winter. This southerly shift may introduce
an increased easterly component to the annual wind climate, which at present is predominantly westerly.
Increased wind speeds, and potential changes to the directionality of local winds, are likely to impact the
hydrodynamics of the study area. Higher mean and extreme wind speeds would introduce more energy into
the environment, increasing the generation of local wind-driven waves, sediment transport and erosion
potential. A greater prevalence of easterly wind events would favour higher flow speeds and erosion events
through Robbins Passage, as this couples with the direction of net hydrodynamic flow and flood tide, and also
the direction of greatest fetch for wind-wave generation.
Wave climate
Changes in the deep-water (offshore) wave climate are expected to be broadly similar to those projected for
winds, since the physical processes and broad-scale circulation patterns responsible for generation are largely
the same. An intensification of the mid-latitude westerlies is expected to result in a higher offshore wave energy
regime in the Southern Ocean, although observations of a trend in increased storm wave events along the west
coast of Tasmania are as yet unclear (Hemer, 2010).

Figure 43 Projected future changes in modelled mean wave direction. A) present day annual mean wave direction, and
projected changes in mean wave direction (B) annually, (C) during austral summer (JFM) and (D) austral winter (JAS).
Source: Hemer et al. (2013).

A southerly shift in the Southern Ocean storm belt is expected to lead to an anti-clockwise rotation of the mean
wave direction in the region south and west of Tasmania (Hemer et al., 2010). This is similar to findings of
Mortlock and Goodwin (2015) and Goodwin et al. (2016) along the Southeast Australian Shelf. Speculatively,
the poleward shift in the generation location of storm waves in the Southern Ocean, coupled with an anticlockwise shift in the mean wave direction, could lead to more oblique (southerly) and longer period swell wave
energy along the western boundary of our study site, in place of a more proximal and south-west to westerly
wave climate. This is supported by Hemer et al. (2013), who suggest a 5 to 10-degree anticlockwise shift in the
direction of waves approaching the west coast of Tasmania (Figure 45). If this were the case, this would mean
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less wave energy propagating into Boullanger Bay, because of higher rates of wave refraction and shoaling
required to enter the domain, and consequentially more swell wave energy dissipation throughout the domain.
The southerly shift in the hemispheric circulation may also mean an increase in north to easterly wave events
in eastern Bass Strait and the Southern Tasman Sea, especially during the austral winter (Figure 43). This
change could potential be most impactful for our study site, as waves from these directions undergo less
refraction and energy dissipation before reaching Robbins Island and Robbins Passage, and therefore have
more inherent erosion potential.
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9.

Key Findings and Recommendations

This report has established the existing met-ocean and environmental conditions relevant to Robbins Island
and Robbins Passage, including present-day climate conditions, winds, waves, tides, surge, atmospheric
pressure, bathymetry and a conceptualization of sediment transport pathways. We have derived design
extreme water levels for the proposed engineering structures from these data, using recommended guidance
(Harper, 2017) and relevant national standards (AS 4997-2005). An overview of climate change impacts
relevant to the study site and within the design life of the proposed structures, is also included.

