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AIM: 
 

An aim of regional planning projects 

undertaken by Damara WA has been to 

provide a hierarchical framework 

facilitating cross-scalar linkage of 

assessments of coastal land systems and 

landforms between commonly used 

planning and management scales. 

RATIONALE: 
 

Politics and jurisdictional responsibilities 

establish scales for planning and 

management 

 

The scales are important because coastal 

processes, landforms and management 

requirements differ at different scales within 

the same region. 

Problem:  
Recognising the implications of scalar 
relationships for coastal planning and 
management 



Hierarchical 

Level 

Determines broad 

scale patterns of land 

use and management. 

Nominal 

Scale 

1: 1 000 000 

1: 250 000 

1: 50 000 

1: 10 000 

Incorporates several local 

government areas; may include 

terrestrial and marine areas  

Outlines specific action to occur on the ground, such as detailed 

planning of infrastructure, landscaping and rehabilitation works within 

a foreshore reserve. For example; a Coastal Rehabilitation Plan, 

Recreation Management Plan, or Landscape Plan 

 

Level 2 

Regional strategies 

 

Level 1 

Policy 
  

Level 3 

Regional and local 

plans 

Level 4 

Local and site plans 

Mapping Scale Planning Hierarchy 

Designates development setbacks coastal 

reserves and other areas of coastal use. Also, 

rehabilitation areas, amenity sites and access 

ways for specific coastal nodes. 

PLANNING AND MAPPING HIERARCHIES 



LAND SYSTEMS AND LANDFORM HIERARCHIES 
 

Two methods have been used to describe coastal hierarchies: 

1. Identification of coastal compartments; and 

2. Determination of sediment cells. 

 

First, Compartments were structurally defined, principally by their geology, as 

large sections of coast with a common land system.  

 

Three compartmental levels were identified. These range from primary to tertiary 

compartments, with offshore boundaries respectively at the 130m, 50m and 20m 

depth contours.  

 

Second, each compartment may contain a number of sediment cells which are 

functionally defined by the movement of sediment. In turn, sediment movement 

may be empirically determined by monitoring or inferred from the assemblage of 

marine and coastal landforms present. 



COMPARTMENTS 



COASTAL COMPARTMENTS  
 
Compartments considered as large sediment cells. However, coastal compartments 

are not sediment cells; although they commonly contain discrete sediment cells and 

may comprise a single cell.  

 

Compartments set the planning and regional context. Each compartment has different 

geology, sediment types, land systems and is affected by broad-scale processes. 

 

Depending on scale, marine and coastal landform systems and landforms are 

encompassed by compartmental boundaries. In this respect they combine marine and 

terrestrial attributes of the coastal environment. 

 

Different landforms within each compartment are  likely to be more or less resistant to 

coastal hazards, such as erosion and inundation, than the compartment as a whole.  



COASTAL COMPARTMENTS OF THE PILBARA REGION 

Primary, secondary and 
tertiary compartments 
identified in a report by 
Damara WA Pty Ltd for 
the WA Department of 
Planning (2013) 



COMPARTMENTS: 
MID-WEST COAST, 
WESTERN AUSTRALIA 

Diagrams illustrate 
incorporation of marine and 
terrestrial areas in primary, 
secondary and tertiary 
compartments. 
 
Regional planning in the Mid-
West during the early 1990’s 
effectively  integrated land and 
marine activities. 



POTENTIAL APPLICATIONS OF COMPARTMENTS

COMPARTMENTS

Framework: Geology and Landforms

PLANNING PURPOSES

Marine & 

coastal 

planning

Habitat 

description

Marine & 

coastal risk 

assessment

Marine 

conservation

Fisheries 

management



SANDY (BARRIER) COAST SUSCEPTIBILITY 
The sequence illustrated here  follows that described by Roy (1994).  

 
The susceptibility of a sandy barrier 
refers to the intrinsic propensity of the 
structure comprising the barrier system 
to alter in response to projected change 
in metocean conditions, particularly sea 
level rise over.  
 
Barrier formation occurs over a long 
period, commonly millennia, although 
structural change from one type to 
another may occur within tens to 
hundreds of years. 

Rank 1: Episodic Transgressive Barrier 
Nested blowouts and parabolic dunes.  

