
Reforming planning processes: 
Rockhampton 2050 pilot
Final Report

Penelope-Jane Fry and Sam Williams





 

 

 
 
 
 
 

REFORMING PLANNING PROCESSES: 
ROCKHAMPTON 2050 PILOT 

 
Local Government Climate Hazard Risk 

Management Toolkit Study 
 

Rockhampton Regional Council 
 

 
 

AUTHOR 
Penelope-Jane Fry (Regional Economic Statistics) 

Sam Williams (Rockhampton Regional Council) 
  

 



Published by the National Climate Change Adaptation Research Facility 2013 
ISBN: 978-1-925039-90-0   NCCARF Publication 119/13 

 

Australian copyright law applies. For permission to reproduce any part of this document, 
please approach the authors. 

 
Please cite this report as: 
Fry, P-J & Williams, S 2013, Reforming planning processes: Rockhampton 2050 pilot. Local 
government climate hazard risk management toolkit study, National Climate Change 
Adaptation Research Facility, Gold Coast, 196 pp. 

 

Acknowledgement: 
This work was carried out with financial support from the Australian Government 
(Department of Climate Change and Energy Efficiency) and the National Climate Change 
Adaptation Research Facility. 

The role of NCCARF is to lead the research community in a national interdisciplinary effort to 
generate the information needed by decision-makers in government, business and in 
vulnerable sectors and communities to manage the risk of climate change impacts. 

 

Disclaimer: 
The views expressed herein are not necessarily the views of the Commonwealth or 
NCCARF, and neither the Commonwealth nor NCCARF accept responsibility for information 
or advice contained herein. 

 

Cover image © Rockhampton Regional Council 



Reforming planning processes: Rockhampton 2050 pilot       iii 

 

TABLE OF CONTENTS 
 

ABSTRACT .................................................................................................................. 1 

ACKNOWLEDGEMENTS ............................................................................................ 2 

EXECUTIVE SUMMARY .............................................................................................. 3 

1. OBJECTIVES OF THE RESEARCH .................................................................. 5 

1.1 Core Research Problem ................................................................................. 5 

1.2 Report Structure ............................................................................................. 5 

1.3 Benefits .......................................................................................................... 5 

2. RESEARCH ACTIVITIES AND METHODS ....................................................... 7 

2.1 Introduction ..................................................................................................... 7 

2.2 Methodology ................................................................................................... 7 

2.3 Case Study Context ........................................................................................ 9 

2.4 Limitations .................................................................................................... 10 

3. RESULTS AND OUTPUTS .............................................................................. 12 

3.1 Principle Findings ......................................................................................... 12 

4.  DISCUSSION ........................................................................................................ 14 

5. GAPS AND FUTURE RESEARCH DIRECTIONS ........................................... 16 

REFERENCES ........................................................................................................... 17 

APPENDIX 1A: PROJECT OVERVIEW BRIEF .......................................................... 19 

APPENDIX 1B: PRIVACY NOTE .............................................................................. 24 

APPENDIX 2:  RESEARCH DESIGN AND PHILOSOPHY DETAIL........................... 25  

APPENDIX 3:  WORKSHOP 1 AGENDA .................................................................. 29 

APPENDIX 4: WORKSHOP 2 AGENDA ................................................................... 33 

APPENDIX 5:  SYNTHESIS OF COMMON BARRIERS TO ADAPTATION PLANNING 
AND IMPLEMENTATION BY LOCAL GOVERNMENT............................................... 37 

APPENDIX 6:  WORKSHOP QUOTES AND NOTES.................................................. 38 

APPENDIX 7:  POINTS OF DIFFERENCE BETWEEN LOCAL GOVERNMENT 
CLIMATE ADAPTATION GUIDES AND RISK GOVERNANCE TOOLS................... 42 

APPENDIX 8:  SECONDARY RESEARCH OUTPUTS AND RESULTS TABLE....... 43    

APPENDIX 9: REFORMING PLANNING PROCESSES TRIAL - ROCKHAMPTON 
2050 TECHNICAL REPORT ...................................................................................... 46 

APPENDIX 10: AURECON FITZROY RIVER FLOOD STUDY ................................ 196 

 
 
 
 



iv        Reforming planning processes: Rockhampton 2050 pilot 

 

LIST OF FIGURES 
Figure 1: The sub-routine of each phase in the research .............................................. 9 
 
 
 
LIST OF TABLES 
Table 1: Further research and reforms priority table ...................................................... 4 

Table 2: Further research and reforms priority table .................................................... 16 
 
 
 
 
 
 
 
 
 
 
 

  



Reforming planning processes: Rockhampton 2050 pilot       1 

 

ABSTRACT 
This report stems from a larger research project that aimed to determine and 
demonstrate/trial how existing urban planning principles and practices could 
accommodate climate change and the uncertainty of climate change impacts for a 
“seachange” region.   
 
This report pertains to a component of the research.  The research problem that is the 
focus of this report is specifically to: “Develop a mechanism and process to enable the 
mainstreaming of climate change adaptation within local government.”   
 
An applied research case study was undertaken to address the research problem 
through a collaboration between researchers and practitioner experts working in local 
government and related institutions.  The location of the research was the 
Rockhampton Region and the Rockhampton Regional Council (RRC) served as the 
host for the research.  The region is exposed to multiple climate hazards including 
flooding, storm surge, bush fires, wind (including cyclones), and sea level rise.  The 
case study period spans the period August 2011 to the end of 2012. 
 
Practitioners and stakeholders engaged were found to express confidence in the ability 
of existing urban planning practices and principles to accommodate and respond to 
climate change, but indicated that reforms in the governance of spatial modelling (i.e., 
the centralised generation and provision of data such as climate model information, 
together with user support for local councils) and a handbook for integration within risk 
management frameworks were required for mainstreaming.   
 
A companion Handbook was developed in collaboration with practitioners as part of the 
research.   
 

Climate Hazard Risk Management in Local Government: A strong framework 
and simple process to support technical managers and executives (available 
at RCC). 

 
This research report provides a copy of the handbook and contrasts it with other tools 
available to local government to support climate adaptation decision making. 
 
Due to the case study nature of the method, the outcomes are not intended to be 
generalisable or a ‘one size fits all’.   
 
Regional map overlays of climate hazard risks (wind, bushfire, storm-tide, coastal 
erosion and sea-level rise), were developed by Geoscience Australia, and were used 
as a basis for discussion. This research concludes with reform, capacity and research 
recommendations for further exploration of the research problem by practitioners and 
the academic community. 
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EXECUTIVE SUMMARY 
For the purpose of this report, climate hazard risk management refers to the 
coordination of activities to direct and control a Council’s actions with respect to the 
effect of uncertainty about climatic factors on Council objectives.   

The objectives of this project were to determine and demonstrate/trial how existing 
urban planning principles and practices could accommodate climate change (CC) and 
the uncertainty of CC impacts for a “seachange” region.   

Through a case study undertaken by Rockhampton Regional Council and its 
collaborators, the research pursued three objectives:  

1. develop and apply spatial information to trial planning approaches in a ‘real world’ 
situation involving three levels of government and community engagement 
(includes a “brand new town” site evaluation effort); 

2. influence other Councils to take action through producing a mechanism and 
process to enable the mainstreaming of climate change adaptation within local 
government; and 

3. address a critical gap in knowledge by prioritising the need for (and potential 
benefits of) further research and reforms in regulatory, capacity-building, and/or 
other instruments as enablers for the integration of climate change risk assessment 
into planning. 

The project’s overall results show: 
 
1. Overall:  Existing urban planning principles and practices can accommodate 

climate change (CC) and the uncertainty of CC impacts for a “seachange” region if 
the spatial information and mechanisms are optimised to best fit with the 
practitioner’s decision environment. 