9.1

MET-OCEAN CONDITIONS

Regional climate drivers
Robbins Island, on the far northwest coast of Tasmania, is situated at approx. 40.7 °S and 144.9 °E. At this
latitude, the climate is dominated by the seasonal shift in the position of the subtropical ridge (STR) and, to
the south, the passage of fronts driven by the band of strong westerly winds encircling Antarctica. The northsouth oscillation of the westerlies and associated low-pressure systems is part of the hemispheric mode of
variability known as the Southern Annual Mode (SAM). The northern extent of the westerlies, in relation to
latitude of Robbins Island, controls the seasonal wind and wave climate.
Local hydrodynamic regime
The hydrodynamic regime around Robbins Island and through Robbins Passage is highly complex and results
from a mixture of tidal, wind and wave forcing – often from opposing directions. Due to the sheltered
geography of the area, wind-driven wave energy is generally low, leaving tidal variations as the main driver of
hydrodynamic flow and, presumably, sediment transport.
Wind observations show that Robbins Island experiences a predominantly south-westerly wind direction with
secondary modes from the east and north. South-westerly winds are prevalent year-round (62 %), with
seasonal variations occurring between easterlies (30 %) and northerlies (8 %); northerly winds displace
easterlies with the seasonal equatorward shift in the STR.
The wave climate is a mix of long-period ocean swell from Southern Ocean Lows, and a more localised windsea, produced by the local wind conditions. To the west of Robbins Island, a uni-modal, high-energy southwesterly swell (Hs 2.2 m, Tp 10.6 s) refracts in a clockwise direction around Hunter Island and into western
Bass Strait. This is accompanied by a moderate-period, westerly wind sea (Hs 1.1 m, Tp 8.4 s) produced by the
passage of cold fronts through Bass Strait. Both these wave types can enter between Woolnorth Point and
Hunter Island or even refract down to the east coast of Robbins Island from the north but loose much energy
in doing so. A short period, low energy wind sea from the north-east (Hs 0.4 m, Tp 4.7 s) is responsible for
much of the onshore conditions along the east coast of Robbins Island, produced by anticyclonic winds and
cut-off lows in eastern Bass Strait and the Central Tasman Sea. Very short period south-westerly wind waves
(Hs 0.4 m, Tp 3.2 s) which propagate offshore, resulting from the strong south-westerly winds that blow across
Robbins Island, are frequent contributions to the wave climate.
Tides are diurnal and meso-scale. Measurements through Robbins Passage indicate the total tidal range is over
3 m, with the Highest Astronomical Tide (HAT) exceeding 1.5 m AHD at the eastern entrance. Preliminary
modelling concurs with prior hypothetical work by Mount et al (2010) and Donaldson et al (2012), that the
flood tide enters from the east and bifurcates at the eastern entrance to Robbins Passage. One tidal wave
propagates through Robbins Passage from the east to Robbins Crossing, while the other travels up the east
coast of Robbins Island, round the tip of Walker Island and down the west coast to enter Robbins Passage via
Boullanger Bay in the west approx. 20 minutes later. The two tides meet at Robbins Crossing, which represents
a geomorphological barrier at mean sea level and a tidal null point.
Cross-shore sediment transport
Parametric relations using hindcast wave data, together with geomorphic features from bathymetric LiDAR,
were used to derive estimates of likely cross-shore limits of sand movement on the east coast of Robbins Island,
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off Little Bluff.
Results suggest that the seaward limit of significant cross-shore sand transport on annual timescales
(synonymous with the depth of closure, DoC) occurs approx. 350 m offshore (3.8 m depth below MSL). The
seaward limit of significant sand transport on timescales greater than one year (synonymous with the upperlower shoreface interface) occurs approx. 1 km (8.6 m depth) offshore. The seaward limit of all sand transport
(synonymous with the lower shoreface-inner shelf interface) occurs approx. 8 to 11 km offshore, for modal and
extreme wave conditions, respectively.
Engineering structures along the east coast of Robbins Island at depths seaward of the DoC are likely to have
a reduced impact on sedimentation processes. Structures built landward of this will require a detailed
assessment of impact on sand transport.
Sea level extremes and variability
Analysis of the long-term sea level record at Burnie indicates a net rise in mean sea level since 1984 of 1.9
mm/yr. There is an upward trend in maximum monthly sea levels since 1984 of 3.3 mm/yr., suggesting the
rate of increase in extreme sea level events is occurring more rapidly than the increase in the mean. Historical
and ongoing shoreline erosion along the mainland coast of Robbins Passage has been attributed to this sea
level rise trend (Mount et al., 2010; Prahalad, 2014). An upward trend in the mean sea level will increase the
frequency with which sea level maxima are reached. Decadal variability of sea level maxima and minima is also
apparent, driven by the 18.6-yr lunar tidal cycle.
Analysis of sea level extremes shows that since 1952, sea levels have reached 2.01 m above AHD (37 cm above
HAT, in June 2009). Sea level extremes are related to meteorological forcing but can also exaggerated or
suppressed by the state of the lunar tidal cycle. The largest surge events at Burnie are caused by westerly frontal
winds through Bass Strait, usually in winter and spring. The largest surge event since 1992 occurred in August
2009, with a surge residual of 71 cm.
Robbins Passage and the east coast of Robbins Island are only vulnerable to (less common) easterly surge
events, being very sheltered from winds and waves from the west. These result from either cut-off lows to the
east of Bass Strait causing north to north-easterly winds, or extratropical transitioning lows in the Tasman Sea
producing strong winds from the east to south-east. Surge residuals from the north and north-east, while lower
than from the west because of fetch limitation, have still reached up to 69 cm since 1992.