Rank 2: Prograded Barrier 
Low, foredune ridge plain 

Rank 3: Stationary Barrier 
Low or narrow ridge of blowout  

Rank 4: Receded Barrier 
Low narrow dune ridge & old shoreline  

Rank 5: Mainland Beach 
Narrow dunes & beach abutting bedrock.  



Rank 1: Undisturbed dune sequence OR  
Fully vegetated (>75% cover on barrier).  

Rank 2: 50 to 75% vegetation cover on barrier 
OR <25% active dunes or bare sand     

Rank 3: 25-50% vegetation cover on 

barrier OR 25-50% mobile dune    

Rank 4: <50% vegetation cover on barrier OR  

50-75% active dunes or bare sand  

Rank 5: Mobile sand sheets OR  <25% 
vegetation cover on barrier.  

INSTABILITY OF SANDY COAST 
The sequence illustrated here  follows that described by Short (1988).  

Estimates of instability are based on the 
land surface condition and the 
proportion of area in a compartment or 
cell that is currently bare sand or 
subject to erosion. Destabilisation of 
dunes occurs with destruction of a 
foredune, scarping of the frontal dunes 
or removal of the vegetation cover. 
 
Changes to vegetation cover take place 
in a short period, commonly sub-
decadally. 



INDICATIVE 
VULNERABILITY 

INSTABILITY + SUSCEPTIBILITY 

Likelihood of structural 
breakdown leading to a 
change in the state or 

type of land system 

Likelihood of erosional 
change to landforms 

related to current land 
surface condition 

= 

Likelihood of 
landform and/or land 

system change 

Gradual landform change 
associated with land surface 

instability ultimately results in 
change to the natural structure. 

eg. Barrier evolution 

Extreme event or events cause 
change to the type or location of 

a land system. 
eg. Avulsion and delta shift 

AN APPLICATION:  INDICATIVE LANDFORM VULNERABILITY 

Different landforms within each compartment are  likely to be more or less resistant to coastal hazards, 

such as erosion and inundation, than the compartment as a whole. 

 

An indication of the coastal vulnerability of compartments can be derived from a comparative analysis of the 

prevailing geology (structural susceptibility) and landforms (landform instability) of each compartment. The 
analysis is founded on conceptual models of landform development. Coastal processes are implied. 



SEDIMENT CELLS 



SEDIMENT CELLS 

Our definition: Sediment cells are spatially discrete areas of 

coast within which marine and terrestrial landforms are likely to 

be directly connected through processes of sediment movement.  

 

Sediment cells include areas of sediment supply (sources), 

sediment loss (sinks), and the transport processes linking them 

(pathways).  

The three areas in each sediment cell comprise components of a 

sediment budget for which gains or losses from a cell may be 

indicated by the coastal landforms present or, more particularly, 

estimated by measurement.  

Sediment transport pathways are complex, including both 

alongshore and cross-shore processes, and are commonly 

represented graphically in two-dimensions. 



SEDIMENT CELLS 

Sediment cell concepts have been applied 

internationally since their first description from the 

USA west coast in 1966. The applications follow a 

variety of approaches, some including a hierarchy of 

cells.  

Sediment cells can be used to:  

 Identify the spatial context for coastal evaluations 

based on marine sediment movement;  

 Provide a visual framework for communicating 

about the coast with people of any background;  

 Support coastal management decision-making; 

and  

 Support a range of technical uses largely relating 

to coastal stability assessment.  

 Sediment cells are natural management units with a 

physical basis, often crossing jurisdictional 

boundaries.  

 

(Map from Tecchiato et al 2016) 



REPORTED APPLICATIONS 

Sediment cells provide a framework for a wide variety of coastal investigations. 

Some reported applications include :  

   

1. Estimation of coastal sediment budgets and coastal system dynamics 

(Komar 1996, 2010; Tecchiato and Collins 2010; Tecchiato et al 2016). 

2. Definition of natural management units for integrated coastal management 

(Whitehouse et al. 2009). 

3. Planning for erosion control (van Rijn 2010). 

4. Hazard and risk assessment (Thieler and Hammar-Klose 2000a, 2000b; 

Wood 2009). 

5. Definition of conditions, upon which modelling of short-term coastal change 

may be superimposed (de Vriend et al. 1993; Cowell et al. 2003a, 2003b).  