2. Development and application of Spatial Information:  With respect to the 
development and application of spatial information, existing urban planning 
principles and practices can accommodate climate change (CC) and the 
uncertainty of CC impacts for a “seachange” region if: 

a. practitioners have confidence in the quality of the spatial information developed; 

b. the visualisation of spatial information employs the risk tolerances and 
likelihoods of the organisation (e.g. if we plan for 1:250 then map 1:250); 

c. the spatial information is developed and visualised in ways that ‘fit’ with the 
decision criteria of as many Council functions as possible (i.e. not only urban 
planning but also emergency management and infrastructure engineering); and  

d. the visualisation of spatial information is designed to be accessible if viewed by 
the general public. 

Further, the research made a finding with respect to the evaluation of new towns.  
The initiation (or discontinuation) of an effort to identify a site for a new town is 
determined by decision criteria other than spatial information of hazard or other 
forms.  Spatial information is thus but one factor in the evaluation of options if a 
brand new town site is being sought.  Examples of other factors may include but 
not be limited to economic, social, environmental and infrastructure. 

3. Mechanism and process to enable mainstreaming:  Practitioners have confidence 
in the ability of existing urban planning practices and principles to accommodate 
and respond to climate change, but indicated that reforms in the governance of 
spatial modelling and a handbook for integration within risk management 
frameworks were required for mainstreaming.   
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The table below posits the need for (and potential benefits of) further research and 
reforms in regulatory, capacity-building, and/or other instruments identified through the 
research as enablers for the integration of climate change risk assessment into 
planning. 
 
TABLE 1: FURTHER RESEARCH AND REFORMS PRIORITY TABLE 
Theme Description Potential Benefits Priority 
Governance • What is the nature and extent 

of capacity of local 
governments to incorporate 
current and future climate 
hazard risk scenarios into their 
risk management frameworks 
and associated decision 
making? 

• A better understanding of 
institutional governance 
capability could provide a 
rich basis for further 
research into what 
mechanisms and processes 
could best mainstream 
climate adaption into local 
government decision 
making. 

Medium 

Reform • Is the absence of a national 
institution that delivers long-
term climate and climate 
hazard modeling Australia 
wide presenting an 
opportunity-cost for 
adaptation? 

• What reform options could 
provide for a central source of 
current and future climate 
hazard modeling needed for 
climate adaptation decision 
making in Australia? 

• Each dollar spent by local 
governments on developing 
and maintaining climate 
models is a dollar they can 
not spend on adaptation 
itself.   

• The Bureau of Metrology 
offers a potential case study.  
What if each local council 
had to maintain and 
generate climate models to 
generate local weather 
forecasts every day? 

High 

Other • Testing of the findings, theory, 
and Handbook produced 
during this research is 
recommended. 

• Research exploring this topic 
is recommended through the 
lens of other (a) 
epistemological and 
ontological frameworks, (b) 
research designs and 
methods, and (c) disciplines. 

• Advancing academic 
research could help improve 
practitioner handbooks and 
practices.  

Low 

 
 
The project has addressed a key knowledge gap while producing a mechanism and 
process, in the form of an example handbook, designed to help enable the 
mainstreaming of climate change adaptation within the existing ‘risk’ governance 
arrangements of local governments.  The results of this case study are not presented 
as a ‘one size fits all’ result, however, and should be treated with caution.  The 
challenges inherent in this problem are important to local government though, and it is 
recommended that it continue to be tackled through further practitioner innovation and 
alternative research methods.  
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1. OBJECTIVES OF THE RESEARCH 
The aim of this project was to determine and demonstrate/trial how existing urban 
planning principles and practices could accommodate climate change (CC) and the 
uncertainty of CC impacts for a “seachange” region.   

Through a case study undertaken by Rockhampton Regional Council and its 
collaborators, the research pursued three objectives:  

1. develop and apply spatial information to trial planning approaches in a ‘real 
world’ situation involving three levels of government and community 
engagement (includes a “brand new town” site evaluation effort); 

2. influence other Councils to take action through producing a mechanism and 
process to enable the mainstreaming of climate change adaptation within local 
government; and 

3. address a critical gap in knowledge by prioritising the need for (and potential 
benefits of) further research and reforms in regulatory, capacity-building, and/or 
other instruments as enablers for the integration of climate change risk 
assessment into planning. 

 

1.1 Core Research Problem 
This study meets the objectives and delivers benefits for Australia’s research priorities 
by addressing the following core research problem: 
 

Develop a mechanism and process to enable the mainstreaming of climate 
change adaptation within local government. 

1.2 Report Structure 
This report is structured into the following sections. Section 2 will describe the 
research activities and methods used, the results and outputs are detailed in 
Section 3, and there is a discussion of major issues raised in Section 4. It will 
conclude with identified gaps and future research directions. The Appendices 
provide essential background information. Appendix 1 outlines the project brief 
and ‘ethical’ conditions that were followed. Appendix 2 describes greater detail of 
the research design. Appendices 3 and 4 provide the agenda’s for workshops 1 
and 2, which is followed in appendix 5 with a synthesis of common barriers to 
adaptation planning and implementation by Local Government. A summary of 
some workshop quotes and notes are presented in Appendix 6, while Appendix 7 
describes some points of difference between the Local Government climate 
adaptation guides and risk governance tools. Appendix 8 provides some 
secondary research outputs and results. Detailed technical overlays of climate 
hazard risks are provided in Appendix 9, and Appendix 10 links to the Fitzroy 
River flood study. 

1.3 Benefits 
Australia needs research to help address the question: “How can the governance of 
urban planning in Australia, including formal and informal rules, nationally consistent 
approaches and guidelines, and locally driven standards and outcomes, and the 
institutions responsible for decision-making, be improved to facilitate planning 
processes and outcomes which incorporate adaptation to climate change?”(Cox et al, 
2012).   
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The benefits of this research sit within the realm of developing and testing a 
mechanism to help inform such governance challenges within a Local Government 
context. 
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2. RESEARCH ACTIVITIES AND METHODS 
This section will outline the research activities and methods employed in order to 
address the central research problem: 
 

Develop a mechanism and process to enable the mainstreaming of climate 
change adaptation within local government. 

2.1 Introduction 
This research project was initiated by Rockhampton Regional Council.  The project 
needed to deliver genuine benefits for the Council while also incorporating the rigor 
necessary for academic research. 
 
In order to best address the research problem while also delivering genuine benefits for 
the Council, the research approach used an applied research descriptive case study, 
guided by the traditions of qualitative academic research in the management discipline. 
 
In essence, this means working alongside the local government team and their 
stakeholders to ‘learn and generate knowledge by doing.’ Through the process of 
collaboratively developing a mechanism and process to enable the mainstreaming of 
climate change adaptation within local government.  Documenting the approach and 
observations generates an evidence base upon which theories may be generated for 
testing through further research.  This is a form of ‘inductive’ applied research. 
 
This contrasts with academic approaches the reader will be more familiar with, where a 
theory or ‘best practice toolkit’ is created upfront and the researcher designs the project 
to test it (‘deductive basic research’). 
 
The approach was deemed best suited to the research problem by the researcher and 
Council team in the spirit of the statement that “a good social science theory of 
organisations explains them, but a managerially useful theory also empowers 
managerial action” (Donaldson, 2002, p.104).   

2.2 Methodology 
The project launched in August 2011 and the research activities were completed at the 
end of 2012.  A six stage method was employed to pursue the research objectives 
within the bounds of the project’s scope, theory, and ethics: 

• Phase 1: Preparation (01/4/2011 – 11/07/2011) 

Activities:  The research team prepared a Project Implementation Plan for the 
overarching ‘Reforming Planning Processes’ project, including detailed options for 
specific aspects of the ‘inductive’ applied research approach to be employed.  The 
development of project briefs (Appendix 1), and other ethics compliance 
mechanisms required for the project were undertaken.  Processes undertaken 
within this phase have been outlined in detail in Appendix 2. 