9.2

CLIMATE CHANGE PROJECTIONS

The current sea level rise trend at Burnie is expected to continue, and perhaps accelerate, during the coming
decades. Sea level rise projections depend on the future greenhouse gas emissions scenario but vary between
0.40 (best-case) and 0.68 m (worst-case) by 2100 (McInnes et al, 2016) for the Robbins Island area.
Rates of sea level rise are highly uncertain and could be far greater than these estimates within the design life
of the proposed structures. For example, the last time global temperatures were at a similar level to day, around
130 thousand years before present, sea levels were 6 to 8 metres higher than today.
Global climate model projections suggest that mean and maximum wind speeds may increase in winter in
Tasmania (CSIRO, 2015) along with wave heights in general in the Southern Ocean (Young, 1999), both related
to a spin-up in the mid-latitude westerly wind belt.
The observed intensification of the subtropical ridge and expansion of the Hadley Cell circulation are projected
to continue into the twenty-first century, both representing an expansion of the tropics. As a result, midlatitude weather systems that affect Tasmania are projected to shift south in winter. This southerly shift may
introduce an increased easterly component to the annual wind climate, which at present is predominantly
westerly.
Changes in the deep-water wave climate are expected to be broadly similar to those projected for winds. An
intensification of the mid-latitude westerlies is expected to result in a higher offshore wave energy regime in
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the Southern Ocean, and a southerly shift in the Southern Ocean storm belt is expected to lead to an anticlockwise rotation of the mean wave direction in the region south and west of Tasmania (Hemer et al., 2010).

9.3

DESIGN CRITERIA AND WATER LEVELS

Design criteria
The design water level average recurrence interval (ARI) that has been used for both structures is 200 years.
For the causeway, the assumed design life is 100 years. In the absence of other information, we assume a firstpass acceptable risk of encounter (R) is at most 50 %. A 200-yr average recurrence interval (ARI) equates to a
risk of encounter of approx. 39 % over the next 100 years.
For the landing facility, the assumed design life - as a temporary structure - is 10 years. The acceptable risk of
encounter is lower than the causeway because the structure is located at or close to sea level in a more exposed
location. A 200-yr ARI equates to a risk of encounter of approx. 5 % over the next 10 years.
Design water levels
To estimate design water levels, the following formula has been used:
Present-day 200-yr ARI extreme still water level (tide plus surge) + wave breaking effects (if applicable) +
SLR expected by end of design life + SLR allowance for end of design life
The 200-yr ARI water level (tide plus surge) was derived from an extreme value analysis of north to southeasterly storm surge events recorded at Burnie since 1992 (Table 12). However, this may still be an overestimate because the tide range at Burnie is higher than measured in Robbins Passage (Table 8, Howie Island).
To account for this, a linear reduction was made based on the difference between HAT at both locations (8 %),
because a surge event on the highest tides will be most damaging.
Wave breaking effects are only applicable for the landing facility site, and were estimated parametrically, using
the wave setup and runup formula of Stockdon et al. (2006), with bathymetric profiles taken from highresolution LiDAR and 200-yr ARI north-easterly wave conditions extrapolated from modelled hindcast data
(Table 5).
The expected range of sea level rise (SLR) was taken from McInnes et al. (2016), relevant to the Circular Head
region (Table 14). SLR allowances are derived from the same study. SLR allowances provide an estimate of
how much present planning heights would need to be raised under uncertain sea-level rise to ensure that the
expected frequency of future exceedances remains the same as in the present climate. In other words, by
incorporating the SLR allowance, the performance of the design would be as effective in the future it is today.
Table 15 details the range of design water levels for the causeway and the landing facility, for each IPCC
emissions (RCP) scenario. SLR values and allowances to 2100 are used for the causeway and to 2050 for the
landing facility. These are the nearest time horizons available to the structures’ design lives.
Table 15 Design water level recommendations for the causeway and landing facility. For the causeway, values shown
are: 200-yr water level (reduced for Robbins area) + SLR estimate to 2100 + SLR allowance to 2100. For the landing
facility, values shown are: 200-yr water level (reduced for Robbins area) + wave setup/runup for 200-yr wave
conditions + SLR estimate to 2050 + SLR allowance to 2050. Although the

