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1. Introduction 

Setting the Scene 

This Working Paper was prepared as part of a suite of research entitled “Building 
Local Government Resilience through Scenario Planning” commissioned by 
the Burnett Mary Regional Group (BMRG).  This project aims to better equip councils 
to deal with key emerging environmental concerns affecting the Burnett Mary 
Region.  The Working Papers in the suite include: Overview  – Climate Variability 
and Climate Change: Scenarios and Projections; Working Paper 1 – Climate 
Change in the Burnett Mary Region: Implications and Liability from Sea-Level Rise 
and Storm Surge in the Great Sandy Strait; Working Paper 2 – Urban and Peri 
Urban Water Security in the Burnett Mary Region through Decentralised Systems; 
Working Paper 3 – Coastal Settlement in the Burnett Mary: Addressing Climate 
Change and Population Growth; Working Paper 4 – Plantation and Farm Forestry 
in the Burnett Mary Region: Responding to Land Use Challenges.  

One of the key purposes of this Working Paper is to provide an appreciation the 
implications of climate change liability arising from sea-level rise and storm surge in 
the Great Sandy Strait with a view to embedding risk reduction approaches into land 
use and contingency planning. However, benefits are seen in providing a wide 
geographical and geomorphological context for making the appreciation by providing 
a regional framework for assessing the potential vulnerability of coastal settlement 
nodes to climate and associated environmental changes including rising sea levels.  
 
To this end, the geographic scope of the project was extended to cover the area 
shown in Map 1, and encompasses the coastal margins of the Burnett Mary Region 
from Round Hill Head to the north of Agnes Waters to Double Island Point south of 
Tin Can Bay. The Local Government Authorities (LGA’s) encompassed by this 
delineation include part of the former Shire of Miriam Vale that is now in Gladstone 
Regional Council and the Bundaberg, Fraser Coast and Gympie Regional Councils  
 
Working Paper 1 has been undertaken using a combination of ‘Google Earth’ 
reconnaissance, field observations, informal discussions with people in the region 
and computer modelling which have provided a basis for drawing conclusions on the 
vulnerability of coastal settlement nodes in the region. The computer modelling tools 
have been used to generate scenarios of the potential spatial extent of shoreline 
retreat. The paper identifies potential areas of the coast that are vulnerable to 
climatic variability and change. A case is made for the implementation of proactive 
adaptive planning measures to reduce risk and liability.  
 
It is important to note that the projections of sea level rise and shoreline retreat 
under different climate change scenarios are illustrative only of the results of 
modelling under a set of assumptions about how the process of sediment transport 
and storm activity may impact regional coastlines under increased sea level.  
 
The results of the modelling can inform the planning processes by identifying areas 
of coastline that are potentially vulnerable. Results should be validated through: 
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• comparison with alternative sediment transport models; 
• reference to time series data provided by tide gauges and other methods to 

measure sea level changes; 
• measured shoreline erosion and accretion using aerial photogrammetric 

analysis; and 
• historic geomorphic analysis to establish the position of the regions coastlines 

during periods of higher sea level.    
 

  MAP 1. Coastal Margin of the Burnett Mary Region 

The Task 
Working Paper 1 has addressed the area of issue: Appreciating the Implications of 
Climate Change Liability Arising from Sea-Level Rise and Storm Surge in the Great 
Sandy Strait: Embedding Risk Reduction Approaches into Land Use and Contingency 
Planning. This has entailed undertaking a field inspection of all settlement nodes 
from Agnes Waters in the north to Tin Can Bay in the south. This was carried out 
over the Easter period in 2008 (21-24 April). Additional field work was carried out to 
support the application of the ‘Bruun Rule’ to obtain a first order calculation of 
potential levels of shoreline retreat. The SimCLIM coastal modelling tool was used to 
undertake this analysis. It is emphasised that the results of the modelling should only 
be seen as indicative. However, the field observations and anecdotal information 
obtained from informal discussion at nodal locations are highly supportive of the 
conclusion that settlement nodes on the coastal margin of the Burnett Region are at 
risk.  
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The Situation 
 
The coastal margins of the Burnett-Mary Region are part of a complex and dynamic 
geomorphologic system that has been responding to changing sea levels since the 
end of the last ice-age. Physically, the coastal region is characterised by a north 
facing embayment that is exposed to cyclones and cyclonic depressions approaching 
from the north to north east quadrants. The Great Sandy Strait is an estuarine 
feature that disgorges into Hervey Bay to the north and through channel between 
Hook Point on Fraser Island and Inskip Point to the south. The sandy shorelines, 
dune systems and lowlands of the coastal region are extremely vulnerable to the 
effects of climatic variability (including cyclonic and extreme storm induced storm 
surge) that has resulted in increased erosion, sediment mobilisation and deposition 
in near shore areas. As well, the beaches and coastal lowlands are at risk from 
increased levels of localised flooding and associated environmental changes, 
including sea level rise. Additionally, the coastal region is the receiving waters from 
the discharge of major rivers and streams. This brings a sediment load to the 
shoreline and near shore areas to join the material that are being transported north 
as part of the major east coast sediment transport system.  
 
The past thirty-five years has seen considerable urban and related tourist and 
recreational facilities development at nodal locations along the shoreward margins 
from Agnes Waters to the Great Sandy Strait and Tin Can Bay. Current knowledge, 
gained from a combination of observation and modelling, together with experience 
from similar situations in South East Queensland, leads to the conclusion that the 
coastal settlements and infrastructure of the Burnett-Mary Region are at risk from 
climatic variability and change, especially storm surges. Also, the nodal settlements 
are threatened by coastal erosion due to natural processes, extreme weather events 
and sea level rise. 
 

The Focusing Question 
Global sea-level rise will significantly impact coastal and low lying areas over the next 
century (IPCC, 2007).  The extent and type of impact will vary from one location 
globally to another.  In order to gain a better understanding of the impact of sea-
level rise and how it can be managed the following question will be addressed: 
 
‘How vulnerable is the coastline of the Burnett-Mary Region to climatic variability, 
extreme events and climate change induced rises in sea-level?’  
 
Information presented by Stern (2006) and IPCC (2007) and a wide range of other 
sources shows that: the available scientific evidence overwhelmingly indicates that 
climate change is happening and is a serious global threat that demands an urgent 
response.  
 

Early action through adaptation 
In the light of the available published evidence, it is the unavoidable nature of 
climate change that places such importance on our ability to develop and implement 
adaptive responses to minimise impact. 
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The 2006 Stern Report has indicated that it is more cost effective to respond sooner 
rather than later to climate change. The Stern Report also indicates that adaptation 
will be essential to reducing vulnerability and in dealing with the impacts of an ever-
changing climate (QDNRW 2007). 
 
Experience has shown that the impact of climate change can be reduced through 
adaptation, and that adaptation tends to be more successful at the local level 
(QDNRW 2007). It is therefore important to incorporate adaptive responses into the 
planning and development of management regimes in order to take vulnerability to 
climate change into consideration.  Adequate Natural Resources Management 
planning will also need to include progressive adaptation measures that can be 
incrementally applied over time as climate change continues and increases.    
 

Methodology 
The following steps have been undertaken in the preparation of this Working Paper: 
 
1. reconnaissance of the coastline and image capture using ‘Google Earth”; 
2. field observations of beach conditions including patterns of erosion and 

general sediment transportation during a period of high tide (Easter 2008); 
3. photographing areas deemed to be at risk from coastal forces; 
4. measurement of the height, composition and structure of the shoreline at 

various geographical locations around both the eastern and western 
boundaries of the Great Sandy Strait and parts of the Fraser Coast shoreline; 

5. obtaining the bathymetric data for the Great Sandy Strait and Fraser Coast; 
6. the development of sea-level rise, shoreline retreat and coastal flooding 

projections using climate modelling software; 
7. identifying key areas where coastal communities may be vulnerable to sea-

level rise; and 
8. worshop sessions to discuss adaptive planning processes to address coastal 

vulnerability. 
 