• Phase 2:  Initial Development (11/07/2011- 25/05/2012) 

Activities:  Existing resources, documents, and expertise required for initiating the 
functional activities of the project were compiled.  This included validation of 
current hazard1 maps held by Rockhampton Regional Council for current climate 

                                                
1 Hazards included flooding, storm surge, sea level rise, coastal recession, severe winds, and bush fires, 
for which the modelling methodology is detailed within the Reports attached in Appendix 9 and 10. 
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scenarios.  Validation was carried out by Geoscience Australia.  Detailed “Current 
Climate” overlays were modelled using the most up-to-date input datasets.  The 
overlay maps produced by Geoscience Australia were used for presentation in 
Pilot Workshop 1. These overlay maps were generated using national cartographic 
symbology adopted by Geoscience Australia.  An agenda and survey were 
designed for Pilot Workshop 1 around the principle of ground truthing with in-house 
experts and select external collaborators. 

• Phase 3:  Pilot Workshop 1 (29/05/2012) 

Activity:  A workshop to present what the research team had initially developed 
with respect to pursuing the research objectives in order to elicit feedback and 
foster additional and ongoing collaboration whilst providing a real world reality 
check.  Agenda provided in Appendix 3. 

• Phase 4:  Revision (29/05/2012 – 7/11/2012) 

Activities:  Revising what the research team had initially developed with respect to 
pursuing the research objectives using output obtained from the workshop and 
survey.  This output was in a form of verbal workshop feedback when presenting 
the overlays, written survey questionnaires and one-on-one interviews.  Within this 
phase academic literature reviews and other document analyses were conducted 
along with further input from practitioners, stakeholders, and experts. 

Draft Development of Climate Hazard Risk Management in Local Government 
Handbook. 

• Phase 5:  Pilot Workshop 2 (8/11/2012) 

Activity:  This workshop was designed to present firstly the developed handbook 
for Climate Hazard Risk Management in Local Government to the invited 
participants.  Feedback from this handbook was documented. 

Secondly, this workshop showcased the Geoscience Australia model future 
climate change scenarios including storm surge, sea level rise, coastal recession, 
severe winds and bushfire. These scenarios were also analysed by Geoscience 
Australia for the ‘new town’ concept and presented at this workshop.  In pursuing 
the research objectives outlined, this workshop generated feedback and fostered 
additional and ongoing collaboration (Appendix 4). 

• Phase 6:  Revision and Theory Building (8/11/2012 to report acceptance) 

Activities:  The researchers produced reports such as the Reforming Planning and 
Processes Trial – Rockhampton 2050 Technical Report (Appendix 9) after refining 
what the research team had developed and building a theory with respect to the 
research objectives using: 

o input from the Pilot Workshops of Phase 3 and 5 and subsequent 
related input (e.g. survey responses and one-on-one interviews); 

o academic literature reviews and other document analyses; and 
o further input from practitioners, stakeholders, and experts. 
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FIGURE 1: THE SUB-ROUTINE OF EACH PHASE IN THE RESEARCH 

 
All phases incorporated a sub-routine of eliciting input from experts and stakeholders 
(illustrated above).  The approach of the research team was to brief the stakeholder on 
the project, invite them to consider the objectives of a research project from their own 
perspective, and then engage them with a type of structured interaction.  For example, 
some stakeholders were unwilling to fill in surveys but willing to review and provide 
comment on drafts, or to go through questions in an interview.  The researchers 
pursued a commitment of accommodating such flexibility in the research in order to 
obtain as much diversity and depth of practitioner and expert input as possible. 

2.3 Case Study Context 
The hazards emerging from both current climate and climate change present significant 
challenges for land use and infrastructure planning, emergency management, and risk 
mitigation across Australia.  This section will outline the rationale behind the use of the 
Rockhampton Region and its Council as the focus of this research. 
 
The Rockhampton Region constitutes the city of Rockhampton, satellite communities in 
the south and west, and multiple sea change communities (as per Burnley and Murphy, 
2004) to the east.   These growing communities form a linear chain of suburbs and 
small towns along the coast and can be classed as “Coastal Lifestyle Destinations” 
(under the typology of Gurran et al, 2005).  Importantly, the areas between the 
Rockhampton City service centre and the seachange and other communities are 
characterised by commuter and freight transport networks traversing expanses of 
undeveloped land vulnerable to flooding and other climate hazards.   

There are multiple benefits from selecting a case study area that includes ‘seachange’ 
communities.  The challenges faced by seachange areas include rapid population 
growth, climate change adaptation, efforts to retain value and character in coastal 
communities while also tackling the legal and insurance risks associated with coastal 
planning (see for example Gurran et al, 2011). 
 
The Rockhampton Region has already experienced severe events arising from natural 
hazards, including cyclonic winds, storm surge, bush fires, and flooding impacts with 
climate change further adding to the vulnerability of the area.   
 
For about five months from late 2009, for example, bushfires affected the region 
including major fires at Mt Morgan, Rockhampton, Yeppoon Road, Koongal, Berserker, 
Lakes Creek and Mt Archer.  Over 200 homes were evacuated and Rockhampton was 
declared a disaster zone.  Between December 2010 and January 2011, the region was 
impacted by significant prolonged and severe flooding.  National highway, rail routes, 
and homes were impacted.   
 
Further, in 2010 the Federal Government’s National Coastal Vulnerability Assessment 
indicated that of the significantly populated Local Government Areas in Queensland, 
the Rockhampton Region is most at risk in terms of total area potentially inundated. 
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As with many councils in Australia, the Rockhampton Regional Council fulfils the needs 
of diverse stakeholders in both day-to-day and longer term responsibilities with finite 
resources and capacity.   
 
This governance and historical natural hazard context presented a significant challenge 
for the planning/climate-science interface, and offers a rich context and important 
insights in regards to the research problem. 

2.4 Limitations 
The design, methods, and context of a research project impose limitations worthy of 
consideration for interpretation and application of its findings. 
 
A ‘good’ case study is undertaken to study a specific case with clear boundaries 
(Creswell, 1997) for which the focus is on the problem, the context, the issues, and the 
‘lessons learned’ (Lincoln and Guba, 1985).  Substantial detail, including meeting 
notes, is provided in order to allow the reader to judge the transferability of the ideas to 
other situations (as per Langley, 1999). 
 
As a descriptive case study, this research is not intended to answer questions of a 
causal nature.  It is exploratory research in a comparatively new area of inquiry within 
the wider diversity of research activities that centre on climate adaptation.  As such, the 
researchers’ focus has been to strive for the findings and outputs of the research to be 
valid for this case.  The project has addressed a key knowledge gap while producing a 
mechanism and process, which help enable the mainstreaming of climate change 
adaptation within Local Government.  The results of this case study are not intended, 
however, for interpretation as generalisable to other contexts or times.  It is not 
intended for a ‘one size fits all’ interpretation.  The challenges inherent in this problem 
are important to Local Government though and every step of progress helps.  
Research within this problem area is needed and is recommended to be further tackled 
through ongoing practitioner innovation and critical studies employing alternative 
research methods. 
 

Further, the project was impacted by the fact that the offers of in-kind contributions of 
resources and expertise were not secured for the Queensland Government’s 
‘Queensland Climate Change Centre for Excellence’ (QCCCE) and CQ University.  The 
project team sought to mitigate the impacts of this as follows: 

• The flood scenarios were to be provided through QCCCE in-kind input.  In lieu 
of it being available, Rockhampton Regional Council adopted the Aurecon 
Fitzroy River Flood Study (‘the Study’) which was completed in 2011 at a cost of 
$350,000 funded by Rockhampton Regional Council.  The Study modelled two 
climate change scenarios for flooding in the Rockhampton Region and was 
deemed to be valid by peer review by Geoscience Australia (Appendix 10).    

