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View west from Point Malcolm, near Israelite Bay, South Coast of Western Australia. From the foreground, the
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photograph shows a granite headland backed by a long sandy beach and dune barrier seaward of a hypersaline
coastal lagoon. (Photographer: C. Nutt 2009)
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Executive Summary

Western Australia boasts a truly enviable diversity of coastal landforms along approximately 24,000 km
of coastline, estimated along the mainland Mean High Water line and discounting the shores of its
numerous islands. The diversity is a daunting prospect for planning and management. It encompasses a
wide variety of geology and coastal landforms subject to a very wide range of weather and ocean
conditions. The coast includes areas of outstanding beauty such as the World Heritage Area at Shark
Bay, the low lying areas in the Pilbara, the estuaries of the south-west coast, the spectacular Zuytdorp
cliffs and the Kimberley coast. The values of the coast and its inherent sensitivity to change have been
acknowledged through formulation and adoption of the State Coastal Planning Policy SPP2.6 (Western
Australian Planning Commission: WAPC 2003) and the Coastal Protection Policy (Department for
Planning and Infrastructure: DPI 2008). At a broad level the policies are designed to encourage
consideration and use of building codes, zoning laws and local government policies that encourage best
use of the land and nearshore waters. Essentially they apply principles of natural systems management
to land use. However, questions of how they are to be applied in an equitable way from place to place
remain. This report provides a framework to help assess such questions.

Available descriptions of geologic features and landforms comprising the coast have been used to
identify compartments around Western Australia at strategic, regional and local scales currently used
for coastal planning and management. The hierarchy of 36 primary, 114 secondary and 242 tertiary
compartments (Summary Figure 1) provides a network of nested planning units. In principle, the
network provides a systematic approach to State planning in the coastal environment, including natural
resource management and marine conservation planning. It is a multi-scalar framework that facilitates
comparison and analyses of environmental data across and within each compartment level as well as
between different levels within the hierarchy. In the first instance, the hierarchical framework of coastal
compartments enables comparative assessment of information available and planning for future
research/surveys of marine and coastal resources. It is a first step in coastal risk analysis and has wider
relevance due to the diversity of coastal landforms around the State and the need to assign resources to
address issues of resource sustainability.
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WA Coastal Regions with Primary
and Secondary Coastal Compartments

Approximate Length 24, 264km
(HWM 2006)

Number of Coastal:

Regions 13
Primary Compariments 36

Secondary Compartments 114
Tertiary Compartments 242

(Not Shown)
Offshore Boundaries:
Region/Primary 130m Iscbath
Secondary 50m Isobath
Tertiary (Not Shown) 20m Isobath
Coastal Regions Coastal Compartments
HKimbariey [l Northamgton Baudin || o Alang share (MHWM) Primary bourdary location
Canaing Wi Wt Thijssen | | ] Pimary coastal compartrent
[0 Fibara [ Viamingh Gy || Secondary coastal compariment
Exmouth [ Naturaliste ] Wi state boundary and mean high water mark
Shark Bay [l Finders
“'l, [ 50 500 1000
e s 1 . | N . . )
"\ i o Tt L3t ‘
Ll s it
LG Parai o
LA

LSt DEnrecasiau: Eedi Poire £
S A

W o) Gy st Mo Py and Pansing Bearch, DEC, 200,

Summary Figure 1: Coastal Regions, Primary and Secondary Compartments
Tertiary compartments are not shown at the map scale.
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Several steps were used to identify the three interrelated levels of compartments. First, major changes
rock type along the coast were identified from the 1:500,000 Geological Map. Second, the boundaries
of the primary compartments were then adjusted to accommodate apparent changes in the orientation
of the coast as well as to incorporate complete landforms of regional significance. This was done with
reference to the 1:250,000 Geological Map, the 1:100,000 Topographical Map Series and satellite
imagery available on Google Earth 2008 ®. Third, once boundaries for the primary (strategic planning)
compartments were determined, each compartment was further subdivided into secondary (regional
planning) compartments based predominantly on landform associations such as extensive tracts of coast
with continuous beach or dune field formations. Fourth, the secondary compartments were then
subdivided into a suite of tertiary (local planning) compartments based on the individual coastal
landforms present. The seaward and landward boundaries integrate marine and terrestrial components
of the coast as well as the meteorological and oceanographic processes affecting them at each scale.
Boundaries of the primary compartments describe the long-term development of the coast. They are
based on sea level approximately 18,000 years ago, at the start of the rise in sea level to its present
position, as well as the landward extent of sediment accumulation over the past 6,000 years, from when
sea level has been relatively stable. In contrast to the boundaries of the primary compartments, tertiary
compartment boundaries define the nearshore to backshore zones, the marine and terrestrial areas
close to shore where coastal processes are highly active.

The hierarchy of coastal compartments is intended to have applications consistent with those of the
land system hierarchy used agricultural planning and management. Similar frameworks have been used
in the United Kingdom and the USA as well as in New South Wales and South Australia. Several potential
uses for the Western Australian coastal compartments have been briefly outlined in the report. These
include planning for marine natural resource and conservation planning; protection of essential life
habitats; ecosystem based fisheries management; terrestrial coastal planning and management; and
assessment of coastal vulnerability to projected rise in sea level and change in climate. At present the
compartments are being used as a framework to assess the vulnerability of coastal landforms to
changing weather and ocean conditions, particularly rise in sea level. Whether any of the others are
implemented is the business of the relevant State and Local Government agencies, catchment
management councils and community interest groups. Full use of the framework is a challenge for the
future.
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Web Summary

Western Australia boasts a truly enviable diversity of coastal landforms along approximately
24,000 km of coastline, estimated along the mainland Mean High Water line and discounting
the shores of its numerous islands. The diversity is a daunting prospect for planning and
management. It encompasses a wide variety of geology and coastal landforms subject to a very
wide range of weather and ocean conditions. The coast includes areas of outstanding beauty
such as the World Heritage Area at Shark Bay, the low lying areas in the Pilbara, the estuaries of
the south-west coast, the spectacular Zuytdorp cliffs and the Kimberley coast. The values of the
coast and its inherent sensitivity to change have been acknowledged through formulation and
adoption of the State Coastal Planning Policy SPP2.6 (Western Australian Planning Commission:
WAPC 2003) and the Coastal Protection Policy (Department for Planning and Infrastructure: DPI
2008). At a broad level the policies are designed to encourage consideration and use of building
codes, zoning laws and local government policies that encourage best use of the land and
nearshore waters. Essentially they apply principles of natural systems management to land use.
However, questions of how they are to be applied in an equitable way from place to place
remain. This report provides a framework to help assess such questions.

Available descriptions of geologic features and landforms comprising the coast have been used
to identify compartments around Western Australia at strategic, regional and local scales
currently used for coastal planning and management. The hierarchy of 36 primary, 114
secondary and 242 tertiary compartments provides a network of nested planning units. An
example of the primary, secondary and tertiary compartments is shown in Figure 1 while
primary and secondary compartments for the State are illustrated in Figure 2. In principle, the
network provides a systematic approach to State planning in the coastal environment, including
natural resource management and marine conservation planning. It is a multi-scalar framework
that facilitates comparison and analyses of environmental data across and within each
compartment level as well as between different levels within the hierarchy. In the first
instance, the hierarchical framework of coastal compartments enables comparative assessment
of information available and planning for future research/surveys of marine and coastal
resources. It is a first step in coastal risk analysis and has wider relevance due to the diversity
of coastal landforms around the State and the need to assign resources to address issues of
resource sustainability.
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The hierarchy of coastal compartments is intended to have applications consistent with those

of the land system hierarchy used agricultural planning and management. Similar frameworks
have been used in the United Kingdom and the USA as well as in New South Wales and South
Australia. Several potential uses for the Western Australian coastal compartments have been

briefly outlined in the report. These include planning for marine natural resource and

conservation planning; protection of essential life habitats; ecosystem based fisheries

management; terrestrial coastal planning and management; and assessment of coastal

vulnerability to projected rise in sea level and change in climate. At present the compartments
are being used as a framework to assess the vulnerability of coastal landforms to changing
weather and ocean conditions, particularly rise in sea level. Whether any of the others are
implemented is the business of the relevant State and Local Government agencies, catchment

management councils and community interest groups. Full use of the framework is a challenge

for the future.
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The Tertiary Compartments are not shown at the map scale
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1. INTRODUCTION

Western Australia includes approximately 24,000 km of coastline, estimated along the mainland Mean
High Water line (DEC 2006). This is a daunting prospect for planning and management. It encompasses
a wide variety of geology and coastal landforms set in a very wide range of meteorological and
oceanographic (metocean) conditions. For example, the type of major storm systems impacting the
coast vary from mid-latitude depressions on the south coast, through extra-tropical depressions in the
mid-west to tropical cyclones in the north west (Gentilli 1971; Laughlin 1997); tidal conditions vary from
micro-tidal environments with a spring tidal range of less than 1.0m on the south west coast to macro-
tidal ranges of up to 11.0m in the Kimberley (Easton 1970; Department of Defence 2009); and landforms
range from extremely sheltered sandy beaches on the south west coast to long reaches of exposed cliffs
in the north west, west and south east. This variation presents challenges for planning and
management. The challenges include:

. Provision of a framework for management that ensures natural marine resources of the State are
sustained;

. Development of policy guidelines applicable and equitable in all regions;

. Assessment of risks likely to affect people living or seeking to live in close proximity to the coast;
and

. Adoption of new approaches sufficiently flexible to incorporate improved technology and

information as it becomes available.
These are some of the issues faced in the current revision of the State Coastal Planning Policy - SPP 2.6
(WAPC 2003) and which provide an immediate context for identification of coastal planning units
around the coast of Western Australia.