In developing sea-level rise and shoreline retreat projections the Bruun Rule is used 
for the estimation of coastal recession driven solely by sea level rise. Actual coastal 
recession would not only depend on sea-level rise, but also on other determining 
factors such as sediment supply and the type of wave action affecting the shoreline 
(French 2001).   
 
The Bruun Rule (Bruun 1962) provides a formula to estimate the distance a coastline 
will retreat as a result of sea-level rise. However, the Bruun Rule has several 
limitations in that it considers only sea-level rise as the determining factor in 
shoreline retreat. The Bruun Rule does not consider how readily a shoreline erodes 
due to its compositional material, for example rock or sand. Also, the Bruun Rule 
does not account for longshore interactions and assumes the wave climate is steady 
and that the equilibrium profile remains the same (French 2001). 
 
The absence of historical data, including photographs, of local coastal regression or 
formation is also a limitation. Accurately determining the shoreline response time, 
the storm surge cut mean and the storm surge cut standard deviation is dependent 
on having historical information on how readily the coastline erodes and how quickly 
it reforms.  
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2. The Geographic and Morphodynamic Context 

General Description 
 
The coastal margin of the Burnett Mary Region covered by this Working Paper is 
shown in the ‘Google Earth’ image at Map 1. The geographic area extends from 
Round Hill Head in the north to Double Island Point in the south. The four Local 
Government Authorities (LGA’s) encompassed by this delineation include the 
Gladstone (coastal areas of part of the former Shire of Miriam Vale) and the 
Bundaberg, Fraser Coast and Gympie Regional Councils.  
 
Parts of the regional coastline are characterised by the concentration of linear 
settlements close to beaches in urban locations and at coastal settlement nodes. This 
concentration, with potential contingent liabilities arising from proximity to eroding 
shorelines, is well illustrated by the pattern of settlement from Pialba to Torquay and 
in the Dayman Point area at Urangan.  
 
Coastal nodes are illustrated by the small settlements on the shoreline of the Great 
Sandy Strait at Maaroom, Boonooroo, Poona and Tinnanbar and at Tin Can Bay. 
Siting developments in close proximity to exposed shorelines increases the levels of 
risk from storm surge and other hazards relating to cyclones and severe weather 
events.  
 

Patterns of Change Documented in QBPA (1989) 
 
Twenty years ago the QBPA undertook comprehensive investigations and studies 
that describe the morphodynamic setting of settlements and infrastructure 
developments that are in areas where the topography and geomorphology exhibits 
susceptibility to erosion cycles, exposure to storm surge and wave run-up, and 
lowland flooding. They also indicted the amount of change (erosion and/or 
deposition) that had occurred between the late 1940’s and early 1950’s and 1982. To 
provide a context for changes to the beaches they noted that Large movements in 
the position of have been recorded in the study area since property surveys began in 
the late 1800’s. 
 
Beach movement, cyclone erosion locations, and recommended erosion prone area 
widths have been delineated and mapped. The information provided in QBPA (1989) 
is a start point for examining the changes that have occurred along the regional 
coastline since the QBPA work was completed. Although the investigatory work for 
the QBPA report was largely completed before 1988 it is still the only collation of 
research that provides a comprehensive picture of the potential effects that cyclones, 
storm surge and cyclic patterns of erosion and deposition were having historically on 
the configuration of the shoreline up to that time.  
The shoreline stability described in QBPA (1989) is contextualised by changes since 
the Pleistocene epoch (ie Holocene and recent patterns of deposition and subsequent 
erosion over the past 6 000 years).  
 
Documentation of changes to sand movements and ‘beach-forms’ is supported by 
engineering calculations, mathematical modelling and photographic evidence and 
beach profiling. This needs to be revisited in order to more tightly document the 
changed conditions by resurveying beach profiles, recalculating sediment transport 
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loads and re-examining sites noted in 1988 s either eroding or accreting. Also, there 
should be further qualitative and quantitative analysis of the levels of change from 
the Kolan River to Urangan using aerial photos to plot the pattern of shoreline retreat 
or advance over the past two decades in relation to the other measures of change. 
 
With respect to providing a benchmark from which to consider changes along the 
coastal system QBPA (1989) noted that ‘ while the general coastal topography 
indicates long term stability or accretion, there is considerable topographic evidence 
to suggest that major period of erosion and coastal realignment have occurred’. They 
then go on to say that ‘this is particularly evident around river and creek mouths 
where the landforms suggest previous periods of erosion similar to those presently 
occurring’. This situation still prevails.  
 

Delineation of Coastal Compartments 
 
The QBPA (1989) divided the shoreline of Hervey Bay into five beach systems or 
compartments for the purposes of description and analysis of the geology, 
sedimentology, coastal processes and soils and vegetation. The areas considered 
along the 114 km of coast were: Urangan to Point Vernon (11 km); Point Vernon to 
Burrum River (29 km); Burrum River to Elliot River (35 km); Elliot River to Burnett 
River (24 km);and Burnett River to Kolan River (25 km).  
 
Consideration was given to the beach and immediate hinterland conditions at specific 
locations and sites within this framework. For example, QBPA (1989) identify 14 
separates barrier accretion phases in the geomorphic pattern between Woodgate 
and Burrum Head. This descriptive analysis was not undertaken systematically on a 
subsystem basis to identify specific morphological cells along the shoreline and 
processes linking them. 
 
Table 1 shows the eleven ‘first order’ or primary coastal compartments delineated 
for this Working Paper. Delineation at this scale provides a cohesive and systematic 
regional framework from which to describe second, third and fourth order cells. For 
this working paper only the basic characteristics of the primary coastal compartments 
are outlined. This provides an overview and demonstrates the interrelationships 
between compartments sharing similar morphodynamic characteristics and the core 
structural elements. The ‘Google Earth’ images are sufficiently clear to provide for 
visual interpretation of the major cells within each compartment for particular tracts 
of the coastline. The coastal compartments are summarised as follows. 
 

1. Round Hill Head to Wreck Rock Exposed coast with beaches that are 
characterised by transitional, wave-dominated morphology. 

 
2. Wreck Rock to Baffle Creek Narrow beaches increasing in exposure with 

distance South and changing in form from sheltered to reflective and 
transitional beach types. 

3. Baffle Creek To Burnett Heads Narrow beaches flanked by sand flats and 
abut a narrow foredune ridge separating them from narrow, interdunal 
lagoons and meander plains. 

 
4. Burnett Heads to Elliott Heads Rocky with small embayments and 

perched beaches. 
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5. Elliott Heads To Burrum Point Narrow beaches fronted by sand flats. 

 
6. Burrum Point to Point Vernon Compound zeta-form sandy beaches 

affected by geologic structures at each boundary as well as sediment 
discharge from the Burrum River estuary and Beelbi Creek. 

 
7. Point Vernon to Shoulder Point Sandy shore influenced by sediment 

supply and recirculation within the Great Sandy Strait. Middle ground islands 
and complex array of linear shoals with flood and ebb tide deltas. Mouth of 
the Mary River, sand and mud flats with mangals. 

 
8. Shoulder Point to Maaroom Divide between the north and south flowing 

waters of Great Sandy Strait is an area of middle-ground low-islands and 
shoals as well as tidal creeks and sand flats. The partially-lithified southern 
levee of the Mary River provides a broad, low spit extending from Beaver 
Rock to Shoulder Point. 

 
9. Maaroom to Cowra Point Shore is flanked by sand and mud flats and cut 

by tidal creeks. The shoreline from Tinnanbar to Cowra Point provides 
examples of rapidly eroding siltstone-mudstone headland structures. 