6. Identification of habitats for marine management and conservation purposes 

(Bancroft and Sheridan 2000; EPA 2004; Ryan et al. 2006). 



APPLICATIONS 



TECHNICAL USES 

• Identification of key coastal processes 

• Sediment budget development 

• Improved coastal erosion assessment 

• Quantifiable assessment of landform vulnerability 

• Upscaling and downscaling of coastal information 

Erosion assessments are  improved by 
better integration of regional and local 
coastal change. 
 
Large scale coastal engineering works 
(ports & harbours) should be considered 
over the full hierarchy of sediment cells. 
 
Planning and engineering projects require 
consideration at a secondary cell scale and 
set in the context of primary cells. 
 
Tertiary cells are appropriate for site design 
and where proposed works are unlikely to 
restrict interannual transport. 
 
At all scales adjacent cells should be 
considered where planning or 
management is near a cell boundary. 

Process 

Scale 
Local Area Sub-regional Regional 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

Relative Landform Scale 

Approximate Planning & Management Scale 

Tertiary Cells 

Subtidal terrace 

Nearshore morphology 

Beachface (beach & berm) 

Rock outcrops 

Foredunes  

Active frontal dunes 

Secondary Cells 

Inshore reefs & islands 

Sediment banks 

Upper shoreface 

Frontal dunes, foredune plains & 
parabolic dunes 

Shoals of streams & estuaries 

Primary Cells 

Inner continental shelf 

Offshore reefs & islands 

Holocene sediment banks 

Upper shoreface 

Barrier systems 

Deltas & estuaries 

Centuries 

Decades 

Years 

Seasons 

Days 

Small  
(Landforms) 

Moderate  
(Landforms) 

Large 
(Land Systems) 



CONNECTIVITY 
 

Identification of the major 
components of adjoining sediment 
cells and subsequent estimation of 
their coastal sediment budgets:  
• Demonstrates integration of the 

marine and terrestrial 
components of the coastal 
system;   

• Establishes the elements to be 
incorporated and explained in any 
model of coastal change; and 

• Provides a check list to assess 
adequacy of models 
 

The concept map shows major components 
and linkages between  them for the Nambung 
coast in Western Australia. It is based on 
Cmap software provided by French & 
Burningham (2009). 
 



VULNERABILITY ESTIMATES FOR 
PRIMARY & TERTARY COMPARTMENTS 

UP AND DOWN 

SCALING 
 

Scaling up and down 

produces changes in the 

principal  land systems 

or landforms at each 

scale as the proportions 

of landforms present in 

each compartment or cell  

alters. 

 

Cross-scaling 

comparisons provide a 

basis for verification of 

results at each scale.  

 

Neglecting scales 

provides a source of 

error. 



Process 

interpretation for 

Comet Bay in 

Mandurah 

Secondary and 

tertiary sediment cell 

scales from LiDAR 

imagery. 

 

The illustrations 

show change in 

detail from primary to 

secondary sediment 

cell scale. 
 

CHANGING 
SCALE 



OVERVIEW 
The two methods used to describe coastal hierarchies provide different information and are linked 

through commonality of landform. 

Identification of coastal compartments is based principally on geology, and their description is 

structural rather than dynamic.  

Compartments establish planning and regional contexts, with each compartment encompassing 

different geology, sediment types and land systems. They may not define sediment cells. 

Sediment cells are functionally defined by coastal processes and sediment movement. They 

provide scope for detailed assessment of coastal change and an extended range of applications. 

Erosion assessments are  improved by better integration of regional and local coastal change 

made possible through the hierarchical approach with up and downscaling comparisons. 

 



Thanks for your attention 

Turn home , the sun goes down, swimmer turn home. 
Last leaf of gold vanishes from the sea-curve. 
Take the big roller’s shoulder, speed and swerve; 
come to the long beach home like a gull diving. 
 
For on the sand the grey-wolf sea lies, snarling, 
cold twilight wind splits the waves’ hair and shows 
the bones they worry in their wolf-teeth. O, wind blows 
and sea crouches on sand, fawning and mouthing; 
drops there and snatches again, drops and again snatches 
its broken toys, its whitened pebbles and shells.  
 
From The Surfer  by Judith Wright 
 