Similar problems have been faced in planning for marine conservation reserves, ecosystem based
fisheries management practices and the assessment of coastal vulnerability to projected environmental
change throughout the developed world since the early 1970’s (Cincin-Sain & Belfiore 2005). Globally,
approaches to ecosystem based management and Integrated Coastal Zone Management have been
convergent (Cincin-Sain & Belfiore 2005; Forst 2009). The convergence provides the rationale for
identification of geological and geomorphological compartments of the shoreface and coast around
Western Australia as a basis for integrated planning and management.

Understanding the three-dimensional geologic framework, as well as the meteorologic and
oceanographic (metocean) processes governing the character of the shoreface (the nearshore area in
which wave energy is expended) is vital to determining coastal behaviour; particularly coastal responses
to changes in metocean conditions. It is an especially important consideration in the coastal hazard and
risk assessment on soft coasts. Cleary et al. (1996) and others (Pilkey et al. 1993; Cooper & Pilkey 2004),
including Bruun (Bruun 1983,1988) have argued the presence of a complex geologic framework negates
application of the Bruun Rule (Bruun 1962; Schwartz 1967), which has been widely applied in the
calculation of setback to development on mixed sandy and rocky coast in Western Australia (WAPC
2003). The point was originally raised by Bruun (1983) in his review of conditions for uses of the Bruun
Rule of erosion (Slott 2003).

Coastal Compartments Final Report 80-02-Rev0 1
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Given a more complete appreciation of the geologic framework structuring the coast it is appropriate to
consider how coastal vulnerability to changing meteorologic and oceanographic (metocean) conditions
might be linked to different land systems and landforms at different time-space scales. Intuitively,
different landform systems and the landforms they contain are subject to varying degrees of
susceptibility to change. For example, rocky coast is less susceptible to environmental change than
sandy coast. Additionally, similar landforms sharing the same degree of susceptibility to change but in
different locations may be more or less unstable, where instability is recognised as the present mobility
of the landforms and their components. Similar types of barrier systems with nested blowout dunes
that are fully vegetated on one and substantially unvegetated on the other provide an example of
relatively stable and unstable conditions. Hence identification of coastal compartments together with
the land systems and landforms they contain provides a means of systematically assessing vulnerability
at an indicative level. In so doing it also offers scope for determination of an appropriate development
setback based on hazard assessment models forecasting potential environmental change for each
landform type.

1.1. Project Aim & Objectives

The aim of this project is to identify a hierarchy of planning units based on natural coastal systems
similar to the approaches used to identify river catchments and the land system hierarchy used in soils
description (Schoknecht et al. 2003 and van Gool et al. 2005) which accord with mapping scales
commonly used for the preparation of statutory plans. The procedure broadly parallels that used for
integrated coastal management in the United Kingdom which is based on the geomorphological
behaviour of the coastal system as a whole and links between its component parts, although it
demonstrably has potential for a wider range of applications (eg. Roff et al. 2003; Hemer 2006). The
British approach has been reviewed by Cooper & Pontee (2006) and recently updated. See reports by
Walkden & Rossington (2009) and Whitehouse et al. (2009). The objectives of the project in Western
Australia are to:

1. Define the geologic framework controlling the structure of the coast at spatial scales currently
used in coastal planning and management by State and Local Government authorities;
2. Identify marine and coastal landform units within each compartment according to the existing

OZRA (AMSA 2006), Smartline (Sharples 2007; Sharples et al. 2009) and WACoast (Gozzard 2010)
geomorphologic classifications;

3. Review the conceptual models describing the morphology and dynamics of each landform type;
and
4, Outline the potential use of the marine and coastal landform units in (a) natural resource

conservation and management under the CALM Act (1984); (b) development of guidelines for
implementation of the State Coastal Planning Policy - SPP2.6 (WAPC 2006); and (c) comparative
assessment of coastal vulnerability to climate change and rise in sea level potentially affecting
coastal protection measures.

Coastal Compartments Final Report 80-02-Rev0 2
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A scalar hierarchy is commonly used by land use planners and currently adopted by the Western

1.2. Context

Australian Planning Commission (WAPC 2003) is illustrated in Figure 1. The approximate limiting scales
at each level are linked to the detail of information required for the type of planning to be undertaken
rather than the size of landform or natural resource units encompassed by the plan. In effect the
hierarchy ranges from broad policy setting to preparation of highly detailed local plans. Despite the
diversity of application the same procedure is applied to the description of compartment boundaries at
all planning scales. However, there are discrepancies in the size of each of the units. In some instances,
similar scales may be used to identify coastal regions as well as primary compartments. Similarly, based
on the dominant geology and morphology secondary and tertiary level coastal compartments are
apparent at each scale but may span reaches of coast that are the same length approximately. Despite
the overlap, and in increasing detail, the regions and compartments respectively correspond with policy
statements, regional strategies, regional and local plans and detailed local and site plans (Figure 2).

Identification of coastal compartments and sediment cells is a regionalisation process which divides the
Earth surface into a hierarchy of geographical units for a designated purpose. For example see Gentilli
(1979:3-48) who reviewed the criteria and outcomes of previous determinations of physical regions in
Western Australia as well as the assessment of land evaluations standards for land resource mapping by
van Gool et al. (2005). These are incorporated in the current analysis. Coastal regions have been
described in detail for the coast of New South Wales (Chapman et al. 1982; New South Wales
Government 1990). They are large areas sharing similar environmental conditions, particularly with
respect to variation in the occurrence of extreme synoptic weather events, tidal regime, geologic
framework, land systems (dominant landscapes and/or seascapes), and aspect of the shore in relation to
cardinal compass direction. Similarly, compartments and cells identified within each region are
increasingly smaller units and therefore share some of the attributes defining the wider region.

Several hierarchical classifications covering different scales and have been used for different purposes in
Western Australia; such as those for agriculture (van Gool et al. 2005) and geoheritage (Brocx &
Semeniuk 2007 & 2010). Classifications covering coastal and marine environments include the landform
classifications of Richardson (2005), AMSA (2006), Sharples (2007) and Sharples et al. (2009) as well as
the habitat classifications of Semeniuk (1986), Bancroft & Sheridan (2000), Lyne et al.(2002), Bancroft
(2003), Department of Environment and Heritage (2005) and Ryan et al. (2007). In Western Australia,
partners in NWSJEMS (Lyne 2002) developed a hierarchical classification system for nearshore marine
ecosystems of the North West Shelf, including terrestrial environments principally subject to tidal
inundation. The approach we have used is to focus specifically on description of the framework
provided by the geology and geomorphology of the coast. It is anticipated the hierarchical framework
could subsequently be used in conjunction with other specific classifications of seascape and coastal
land systems as a basis for a wide range of applications linked to use of coastal and marine
environments.

Coastal Compartments Final Report 80-02-Rev0 3
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Figure 1: The planning hierarchy and content of plans for coastal areas (Based on WAPC 2006)
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The shape of the hierarchy indicates the increased number of plans required at more detailed scales for

a single region, with more at a site than a policy level.
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Coastal compartments are structural features. For the purposes of this report they are distinguished
from sediment cells, which are functional units describing the movement of material along the coast.
Sediment cells and sediment budgets are not discussed in any detail although they are of fundamental
importance for detailed local coastal planning and management. Herein coastal compartments
primarily relate to the regional geologic framework of the coast which exerts structural control on the
plan form of the coastline. The compartments are secondarily dependent on coastal aspect and land
systems, large coastal landforms such as deltas and cuspate forelands visible at a scale of 1:250,000.

A coastal compartment is a natural management unit for development of plans for sustainable use of
natural marine resources, conservation of essential life habitats and sedimentary processes, and
mitigation of environmental risks. Coastal compartments have been used as a coastal planning and
management framework in the United Kingdom (Mc Innes et al. 1998; Cooper et al. 2001; M‘Glashan &
Duck 2002; Hansom et al. 2004; Cooper & Pontee 2006) and proposed as a model for marine
conservation and ecologically based fisheries management in the UK and USA (AAG 2008; Wright &
Heyman 2009). An example of coastal compartments identified in the UK is shown in Figure 3. The
approach potentially enables a focus on management of change by facilitating recognition of
geomorphologic components within each compartment that are subject to different levels of
susceptibility to change and hence provides scope for proactive adaptation to changing environmental
conditions. The key attribute of the approach is that it leads to consideration of coastal evolution and
change rather than the more static, quasi-equilibrium approach currently in use.

In an evolutionary approach the geologic framework structuring the coast also has ramifications for
marine hazard and risk assessment. Cleary et al. (1996) and Riggs et al. (1995, 1996) pointed out that
limited data exists on the interrelationships between the underlying geological framework and the
morphology, sediments and evolution of coastal systems fundamental to hazard and risk assessment.
Nevertheless these variables are important through the effects they have on the wave and current
dynamics of the shoreface that determine how the adjacent shoreline and beach will respond to storms,
and ultimately to the effects of rising sea level. Since then McNinch & Drake (2001) have described the
influences of underlying geology on nearshore and shoreline processes in the United States. Their
observations have been supported by List et al. (2002) through evaluation of the persistence of hotspots

In contrast to compartments, sediment cells commonly are smaller three-dimensional units (Figure 4).
They are functionally defined by the likely movement of unconsolidated sediments between source
areas and sinks via transport pathways within geologic and geomorphic boundaries identifiable at scales
of 1:50,000 or larger to a detailed local level. In part the distinction between compartments and cells is
based also on the potential ease of determining a sediment budget from available information. Each of
these concepts — sediment cells and budgets — has been described by Komar (1996), van Rijn (1998),
Short (1999), and Whitehouse et al. (2009).
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Figure 3: Coastal cells in Scotland (From Hansom et al. 2004)

Definition of a cell in this context is equivalent to a compartment on the WA Coast
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2, METHODOLOGY

The procedure followed involved:

1. Selection of coastal information sources (Metadata) covering Western Australia;
2. Determination of compartment boundaries at three scales; and
3. Identification of the principal landforms within each compartment at a primary and secondary

compartment scale.