 
10. Cowra Point to Inskip Point Assemblage of sand and mud flats, tidal 

creeks and the creek estuaries. To seaward the river deltas are truncated by 
southerly water flow through the Great Sandy Strait in the lee of Fraser 
Island. 

 
11. Inskip Point to Double Island Point Open beach changes from sheltered 

coast in the lee of the Double Island Point spit through reflective to 
transitional beach morphology with distance north. 
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Table 1. Coastal Compartments Between and Round Hill Head and Double 
Island Point via the Shorelines of the Great Sandy Strait 
 

PRINCIPAL COMPARTMENTS COASTAL TRACTS 
 1. ROUND HILL HEAD TO WRECK ROCK 

The coast from Round Hill Head to Wreck Point 
has a marked geologic framework, with rocky 
headlands separating embayed, east-facing, 
sandy beaches. Some sections of the coast 
include small pocket beaches. The coast is 
exposed and the beaches are characterised by 
transitional, wave-dominated morphology. They 
are backed by moderately-high dunes, 
compared with other beaches in the Region, 
and there is evidence of wash over by wave 
overtopping during storms. 

 
 2. WRECK ROCK TO BAFFLE CREEK 

Beaches along the coast from Wreck Point to 
Baffle Creek are narrow, increasing in 
exposure with distance South and changing in 
form from sheltered to reflective and 
transitional beach types. The beaches are 
backed by a low, narrow dune ridge 
impounding and extensive, linear wetland fed 
by shore parallel-flows from north and south. 
Baffle Creek flows into a wave-dominated 
estuary, with estuarine landforms impounded 
by sand spits and dune ridges. 

 
 3. BAFFLE CREEK TO BURNETT HEADS 

Between Baffle Creek and Burnett Heads the 
sandy coast faces North East. It is cut by four 
major streams: Littabella Creek, Kolan River, 
Croome Creek and the Burnett River. The 
Kolan and Burnett rivers have substantial 
deltas. The beaches are narrow, flanked by 
sand flats and abut a narrow foredune ridge 
separating them from narrow, interdunal 
lagoons and meander plains. 
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PRINCIPAL COMPARTMENTS COASTAL TRACTS 

 4. BURNETT HEADS TO ELLIOTT HEADS 
The coast from Burnett Heads to Elliott Heads 
is rocky with small embayments and perched 
beaches. Landward of the shore is a undulating 
basalt plain of higher elevation than the 
adjoining coast. 

 
 5. ELLIOTT HEADS TO BURRUM POINT 

The shallow embayment between Elliott Heads 
and Burrum Point faces ENE. The coast is 
affected by two small streams, Theodolite Creek 
with a sandy delta and Coonar Creek. The 
beaches are narrow, fronted by sand flats. They 
are backed by low dunes and meander plains. 

 
 6. BURRUM POINT TO POINT VERNON 

The embayment between Burrum Point and 
Point Vernon faces mainly N, changing to NE 
with distance north. It is a compound zeta-form 
affected by geologic structures at each 
boundary as well as sediment discharge from 
the Burrum River estuary and Beelbi Creek. 
The shore has a sandy beach flanked by a low 
foredune plain and meander plains. 
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PRINCIPAL COMPARTMENTS COASTAL TRACTS 

 7. POINT VERNON TO SHOULDER POINT 
North of Shoulder Point the Great Sandy Strait 
broadens in a funnel shape. Middle ground 
islands and shoals are apparent up to Hervey 
Bay, beyond which exists a complex array of 
linear shoals with flood and ebb tide deltas. 
The compartment includes the mouth of the 
Mary River, sand and mud flats with mangals 
from North Head to Urangan. Although the 
orientation of the coast changes at Dayman 
Point, and the zeta form of Hervey Bay is 
associated with the geological structure of 
Point Vernon, the sandy shore is influenced by 
sediment supply and recirculation within the 
Great Sandy Strait. 

 
 8. SHOULDER POINT TO MAAROOM 

Between Shoulder Point and Maaroom is a 
divide between the north and south flowing 
waters of Great Sandy Strait. It is an area of 
middle-ground low-islands and shoals as well 
as tidal creeks and sand flats. The partially-
lithified southern levee of the Mary River 
provides a broad, low spit extending from 
Beaver Rock to Shoulder Point. 

 
 9. MAAROOM TO COWRA POINT 

Water flow in the Great Sandy Strait between 
Maaroom and Cowra Point is predominantly to 
the south. The shore is flanked by sand and 
mud flats and cut by tidal creeks. Five streams 
have their catchments on the coastal lowlands 
landward of the shore. The shoreline from 
Tinnanbar to Cowra Point provides examples 
of rapidly eroding siltstone-mudstone headland 
structures. 
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PRINCIPAL COMPARTMENTS COASTAL TRACTS 

10. COWRA POINT TO INSKIP POINT 
The tract of coast from Cowra Point to Inskip 
Point includes the delta of Tin Can Inlet with 
its assemblage of sand and mud flats, tidal 
creeks and, secondarily, the estuary of Kauri 
Creek. To seaward the river deltas are 
truncated by southerly water flow through the 
Great Sandy Strait in the lee of Fraser Island. 

 
11. INSKIP POINT TO DOUBLE ISLAND POINT 

Open beach changes from sheltered coast in 
the lee of the Double Island Point spit through 
reflective to transitional beach morphology 
with distance north. The beach is backed by 
high dunes cliffed along their seaward margin. 
The dunes are increasingly active with 
distance north to a large blow-out close to 
Rainbow Beach. Further north to Inskip Point 
the dunes impound backbarrier flats and 
estuarine lowlands. 
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3. Sea-level rise and the Coasts 

The Mechanics of Sea-Level Rise 
The IPCC Fourth Assessment Report indicates that global sea-level rises are 
projected to be between nine and 88 centimetres. However, they have noted that 
these levels will vary from region to region (IPCC 2007). The main causes of these 
sea-level rises are numerous and don’t always derive directly from local sources, but 
rather a global net effect. The two key processes are thermal expansion and mass 
exchange.  
 
Thermal expansion occurs when the surfaces layers of the oceans’ waters heat up 
giving the water molecules more energy to move further away from one another and 
thereby expanding the volume of water. In the same way that increasing the volume 
of water within a glass moves the water further up the sides of the glass, so does 
the water in the ocean. Mass exchange is the process where land based glaciers and 
ice-sheets melt. The water flows into the ocean and increases its volume. Both 
thermal expansion and mass exchange produce sea-level rise by increasing the 
oceans’ volume.  Further, both processes are the result of increasing global 
atmospheric temperatures.  
 
Global average sea-level rise from 1990 to 2100, using a high (A1FI) emissions 
scenario have been modelled. As seen in Figure 1, global average sea-level is 
projected to rise between 23cm and 83cm by 2100. All of these sea-level rises will 
have an enormous impact on coastal communities in the Burnett Mary Region. 
 
 
 
 
 
 

 

 

 

 

 

Figure 1 - Global sea-level rise projection 
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Coastal formation 
A number of factors determine the way in which a coast forms, such as wind and 
current direction, exposure to wave action, the material that a shoreline is made of, 
the sea-level and the flushing of sediments from river systems. The presence of 
these factors and the coastal processes that accompany them enable coastal 
formation to occur. Any disruption or change in these processes will bring about a 
change in the coastline as it currently stands. 
 
Anthropogenic factors also play a part in sculpting the type of coastal environments 
we see now and will see in the future. Beach groynes, revetment walls, marinas, the 
damming of river systems, the dredging of channels, the diversion of sand from one 
place to another and the development of coastal infrastructure can all potentially 
alter the formation of our coastlines. 
 