• The CQ University input was to be a vehicle for peer review and academic 
expertise during the project.  In lieu of it being available, the project team 
obtained input from other stakeholders and from other research institutions 
(RMIT and CSIRO). 

Still, the implication of this is that the nature of the outputs, results, and findings of what 
became practitioner led research may have differed if the input and differing points of 
view and knowledge (including the local knowledge of CQ University) of the original 
collaborators had been injected into the research. 
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Lastly, the lack of suitable governance framework for climate risk management in cities 
is recognised as a common barrier to adaptation (Gero et al, 2012).  It is, however, only 
one barrier amongst many (see Appendix 5) and the reader should consider the 
relative weight of the topic of this research within the context of their specific situation. 
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3. RESULTS AND OUTPUTS 
The aims of the overarching research project within which this research was conducted 
were to determine and demonstrate/trial how existing urban planning principles and 
practices could accommodate climate change (CC) and the uncertainty of CC impacts 
for a “seachange” region.   

The research problem that is the focus of this report is specifically to:  
 

Develop a mechanism and process to enable the mainstreaming of climate change 
adaptation within local government. 

 
The research resulted in findings within three topics. 

3.1 Principle Findings 
 

1. Overall:  Existing urban planning principles and practices can accommodate 
climate change (CC) and the uncertainty of CC impacts for a “seachange” 
region if the spatial information and mechanisms are optimised to best fit 
with the practitioner’s decision environment.  This was demonstrated by the 
outcomes of the workshops within phase 3 and 5.  In particular, as per 
Appendix 6 which provides detailed findings from the workshops, there is 
not a “one size” fits all approach or process, rather there is a need to 
customise for and with local practitioners and stakeholders. 

2. Development and application of spatial information:  Existing urban planning 
principles and practices can accommodate climate change (CC) and the 
uncertainty of CC impacts for a “seachange” region if: 

i. practitioners have confidence in the quality of the spatial information 
developed. This was a clear outcome from the both workshops 
undertaken in phase 3 and 5 of the research activities and is detailed 
in Appendix 6; 

ii. the visualisation of spatial information employs the risk tolerances 
and requirements of the organisation (e.g. if we plan for 1:250 then 
map 1:250).  From the workshops and collaborator engagement as 
detailed in Appendix 6 there needs to be a whole organisational 
adoption of transparency not only to stakeholders but also the 
community; 

iii. the spatial information is developed and visualised in ways that ‘fit’ 
with the decision criteria of as many Council functions as possible 
(i.e. not only urban planning but also emergency management and 
infrastructure engineering); and  

iv. the visualisation of spatial information is designed to be accessible 
and to avoid misunderstanding if viewed by the general public. 

Further, the research made a finding with respect to the planning of new 
towns.  The initiation (or discontinuation) of an effort to identify a site for a 
new town is determined by decision criteria other than spatial information on 
hazard or other forms.  Spatial information is thus but one factor in the 
evaluation of options if a brand new town site is being sought.  The 
workshop feedback was a clear indicator of this, mainly from the workshop 
conducted in phase 3 of the research activities. 

3. Mechanism and process to enable mainstreaming:  Practitioners have 
confidence in the ability of existing urban planning practices and principles 
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to accommodate and respond to climate change, but indicated that reforms 
in the governance of spatial modelling (i.e., the centralised generation and 
provision of data such as climate model information, together with user 
support for local councils) and a handbook for integration within risk 
management frameworks were required for mainstreaming. 
 

A detailed list of the secondary outputs, results and findings relevant to this 
component of the research are outlined in Appendix 8.   
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4.  DISCUSSION 
This research found that the legislative and judicial landscape through which Local 
Governments must navigate towards climate adaptation outcomes are persistently in a 
state of flux with respect to the discharge of Development Assessment and Land Use 
Planning decision making.   
 
This is consistent with existing knowledge in the discipline, where it is recognised that 
the governance arrangements through which local governments undertake to 
discharge their duties in Australia differ widely (Productivity Commission, 2012).   
 
The responsibilities, structures, procedures, and functions of councils differ too.   
 
All Councils of Australia, however, have one or more legal statutes.  These pieces of 
legislation give Councils powers, accountabilities and responsibilities.   
 
Accordingly, even if very simple in form, most councils routinely allocate resources and 
dedicated decisions and plans for their efforts to: 

- audit the extent to which they are discharging their statutes and upholding the 
rule of law currently, and  

- manage risks to establish assurance that they can continue to do so into the 
future.    

 
If a significant risk is identified and the relevant council decision process determines 
that it must be managed, then the flow-on effects through a council can be substantial.  
From budget allocations to position description amendments and from development 
assessment to customer service teams, no relevant function or person in Council’s 
operations should be devoid of their delegated obligations and responsibility against its 
statutes.  Put simply, these decisions ‘have teeth’.   
 
Not surprisingly, most local governments indefinitely sustain these statute compliance 
activities and most have done so for a very long time.  This has supported the creation 
of recognised job titles in larger councils such as an Auditor and Risk Management 
Coordinator. 
 
Further, the statute(s) implicitly or explicitly influence the trade-offs and prioritisations 
involved with the making of a council’s strategic or operational decisions in the face of 
risk and uncertainty – including the making of key documents such as a: 

- Corporate Plan; 

- Operations Plan; 

- Land Use Plan (or ‘Planning Scheme’); 

- Annual Budget; and/or 

- Annual Report2. 
 
In contrast with the emerging Climate Adaptation discipline, the literature and practice 
associated with the audit and assurance of the discharge of a statute in local 
government has evolved to a point of maturity and capability that creates stability and 
‘norms’ enhanced by ongoing improvements.  One of the ‘norms’ is the internationally 

                                                
2 For more information about management in Queensland Local Government see: 
http://www.dsdip.qld.gov.au/so-you-want-to-be-a-councillor/module-5-corporate-and-financial-
management.html  

http://www.dsdip.qld.gov.au/so-you-want-to-be-a-councillor/module-5-corporate-and-financial-management.html
http://www.dsdip.qld.gov.au/so-you-want-to-be-a-councillor/module-5-corporate-and-financial-management.html
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recognised process documented in the International Standards Organisation (ISO) 
“31000:2009 Risk Management” standard that outlines a framework and process for 
risk management in organisations. 
 
Herein lies the potential value of a multi-disciplinary approach such as that employed 
through this research.  Climate hazards represent external factors and influences that 
make it uncertain whether, when and the extent to which a council is in a position to 
discharge the obligations of its statute(s) now and into the future.  Mainstreaming 
current and future climate hazards to risk considerations for the core statute(s) of a 
council may improve its ability to manage the risks and elevate the Climate Adaptation 
discipline to a new prominence in all relevant decisions across its policy, planning, 
budget, and operations. 
 
For this reason, the emphasis of the development of the ‘mechanism and process’ 
evolved from a focus on the planning discipline in councils to a focus on the integration 
of climate hazard risks into council risk management systems. 
 
This research has found that climate adaptation should and can be seen as a corporate 
risk management issue that affects all policy areas and thus can follow a risk 
management path in its evolution to governance maturity, consistent with the findings 
of other research such as Bouwer and Aerts (2006).  This is consistent with the wider 
climate adaptation literature and practice, which heavily employs Risk Management 
mechanisms and processes such as those advocated within ISO 31000:2009 (Jones & 
Preston, 2011; England, 2007; 2008).   
 