Together, compartments and the landforms they contain comprise discrete planning units appropriate
to planning at each of the three scales. Identification of landforms in the tertiary compartments is
ongoing and based on the OSRA (AMSA 2006) and Smartline (Sharples 2007, Sharples et al. 2009)
databases.

2.1. Metadata
Twelve data sets were used for identification of the boundaries of the compartments and the landforms

each compartment contained:

1. Australian Government, 1993. Topographic Series, 1:100 000 Map Sheets for Western Australia.,
AUSLIG, Canberra.

2. Australian Government, (2006a). Oil Spills Response Atlas. Australian Maritime Safety Authority:
AMSA, Canberra. (http://www.amsa.gov.au)

3. Geological Survey of Western Australia: GSWA, 2007. Atlas of 1:250 000 Geological Series Map
Images, Western Australia, April 2007 update. GSWA, Perth.

4. Google Earth 2008. Images for Western Australia. (http://www.googleearth.com)

5. Sharples C, (2007). Smartline maps, compiled for the Inventory of Potentially Unstable Coastal
Landform Types for the National Shoreline Geomorphic and Stability Mapping Project. University
of Tasmania, Hobart.

6. Geonoma dataset from: Geographic Names database 2005, Landgate, Government of Western
Australia
(http://www.landgate.wa.gov.au/corporate.nsf/web/GeographictNames+Frequently+Asked+Que

stions )

7. Australian Government (2006). State coastal waters from: Australian Maritime Boundaries
Geoscience Australia, Canberra (http://www.ga.gov.au/nmd/products/thematic/ambis.jsp)

8. Coastline dataset developed by DEC, coastline data originally from Landgate 2006, Government of
Western Australia (http://www.landgate.wa.gov.au/corporate.nsf/web/Coastline+Data)
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9. Department of Industry and Resources: DOIR, (2008). 1:500,000 Tectonic units of Western
Australia — Preliminary Version. ANZLIC Core Metadata Elements _ Directory Item Report.
Department of Industry and Resources, Perth Western Australia.

10. Department of Industry and Resources: DOIR, (2008). 1:500,000 Interpreted bedrock geology of
Western Australia, 2008 Update. ANZLIC Core Metadata Elements _ Directory Item Report.
Department of Industry and Resources, Perth Western Australia

11. Australian Government, (2006b). A guide to the Integrated Marine and Coastal Regionalisation of
Australia Version 4.0. Department of Environment and Heritage, Canberra, Australia.

12.  NASA Shuttle Radar Topographic Mission (SRTM) 90m digital elevation model. Available
http://srtm.csi.cgiar.org/.

2.2. Identification of Planning Units

Several steps were used to identify coastal compartments at three interrelated levels (primary,
secondary and tertiary) approximating strategic, regional and local levels in the planning hierarchy.
First, major changes in lithology along the coast were identified from the 1:500,000 Geological Map.
These provided the first approximation of boundaries for identification of the primary (strategic
planning) compartments around the coast of Western Australia from the border of the Northern
Territory to that with South Australia. The boundaries of the compartments were identified according
to Table 1. Examples of boundaries are provided in Figure 5.

Table 1: Features used to establish the boundaries of each coastal compartment

Priority Feature Examples
1 Changes in geology Metamorphic to sedimentary rocks; lithified to
unconsolidated sediments
2 Rock structures Rocky capes, peninsulas, termination of
(topography) extensive cliffs
3 Geomorphic features Large cuspate forelands and tombolos;
(morphology) extensive sandy beaches
4 Change in aspect of the Bald Head at the entrance to King George
shore Sound; changes in aspect along Eighty Mile
Beach

Second, the boundaries of the primary compartments were then adjusted with reference to the
1:250,000 Geological Map, the 1:100,000 Topographical Map Series and satellite imagery available on
Google Earth 2008 ®. The adjustment was made to accommodate apparent changes in the orientation
of the coast as well as to incorporate complete landforms of regional significance. This selection of
landforms broadly accords with the scheme proposed by van Gool et al. (2005) and landform
descriptions by Semeniuk (1986). For example the delta of the De Grey River is a landform of regional
significance and considered to be a primary (strategic planning) compartment. In turn the delta is
comprised of smaller scale landforms and landform elements apparent at sub-regional, local and site
scales.

Coastal Compartments Final Report 80-02-Rev0 9
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Figure 5: Examples of compartment boundaries

1 = change in geology; 2 = rock structure; 3 = geomorphic feature; and 4 = change in aspect
—p = Primary boundary ¥ —— = Secondary boundary

Third, once boundaries for the primary (strategic planning) compartments were determined each
compartment was further subdivided to identify large-scale landforms of sub-regional significance.
These secondary (regional planning) compartments have been based predominantly on landforms such
as extensive tracts of coast with continuous beach or barrier dune formations. The landforms were
identified with reference to the 1:100,000 Topographical Map Series and satellite imagery available on
Google Earth 2008 ©.

Fourth, the secondary (regional planning) compartments were then subdivided into a suite of tertiary
(local planning) compartments based on the coastal landforms present. For example, with down-drift
distance along the shores of compartments on the South Coast of Western Australia, cliffed dunes give
way to wider beaches with developed foredunes, and ultimately to broad beaches fronting active
parabolic dunes and large mobile sand sheets. The four categories of boundary described in Table 1 and
Figure 5 were used for all levels of the hierarchy, although with appropriate changes of scale.

Coastal Compartments Final Report 80-02-Rev0 10
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Alongshore boundaries identified at each level specifically refer to natural features on the coastline. The
onshore and offshore boundaries are presently under consideration: In this analysis these boundaries
are more arbitrary than indicative of natural system boundaries. For consistency, they need to be
commensurate with the scale of the compartments at each level of the hierarchy and with identifiable
geological or geomorphological features. Currently, the terrestrial boundary is a 10km buffer landward
of the High Water Mark. The regions and primary compartments (strategic planning units) are bounded
to seaward by the 130m isobath. This depth contour was selected because it is the approximate
position of the last glacial peak shoreline approximately 20,000 years ago and provides an indication of
the continental shelf area inundated by the rise in sea level during Holocene, particularly over the past
8,000 to 3,000 years when the modern coast developed. The seaward boundary of the secondary
compartments (regional planning units) has been set at the 50m isobath to ensure incorporation of the
area of shoreface and sediment movement active during moderate storm events. Closer to shore, the
outermost, continuous 20m isobath was chosen as the offshore boundary for the tertiary compartments
(local and site planning units) to include areas of coast subject to variability in response to short-term
changes in metocean processes. An example of the three compartment levels is provided in Figure 6.

Coastal Compartments Final Report 80-02-Rev0 11
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3. USE OF COMPARTMENTS AS MARINE AND COASTAL PLANNING UNITS

Based on the geologic framework, major landscapes and seascapes, and the aspect of the shore,
Western Australia is comprised of 13 broad coastal regions containing a total 36 primary, 113 secondary
and 242 tertiary compartments (Figure 7). The regions are a composite of those identified by Gentilli
(1979), Woods et al. (1985) and Short and Woodroffe (2006). Boundaries of the regions and
compartments are listed in Appendix A. Primary and secondary compartments are illustrated in Figure 7,
whilst the three sets of compartments are illustrated for each region in (Appendix B).

Comparatively, the regions and the compartments they encompass are subject to large geographic and
temporal variation in meteorologic and oceanographic (metocean) conditions due to the extent of the
State and its position as the eastern boundary of the Indian Ocean. From a management perspective
the metocean conditions of particular interest are the primary factors driving coastal change: for
example those identified by NCCOE (2004) and listed in Table 2. Over a planning horizon of 100 years,
the period which coastal strategies and plans are required to address in Western Australia (WAPC 2003),
the primary processes affect the structure and evolution of major landforms as well as the plan form of
the coast. These processes and their modification of coastal landforms directly affect the distribution of
marine biota as well as human infrastructure in coastal waters. Hence they are relevant to development
of natural resource planning and coastal management approaches based on coastal change and
ecosystem variability rather than concepts of an unchanging, static equilibrium resource base.

Table 2: Primary and Secondary Metocean Variables (From NCCOE 2004)

Primary Variables Secondary Variables
K1 — Mean Sea Level S1 — Local Sea Level S8 — Beach Response
K2 — Ocean Currents / S2 — Local Currents S9 — Foreshore Stability
Temperatures S3 — Local Winds $10 — Sediment Transport
K3 — Wind Climate S4 — Local Waves S11 — Hydraulics of Estuaries
K4 — Wave Climate S5 — Effects on Structures $12 — Quality of Coastal
K5 — Rainfall / Runoff S6 — Groundwater Waters
K6 — Air Temperature S7 — Coastal Flooding S13 — Ecology

Coastal Compartments Final Report 80-02-Rev0 13
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The same processes operate as secondary variables at sub-regional and local scales where the
occurrence of extreme weather events, tidal regime, geologic framework, dominant landscapes and
aspect determine the stability of the shore. Interactions between geologic structure, landform and
coastal processes potentially facilitate a risk-based approach to marine and coastal management. The
approach builds on concepts of the inherent susceptibility of geologic/geomorphic structures to change
and the present day instability of coastal landforms. Susceptibility is associated with the Holocene
structure of the coast; the landform system that developed over the past 10,000 years. Stability refers to
the surface condition or state of landforms comprising the structure. Hence, susceptibility and stability
are related concepts. If a geologic structure or landform system is susceptible to change it is highly likely
that it is comprised or consists of, or supports unstable, mobile landforms. For example a barrier system
may be comprised of stable or unstable sand dunes where the current state of instability is evidenced by
the proportion of the land surface under vegetation cover. Conversely, destabilisation of a barrier
system on a stable coast may occur when barriers change from progradational to erosional forms as a
result of prolonged loss of sediment from the coast (Roy et al. 1994; Cowell et al. 1995, 2000; Hesp &
Short 1999; Masetti et al. 2008). Together, susceptibility and stability determine the vulnerability of a
land system to changes in the metocean (meteorologic and oceanographic) process affecting the coast.