The onset of climate change, including sea-level rise, will tend to exacerbate 
detrimental impacts associated with these coastal developments. 
 

Material movement and exchange 
The way in which a coastline forms is dependent on the coastal processes at play 
and the availability and type of materials in the system. For example, the Fraser 
Island – Hervey Bay coastal area has formed as a result of three sand transport 
systems, the area’s proximity to the continental shelf and the existence of rock 
outcrops to anchor the sand formations. 
 
The impacts of climate change will threaten the continued maintenance and stability 
of these formation processes through sea-level rise, altered wind patterns and wave 
action and reduced sediment loads from local river systems, namely the Mary and 
Burnett Rivers, due to reduced rainfall and runoff. The Fraser Island - Hervey Bay 
estuary is known as a shoreline divergent estuary and has been formed from fluvial 
sediments principally from the Mary River that have accumulated behind the barrier 
of Fraser Island. 
 
Sea-level rise will increase the erosion of material from the coastline and will disrupt 
the current equilibrium between erosion and accretion. In this situation erosion 
becomes dominant and coastal regression results. 
 

Longshore Drift (or Littoral Drift) 
A small percentage of sediment from the East Australian Sand River enters Hervey 
Bay from the southern end of Fraser Island through the Wide Bay Harbour Inlet. This 
sand is then deposited within the Sandy Strait and Hervey Bay area. Figure 2 
provides an overview of the movement of materials into and out of the Great Sandy 
Strait estuary in relation to the beaches in Hervey Bay and the channel. 
 
The East Australian Current is a sediment dispersal mechanism that moves sand and 
other sediments south along the eastern coast of Australia. This current interacts 
with the tidal waters of Hervey Bay and introduces sediment to the Fraser Island - 
Hervey Bay coastal area from the north.  
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Figure 2 - Sediment transport paths for the Sandy Strait area 

Sediment from the Mary and Burnett Rivers    
The Mary River introduces a large volume of fluvial sediment to the western side of 
the Strait which is flushed into Hervey Bay and southward into Sandy Strait (Boyd 
2008). A decrease in river sediment supply due to a decrease in rainfall and 
subsequent runoff may result in less fluvial sediments entering Hervey Bay and the 
Sandy Strait, thereby reducing the amount available for shoreline accretion. 
 
Some believe that if the damming of the Mary River decreases the environmental 
flows entering the Sandy Strait, it may also act to decrease the volume of fluvial 
sediments, thereby reducing the sediment available for accretion. A reduction in 
runoff will also have a major impact on the nutrient levels within Hervey Bay and the 
Sandy Strait, with potentially damaging results for estuarine plant and animal 
communities.   

Shoreline structure – material, elevation and location 
The type of material that a shoreline is made of has a great influence on the speed 
that the shoreline erodes and retreats. The Burnett Mary Region consists of a variety 
of shoreline materials that can potentially erode at different rates. For example, the 
sandy beaches of Hervey Bay will potentially erode and retreat at a faster rate than 
the rocky shorelines of Bargara. However, the material a beach is made of is not the 
only factor determining a coastline’s propensity for erosion. The elevation of the hind 
dunes also influences the speed of coastal retreat. The coastal areas of Burrum 
Heads, Toogoom and Dundowran have hind dune areas at a lower elevation than the 
foredune and in some cases lower than the beach itself. In these instances only a 
narrow beach and dune system is available to protect these coastal areas from 
flooding. 
 
The location of the beach is of great importance in determining its erodibility. For 
example, the coastal areas of Hervey Bay are largely sheltered from the full force of 
the Pacific Ocean by Fraser Island and are therefore in a low wave energy system. 
These low energy systems result in slower rates of coastal erosion.  In this instance 
it should be mentioned that low energy systems also result is reduced material 
(sediment) movement and exchange, resulting in slower beach formation or 
accretion. 
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4. Sea-level R ise and Shoreline Retreat in Hervey Bay and the Great 
Sandy Strait Estuary 
 
Sea-level rise and shoreline position projections (shown below) were developed 
using the HadCM3 Global Circulation Model. Two green house gas emission scenarios 
were applied using mid range (A1B emissions scenario and mid level of climate 
sensitivity to CO2) and high range (A1FI emissions scenario and high level of climate 
sensitivity to CO2). This provides an indicative range of sea level rise and potential 
shoreline retreat for the purpose of identifying vulnerable areas and adopting long 
term adaptive responses.  
 
The high, low and mean shoreline values express the range of uncertainty in actual 
shoreline position introduced by the random nature of storms. The mean expresses 
the average shoreline position. There is a 5% probability that the low or high 
shoreline will be greater than indicated value. That is, the low and high values 
provide a 90% confidence interval for the projected shoreline.   
 
Figures 3 and 4 illustrate conditions of the potential sea-level rise and resulting 
coastal recession in the Hervey Bay area. The two figures illustrate scenarios for 
Urangan and Toogoom. Both areas are in low wave energy systems and all have 
large areas of mudflat extending hundreds of metres seaward. The existence of the 
mudflats reduces the speed at which sand can be moved back onto the beach by 
wave action. As a result sea-level rise and storm surge activity can remove sand 
faster than it can be replenished, thereby causing coastal retreat. In this instance, 
even though the coastlines in these areas are protected from high energy wave 
systems, the subsequent reduction in the speed and amount of sand accretion still 
results in significant coastline retreat. 
 
The data in Table 2 shows the situation for a range of locations on the open 
shorelines of the regional coast as well as for the Great Sandy Strait. Table 3 
provides time-slice scenario projections for these locations for the years for the years 
2030, 2050, 2070 and 2100 generated using hadCM3 model with a A1F1 the High 
Emission Scenario. 
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Table 2 – Scenario Projections of Shoreline Retreat Using SimCLIM 
 
Coastal retreat: 
Possible furthest point of recession from current shoreline by 2100 
(rounded to nearest 5 metres) 

Location Mid Emissions 
A1B 

High Emission 
A1FI 

Tin Can Bay  150m 

Tinnanbar  150m 

Poona  250m 

Maaroom  425m 

Kingfisher Bay  20m 

Urangan 30m 50m 

Torquay 20m 30m 

Tooan Tooan Creek 55m 105m 

Eli Creek 60m 110m 

Dundowran 130m 250m 

Toogoom 190m 390m 

Burrum Heads 170m 340m 
 
 

Table 3 – Time-slice Scenario Projections of Shoreline Retreat Using 
SimCLIM for 2030, 2050, 2070 and 2100 using High Emission A1FI 

Coastal retreat:  
Possible furthest point of recession from current shoreline  
(rounded to nearest 5 metres) 
Location 2030 2050 2070 2100 
Tin Can Bay 30m 55m 90m 150m 

Tinnanbar 30m 55m 90m 150m 

Poona 45m 85m 140m 250m 

Maaroom 75m 140m 240m 425m 

Kingfisher Bay 10m 15m 15m 20m 

Urangan 15m 20m 30m 50m 

Torquay 13m 15m 20m 30m 

Tooan Tooan 
Creek 

25m 40m 55m 105m 

Eli Creek 25m 40m 60m 110m 

Dundowran 50m 90m 130m 250m 

Toogoom 70m 130m 220m 390m 

Burrum Heads 60m 115m 170m 340m 
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Figure 3 Urangan Beach – Coastal retreat from erosion 
 

  

  
HadCM3 model – A1B mid emissions scenario HadCM3 model – A1FI high emissions scenario 

  
Coastal retreat: 
furthest point of recession from current 
shoreline 

Year  
Mid 
Emissions 
A1B 

High 
Emission 
A1FI 

2030 -14m -16m 

2050 -17m -23m 

2070 -22m -32m 

2100 -29m -50m 
 

Urangan foredune height of 1m 



 21 

 
 