RCP2.6

RCP4.5

RCP6.0

RCP8.5

Causeway

1.93 + 0.40 + 0.47
=2.80 m AHD

1.93 + 0.48 + 0.57 =
2.98 m AHD

1.93 + 0.51 + 0.60 =
3.04 m AHD

1.93 + 0.68 + 0.84 =
3.45 m AHD

Landing
facility

1.93 + 0.96 + 0.17 +
0.18 = 3.24 m AHD

1.93 + 0.96 + 0.18 +
0.19 = 3.26 m AHD

1.93 + 0.96 + 0.17 +
0.18 = 3.24 m AHD

1.93 + 0.96 + 0.21 +
0.22 = 3.32 m AHD
54

Robbins Island Met-ocean & Coastal Processes Study: Phase 1 Report
Table 15 indicates that an appropriate design water level for the causeway is between 2.80 and 3.45 m AHD
(1.28 to 1.93 m above HAT as measured in Robbins Passage), depending on the RCP scenario that is chosen.
An appropriate design water level for the landing facility is between 3.24 and 3.32 m AHD (1.72 and 1.80 m
above HAT).
It should be noted that building a concrete ramp over the top of the beach slope is likely to increase wave runup
during extreme wave conditions. Even if the ramp is of the same or similar gradient to the beach slope, the
reduced friction induced by the concrete structure on broken wave energy will increase runup. If the ramp has
a steeper gradient than the beach slope, this effect will be amplified.
While this is a low energy wave regime, runup during rare (extreme) wave events may be significant. We
recommend that different ramp gradients and orientations be tested using a dedicated wave runup model
(XBeach or similar) under extreme wave scenarios, instead of relying on parametric estimates.

9.4

PHASE TWO MODELLING

Estimates of extreme design water levels have been made in Phase 1 (this report), based on a statistical
assessment of long-term met-ocean variables. A baseline assessment of existing met-ocean and environmental
conditions has also been undertaken, including potential climate change impacts over the design life of the
proposed structures.
The aim of Phase 2 is to provide accompanying wave, flow and sediment transport fields for these extreme
water levels in high resolution around Robbins Island and Robbins Passage. Phase 2 will also investigate the
impact on the wave, flow and transport regime with the proposed structures in place.
The boundary conditions for the 200-yr ARI storm scenarios for modelling have already been developed in
this report (see Table 2, Table 3 and Table 13). Five storm scenarios will be modelled to capture the range of
directional conditions:
1.

A south-westerly storm: a 200-yr ARI wind speed and direction of 21.9 m/s and 225 °, barometric
pressure of 954 hPa, significant wave height of 11.8 m, peak spectral wave period of 15.0 s and mean
wave direction of 225 °.

2. A westerly storm: same conditions as south-westerly storm, but with wind and wave direction from
270 °, to investigate storm wave propagation through Woolnorth Point / Hunter Island.
3. A north-westerly storm: a 200-yr ARI wind speed and direction of 21.9 m/s and 315 °, barometric
pressure of 954 hPa, significant wave height of 8.3 m, peak spectral wave period of 11.7 s and mean
wave direction of 315 °.
4. A north-easterly storm: a 200-yr ARI wind speed and direction of 19.2 m/s and 45 °, barometric
pressure of 960 hPa, significant wave height of 5.1 m, peak spectral wave period of 8.6 s and mean
wave direction of 45 °.
5.

An east-south-easterly storm: a 200-yr ARI wind speed and direction of 19.5 m/s and 113 °,
barometric pressure of 959 hPa, significant wave height of 5.1 m, peak spectral wave period of 8.6 s
and mean wave direction of 113 °.

Each storm event will be modelled on top of a spring tidal cycle to include the effect of tides on the storm flow
field and sediment transport.
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