In the dynamic approach adopted, the planning units consist of the coastal compartments together with
geomorphologic features (landforms) and coastal processes shaping them. Landforms and the
percentage of coastline occupied by each landform type were determined for each compartment at the
primary and secondary level in the hierarchy. Examples of the information collated are provided in
Appendix C. Although the alongshore boundaries of the tertiary compartments have been identified
(Appendix A) the landforms contained within the tertiary compartments remain to be determined. It is
anticipated this will be done on a project by project basis by overlaying the compartment boundaries on
information from databases, such as OSRA (AMSA 2006), Smartline (Sharples 2007; Sharples et al. 2009)
and NWIJEMS (Lyne et al. 2006) for the reach of coast being examined and for which more detailed
descriptions of the planning units are required. Most significantly for the Coast between Cape
Naturaliste and Kalbarri, the boundaries can be linked to the environmental geology CoastWest data
base, currently being compiled by the Geological Survey of Western Australia (Gozzard 2010). In this
respect it is envisaged the more detailed descriptions of marine and coastal landforms will be linked to
identification of sediment cells and determination of the coastal sediment budget

Coastal Compartments Final Report 80-02-Rev0 14
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Marine planning units are defined by onshore and offshore boundaries as well as the geologic

3.1. Marine Planning Units

framework of the compartments. The onshore boundary is commonly defined as High Water Mark
(HWM) but may otherwise be determined by biotic considerations, such as areas of mudflats and
mangroves, or historical land tenure agreements. The offshore boundaries are the 130m, 50m and 20m
isobaths respectively for the primary, secondary and tertiary compartments. As indicated in Section 2.2
they were selected because of their geological and topographic implications and have no jurisdictional
basis. However, they provide a detailed subdivision of the Western Australian Fisheries Regions (WA
Department for Fisheries 2009). The hierarchy of compartments also adds detail to the IMCRA v4
(Australian Government 2006) classification because IMCRA v4 uses marine geomorphology as one
criterion for regional subdivision of marine habitats. It systematically shifts focus for the broad Western
Australian Fisheries and Australian Government classifications of the marine environment from the
inner continental shelf, across offshore reefs of the State Waters and to nearshore waters close to
shore. Shoreface and inshore detail is commonly lost in broad classifications based on the IMCRA v4
regions, e.g. Richardson et al. (2005).

3.2. Terrestrial Coastal Planning Units

An understanding of terrestrial coastal responses to environmental change is required for coastal
planning and management. This necessarily requires consideration of the attributes of the marine
planning units, including topographic and metocean factors that affect the susceptibility of geologic and
geomorphic structures to change as well as the stability of individual landforms comprising those
structures. The understanding is significant because it enables identification of coastal hazards and
assessment of risks to land use and infrastructure associated with the inherent vulnerability of the
natural structures on which they have been constructed. Hence the physical units used for terrestrial
planning should extend to the offshore boundaries to ensure integration of marine and terrestrial
planning and management. The relevance of the offshore boundaries to terrestrial planning is indicated
in Table 3. The landward boundary of the coastal planning units is the same at all scales. It incorporates
landforms developed over the past 10,000 years, during the Holocene period, and extends to the
landward limit of tidal influence on inland waters.
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Figure 7: Western Australian regions and primary compartments
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Table 3: Offshore boundaries and their interpretation in terrestrial coastal planning

Boundary Landform Scale Planning Application
(Isobath)
130 metres Mega-scale landforms The inner continental shelf area is significant
eg. Barriers, river deltas, zeta-form for marine resource planning and
beaches management because it supports a high
proportion of aquatic biota fished for
Geological development of the coastal commercial and recreational purposes, and
plan form occurs at this scale. Marine which demand land based infrastructure for
processes affecting this part of the their exploitation.
continental shelf establish the geologic
setting of coastal land and its broad This is an area of substantial overlap between
susceptibility to erosive forces. Commonwealth and State interests. Waters
beyond the State Water boundary at 6nm are
jointly managed through an
intergovernmental agreement.
50 metres Meso- to Macro-scale landforms Closer to shore, this is the area of most
eg. Cuspate forelands ,tombolos and dune | intense use of the marine environment for
sequences commercial and recreational purposes,
including recreation and tourism.
Holocene, including present day,
development of the coastal plan form Meso-scale landforms are apparent as
occurs at this scale. The topographic components of coastal sediment cells and
structure of the Inner continental shelf sediment budgets at this scale. They identify
affects wave patterns and nearshore areas of relative coastal stability as well as
water circulation. susceptibility to change, and hence indicate
potential coastal problems for planning and
management. In this context they determine
areas where there is a requirement for
detailed studies at a local scale.
20 metres Micro- to Meso-scale landforms The inshore waters and coastal lands are

eg. Beaches, foredunes, and blowouts

Inshore topography landward of the 20m
isobath determines the nearshore wave
regime and current patterns that drive the
coastal sediment budget and have a direct
effect on coastal stability.

critical for provision and maintenance of
marine based infrastructure (harbours &
marinas). The area comprises a substantial
proportion of State Waters and is highly
significant for coastal recreation as well as its
commercial use.

Conservation planning and fisheries
management overlap in this area and have
been sources of Government inter-
departmental conflict in the immediate past.
The conflict is an issue that may be resolved
through adoption of a common geographic
framework for planning and management.
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A
4. POTENTIAL APPLICATIONS

The hierarchy of coastal compartments potentially provides a State-wide framework of coastal and
nearshore marine management units based on natural system boundaries (Table 4). At each level of the
hierarchy, compartments may be used in several planning contexts; marine and coastal planning and
management, habitat description; and for hazard and risk assessment (Figure 8). In turn, habitat
classifications, which commonly use marine geomorphology as a surrogate for habitat (Roff et al. 2003;
AAG 2008; Wright & Heyman 2009), have applications for marine conservation planning and ecologically
based fisheries management (Wright & Heyman 2009).

POTENTIAL APPLICATIONS

COMPARTMENTS

Landforms (Framework) & Processes (Drivers)

PLANNING PURPOSES

Marine & Marine &

Habitat
description

coastal risk
assessment

coastal
planning

Marine

. EBFM
conservation

Figure 8: Potential marine and coastal applications of the planning units

A brief description of some potential applications is presented below. The descriptions are indicative
only. They are not intended to provide a comprehensive coverage of potential use because use of the
hierarchy or individual compartments is necessarily agency specific and likely to vary with jurisdictional
responsibilities. However, they are intended to provide examples of how the framework might be used
by the lead agencies for coastal and marine planning and management.
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The State Western Australia and the Australian Government respectively share a responsibility to

4.1. Marine Natural Resource and Conservation Planning

manage the coastal and marine environment in an equitable, sustainable and ecologically sound manner
on behalf of the wider community. The marine environment of WA is among Earth’s oldest in terms of
its supporting geological structure, and most pristine with respect to intensity of use and biological
diversity. As such it holds significant biological value at national and international levels, as well as being
highly valued by Western Australians. Government commitments to conserve and where necessary
restore the environment are recognised in the ratification of various international and national
agreements and treaties such as the Convention on Biological Diversity (UNEP 1994) and the Australian
Government Environment Protection and Biodiversity Conservation Act 1999 (the EPBC Act). However
the level of diversity accompanied by the scale of the area involved, arguably pose the biggest challenge
for agencies involved in the planning and management of the coastal and marine environment or its
resources. This is well illustrated in conflicting arguments emergent when plans to set aside sanctuary
areas for conservation are announced and the local press fuels disputation by commenting that the
areas are equivalent to a substantive proportion of another Australian state. A more apt comparison
would indicate the proportion of the local bioregion or sub-bioregion to be incorporated in the
conservation estate. A significant part of the challenge is to develop frameworks providing consistency
in the capacity to down-scale decision making from a national or state policy level and up-scale it to
policy formulation from the detail of on-ground management at a local site scale.