 Figure 4 Toogoom Beach – Coastal retreat from erosion 
  

  

 

 

HadCM3 model – A1B mid emissions scenario HadCM3 model – A1FI high emissions scenario 

 

 

Coastal retreat: 
furthest point of recession from current shoreline 

Year  
Mid Emissions 
A1B 

High Emission 
A1FI 

2030 -45m -69m 

2050 -81m -129m 

2070 -123m -220m 

2100 -189m -388m 
 

Toogoom foredune height of 0.5m. 
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5. Implications of Costal Flooding and Sea-level R ise 

Coastal Flooding  
 
The greatest impact of sea-level rise will most likely occur during extreme storm 
conditions when strong winds and falling pressure bring about a temporary and 
localised increase in sea-level known as a storm surge (CMAR 2008). Storm surges 
that occur at higher sea-levels will allow waves to penetrate further inland increasing 
flooding, erosion and the destruction of infrastructure and ecosystems (CMAR, 2008). 
Map 2 shows some areas of the regional coast that are most vulnerable to sea-level 
rise and the potential spatial extent of the impact of storm surges. Again, it is 
emphasized that the scale of inundation is indicative only as a course resolution 
digital elevation model (DEM) has been used to display the information. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Map 2 - Potential areas of coastal flood inundation for the Wide Bay  
and Great Sandy Strait.  

 

 

Bundaberg 

Woodgate 

Hervey Bay 

Fraser Island 

Inskip Point 
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Coastal Communities 
Projections of shoreline retreats have been made for a range of locations in the 
Hervey Bay area. In some cases, due to bathymetric characteristics and existing 
shoreline profiles, these projections for retreat are significant – several hundred 
metres for locations such as Burrum Heads, Dundowran and Toogoom. However, 
even the smaller projections of shoreline retreat, for instance at Urangan or Torquay, 
will have an enormous impact on coastal communities. The difficulties and costs 
involved in erosion control and prevention in coastal areas can be very expensive 
and in many instances result in failure. The cost to the community in relocating 
infrastructure, such as roads, houses and industry can be beyond the abilities of local 
economies. In the case of Burrum Heads, Dundowran and Toogoom, coastline 
retreat could inundate a large area of the towns, including hundreds of homes.  
Relocating these homes and associated infrastructure takes time and large sums of 
money and results in the question of “who pays?” 
 
The implications of sea-level rise will be wide-ranging and will not only affect those 
living on the coast, but will heavily impact upon State, National and International 
economies and have both cultural and lifestyle ramifications for many.  Millions of 
people will be affected by the direct and indirect effects of sea-level rise over the 
next century, with around 600 million affected worldwide with a 1m increase in sea-
level (CSIRO 2008).   
 
Some of the implications for coastal communities are as follows: 
 
• The risk of coastal flooding and storm damage increases with sea-level rise as 

less severe storm surges will breach foredune areas with more frequency and 
with greater impact.  The frequency of coastal flooding and storm damage will 
increase as the sea-level increases (CSIRO 2008).  Map 2 is indicative of the 
extent of coastal flooding due to storm surges, with some areas showing 
coastal flooding approximately 0.5 – 1km inland. 

• The loss of coastal biodiversity and ecosystem services will reduce the viability 
of commercial and recreational fishing, coastal tourism (the mainstay of many 
coastal towns and cities in Australia) and the many supporting/service 
industries. 

• The impact on coastal industries, including fishing and tourism, will also affect 
local communities through the loss of employment. The loss of monies 
generated by these industries will heavily impact local and State economies. 

• Salinisation of coastal surface and ground waters will decrease the viability of 
coastal agriculture that is dependent on irrigation from bores. 

• The potential for agricultural land flooded with sea water becoming too salty 
for continued production. 

• Risk of damage and destruction of coastal housing and infrastructure. 
• The massive cost of coastal protection and relocation even for small towns may 

not, in the long-term, prove achievable.   
• Increased risk of water borne diseases and infection during times of coastal 

flooding. 
• The area of liability with regards to coastal erosion and retreat, the 

ramifications of which are only just being discussed and realised i.e. who is 
responsible and who pays. 
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Table 4 provides ‘Google Earth’ images of 12 coastal settlement nodes 
along the regional coastline. The exposure condition and vulnerabilities of 
each are indicated. 
 
Table 4 Selected Coastal Settlement Nodes: Burnett Mary Region Coast 
 
COASTAL NODE CAPTURED GOOGLE IMAGE 
1. AGNES WATERS 
Exposure 
Open N-NE facing beach 
line with rocky headlands 
Condition 
Strong evidence of 
foredune erosion April 
2008. 
Vulnerability 
Cyclone paths, storm surge, 
erosion of dune buffer zone 
Comments 
History of shoreline retreat 
and patterns of accretion 
need to be documented. 
Dune protection provides a 
soft option for adaptation. 
Erosion Prone Width (EPW) 
not calculated 
  
 
2. BAFFLE CREEK 
Exposure 
Open N-NE facing breach 
line of shoreline 
Condition 
Strong evidence of historic 
shoreline erosion from 
Google Image 
Vulnerability 
Cyclone paths, storm surge, 
erosion of dune system at 
mouth of estuary, flooding 
Settlement is sited on an 
eroding channel shoreline 
Comments 
History of shoreline retreat 
and patterns of movement 
at mouth of estuary need 
to be documented. 
Any future settlement 
pattern needs to be sited 
on elevated areas removed 
from flood and storm surge 
risk  
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EPW not calculated 
 
 
3. MOORE PARK BEACH 
Exposure 
N-NE facing shoreline 
Condition 
Strong evidence of historic 
shoreline erosion 
Vulnerability 
Cyclone paths, storm surge, 
erosion of dune system at 
mouth of creek, flooding of 
swale to west of settlement 
Comments 
History of shoreline retreat 
and patterns of movement 
of mouth of estuary need 
to be documented. QBPA 
report accretion and 
erosion in order of 60 m 
(1948-82) 
EPW 125m 
  

 
 
 
4. BURNETT HEADS 
Exposure 
Open N-E-NE facing 
shoreline-rock and pocket 
beaches 
Condition 
Highly engineered river 
mouth 
Eroding pocket and 
perched beaches 
Vulnerability 
Cyclone paths, storm 
surge, flooding 
Comments 
Training walls built 1901, 
1956-59 
Dredged channel 
QBPA report accretion and 
erosion Mon Repos (1956-
82) 
EPW 15-70m 
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5. WOODGATE BEACH 
Exposure 
Open NE facing sandy 
shoreline 
Condition 
Eroding beaches and 
retreating buffer zone 
Vulnerability 
Cyclone paths, storm surge, 
flooding 
Subdivisions in flood prone 
areas 
Comments 
Evidence of erosion of 
foredune April 2008 
QBPA report fluctuation in 
position of shoreline(1954-
86) 
EPW 30m beach and 400m 
estuary of Lagoon and 
Theodolite Creeks 

 

 
 
 
6. BURRUM HEADS 
Exposure 
Open E-NE facing sandy 
shoreline-rock walls 
Condition 
Eroding beaches and 
retreating buffer zone 
Vulnerability 
Cyclone paths, storm surge, 
flooding 
Subdivisions in flood prone 
areas 
Comments 
Rock walls constructed 
1948-86 
Evidence of eroding 
shoreline April 2008 
QBPA report shoreline 
accretion (1948-86) of 6-25 
m 
EPW 25-105m beach and 
400m estuary  
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7. TOOGOOM 
Exposure 
Open NE facing sandy 
shoreline-rock walls 
Condition 
Eroding beaches and 
retreating buffer zone 
Vulnerability 
Cyclone paths, storm surge, 
flooding 
Subdivisions in flood prone 
areas 
Comments 
Rock walls constructed 
1948-82 
Evidence of eroding 
shoreline April 2008 
QBPA report shoreline 
accretion of 80m (1948-86) 
of 6-25 m 
EPW 75-120m beach and 
400m estuary  
 