Unlike the decision-support emphasis in the literature, however, the key enabling 
requirement emerging from the practitioner information collected through this research 
is a type of mechanism and process that helps connect the disciplines of planning, 
emergency management, and engineering to the disciplines of risk management and 
internal audit within local government.  Standards Australia (2009, 2010a; 2010b; 
2011a; 2011b) offer some guidance on this topic. Such a mechanism and process 
would be one that brings together the capability inherent in each of these disciplines 
through the common language and motivational power of statutory risk management 
obligations (including corporate and financial risk management) that permeate every 
function of Australia’s Councils.  This is not an alternative approach to those of the 
spatial planning practice and other disciplines, it is the step needed to address barriers 
and impediments before the launch of such efforts.    
 
A priority of Australian climate adaptation research is: “understanding the factors that 
facilitate or impede inclusion or integration of climate adaptation considerations and 
priorities into policy and planning” (Barnett et al, 2011).  Addressing the barriers and 
impediments , requires providing a full corporate position and clear mandate under 
which decisions about community engagement and other actions can be made with 
confidence by local government elected members, executives, spatial planners and 
other professionals (Appendix 5).   
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5. GAPS AND FUTURE RESEARCH DIRECTIONS 
The table below outlines the need for (and potential benefits of) further research and 
reforms in regulatory, capacity-building, and/or other instruments identified through the 
research as enablers for the integration of climate change risk assessment into 
planning. 
 
TABLE 2: FURTHER RESEARCH AND REFORMS PRIORITY TABLE 
Theme Description Potential Benefits Priority 
Capacity • What is the nature and extent 

of capacity of local 
governments to incorporate 
current and future climate 
hazard risk scenarios into their 
risk management frameworks 
and associated decision 
making? 

• A better understanding of 
institutional governance 
capability could provide a 
rich basis for further 
research into what 
mechanisms and 
processes could best 
mainstream climate 
adaption into Local 
Government decision 
making. 

Medium 

Reform • Is the absence of a national 
institution that delivers long-
term climate and climate 
hazard modeling Australia 
wide presenting an 
opportunity-cost for 
adaptation? 

• What reform options could 
provide for a central source of 
current and future climate 
hazard modeling needed for 
climate adaptation decision 
making in Australia? 

• Each dollar spent by local 
governments on 
developing and 
maintaining climate 
models is a dollar they can 
not spend on adaptation 
itself.   

• The Bureau of metrology 
offers a potential case 
study.  What if each local 
council had to maintain 
and generate climate 
models to generate local 
weather forecasts every 
day? 

High 

Other • Testing of the findings, theory, 
and Handbook produced 
during this research is 
recommended. 

• Research exploring this topic 
is recommended through the 
lens of other (a) 
epistemological and 
ontological frameworks, (b) 
research designs and 
methods, and (c) disciplines. 

• Advancing academic 
research could help 
improve practitioner 
handbooks and practices.  

Low 

 
This case study project is just one small effort amidst a wider need for reform and 
research.  Many more questions and problems need to be addressed if Australia’s 
governance is to best support resilience in the face of current future climate hazards. 
 

 “The questions left unaddressed by a study can be as important as or 
more important than the questions answered.” (Bickman et al., 1998, p.9) 
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1|  INTRODUCTION AND BACKGROUND 

The project objective is to determine and demonstrate how existing urban planning 
principles and practices could accommodate climate change and the uncertainty of its 
impacts for a “seachange” region – including providing recommendations for tools and 
planning system reforms to be rolled out nationally.  It will also document any barriers. 

The ‘Reforming Planning Processes: Rockhampton 2050’ research project (‘the 
research’) was formulated in 2010 as a result of pre-existing relationships between the 
partners.  It was endorsed by Rockhampton Regional Council upon submission to the 
National Climate Change Adaptation Research Facility (NCCARF).  It was 
subsequently selected for funding under the Settlements and Infrastructure National 
Adaptation Research Plan.  The overall project budget is fully funded at $680k, with 
$280k from the Commonwealth Department of Climate Change through NCCARF.  The 
funding agreement was finalised 10 August 2011.  Under the agreement, the project 
runs from the 10th August 2011 to the 28th February 2013 with all key activities to be 
completed before 19th February 2013.   

1.1|  Why Rockhampton? 

The challenges of both current climate and climate change present significant 
challenges for land use and infrastructure planning, emergency management, and risk 
mitigation across Australia. 

The Rockhampton Region is already exposed to significant natural hazards, including 
cyclonic winds, storm surge, bush fires, and flooding impacts that may worsen with 
climate change and the associated sea level rise.  At the time of the funding application 
in 2010, the Federal Government’s National Coastal Vulnerability Assessment had 
already indicated that of the significantly populated Local Government Areas in 
Queensland, the Rockhampton Region is most risk in terms total area potentially 
inundated.  For about five months from late 2009, bushfires affected the region 
including major fires at Mt Morgan, Rockhampton, Yeppoon Road, Koongal, Berserker, 
Lakes Creek and Mt Archer.  Over 200 homes were evacuated and Rockhampton was 
declared a disaster zone.  Between December 2010 and January 2011, the region was 
impacted by significant prolonged and severe flooding.  National highway, rail routes, 
and homes were impacted. 

More recent analysis has indicated that the region’s roads, rail, and light industry have 
potential risks from the combined impact of inundation and shoreline recession under a 
1.1m sea level rise scenario1.  Yet these infrastructure and business activities are of 
state and national economic significance2.  Residential exposure is in the order of 
$11.7 Billion in buildings and $4.3 Billion in contents, according to NEXIS. 

                                                
1 Department of Climate Change and Energy Efficiency, 2011, “Climate Change Risks to Coastal Buildings 
and Infrastructure: A supplement to the first pass national assessment.” Commonwealth of Australia. 
2 National Freight Network Strategy, Queensland Regionalisation Strategy, and Queensland Treasury. 
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This presents a significant challenge for the planning|climate-science interface, which 
could offer important insights for other regions in Australia in regards to addressing the 
lag between technical tool availability and stakeholder responses.   

1.2|  Key Project Team Contacts 

Principal Investigator:  Penelope Fry, Senior Associate (Regional Strategy), Flinders 
Group Pty Ltd, Ph: 0416 317 792 (+61416317792). Email: pfry@flindersgroup.com.au  

Project Manager:  Andrew Collins, Operations Manager (Major Projects), 
Rockhampton Regional Council. Ph: (07)49368465. Email: 
andrew.collins@rrc.qld.gov.au  

Project Operations Manager:  Sam Williams, Senior GIS Analyst, Rockhampton 
Regional Council. Phone: (07)49368912.  Email: sam.williams@rrc.qld.gov.au  

Risk and Hazard Expert:  Martyn Hazelwood, Assistant Director (Climate Hazard and 
Risk Section), Coastal, Marine & Climate Change Group, Geoscience Australia. Ph: 
(02)62499521. Email: Martyn.Hazelwood@ga.gov.au  

State Liaison:  David Robinson Ph: 0731705489 Mob: 0419727141 

 

 

2|  OVERARCHING PROGRAM 
The project is funded by the Australian Government’s Department of Climate Change 
and Energy Efficiency through the Climate Change Adaptation Research Grants 
Program.  The project is aligned with the research priorities of the Settlements & 
Infrastructure National Adaptation Research Plan.  Responsibility for the management 
and administration of the program has been transferred to Griffith University.  

mailto:pfry@flindersgroup.com.au
mailto:andrew.collins@rrc.qld.gov.au
mailto:sam.williams@rrc.qld.gov.au
mailto:Martyn.Hazelwood@ga.gov.au
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3|  THE OBJECTIVES & DELIVERABLES 

The funding has been provided in order to enable certain activities to take place in 
order to deliver a toolkit with reform and research recommendations.  As per the 
funding and collaboration agreements, the team is working to undertake the project so 
as to achieve the objectives in a way that benefits both local practitioners and 
Australia’s broader prospects for climate adaptation.   