Scale and diversity are key components of the Integrated Marine and Coastal Regionalisation of
Australia (IMCRA). IMCRA v4, the most recent regionalisation (Australian Government 2006) specifically
refers to the Australian Exclusive Economic Zone (EEZ) although arguably it spans the area between the
coast and the EEZ boundary approximately 200 nm seaward from the territorial sea baseline. In IMCRA
v4 the Australian Government (2006b) defined two bioregionalisations based on benthic and pelagic
criteria and respectively including descriptions of geophysical and oceanographic factors. These provide
broad scale classifications for national policy formulation. The meso-scale classification of IMCRA v4,
which is a sub-regional description of the benthic and pelagic regions, is a close fit with the primary
compartments around Western Australia (Figure 7). The correspondence provides scope for integration
of the Australian Government and State approaches to marine management by linking the broad scales
of the IMCRA classifications to the increasing detail of the compartmental hierarchy and ultimately to
local sediment cell scales.
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Linkage is appropriate because geomorphology is used as a surrogate for habitats at a wide range of
scales. These vary from the broad bioregional scales used by the Australian Government and the
Western Australian Department of Fisheries (Australian Government 2006; WA Department for Fisheries
2009), through sub-regional assessments used in marine conservation planning by the Department of
Environment and Conservation (Bancroft 1999, 2003, Bancroft & Sheridan 2000) to local habitat
identification (Bancroft & Sheridan 2000; Ryan et al. 2006). A combination the hierarchy of coastal
compartments and habitat maps at appropriate scales could be used to identify the distribution and
location of essential life habitats at each level, an approach that would enhance State Government
initiatives in sustainable management of coastal and marine natural resources.

4.1.1. Essential Life Habitats

Essential life habitats are features and/or areas of specific ecological importance from biologic and/or
economic perspectives. Many essential life habitats are recognised under the Australian Government
EPBC Act (1999) and the EPA (2004) Guidance Statement for Benthic Primary Producer Habitat
Protection. The EPBC Act is the central piece of environmental legislation of the Australian Government.
It provides a legal framework to protect and manage nationally and internationally important flora,
fauna, ecological communities and heritage places. Under a Heads of Agreement between the Australian
and State Governments made in 1997, the Australian EPBC Act provides a national scheme of
environment and heritage protection and biodiversity conservation. The agreement focuses Australian
Government interests on the protection of matters of national environmental significance, with the
State having responsibility for matters of state and local significance separately through the actions of
the Department of Environment and Conservation and the Department of Fisheries.

4.1.2. Management Responsibilities

Two State Government agencies play lead roles in management of the marine environment, the
Department of Environment and Conservation (DEC) and the Department of Fisheries (DoF). Through
the CALM Act (1984) the Department of Environment and Conservation has a lead role in the
conservation and restoration of biodiversity in Western Australian Waters which extend to the 3 nm (5.6
km) limit. The DEC prepares habitat maps to inform policy and assist compilation of plans. This is done
as part of the departmental remit to establish a comprehensive, adequate and representative (CAR)
system for the declaration of marine parks and reserves. The Department of Fisheries has responsibility
for the management of aquatic organisms, particularly fish stocks, through the Fish Resources
Management Act 1994 (FRMA). Its area of jurisdiction extends to the seaward limit of the EEZ under the
Offshore Constitutional Settlement (1980) agreement with the Australian Government (Australian
Government 1980) and to a boundary ratified by UNCLOS through the Commission on the Limits of the
Continental Shelf (Symonds et al. 2009). Under section 115 of the Fish Resources Management Act 1994
(FRMA) the DoF may undertake habitat mapping for the establishment of a Fish Habitat Protection Area.
Such areas are declared for the conservation and protection of fish, fish breeding areas, fish fossils or
the aquatic eco-system; culture and propagation of fish and experimental purposes related to that
culture and propagation; or the management of fish and activities relating to the appreciation or
observation of fish. Under both jurisdictions the focus of the State agencies is on identification of
discrete sections of coast as conservation sanctuary zones or fish habitat protection areas. The
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identification is limited by the availability of resources to undertake full habitat identification despite the
breadth of habitat areas mapped by the DEC.

It is unlikely that a complete understanding of biodiversity can be obtained for the marine environment
given its extent, but quantitative analysis has shown that habitat diversity can be used as a surrogate for
species biodiversity (Ward et al. 1999; Kenny et al. 2003: Roff et al. 2003). Others have shown that
nearshore marine habitats are strongly influenced by geology, geomorphology and sedimentary
processes (Bancroft 2003; Ryan et al. 2006; CSIRO 2007; AAG 2008; Heap et al. 2008; Wright & Heyman
2009). Additionally, through the identification of broad-scale marine natural regions for the entire
Canadian coast and seascapes on the Scotial Shelf of Atlantic Canada, Roff et al. (2003) described how
GIS techniques based on readily available data can lead to identification of representative habitat types
over broad geographic regions. The overall approach was reviewed in a workshop reported by the
Association of American Geographers (2008) and subsequently by Wright & Heyman (2009). It involves
recognition of benthic habitats and geomorphological surrogates at a range of scales.

Primarily, the hierarchy of coastal compartments describes the underpinning structural control that
geology exerts on all facets of the coastal environment. Logically, a spatial framework of planning units
based on the geologic and geomorphic make-up of the coast potentially provides the basis for a
systematic approach to State planning in the coastal environment, including natural resource
management and marine conservation planning. In the first instance, the hierarchy of coastal
compartments provides a framework to comparatively assess information availability and plan future
research/surveys of marine and coastal resources. The multi-scalar framework facilitates comparison
and analyses of environmental data across and within each compartment level as well as between
different levels within the hierarchy. Further state-wide frameworks enable such analyses to be
executed in a consistent and systematic manner. For example, a planning exercise may aim to define
features or areas of specific ecological importance, such as primary production, and for these features to
be recognised and contextualised for the different levels of the hierarchy. Further, State-wide
frameworks enable such analyses to be executed in a consistent and systematic manner. For example a
planning exercise may aim to define features and/or areas of specific ecological importance, such as
primary production, and for these features to be recognised and contextualised for the different levels
of the hierarchy.
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Establishment of an effectively managed system of marine protected areas (MPAs) is a tool that has

4.1.3. Marine Conservation Planning

gained national and international credibility in marine conservation (Kenchington et al. 2003; New
Zealand Ministry for Environment 2004). Arguably the most effective system should be designed to
accommodate the principles of comprehensiveness, adequacy and representativeness, collectively
referred to as CAR principles. These principles require detailed scientific knowledge of the coastal and
marine areas to be managed, such as that acquired for the South-west Marine Bioregional Planning
process of the Australian Government (Department of the Environment and Water Resources, 2007))
and the Securing WA’s Marine Futures project (University of Western Australia 2010).
Comprehensiveness and adequacy are understood and applied to the broader scales of biodiversity:
bioregion; ecosystem; and habitat, whereas representativeness applies to the finer scales of
biodiversity: communities/populations; and species/individuals. For a comprehensive explanation see
ANZECC (1998 & 1999). The Integrated Marine and Coastal Regionalisation of Australia (IMCRA) was
developed to provide a spatial framework to inform the national process of designing a representative
network of marine protected areas, specifically at a national level. However it is less applicable at
smaller scales for which the Marine Futures data applies. Habitat information is generally available for
unusual or unique areas. It rarely coves a complete IMCRA bioregion. Additionally, the purpose and
methods of data collection applied have varied greatly over space and time. In this context the
hierarchy of coastal compartments introduces a state wide data set to establish an intermediary step
between the broad IMCRA 4 meso-scale and site-specific benthic habitat data. It also offers a
framework for critical assessment of information currently being used in conservation and management.

Site selection and design for marine reserves in Western Australia are currently based on a ‘values /risks
assessment matrix’, the Wilson Report, the IMCRA 4 meso-scale bioregionalisation, available habitat
data, social criteria and opportunism. The coastal compartments hierarchy could facilitate a more
systematic approach with primary, secondary and tertiary coastal compartments providing a
geomorphic basis for sub-regionalisation of the existing national-scale IMCRA bioregions, as suggested in
IMCRA v3.3 and v4 (Figure 9). The distribution of Marine Conservation Reserves and the reserve system
proposed by Wilson et al. (1994) are mapped against the primary and secondary compartments for the
State’s coastal regions in Figure 10. In conjunction with knowledge of hydrography, bathymetry, and
oceanography of areas, and of key species’ distributions, coastal compartments may be used for
planning of MPA’s, ensuring CAR planning of no-take areas that capture community-level habitats across
the sub-meso scale biogeographic zonation. They have already proved useful for the sub-regionalisation
of an IMCRA bioregion in preparation of the draft South Coast Regional Marine Plan (DEC 2010) in
ensuring CAR planning of no-take areas that capture community-level habitats. Use of the hierarchy of
primary, secondary and tertiary compartments is determined by the planning objectives and directives,
where primary and secondary compartments approximately correspond to micro-scale bioregions and
the tertiary compartments with pica-scale bioregions. The potential applications are illustrated in Figure
11, in which the compartments have been applied to habitat mapping described by D’Adamo & Monty
(1997) and the MPRA (2000) for the Jurien Bay Marine Park.
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IMCRA v4 Meso-scale Bioregions with WA Coastal Regions
and Primary Coastal Compartment Boundary Locations
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Figure 9: IMCRA Meso-scale Bioregions with WA Coastal Regions & Primary Compartments
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WA Marine Conservation Reserves and Proposed Representative Marine
Reserve System for Westem Australia (1994) Report Areas with WA Coastal
Regions and Primary and Secondary Coastal Compartments
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Figure 10: Marine Conservation Areas (Present & Proposed) with WA Coastal Compartments
The figure shows the Proposed Representative Marine Reserve System for Western Australia
(Wilson 1994) Report areas with WA Regions and Primary and Secondary Coastal
Compartments
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Ecosystem based fisheries management (EBFM) is part of an environmental management system which

4.1.4. Ecosystem Based Fisheries Management

has ecologically sustainable development as its goal (WA Department of Fisheries 2010). EBFM ‘deals
with the aggregate management of all fisheries related activities within an ecosystem or bioregion’
under the Fish Resources Management Act 1994 (WA Department of Fisheries 2010). This creates a
separation between what can and can’t be managed: respectively the fisheries which are managed
through a variety of strategies (Metcalf et al. 2009) and the physical environment in which the fisheries
operate. The issue is further complicated by the bioregional scale at which fisheries are reportedly
managed. It is a separation recognised by the Western Australian Department of Fisheries (DoF 2010) in
a paper outlining the scope, rationale and framework for a new Aquatic Resources Management Act to
replace the existing Fish Resources Management Act (1994).