 

 
 

8. MAAROOM 
Exposure 
Sheltered E facing 
sandy/muddy tidal flats 
Condition 
Eroding beaches and 
retreating buffer zone 
Vulnerability 
Cyclone paths, storm surge, 
flooding 
Subdivisions in low 
lying/flood prone areas 
Comments 
Evidence of eroding 
shoreline April 2008 
EPW not calculated  
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9. BOONOOROO-TUAN 
Exposure 
Sheltered E facing 
sandy/muddy tidal flats at 
Tuan  
NE facing course sand and 
gravel tidal flats at 
Boonooroo 
Condition 
Eroding shoreline and 
retreating buffer zone 
Vulnerability 
Cyclone paths, storm surge, 
flooding 
Subdivisions in low 
lying/flood prone areas 
Comments 
Evidence of eroding 
shoreline April 2008 
EPW not calculated  

 
 
 
 

10. POONA 
Exposure 
Sheltered E facing 
sandy/muddy tidal flats at  
Condition 
Eroding shoreline and 
retreating buffer zone 
Vulnerability 
Cyclone paths, storm surge, 
flooding 
Subdivisions in low 
lying/flood prone areas 
Comments 
Evidence of eroding 
shoreline April 2008 
EPW not calculated  
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11. TINNANBAR 
Exposure 
Sheltered N facing sandy tidal 
flats and mudstone /silt stone 
cliffs  
Condition 
Eroding shoreline and 
retreating buffer zone with 
material moving offshore to 
the east 
Vulnerability 
Cyclone paths, storm surge, 
flooding 
Subdivisions on erosion prone 
cliff areas 
Comments 
Evidence of eroding shoreline 
April 2008 
EPW not calculated   

 
 
 

12. TIN CAN BAY 
Exposure 
Sheltered E facing 
sandy/muddy tidal flats  
Condition 
Eroding shoreline and 
retreating buffer zone 
Vulnerability 
Cyclone paths, storm surge, 
flooding 
Subdivisions in low lying/flood 
prone areas 
Comments 
Evidence of eroding shoreline 
April 2008 
EPW not calculated  
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Coastal and Marine Biodiversity 
 
Perhaps the most far reaching and long-term implications for the biophysical 
environment will involve reductions in marine and coastal biodiversity and ecosystem 
services as a result of sea-level rise. The coastal and marine environment of the 
Burnett Mary Region has been noted as containing a wide range of habitats, such as 
coral reefs, continental shelves and substrata consisting of rock, sand and mud. The 
region also contains several protected areas, such as the Great Barrier Reef, Great 
Sandy Strait and RAMSAR sites and a wide range of species at risk of extinction.   
 
An extensive list of the marine biota and vulnerability ratings was developed using 
the EPBC Act search tool (2004) and the IUCN Red List (2007). In a report prepared 
for the BMRG, Kirkwood and Hooper (2004) found that while most coastal and 
marine species are vulnerable to anthropogenic pressures, such as development, 
fishing and dredging, they are also susceptible to climate change through habitat 
change or loss. 
 
Sea-level rise and coastal flooding will increase coastal erosion and inundate many 
coastal wetlands and lowlands, including mangrove communities. We will see the 
collapse of systems unable to tolerate an expansion of the marine environment, 
specifically the loss of mangroves, wetlands and the modified distribution of 
estuarine-dependent fish and bird species (Australian Academy of Science 2008).  
 
Beaches are home to millions of micro, miso and macro benthic invertebrates that 
filter the sand keeping it clean and that act as the basis for the food chain in many 
coastal ecosystems. Arguably, if these organisms were adversely impacted by sea-
level rise, so would be the many dependent fish and bird species. 
 
Reef-building corals are found in coastal waters off the Burnett Mary and play an 
important role in ensuring the continued survival of the reef and creating habitats for 
many marine species.  However, these corals are already subject to many pressures 
that influence their survival and distribution including increased sedimentation, light 
levels and temperatures. In a report prepared by Hoegh-Guldberg et al (2007) it was 
acknowledged that sea-level also plays a role in determining the distribution of the 
corals in terms of suitable water depth. They fear that unhealthy or weak populations 
of coral will not cope and will be unable to grow at a rate sufficient to survive 
increasing sea-level. 
 
Many species of fauna utilise the coastal zone for breeding purposes, with the 
endangered Loggerhead Turtle being a good example.  Frequent and significant 
losses of the dune system through erosion would severely impact upon the 
populations and distributions of a number of species. This could also lead to a 
decrease in breeding events or the migration of species to more suitable regions. 
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6. Coastal Nodes: Liability, Lit igation and Risk Reduction 

Questions of Liability and Litigation 
A number of questions arise when considering the projected impacts of climatic and 
population pressures on the physical environment and pattern of settlement in the 
coastal nodes of the Burnett Mary Region. Specifically, questions such as:  

• Where are the most vulnerable areas and what has been done to document 
them?  

• What is being done to address the hazards and risks associated with 
vulnerable coastal areas within or abutting the coastal settlement nodes?  

• How vulnerable are Local Government Authorities to litigation arising from 
past land alienation and development approval processes? 

• What would be the order of costs from litigation if Regional Councils were to 
stop development in vulnerable coastal areas and who would have to meet 
these costs? 

• How do governments proactively consider climate change impacts when 
approving new development and the possibility of subsequent litigation when 
impacts occur? 

• How do governments manage developers and home owners who will not 
support climate change caveats on current or new development? 

It is apparent that all spheres of government, non-government organisations and 
civil society need to clearly articulate their concerns, needs and desired outcomes in 
relation to managing climatic variability and climate change. This articulation of 
needs and outcomes is necessary to ensure that requirements to address liability and 
litigation issues arising vulnerabilities extreme weather events and climate change 
are realistic, reasonable and relevant to the geographic situation and available 
resources. This approach will only be feasible if appropriate multifaceted risk 
assessment is undertaken and the results utilised to determine the nature and extent 
of options that are available and relevant to different land uses and the provision of 
supporting infrastructure. 

Without doubt there is a need to assess risks and determine how best to reduce the 
threats and risks along the coastal margins of the Mary Burnett Region that could 
arise from:  
 
• the inherent natural vulnerability of the coastline;  
• the human induced pressures and problems arising from pattern of 

settlement; and  
• the current siting of infrastructure.  
 
The current level of vulnerability of the settlement and infrastructure is directly 
attributable to the pattern of settlement which as a product of State and local 
planning regimes has allowed residential, commercial, industrial and recreational 
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buildings to be built in low-lying areas that are at risk from flooding, storm surge and 
sea level rise.  
 
As the life of buildings and infrastructure is, in most cases, between 50 and 75 years, 
the imbedded built environment including supporting urban development that is 
either constructed or is now approved to be constructed will still exist at the time 
when there is likely to be greater impacts from severe storms of increasing intensity, 
accelerated sea level rise, and higher incidents of cyclonic and severe weather 
induced storm surge. This situation raises important questions with respect to the 
type and levels of liability that relate to buildings, infrastructure that is at risk and the 
potential for litigation. The issues of liability and litigation also relate to people who 
are either housed or work in vulnerable areas or use the areas for recreation 
purposes.  
 
Liability issues arising from the risks associated with the vulnerability of the coastal 
zone of the coastal margins of the Burnett Mary Region (encompassing the nodal 
settlements along the shorelines of the Great Sandy Strait, Hervey Bay and Wide 
Bay) can be overviewed through the consideration of eight broad interconnected 
areas of issue, as follows. 
 