3.1| Objectives 

The objectives of the project’s activities are described in the Funding Agreement as 
follows: 

 “The Objectives of the Activity are to determine and demonstrate/trial how existing 
urban planning principles and practices could accommodate climate change (CC) and 
the uncertainty of CC impacts for a “seachange” region.  Rockhampton Regional 
Council (RRC) will form an alliance of neighbouring small regional councils and work 
with partners to: 

 develop and apply spatial information to trail planning approaches in a ‘real 
world’ situation involving three levels of government and community 
engagement (includes a “brand new town” site evaluation effort); 

 influence other Councils to take action through producing a mechanism and 
process to enable the mainstreaming of climate change adaptation within local 
government; 

 address a critical gap in knowledge by prioritising the need for (and potential 
benefits of) further research and reforms in regulatory, capacity-building, 
and/or other instruments as enablers for the integration of climate change risk 
assessment into planning.” 

3.2|  Deliverables 

The research agreement states that: “In order to address the research objectives 
identified above, the Recipient must deliver the following (as specified in “Attachment 
A” to this Agreement): 

 Provide planning overlays for the following climate change scenarios and the 
impact of natural hazards on the Rockhampton Regional Council’s locality: 

i. Flooding 
ii. Storm Surge 
iii. Sea Level Rise 
iv. Costal Recession 
v. Severe Winds (Tropical Cyclones) 
vi. Bush Fires 
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 Enhance the RRC GIS system and planning scheme 

 Provide strategic planning tools for future development in the region through 
proactive land use and informed decisions 

 Provide strategic planning tools for Disaster Risk assessment, management, 
and mitigation. 

 Pilot a trial for future roll out and adaptation to all Local Governments and to 
be rolled out nation wide 

 Provide a platform for publishing research outcomes. 

 

 

4|  KEY DATES 

 10 August 2011: Funding Agreement. 

 25 August 2011: Consultancy Agreement between RRC and GeoScience 
Australia. 

 December 2011: Progress Report 1 

 26 April 2012: Completion of Current Climate Overlay Plans 

 25 May 2012 – 31 May 2012: Collaborator and stakeholder feedback on 
Overlays, trial of toolkit, and reform and research recommendation 
development. 

 1 June 2012: Progress Report 2 

 4 October 2012: Completion of Climate Change Impact Overlay Plans 

 2 November 2012 – 8 November 2012: Collaborator and stakeholder feedback 
on Overlays, trial of toolkit, and reform and research recommendation 
development. 

 19 November 2012: Submission of draft Report of findings and 
recommendations. 

 28 February 2013: Submission of final Report of findings and 
recommendations. 
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APPENDIX 1B: PRIVACY NOTE 

The following privacy note was attached to survey documents provided to participant 

workshops. 

 
PRIVACY NOTICE 

Rockhampton Regional Council is collecting the personal information you supply on this form for the purpose of 

obtaining feedback on the project delivered by the Major Projects Section. Some of this information may be given to 

Major Projects staff for the purpose of obtaining feedback on the project delivered. Your personal details will not be 

disclosed to any other person or agency external to Council without your consent unless required or authorised by law. 
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APPENDIX 2:  RESEARCH DESIGN AND PHILOSOPHY DETAIL 

Scope, Theory, and Ethics 
This section outlines the scope, theory and ethical assumptions of the project design.   

If the reader relates the process of this research project as being like the process of 
constructing a building, this section essentially details the ‘scaffold’ for the research.    

Practitioners may find this section tedious.  It is, however, important for researchers to 
always be fully open and clear about the framework of the approach taken, its inherent 
assumptions, and its limitations through disclosing the project’s philosophical 
framework.  This is needed to demonstrate the suitability of the approach for the 
research questions and why the findings should be accepted by the academic 
community as legitimate knowledge. 
 
Applied research designs require specific provisions for credibility, usefulness, and 
feasibility (Bickman et al., 1998).  The specifications of the approach employed in this 
project will now be outlined in order to demonstrate how it aimed to fulfil relevant 
academic standards: 

- Scope (‘Dimensions of the research’): This is a descriptive research project, 
detailing development and evaluation of ways to address the research 
problem through a single case study that has an emphasis on participant 
engagement in the problem for credibility and usefulness.   

- Theoretical Framework:  The theoretical deliverable of the project is a formal 
(specific not broad concept) micro-level ‘normative process theory’ 
represented through a proposed mechanism and process designed to 
enable the mainstreaming of climate change adaptation within local 
government.  To achieve this, the research is to involve an inductive 
direction of theory (i.e. create through the work, not pre-devise it).  As 
applied research, evaluation research components are required to allow the 
testing of the mechanism and process during its development.  The 
research must adhere to the traditions of positivist research, while 
accommodating an ontology of realism and the assumptions of a 
constructivist epistemology – in other words, the researchers will need to 
respect the input of participants as ‘truth’ for them and thus valid for the 
research rather than dismissing or critiquing the validity of their input based 
on the academic literature or other sources of ‘truth’. 

- Ethics:  The research required informed consent, which was provided 
through the provision of a project brief to participants (see Appendix 1A) and 
a ‘Privacy Note’ on survey documents (see Appendix 1B).  It provided 
provisions for privacy, anonymity and confidentiality.  Sponsorship and 
conflicts of interest considerations were managed through adherence to 
Council’s relevant policies.  The dissemination and use of the findings and 
materials involved in the project were managed by the establishment of and 
adherence to written or spoken confidentiality agreements.  Lastly, 
objectivity and value freedom principles were paramount in the work – all 
involved were given a mandate to strive to be transparent and unbiased.  
Where a bias or assumption is known to exist, it must be documented. 

 
The use of multiple data-collection methods in case study research “…provides 
stronger substantiation of constructs and hypotheses” (Eisenhardt, 1995) and multiple 
methods will thus be employed including workshops, interviews, literature and 
document reviews, and peer review of handbook drafts. 
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Evidence Collection: Document Analysis & Literature Reviews 
The targeted literature search and analysis incorporated literature regarding current 
knowledge about: 

• Mechanisms and processes designed for guiding local government in relation 
to climate change adaptation planning and decision making.  

• First principles and examples regarding success factors in mainstreaming of 
issues into the decision making of institutions, with a focus on local 
government. 

• Examples and literature regarding research methods relating to applied 
research descriptive case studies. 

 
Firstly, information previously gathered will be reviewed and facts extracted and 
updated. This includes the Report Card of Climate Change Impacts and Adaptation for 
Australia, and reports to the Department of Climate Change on Australian marine life, 
Australian fisheries and aquaculture, the national reserve system, Australian 
biodiversity and Australia’s world heritage sites. 
  
Australian-relevant information gathered by the researcher for the project will be 
assessed. The literature search will also build on peer-reviewed synthesis papers 
published by NCCARF and a critical review of climate adaptation literature. 
  
Participants and the scientific literature were also queried to find additional relevant 
studies and process/mechanism examples (using searchable metadatabases such as 
GoogleScholar, Emerald, and the other literature databases available to the researcher 
and research participants) as well as institutional records in the host and participant 
organisations. 
 
Identifying relevant process and mechanism literature is not straight forward, for 
example the practitioner and academic terminology relating to ‘climate hazards’ and 
institutional responses varies.  The researcher will use experience and practitioner 
input to help mitigate the impact of this. 
  
The researchers also issued requests for examples of mechanisms and processes and 
preliminary findings and unpublished material for assessment during interview and 
engagement events.  Fact extraction and entry was carried out by the researcher with 
support of the wider project team and research participants. This approach has the 
advantage in that it identifies studies, mechanisms, processes and experts that might 
be otherwise overlooked. 
  