A coastal ecosystem is an area of a variable size where the metocean conditions, plants, animals and the
landscape (or seascape) that supports them all interact. The stress in this definition is on the interaction
between all its parts. Alteration of one element of the system will have consequences for all other
elements. However, the system response to disruptive change depends on the degree of alteration to
the driving component s and the direction of feedback between it and the other components parts. The
fastest response is driven by the greatest disruption. Although it may be obscure in current fisheries
legislation, the structure of ecosystems is implicit in identification of essential life habitats through the
Australian Government EPBC Act (1999), State EP Act (1986) and State EPA (2004) guidance statements
and underpins the sustainability of natural marine resources. In this context, linking fisheries and
habitat management is a challenge for sustainability of the resources being managed.

Although it may involve a new level of complexity, there is scope for management of separate fisheries
to be considered at different biophysical scales. This is already being done through the use of quasi-
compartments for the declaration of Fish Habitat Protection Areas, such as those at Miaboola Beach,
Carnarvon and Shark Bay (Figure 12).The wider application of a broader management approach based
on coastal compartments has potential to strengthen integration of fisheries and habitats in the
management process. It may also lead to a change in the way in which decisions regarding the allocation
and use of marine biological resources and result in a more sustainable use of the marine environment.
The relative proportion of the type of fishery likely to be most significant at each scale is illustrated
gualitatively in Figure 13.
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Direction for coastal planning and management by the State and Local Government is provided in the

4.2, Coastal Planning

Coastal Zone Management Policy for Western Australia (WAPC 2001). The policy supports strategic
objectives for environmental, community, economic, infrastructure and regional development interests;
particularly through the recognition of natural hazards and minimisation of risk to people and property.
Application of coastal zone management is mainly directed through the State Coastal Planning Policy
SPP No. 2.6 (WAPC 2003) and the Coastal Protection Policy (DPI 2008). These policies contain specific
reference to incorporation of coastal landforms and marine processes in coastal planning and
management. The reference provides a direct link to the hierarchy of coastal compartments and,
through them to coastal planning at all levels.

The State Coastal Planning Policy (SPP 2.6) promotes the establishment of coastal setbacks and
foreshore reserves to achieve strategic objectives, with focus on the following:
e Recognition of the dynamic nature of coastal environments and the consequences for coastal
development and use.
e Avoidance or mitigation of the impacts of natural hazards through intelligent siting and design
of infrastructure, based on ongoing scientific research.
Through the State Coastal Planning Policy SPP 2.6 (WAPC 2003) and the Coastal Protection Policy (DPI
2008) it is recognised that land developments may be adversely affected by a range of physical
processes occurring at the coast, with three of the most common being:
e Coastal erosion or accretion;
e (Coastal flooding; and
e (Coastal landform instability.
In the State Coastal Planning Policy SPP 2.6 (WAPC 2003) coastal flooding refers to the submergence of
coastal lowland by marine incursion as well as flooding by rivers and streams. The two processes are not
differentiated.

A general method for calculating a horizontal setback allowance for coastal erosion is outlined in SPP
2.6. The principles of recognising coastal dynamics and avoiding adverse impacts are incorporated in
the policy. They are relevant for assessment of flooding and landform instability. Their applications are
site specific, but loosely entrain consideration of the susceptibility of each site to potential change and
its current state of stability. Typically applications of SPP 2.6 include identification of minimum
development levels, or minimum reserve widths to cater for shoreline movement and changes in sand
dune formations.

Where use of wide setbacks is not practical or subsequent shoreline change has significantly reduced a
setback allowance the Coastal Protection Policy (DPI 2008) allows for development of protective
structures. However, clear justification for protective works is required, and unacceptable adverse
environmental, social or financial impacts to neighbouring areas must be avoided. Within this context,
the effects of sand impoundment by a protective structure must be considered:
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o “The natural supply of littoral sand is a resource shared by all West Australians. Accordingly,
those benefiting from future works or developments that change the natural supply of sand
along the coast shall compensate for the change to that supply...”

These points are significant in two respects. First, coastal development should not be proposed in areas
where there is a high probability of adverse environmental and other impacts occurring that would
require installation of protective works in the projected ‘life’ of the proposed development, especially
on ‘green field’ sites. Second, the requirement to consider the impact of proposed development on
sand impoundment necessitates determination of the coastal sediment budget at a scale commensurate
with the scale of the proposed development.

The hierarchy of coastal compartments and sediment cells is intended to provide a natural framework
with potential for a variety of applications in coastal planning and management. Under the policy and
guidelines provided by the State Government, possible applications depend on the information linked
with the compartments and cells as overlays or tables for comparative and other purposes. Potentially,
applications range from structured audits of coastal population associated with individual landform
systems, infrastructure, beach use and tourism activities to comparative assessment of different parts of
the coast to geographically different hazards and risks. Compartments and cells may be populated with
information at the user’s discretion and at appropriate scales. Hence the examples below which focus
on coastal planning policy and coastal vulnerability should be regarded as indicative only. For example
Table 6 identifies the relative vulnerability of different barrier systems to change in metocean
conditions. Barriers are accumulations of sand deposited at the shoreface over a discrete period of
geological time and comprising characteristic assemblages of landforms such as parabolic dunes and
blowouts. Their vulnerability is a combination of structural susceptibility to environmental change and
the condition, the relative stability of the landforms they support. Vulnerability is defined in more detail
below.
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4.2.1. Specification of Landforms in the State Coastal Planning Policy SPP 2.6

In a landuse planning context the hierarchy of coastal compartments provides a spatially and
regionally consistent framework for interpretation of the SPP 2.6 Guidelines, although the
specific geologic and geomorphologic settings vary around the coast. Physical features and
coastal types are common to both the policy and compartmental framework. The
compartmental hierarchy could be developed as an annotated atlas based solely on
topography and landforms described at several spatial scales, each of which accords with
the hierarchical planning scales described by the WAPC (2006) and is directly relevant to
marine and coastal planning and management. In the State Coastal Planning Policy (SPP 2.6)
guidelines the advised setback to development is determined with regard to physical or
biological features of the different coastal types. Four types of landforms (sandy shoreline,
mobile dune systems, rock coast and cyclonic storm inundation areas), and one vegetation
community (mangroves) are listed in the SPP 2.6 Guidelines (Table 6).

Table 6: Existing Schedule 1, Section C of State Coastal Planning Policy SPP 2.6
(WAPC 2003)

SCHEDULE 1, SECTION C— SETBACK DELINEATION

C1 Sandy Shorelines / Mobile Dunal Systems

HSD = The line indicating the landward limit of annual beach change

Cc2 Rock Shorelines

HSD = case-by-case assessment based on the normalised alighment of the landward limit of sea action
c3 Low Energy Mangrove Shorelines

HSD = normalised landward extent of annual inundation by ocean tides, marine mangrove species and
areas of salt marsh based on historical data

ca Cyclonic Storm Inundation Areas

HSD = Determined by a storm surge evaluation as discussed in Section F.4 of this Schedule

This mixture of physical process, morphology and biology is not altogether clear although
some clarification is provided in notes forming part of the guidelines. The two aspects of the
marine and coastal environment, metocean processes and biota, entrained in the policy mix
require consideration for planning and management for different reasons and have
application to all types of coast, including some not currently listed in SPP 2.6. Hence the
metocean processes and biotic factors should be treated separately and applied to a more
complete list of coastal landforms. The guidelines also could be improved by incorporation
of interpretive notes and policy statements as attachments to guidelines that can be
updated as required by a responsible agency.
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Under Schedule 1, Section C of the Policy Guidelines a horizontal setback allowance between
the vegetation line and proposed development is determined with regard to the physical
features of different coastal types (WAPC 2006). In this respect, the guidelines specify key
landform systems for consideration under the policy. The distribution of those landform
systems and the landforms comprising them characterise the coastal compartments around
the State and identify particular planning and management approaches applicable in each
region. Although potential use of a compartment framework for coastal planning and
management in Western Australia is compatible with the existing approach, some rewording
of the guidelines is recommended. Further, there is a need to clarify the nomenclature
applied and establish descriptions of landforms that are pertinent and specific to each level
in the hierarchy.

4.2.2. Recommended Modification of the State Coastal Planning Policy SPP 2.6

At present Schedule 1, Section C of the State Coastal Planning Policy (SPP 2.6) recognises
two coastal landform systems, sandy shores and rocky shores, as well as several coastal
processes. Although it is a mixture of landform, biology and process the policy is in essence
precautionary in principle and based on a limited range of potential coastal hazards. To
broaden the policy and account for other coastal systems not currently covered by the policy
it is recommended the planning guidelines relate specifically to landform units. Further, it is
recommended the planning guidelines are interpreted in relation to environmental
guidelines provided by other agencies, particularly the Department of Transport and the
Department of Environment and Conservation.