• Land Alienation The historic pattern of land alienation along the coastline and 

rivers. This pattern of alienation either followed initial rural settlement and 
the subsequent breaking up of farming and pastoral properties and/or the 
specific allocation of Crown Lands for purposes of urban settlement at 
selected nodes. 

 
• Land Tenure Processes Specifically, tenure processes where-in leasehold 

property was converted to freehold allotments. Often this has been done with 
out reference to the topography and physical condition of the site being 
subdivided or re-allocated. As a result many areas that are subject to periodic 
flooding or are prone to shoreline erosion have been made available for 
development. 

 
• Planning Regimes In the past, State and local government planning regimes 

have been geared to meet the demands of the land development industry. 
Historically, this was done with scant regard to the environmental conditions 
(biophysical, social, economic and cultural). Although this situation of lack of 
environmental assessment within the context of the planning regime has 
changed local governments have a legacy of approved developments in areas 
that are vulnerable to climatic and related environmental changes.  

 
• Settlement Patterns The current and emerging settlement patterns in the 

coastal zone are often not in sympathy with the density of the population, the 
type of built environment that has emerged, the configuration of optimal 
access routes, the level of vehicle movements, visual and public amenity; and 
health, safety and comfort considerations. 

 
 
 
• Buildings Liability relating to the built environment ranges from matters 

pertaining to damage from severe weather events to the long term break 
down of material and fittings prior to the expiration of warranty. Building 
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code issues also arise with respect to foundations that could be affected by 
rising water tables bringing up salt. Additionally, there are the human risk 
issues arising from dislodged fittings, roofs being blown away and the 
exposure of cars during hail storms. 

 
• Infrastructure Provision of public infrastructure by way of roads and 

pathways, sewage reticulation and treatment; facilities and shore protection 
works. This is addressed in greater detail in Working Paper 2. 

 
•  
• Personal Exposure. Some sites within coastal nodes exhibit a range of 

hazards that could give rise to litigation as a result of accidental injury or 
even death. This includes eroding cliff faces, sand bars in shallow water, and 
flood-ways that are subject to flash flooding. 

 
Again it is emphasised that the approach used to indicate the areas of potential 
liability and litigation is indicative only. Further, the topic of liability and litigation in 
relation to the effects of climatic variability and change is highly viewed and is one 
that needs special attention in its own right.   
 
 
7. Towards Best Practice: Enhancing the Role of Local Government 
in Adapting to Climatic Variability and Change in the Coastal Zone 
 
Local Government Authorities (LGA’s) have a key role to play in responding to 
climatic variability and climate change and the suite of associated environmental 
changes such as extreme weather events, storm surge and sea level rise. Overseas 
experience has shown that effective responses should incorporate risk reduction 
approaches. Basically, this entails embedding climate change adaptation into the 
policies, strategies and plans of councils, irrespective of their geographic size and 
population (eg Urich and Warrick 2005; Warrick 2006). 
 
Under the terms of Queensland legislation, the Gladstone, Bundaberg, Fraser Coast 
and Gympie Regional Councils have a mandated community governance role, 
regulatory and planning powers, responsibilities in relation to disaster management, 
ownership of local infrastructure, and a broad involvement in environmental and 
health guardianship. In this context, the four LGA’s making up the coastal margins of 
the Burnett Mary Region are well positioned to facilitate a range of ‘no regrets’ 
responses to climatic and associated environmental changes because the Councils 
variously:  
 

• undertake strategic and statutory urban and peri-urban planning;  
• control development processes and regulate building;  
• regulate public and private activities that have an environmental impact;  
• provide public infrastructure including roads and recreational areas;  
• control and manage water supply;  
• manage solid and liquid waste emanating from residental, recreational, 

business and industrial activities; 
• administer aspects of public and environmental health; 
• manage natural resources including vegetation protection in relation to 

private property and conservation and biodiversity reserves;  
• manage shoreline areas including coastal nature and recreational reserves; 
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• provide and manage community infrastructure and services;  
• facilitate economic development and foster new and expanding business 

enterprises; and  
• take a lead role in contingency management in relation to natural hazards 

(bush fire, flooding and extreme storm events). 
 

All of the aforementioned roles and responsibilities can be affected by climatic 
variability and climate change including the short term impacts of storm surge and 
the longer term more insidious effects of sea level rise. The development and 
agreeing to a broad regionally orientated strategic partnership approach, 
tailored to the geographic and demographic realities of the Burnett Mary Region, is 
viewed as an essential first step in equipping the Gladstone, Bundaberg, Fraser Coast 
and Gympie Regional Councils to adapt to changing climatic and associated 
environmental conditions on their coastlines.  
 
The development of a strategic partnership approach could utilise the Climate 
Change Adaptation through Integrated Risk Reduction (CCAIRR) methodology. This 
methodology (which is summarised schematically in Figure 5) was developed at the 
International Global Change Institute, University of Waikato, in New Zealand. The 
CCAIRR approach has been successfully applied at the regional and local levels in 
that country and in the Pacific region (Warrick, 2006). Also, the approach has been 
modified to meet the regional geographic situation of the contiguous South East 
Queensland and Wide Bay Burnett regions. As outlined by White and Waterman 
(2006) and White (2006), CCAIRR has been adopted as a framework for research 
and action at a broad regional scale for the South East Queensland (SEQ) 
Regional Climate Change Adaptation Demonstration Project. This 
Demonstration Project was initiated by SEQ Catchments and is being actioned in 
collaboration with the Burnett Mary Regional Group (BMRG) and other regional and 
local stakeholders. 
 
The underlying premise of CCAIRR is that adaptation to climate change is, in large 
part, a continuous, dynamic process that involves the adjustment of society to risks 
arising from climatic variability and extremes. This premise has two important 
implications.  
 
First, the emphasis on risk makes a seamless connection between longer-term 
climate change and the present-day efforts to reduce vulnerability to short-term 
climatic variability and extremes. This connection provides a “bottom-up” perspective 
on climate change impacts and focuses attention on regional and community 
concerns with, for example, extreme rainfall events and flooding, storm surges and 
coastal flooding and erosion, threats to biodiversity, prolonged drought and 
competing demands for water. Under CCAIRR, the aim is to: empower organisations, 
such as LGA’s, through individuals within the organisation who are able to identify 
and understand the incremental risks as a consequence of future climate change; 
and to promote strategies for adaptation to them. 
 
 
 
Second, by treating adaptation as a dynamic process, CCAIRR incorporates the 
pre-conditions (or adaptive capacity) that are necessary to make decisions and take 
specific actions (e.g. building floor heights for flood risks, set-backs for coastal 
development).  
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Figure 5: Climate Change Adaptation through Integrated Risk Reduction 
(CCAIRR) after Warrick (2006) 
 
 
As shown in Figure 5, CCAIRR is based on an understanding that five 
interconnected major components are required to promote implementation of 
adaptation measures:  
 
• Data, knowledge and tools as a basis for understanding change and its 
effects. 
 
• Risk assessments using the data, knowledge and tools to create information 
relevant to policy and decision-making. 
 
• “Mainstreaming” creating an enabling decision making environment through 
incorporation of climate change issues in policies, plans and strategies. 
 
• Evaluation and monitoring to ascertain how well actions are meeting 
expected outcomes over time and to allow for change of action. 
 
• Awareness and capacity building to empower individuals and organisations 
to carry out the adaptation process on a sustainable basis. 
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Figure 6: Four Stages to the implementation of CCAIRR from Warrick 
(2006) 
 
 
Conceptually, implementation of CCAIRR involves applying this template in an 
iterative fashion, in four stages, as illustrated in Figure 6: 
 
• Stage 1:  Scoping.  For each of the components of CCAIRR, this stage involves 
an assessment of the current situation and capacities. This ensures that the feedback 
from the evaluation and monitoring is used progressively to inform each stage.  
 