Reforming planning processes: Rockhampton 2050 pilot       27 

 

Evidence Collection:  Project Pilot Workshops 
Two dedicated workshops (29/05/12 & 08/11/12) were convened for the research 
during the project.  Each workshop employed three design elements to elicit participant 
responses so as to inform the research problem:  

(1) spatial visualisations of climate hazards within the Rockhampton Region,  

(2) an agenda and survey circulated prior to the workshop, and  

(3) workshop facilitators to encourage participants to speak while facilitating the 
workshop agendas (see Appendix 3 and Appendix 4).  

Further, overt listening and note-taking behaviours were employed by the lead 
researcher for research record keeping and also to attempt to bolster participants 
because their input was clearly not being disregarded.   

Evidence Collection: Practitioner Engagement and Observations 
through Events 

As practitioners, the research team participated in events as part of daily business.   
 
These events involved members of the public, including the business and not-for-profit 
community, as well as expert practitioners and researchers.  Wherever possible, event 
participation was capitalised upon to undertake stakeholder engagement and 
observations to help inform the research.   
 
The researcher undertook engagement and conducted observations of participant 
interactions and assertions relevant to the research problem during the following 
events: 

- Infrastructure and Investment Focus Group Meeting (Capricorn Enterprise, 
Rockhampton) 

- Ports and Cities Conference (12-13 March 2012, Newcastle) 

- Central Highlands Development Conference (16 March 2012, Emerald) 

- Central Queensland Regional Plan Industry Input Meeting (12 October 2012, 
Rockhampton) 

- Urban Development Institute of Australia Meeting (12 September 2012, 
Rockhampton) 

- Queensland Local Government Internal Audit Conference (25 October 2012) 

- Central Queensland Local and State Government Planners’ Network Meetings 
(17 June 2012 & 13 July 2012, Rockhampton) 

- Meeting with the Deputy Minister for Planning Reform (Ian Walker) for input into 
Queensland’s Planning Reform Agenda. (13 June 2012, Rockhampton) 

- Multiple meetings of the Management Committee of the Central Queensland 
Local Government Association (Mayors of five Councils 2011-2012). 

- NCCARF Principal Investigators Meeting for Settlements and Infrastructure. 
(26-27 March 2012, Melbourne) 

Further, during the course of the Project the lead researcher held the principal advisory 
role for the Central Queensland Local Government Association for the development of 
the Central Queensland Regional Infrastructure and Land Use Framework.  This 
responsibility required extensive and regular meetings with Council officers, CEOs, and 
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elected officials for the collaborative development of official positions on matters that 
included climate adaptation.  Observations from that effort have informed this project. 
 
Key quotes, evidence for use in document development, issues for analysis via further 
reviews of the literature, and points for theory-generation were noted through diary 
entries.   
 
Engagement and event participation was used to source other types of input including 
documents for analysis, key informant interviews, and/or peer review input on draft 
outputs under development during the project.   

Evidence Collection: One-on-one Engagement. 
Evidence was collected through one-on-one engagement with key informants via: 

- key informant interviews (n9) in person or over the telephone; and 
- peer review feedback events (n17) on draft on outputs under development 

during the project, such as options for a mechanism and process as well as on 
versions of the final handbook produced during its finalisation. 

 
The key informants for interviews and peer review (some gave both types of input) 
included the following types of informants: 

- Land Use planning professionals (n5) 
- Academic/Researcher with climate adaptation research expertise (n4) 
- Local Government Sector CEO (current or previously) (n3) 
- Business Owner in construction services (n2) 
- Local Government Risk Management Profession (n1) 
- Local Government Natural Resource Management Professional (n1) 
- Politician (with role associated with Land Use Planning) (n1) 
- Consultant Risk Management Profession (n1) 
- Not-for-profit Natural Resource Management Organisation Executive (n1) 
- State Government Climate Change Policy Professional (n2)  
- Local Government internal audit professional (n4) 
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APPENDIX 3:  WORKSHOP 1 AGENDA  

Reforming Planning Processes Workshop 
Rockhampton 2050 Pilot 

 
Location: Fitzroy Room – RRC Library 

   

Time:  29 May 2012  - 10 am – 1pm (lunch provided) 

 

Attendees:  

Martin Crow, Brett Bacon, Jenna Buckley, Angus Russell, Cec Barnard, Bob Truscott, 
Bob Holmes, Phil McKone, David Blackwell, Sam Williams, Dan Pearce, Brett Cagney, 
Chris Buenen, Peter Davidson, Andrew Collins, Ross Cheesman, Michael Rowe, John 
Wallace, John Lawson, Cameron Wyatt, Ian Dare, Eddie Cowie, Dan Toon, Grant 
Vaughan, Michael Prior, David Hood Tony Cullen, Evan Pardon, General Manager 
Infrastructure (currently vacant), David Robinson of DERM, Penelope Fry of Flinders 
Group, Gideon Genade of Flinders Group, Martyn Hazelwood, Duncan Moore, Martine 
Woolf of GeoScience Australia, Jane Mullett (Researcher) from RMIT, Bruce Taylor 
and Xiaming Wang of CSIRO. 

 
1. Introduction and Briefing on Project 

There are changes afoot.  The responsibilities for all business units in Local 
Governments are increasing regarding incorporating climate hazards into 
decision making.  The QLD flood inquiry recommended higher responsibilities, 
and the Federal Government is currently undertaking an inquiry through the 
Productivity Commission that will inform legal reforms for standards and 
requirements. 

 

What should we say about it?  We need to hear from you to understand and 
document your specific operations and your needs, concerns, and ideas. 

 

If no-one contributes we will have no foot to stand on to make a submission for 
the Productivity Commission and give research proof and recommendations to 
the Federal Government and public through this research project.  

 

Documenting a ‘reality check’ benefits all, so the more detailed your comments 
the better! 

 
2. Documenting the ‘real world’ context for the academics:  

The following questions will be put to the participants, to be filled in on a 

question sheet: 
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a. What is your profession? 

b. What are your core business operations? 

c. What relevance, if any, do climate hazards have to your core business 

operations specifically?  Please respond for each: 

i. Standards 

ii. Decision points 

iii. Risk mitigation and/or management 

iv. Other 

3. Presentation of Climate Hazard Layers (Current Climate Overlay) 
4. Documenting the ‘real world’ feedback for the academics:  

The following questions will be put to the participants, to be filled in on a 

question sheet: 
a. What first strikes you about the usability of the climate hazard layers 

(general feedback)? 

b. How compatible would the proposed climate hazard layers be with your 

core business operations?  Please respond for each: 

i. Standards 

ii. Decision points 

iii. Risk mitigation and/or management 

iv. Other 

c. What changes could be made to the maps to better fit with your core 

business operations? 

5. Reality Check: Impediments, Barriers and Changes Needed 

There is a lot of work being done to try to understand why the ‘real world’ differs 

markedly to the aims of academics working in the climate hazard arena.  Please 

answer the following to help them understand why: 
a. What changes to the maps do you think should be made to better fit with 

your core business operations? 

b. Would you want any changes to your core business to improve your 

ability to incorporate climate hazard information in to your decision 

making?  Yes / No (circle one) If yes, what type of changes (specify 

any needs/wants that apply)? 

i. Resources:  

ii. Procedures: 

iii. Legal Advice: 

iv. Supportive leadership: 
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v. Standards: 

vi. Guidelines: 

vii. Other: 

6. Wider changes: Testing ideas:  
a. Climate hazard mapping is dominantly procured by Local Governments 

in Australia, usually as part of Planning Scheme development so as to 

help inform development and building approvals.  In historic times, the 

testing of materials and structures to develop standards that informed 

development and building approvals.  The building code of Australia was 

then established to centralise the science (and legal risk) of structures 

and materials testing to publish information and standards.  They have a 

mechanism for review or contesting their information.  

i. Would you support a model for climate hazard mapping and 

standards in Australia where hazards are mapped nationally, 

with local governments and others being able to contest the 

science with local knowledge or expert help if they choose?  If 

yes, why?  If no, why? 

ii. Would an arrangement similar to the Building Codes mechanism 

suit?   

iii. Is that an alternative reform that you would support? 

b. Are there any alternative or additional changes in the wider system that 

you would like to see changed to address impacts on your day to day 

operations with regards to climate hazard related issues? 

c. Do you have any other comments you would like to see recorded in the 

research and submission to the Productivity Commission? 