The recommended SPP 2.6 Guidelines would then read as indicated in Table 8 below:

Table 7: Recommended modifications to Schedule 1, Section C of SPP 2.6
The modifications are proposed to facilitate close focus on coastal landforms and
the processes affecting them

SCHEDULE 1, SECTION C - SETBACK DELINEATION

Cc1 Sandy Beaches and Dunes
Landform Units: Barrier systems; coastal plan form; beach type
Setback depends on coastal plan form, barrier type & susceptibility to change, beach& dune stability

Cc2 Rocky Coast
Landform Units: Coastal plan form; cliffs & bluffs for different rock types
Setback depends on geotechnical information and modelling of changes in coastal plan form

Cc3 Mixed Sand and Rock Coast
Landform Units: Coastal plan form (tombolos, cuspate forelands & salients); perched beaches
Setback depends on geotechnical information and models adjusted to describe 3D beach change

ca Coastal Lowlands
Landform Units: Coastal plan form; river deltas and outwash plains, sand flats, mudflats & saltflats
Setback based on projected changes to coastal plan form, storm surge inundation & flooding

c5 Estuaries

Landform units: Landforms (C1 to C4) associated with the tidal reaches of rivers, rias & estuaries
Setback based on guidelines provided by relevant management authorities (DoW).

c6 Islands
Landform units: Landforms (C1 to C5) associated with the tidal reaches of rivers & estuaries
Setback based on C1 to C4 guidelines or provided by relevant management authorities (DEC and DoF).
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Within the Policy, guidelines for HSD may be based on specific landforms contained within

the compartments. These would need representation in tables to direct the application.

Some examples follow. Examples which may be applied to sandy and rocky coast are

provided in Tables 9 and 10.

Table 8: Sandy Beaches and Dunes

State Planning Policy Section C1

Refer to Guidelines related to Sea Level Change & Coastal Response as well as those required
for description of Extreme Storm Events and Protection of Sea Grass Meadows (EPA

Guideline 29)

COMPARTMENT

LANDFORM

HSD

Primary (Regional strategies)

Unconsolidated sandy coast

Not relevant at this scale

Secondary (Sub-regional plans)

Barrier type & dune formations

Indicates long-term trend

Tertiary (Local & site plans)

Geomorphic features (eg.
tombolos & salients) & beach
type (exposed and fetch
restricted)

Based on the type of beach,
the line indicating the
landward limit of annual beach
change

Sediment Cells (Local & site
plans)

Beach type on exposed and
fetch restricted shore.

As above but based on position
in the sediment cell (Source,
transport or sink areas) and
demonstrated change in the
shoreline position

Table 9: Rocky Coast

State Planning Policy Section C2

Refer to Guidelines interpreting Coastal Geology as well as those required for description of
Extreme Storm Events and Protection of Mangrove Vegetation (EPA Guideline 29)

COMPARTMENT

LANDFORM

HSD

Primary (Regional strategies)

Unspecified rocky coast

Not relevant at this scale

Secondary (Sub-regional plans)

Rock type

Indicates long-term trend

Tertiary (Local & site plans)

Landforms comprising the
geologic framework (eg
headlands and promontories,
inshore reefs and outcrops)

Calculated from the line
indicating the landward limit of
apparent erosion on soft coast.
The shoreline is the HSD on
hard rock coast (eg. granite)

Sediment Cells (Local & site
plans)

Features on soft sedimentary
rocks (eg cliffs, colluvial slopes
& fractures)

As above but additionally
depends on geotechnical
information and modelling of
changes in coastal plan shape

Coastal Compartments Final Report 80-02-Rev0

34



Damara WA Pty Ltd

4.2.3. Recommended Additions to Policy Guidelines

One obijective in the approach outlined above is to provide direction to relevant guidelines
for coastal development and management at the time planning for a ‘green field’ site is
initiated. The approach provides a checklist as much as instruction on calculation of setback.
Guidelines linked to the current State Planning Policy (SPP2.6) include guidelines for the
protection of benthic primary producer habitats published by the Environmental Protection
Authority (2004). Similarly, the Department of Transport, previously part of the Department
for Planning and Infrastructure, provided an overview of its roles and responsibilities in
coastal management (DPI 2008). A more comprehensive listing of ancillary guidelines and
their subject matters is beyond the ambit of this report. However such a list would include
guidelines such as those of the Environmental Protection Authority (EPA 2001). Their
addition would enhance application of the coastal planning policy, particularly to green field
sites. The relevance of each set of advice to a particular section of coast could be
incorporated in the framework where appropriate and the guidelines reviewed and updated
regularly by the responsible agency.

4.3. Coastal Vulnerability Assessment

An arbitrary classification of landform vulnerability may be based on comparison of coastal
and marine landform systems and their component landforms represented in the
compartments. ldentification of the land systems follows a procedure similar to that
originally described for terrestrial environments by Stewart & Christian (1953) and more
recently by McDonald et al. (1990) and van Gool et al. (2005). The approach and effects of
map scale on land resource mappingin Western Australia have been reviewed by van Gool et
al. (2005). They identified a hierarchy of soil-landscape mapping units for land resource
surveys in the agricultural south-west that has been adopted by the Department of
Agriculture in order to maintain a consistent approach with the different mapping scales and
varying levels of complexity in both landscape and soil patterns. The coastal regions,
primary, secondary and tertiary coastal compartments described in this report approximate
the provinces, zones, systems and subsystems described by van Gool et al. (2005) in that
they identify areas respectively characterised by regional scale geology, geologic and
geomorphologic structures, landform patterns, individual landforms and landform
components.

Together the State Coastal Planning Policy SPP 2.6 (WAPC 2003) and the Coastal Protection
Policy (DP1 2008) provide rationale for a multi-scalar approach based on identification of
coastal landforms at each scale and the processes affecting them. The hierarchical structure
described above presents an up and down scaling framework to which a consistent
methodology may be applied at all scales. The land systems approach is applicable to
examination of environmental risk associated with the vulnerability of geologic and
geomorphic structures to possible future change as well as description of the current
stability of the individual landforms they support. Herein this is referred to as indicative
vulnerability. Potential use of the hierarchy of compartments for vulnerability assessment
advisedly requires the actions and requirements indicated in Table 11, some of which remain
to be formally agreed by Government and non-government organisations.
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At a primary level sections of rocky coast are less susceptible to change than sandy reaches
along the shore and hence the distinction between sandy and rocky coast in SPP 2.6.
However, the relationship between the geologic framework and overlying sandy landforms
is often complex, as it is for most of the Western Australian coast. The diversity of possible
coastal responses to changes in the metocean regime warrants consideration of the
susceptibility of geologic and geomorphologic structures to long-term changes in
environmental conditions, as well as identification of short —term change in the condition
landforms which are inherently unstable. The distinction is between the large-scale
structural changes occurring over decades and longer and more detailed changes taking
place to landforms on the surface of the larger structures. Together these comprise the
overall stability of different coastal compartments at all scales and define their vulnerability.

Herein, susceptibility identifies potential land system or large-scale landform change over a
planning horizon of 100 years. It is expressed as the likelihood of future change at a broad
structural scale. In contrast to this the stability of individual landforms essentially describes
the present condition of the land surface. It describes landform change that is currently
taking place and might be mitigated through management action. In the example above,
landward migration of the dunes in response to destabilising processes may or may not alter
the overall structure of the landform on which they have formed. The risk of a landform
structurally altering in response to changes in metocean conditions, its vulnerability, is
considered to be the sum of its susceptibility to change and its current state of stability. For
example, the elevation of a rock surface in relation to sea level is a critical factor in
determining the effects of natural fluctuations in sea level on overlying sand deposits
‘perched’ above the rock. In some circumstances coincidence of periods of higher than
average sea level with storm surge and high waves may erode frontal dunes and trigger their
instability. In such circumstances susceptibility to change and the instability of the sand
deposit are clearly related

At any time scale, variations in weather conditions, sea level and the wave regime all impact
on the coast in different ways that determine whether the coast tends to an accretionary or
erosional state, or is relatively stable. Coastal change on unconsolidated sedimentary shores
is a function of interaction between morphology, sediments and oceanographic processes,
with alteration of any single factor impacting on the other two (Wright & Thom 1977).
Hence shorelines of mobile sediment are almost constantly in a state of change, with the
movement of waves and currents causing transport of sediment under all but the most
quiescent conditions. This is also true for the mixed sand and rock coast around much of
Western Australia rock, including the calcarenite Coastal Limestone, provides a significant
framework at all scales. Although it provides a degree of protection, the rocky framework
interacts with marine and coastal processes to affect the distribution of unconsolidated
sandy sediments and gives rise to distinctive landforms such as shore salients, cuspate
forelands, tombolos (Semeniuk et al. 1988; Sanderson & Eliot 1996; Brocx & Semeniuk 2010)
and perched beaches (Semeniuk & Johnson 1985; Green 2008; da Silva 2010) linked to the
interaction. Mixed sand and rock coasts are sufficiently common in Western Australia and
may require separate consideration under the State Planning Policy (SPP 2.6).
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Any final classification of landforms requires consensual agreement and ratification by the
scientific community through structured analysis and description of major landform types.
Hence, further refinement of the scheme may be achieved by comparing the different
landforms common to each system. For example, a variety of coastal dune barriers have
been identified from New South Wales by Roy (1984) and Roy et al. (1994). In an
evolutionary context the disparate barrier types are indicative of different levels of
susceptibility to structural change (Cowell et al. 1995; 2000). Although there are significant
differences between the barriers of New South Wales and those in Western Australia, in
Table 5 each type of barrier has been ranked for its vulnerability to change in metocean
processes.

Landform instability is the present condition of the land surface, the erosive state of
landforms. For example, it is visually apparent as sediment movement where fluctuation in
the shoreline position results in widening of the beach as it accretes or destruction of the
foredunes and the formation of cliffs when the beach is being eroded. Similarly it is
apparent as the unvegetated proportion of a barrier as indicated by mobile blowouts,
parabolic dunes and sand sheets. Instability is measureable and is the major factor used in
calculation of set-back of development on the coast under SPP 2.6. In the context of this
report instability is considered qualitatively to facilitate comparison of the stability of
disparate landforms.