• Stage 2:  Diagnosis.  This stage involves the identification of the gaps within 
each component, as well as the barriers and impediments that prevent the effective 
flow or application (the arrows in Figure 5) of each component in promoting 
adaptation. 
 
• Stage 3:  Strategy:  At this stage, options are identified and a strategy 
formulated for filling the gaps and lifting the barriers that impede the adaptation 
process.  
 
• Stage 4:  Implementation:  The final stage involves the implementation of 
the strategy through actions that will realistically address priority issues on a ‘no 
regrets’ basis. 
 
To be successful the Strategic Partnership Approach needs to be developed 
through collaborative action between the four LGA’s on the coastal margin of the 
Burnett Mary Region together with State Government departments and agencies, the 
BMRG and community stakeholders. 
 
 
8. Summing Up 
 
As part of South East Queensland, the Burnett Mary Region has been identified as 
being highly vulnerable to the effects of climate change (IPCC 2007), with sea-level 
rise and increased storm surge activity of particular concern. Coastal vulnerability has 
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been exacerbated by an explosion in coastal development and population growth, as 
well as a lack of understanding of the potential dangers imposed by climatic 
variability, extreme events and sea-level rise. 
 
This paper has provided projections of potential sea-level rise and the associated 
impacts on the Burnett Mary Region. The mechanics of sea-level rise and coastal 
formation have been discussed and a series of sea-level rise and coastal retreat 
projections have been calculated. By developing an understanding of the trends of 
sea-level rise and coastal retreat the extent and location of both anthropogenic and 
natural vulnerability can be realised. The degree of vulnerability and the time scales 
involved express the urgent need for the development and implementation of 
adaptive planning measures. 
 
Sea-level rise and shoreline retreat projections have been developed for coastal 
locations along the Fraser Coast.  Sea-level rise and shoreline position projections 
were developed using the HadCM3 Global Circulation Model. The projections assume 
mid range (A1B emissions scenario and mid level of climate sensitivity to CO2) and 
high range (A1FI emissions scenario and high level of climate sensitivity to CO2). 
This provides an indicative range of sea level rise and potential shoreline retreat for 
the purpose of identifying vulnerable areas and adopting long term adaptive 
responses. The mid range scenario projects sea level rise of 41cm by 2100, while the 
high range values project a rise of 87cm by 2100.  
 
Tables 2 and 3 summarises the projections of shoreline retreat for selected 
locations along the Fraser Coast where adequate data was available to conduct an 
analysis. With in this context of eroding shorelines, Figures 3 and 4 illustrate what 
projected coastal retreat could look like at Toogoom and Urangan. 
 
Coastal flooding is also of great concern as its impact is magnified by sea-level rise.  
The risk of coastal flooding and storm damage increases with sea-level rise as less 
severe storm surges will breach foredune areas with more frequency and with 
greater impact.  The frequency of coastal flooding and storm damage will increase as 
the sea-level increases.  A number of coastal flooding maps have been produced to 
detail possible areas of greatest impact along the Burnett Mary Region coastline. 
 
Work to date on the vulnerability of the coastal nodes along the Fraser Coast 
including the Great Sandy Strait has found that the implications of sea-level rise will 
be wide-ranging. Further, they will not only affect those living on the coast, but will 
heavily impact upon State, national and international economies. As such, they will 
have both cultural and lifestyle ramifications for many.  Some of the implications of 
coastal vulnerability including the long term effects of sea-level rise are: 
 

• the degree of erosion will be greater than the accretion, resulting in shoreline 
retreat; 

• the loss of coastal biodiversity and ecosystem services; 
• an impact on coastal industries, including fishing and tourism; 
• the salinisation of coastal surface and ground waters and the loss of 

agricultural land; 
• risk of damage and destruction of coastal housing and infrastructure; 
• the massive cost of coastal protection and loss of infrastructure; 
• increased risk of water borne diseases and infection; 
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• risk of liability with regards to coastal erosion and retreat; 
• the collapse of coastal ecosystems unable to tolerate an expansion of the 

marine environment including coastal wetlands, mangroves, coral reefs and 
beaches; and 

• huge loss of biodiversity as the inundation of coastal wetlands, mangroves and 
coral reefs will result in the loss of thousands of coastal and marine plant and 
animal species that are unable to cope with a quickly changing environment. 

 
From the evidence provided, it can be concluded that large sections of the coastline 
of the Burnett Mary Region is vulnerable to sea-level rise and coastal recession and 
will likely be significantly impacted over the next century.  
 
Arguably, a process is needed to support the ongoing research and information 
dissemination with regard to the vulnerability of the regional coastline. It is vital that 
the community is made aware of the potential impacts of sea-level rise and the 
urgency in taking action. The immediate development and implementation of 
adaptive management measures will be necessary to avoid or mitigate the worst of 
the impacts arising from climatic variability and change. The following conclusions 
are highlighted: 
 

• The presence of coastal mudflats and low wave energy systems slows the 
recovery rates of coastlines after erosion events.  This indicates that the 
equilibrium between shoreline erosion and accretion will be disrupted in favour 
of erosion in these areas due to the influence of climate change.  If erosion is 
greater than accretion then it will result in shoreline retreat. 

• The projection and/or erosion of coastal infrastructure may cost coastal 
economies more than they have the ability to afford. 

• The erosion of coastal ecosystems will have an enormous impact on coastal 
and marine biodiversity and will have many long-term and far reaching effects 
at National and international scales. 

• The impact of storms and cyclones will also intensify with sea-level rise 
allowing storm surges to reach further inland, creating much greater 
destruction than at current sea-levels. 

• Sea-level rise and coastal flooding will have an enormous impact on coastal 
and marine ecosystems, including coastal wetlands, mangroves, coral reefs and 
beaches. 

• The impact on coastal wetlands, mangroves and coral reefs will result in the 
loss of thousands of coastal and marine plant and animal species that are 
unable to cope with a quickly changing environment.  

 

Matters for Further Consideration 
A proactive process needs to be developed whereby sea-level rise and coastal retreat 
projections, as well as adaptive planning mechanisms, can be reviewed and 
supported. This will need to be a new process that will be “here for keeps” as the 
problems will not diminish.  
To be effective the process will need to be recognised and receive the support of the 
State Government as well as other research groups. Such a process is needed to 
ensure the protection and ability of Local Governments, State Government agencies 
and NRM groups to make projections, achieve consensus and to communicate these 
findings to the broader community.   
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At present coastal development is proceeding unchecked with regards to future 
climatic variability and change including sea-level rise and coastal flooding.  
Enormous sums of money are still being invested in urban, residential, recreation 
facilities, industrial plant and equipment as well as supporting infrastructure in areas 
that are likely to be inundated over the next 50 to 100 years.  The unchecked nature 
of this development appears to be proceeding due to the lack of knowledge and 
understanding of the impact of climate change, sea-level rise and the implications 
that this will have on coastal development.   
 
The development of an embedded review process would go part way to enabling 
groups involved in making projections to vet their findings and to communicate them 
with the community in order to increase the levels of understanding and 
preparedness. The lack of time to act and the scale of the problem requires urgent 
adaptive action to mitigate the worst of the damage as a result of sea-level rise and 
coastal flooding. 
 

Further research  
 
This Working Paper provides a demonstration of the possible scale the projected 
impacts of sea-level and coastal flooding in relation to coastal settlement nodes 
along the Burnett Mary Region coastline.  Further research into the impacts of sea-
level rise and coastal flooding is necessary to ascertain a more detailed 
understanding of how this will affect both the human and natural systems existing in 
these coastal areas. A more detailed understanding will be necessary to properly 
inform the development and implementation of adaptive planning measures and to 
prioritise the accurate investment of funds. 
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