Susceptibility and stability are related concepts. If a landform system is susceptible to
change then it is highly likely it is comprised of or supports unstable, mobile landforms. For
example, an episodic transgressive barrier is comprised of nested blowouts, parabolic dunes
and mobile sand sheets. Conversely, destabilisation of a landform system on a stable coast
due to activation of dunes by an extreme erosional event, loss of a major source of
sediment, or transport of sediment offshore may result in a change of the landform pattern
and the structure of the land system. For example, barriers may be geologically short lived
systems and undergo a change from progradational to erosional forms. The two concepts
are linked through estimation of the vulnerability of a land system or landform to change.
This is expressed as broad statement of the likelihood of environmental change. It may be
applied as the first step in a risk analysis framework such as the ISO 31000 framework
(Standards Australia 2009) following procedures used by Rollason et al. (2009) and Rollason
& Haines (2011) to examine the likelihood of shoreline change under different projections of
future rise in sea level at Coffs Harbour in NSW.

Erosion and accretion of sandy beaches are components of the coastal sediment budget.
The changes are measurable and volumes of sediment may be estimated as part of a
budgetary analysis of sediment movement through an identifiable sediment cell. Less
apparent, but still measurable components of instability relate to sediment transport by
marine processes, particularly those related to tidal fluctuation, wave action and nearshore
current activity. In some parts of the coast the effects of marine processes are manifest as
inter-annual, seasonal and higher-frequency change to the plan shape and/or profile of the
shoreline.
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Table 10: Indicative assessment of environmental vulnerability

Step | Action Requirements

1 Identify the major marine and coastal Landforms appropriate to each scale in
landform assemblages at a scale relevant | the hierarchy of compartments and for
to the investigations; each region require expert agreement

and incorporation in the guidelines for
SPP 2.6.

2 Ascertain the potential susceptibility of Indicative and comparative levels of
the major landform assemblage to susceptibility require establishment for
projected changes in metocean the major landform assemblages in each
processes, particularly projected changes | region.
in sea level and the wave regime;

3 Determine the relative Agreement needs to be reached on
stability/instability of landform types (eg | recognition of the relative stability of
dune forms) comprising each of the landforms for each coastal land system
major landform assemblages (eg barrier | (eg. On episodic transgressive barriers
type) in each compartment. low instability is associated with fully-

vegetated dunes and high instability
with bare, mobile sand sheets).

4 Prepare a vulnerability matrix based on Tabulation of the comparative ratings of
the sum of susceptibility and instability susceptibility and instability of
ratings for each landform component of | structures and landforms within each
a coastal land system. compartment or sediment cell.

5 Map the total vulnerability for each At a stakeholder level agreement needs

compartment or cell.

to be reached on recognition of the
relative vulnerability attributed to each
coastal land system and the
ramifications of the indicative
vulnerability to coastal land use and
management.
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5. SUMMARY AND CONCLUSIONS

A hierarchy of planning units based on natural coastal systems has been prepared from
existing information, particularly descriptions of the geology and geomorphology of the
Western Australian coast provided by AUSLIG (1993), AMSA (2006), Department of
Environment and Heritage (2008), Department of Industry and Resources (2008), Geoscience
Australia (2006), Google Earth (2008), Gozzard (2010), GSWA (2007), Landgate (2005), NASA
(2010), Sharples (2007) and Sharples et al. (2009). The information obtained was used for
identification of the boundaries of the compartments at each level in the hierarchy and to
identify the landforms each compartment contained. The hierarchy of land systems is
similar to that originally described for terrestrial environments by Christian & Stewart (1953)
and more recently in Western Australia by van Gool et al. (2005). It accords with mapping
scales commonly used for the preparation of statutory plans.

Three of the four objectives of the project were considered. These included objectives to:

1. Define the geologic framework controlling the structure of the coast at spatial scales
currently used in coastal planning and management by State and Local Government
authorities;

2. Identify marine and coastal landform units within each compartment according to
existing geomorphologic classifications; and

3. Outline the potential use of the marine and coastal landform units in (a) natural
resource management and conservation; (b) development of guidelines for
implementation of the State Coastal Planning Policy (SPP2.6); and (c) comparative
assessment of coastal vulnerability potentially affecting coastal infrastructure and
coast protection measures.

The fourth objective, to indicate conceptual models describing the morphology and
dynamics of each coastal land system, has been introduced in discussion of potential
applications but requires further development and detail similar to that provided for barrier
structures in Table 6. The extension is particularly relevant to further development of hazard
and risk assessment to natural resources and coastal infrastructure.

In principle, the hierarchy of coastal compartments describes the underpinning structural
control that geology exerts on all facets of the coastal environment. Logically, a spatial
framework of planning units based on the geologic and geomorphic make up of the coast
potentially provides the basis for a systematic approach to State planning in the coastal
environment, including natural resource management and marine conservation planning. In
the first instance, the hierarchy of coastal compartments provides a framework to
comparatively assess information availability and plan future research/surveys of marine
and coastal resources. The multi-scalar framework facilitates comparison and analyses of
environmental data across and within each compartment level as well as between different
levels within the hierarchy.
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Potential uses of the marine and coastal landform units in (a) conservation under the CALM
Act (1984) and natural resource management; (b) development of guidelines for
implementation of the State Coastal Planning Policy - SPP2.6 (WAPC 2006); and (c)
comparative assessment of coastal vulnerability were described. Further development of the
project requires identification of the shoreface landforms within the tertiary compartments
and a more detailed demonstration of potential applications.
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APPENDIX B.4 EXMOUTH AND SHARK BAY COASTAL REGIONS

Primary, Secondary and Tertiary Coastal
Compartments of the Exmouth and Shark Bay
Coastal Regions.

Mingakoo Primary
Coastal Compartmen

(

Western Gulf Primary
Coastal Compariment

Coastal Compartments Bathymetry
Prinary coastal comgartment 0-10m 200-500rm:
Prirmary coastal campastment 10-20m 500-1000m
[ secondary coastal camgariment B 0-50m N 1000-2000m
[ Tertiary coastal camgartment B 50-10m ([ 2000-5000m
o Compartment baundary locality I 100-200m
[1 W State boundary and high waber mari
o - & 1 I
BamleTZOOOOD Ly 4 144y | *
Kiemalis
I:llh SHEGEE
ard R B vl Dapl of Ered ierrs il dfel G s s (2510}
i Dol nakary G I gh walBF FAAFK - Lasegate (J005)
BaifeyTesiry - ¥a, Saks o Depn OF Tranapon {2002

Gascoyne Primary
Coastal Compartment

Tafaing o1

The Exmouth coastal region stretches from the geomaorphic
boundary defined by the Giralia promontory to Point Quobba,
Based on the mapped high water mark (Landgate 2006) the
coastline of the Exmouth coastal region is approximately 679%km
lang, representing 3% of the WA coastline.

The Shark Bay coastal region stretches from Point Guobba 1o the
mouth of the Murchison River. Based on the mapped high water
:Landgate 2006) the coastine of the Shark Bay coastal
region is approximately 1,893km long, representing 8% of the WA
coastline.

: AR A AT o BT TR o Enlhll ST 5 I ERRAERET i D A TAMY,

| Goast

L'Haridan Primary
Coastal Compartment

| STy, Soring coust M
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APPENDIX B.5 NORTHAMPTON AND THE MID-WEST COASTAL REGIONS

RV Ve R o SN T N

Primary, Secondary and Tertiary Coastal Compartments of the
Northampton and Midwest Coastal Regions.

L Hlnginjay Spring coast N

L Naurchigon River maouth

Hutt Gulf Primary
Coastal Compartment

Broken Anchor Bay

Coastal Compartments Bathymetry
It River Oakajee Primary Primary coastal compartment 0-10m 200-500m
N Coastal Compartment Primary coastal compartment 10-20m [0 500-1000m
[ secondary coastal compartment B 20-50m [ 1000-2000m
\ [ Tertiary coastal compartment I 50-100m [ 2000-5000m
Compartment boundary locality Il 100-200m
[ WA State boundary and high water mark

(-309 Burney o
Scale 1:2,000,000 L 1 1 1 1 L L 1 | A

Kilometras.

Data sources:

Coastal regions and compartments - WA State Gowt Dept. of Enviconment and Consevation (2010)
WA State boundary and high water mark - Landgate {2006)

Bathymetry - WA State Govt. Dept Of Transport (2002)

JEltHead

(Ia\.zng
f’ Teen Head

" horth Head

Beagle Primary
Coastal Compartment

The Northampton coastal region stretches from the mouth of the
Murchison River to the geologic boundary at Glenfield Beach.
Based on the mapped high water mark (Landgate 2006) the
coastline of the Northampton coastal region is approximately
154km long, representing 1% of the WA coastline.

The Midwest coastal region stretches from the geologic boundary
at Glenfield Beach to the mouth of the Moore River. Based on the
mapped high water mark (Landgate 2006) the coastline of the
Midwest coastal region is approximately 368km long, representing
2% of the WA coastline.

)\ihlnﬂy Faoint

Nota: Figures stated in fext have been rounded fo the nearas! wholke numbar
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Hill Primary
Coastal Compartment
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Map created by the Marine Policy and Planning Branch, DEC, 2010,
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APPENDIX C LANDFORMS OF PRIMARY AND SECONDARY COMPARTMENTS
APPENDIX C.1 MAJOR LANDFORMS OF PRIMARY COMPARTMENTS
APPENDIX C.2 MAJOR LANDFORMS OF SECONDARY COMPARTMENTS
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