7. Picking a new town site scenario, advice for the academics: 

We are considering doing something ambitious – the research team intend to 

narrow down potential locations for a new town in the region in consultation with 

you and other specialists later in the year.   

a. How should we go about this (if at all)?   
b. What factors do you think would need to be considered, and what role 

do you think climate hazard information should have (if any)? 
8. Conclusion 

a. Reiterate that this is the first workshop and why 
b. Ask for suggestions:  

i. Are there any blind spots in our approach?   
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ii. How should we have done things differently?   
iii. What should we consider as we approach the next steps? 

c. Advise when the recommendations and toolkit will be ready for 
review, before it is finalised and sent to the Federal Government. 
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APPENDIX 4: WORKSHOP 2 AGENDA 

 

Reforming Planning Processes Workshop 
Rockhampton 2050 Pilot 

 
Location: Fitzroy Room – RRC Library 

   

Time:  8 Nov 2012  - 1:40 pm to 4.00pm 

 

 
1. Introduction and Briefing on Project & Key Questions 

There are changes afoot.  The responsibilities for all business units in Local 
Governments are increasing regarding incorporating climate hazards into 
decision making.  The QLD flood inquiry recommended higher responsibilities, 
and Standards Australia are developing a Standard that may have legal 
ramifications and new requirements. 

 

What should we say about it?  We need to hear from you to understand and 
document your specific operations and your needs, concerns, and ideas. 

 

If no-one contributes we will have no foot to stand on to give research proof and 
recommendations to the Federal Government and public through this research 
project.  

 

Documenting a ‘reality check’ benefits all, so the more detailed your comments 
the better! 

 
2. Presentation of the Toolkits 

a. Overview of toolkits currently available to Local Government. 
b. Overview of the Draft Australian Standards, developed by Standards 

Australia. 

c. Amalgam option arising from this research. 
3. Discussion of the Toolkits  

a. Should a toolkit give a guide on how to incorporate climate hazards 

within a Council’s existing risk management arrangements (as per Audit 

Committee under ISO 31000:2009 and relevant laws)? 

OR 
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b. Should a toolkit give direction on how implement an additional risk 

management framework, process, and monitoring/review governance 

arrangement especially for climate hazards? 

 
4. Presentation of the Climate Hazard Overlays and Picking a new town site 

scenario for period beyond the planning scheme, exercise for the 
academics. 

 
5. Conclusion 

a. Recap intent of project. 
b. Ask for suggestions:  

i. Are there any blind spots in our approach?   
ii. How should we have done things differently?   

iii. What should we consider as we approach the final steps? 
c. Advise when the findings and recommendations report will be 

ready for review, before it is finalised and sent to the Federal 
Government. 

 

Survey Questions 
 

1. If an Australian Standard is to be created, with a Handbook for Local 
Government: 

a. Should it give a guide on how to incorporate climate hazards within a 

Council’s existing risk management arrangements (as per Audit 

Committee under ISO 31000:2009 and relevant laws)? 

OR 
b. Should it give a guide on how implement an additional dedicated climate 

hazard risk management framework, process, and monitoring/review 

governance arrangement? 

 
2. Documenting the ‘real world’ context for the academics:  

The following questions will be put to the participants, to be filled in on a 

question sheet: 
a. What is your profession? 

b. What are your core business operations? 
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c. What relevance, if any, do climate hazards have to your core business 

operations specifically?  Please respond for each: 

i. Standards 

ii. Decision points 

iii. Risk mitigation and/or management 

iv. Other 

3. Presentation of Climate Hazard Layers - Documenting the ‘real world’ 
feedback for the academics:  

The following questions will be put to the participants, to be filled in on a 

question sheet: 
a. What first strikes you about the usability of the climate hazard layers 

(general feedback)? 

b. How compatible would the proposed climate hazard layers be with your 

core business operations?  Please respond for each: 

i. Standards 

ii. Decision points 

iii. Risk mitigation and/or management 

iv. Other 

c. What changes could be made to the maps to better fit with your core 

business operations? 

4. Reality Check: Impediments, Barriers and Changes Needed 

There is a lot of work being done to try to understand why the ‘real world’ differs 

markedly to the aims of academics working in the climate hazard arena.  Please 

answer the following to help them understand why: 
a. What changes to the maps do you think should be made to better fit with 

your core business operations? 

b. Would you want any changes to your core business to improve your 

ability to incorporate climate hazard information in to your decision 

making?  Yes / No (circle one) If yes, what type of changes (specify 

any needs/wants that apply)? 

i. Resources:  

ii. Procedures: 

iii. Legal Advice: 

iv. Supportive leadership: 

v. Standards: 

vi. Guidelines: 
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vii. Other: 

5. Wider changes: Testing ideas:  
a. Climate hazard mapping is dominantly procured by Local Governments 

in Australia, usually as part of Planning Scheme development so as to 

help inform development and building approvals.  In historic times, the 

testing of materials and structures to develop standards that informed 

development and building approvals.  The building code of Australia was 

then established to centralise the science (and legal risk) of structures 

and materials testing to publish information and standards.  They have a 

mechanism for review or contesting their information.  

i. Would you support a model for climate hazard mapping and 

standards in Australia where hazards are mapped nationally, 

with local governments and others being able to contest the 

science with local knowledge or expert help if they choose?  If 

yes, why?  If no, why? 

ii. Would an arrangement similar to the Building Codes mechanism 

suit, with the ‘science’ done nationally and local autonomy on 

how the climate hazard layers are applied?   

iii. Is that an alternative reform that you would support? 

b. Are there any alternative or additional changes in the wider system that 

you would like to see changed to address impacts on your day to day 

operations with regards to climate hazard related issues? 

c. Do you have any other comments you would like to see recorded in the 

research? 
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APPENDIX 5:  SYNTHESIS OF COMMON BARRIERS TO ADAPTATION PLANNING AND 
IMPLEMENTATION BY LOCAL GOVERNMENT 

Operational Policy Financial Cognitive & Cultural 
 Cons tra ints  to 
integrating 
information about 
hazard exposure and 
vulnerability into local 
planning processes 
and development 
agendas 
 Limite d knowle dge 
and technical 
capacity to assess 
and reduce climate 
risk. 
 Limite d a cce s s  to information 
that is scientific, local government 
specific and at a local scale as 
well as maps and 
models for communication and  to 
inform decision making 
 Limite d ca pa city a nd 
resources within Councils for 
adaptation planning. 

 La ck of s uita ble  governance 
framework for climate risk 
management in cities 
 The  comple xity of ins titutiona l a nd 

interjurisdictional arrangements 
hinder early consideration of risks 
from climate change 
 La ck of a  na tiona l me cha nis m for 

collaboration 
 His torica l de cis ions (i.e., 
development decisions, land use 
zoning)  
 Ge ne ra l la ck of policy s upport a nd 

directions from other Government 
departments 
 Lega l unce rta inty & cha lle nge s 
 Le a de rship a nd commitme nt from 

the State and Federal 
Government 
 La ck of cons is te ncy be tween 
policies of different departments 
within a jurisdiction 
 S hort–term political view/agendas. 

 Limite d funding/ 
resources from 
state & territory 
government for 
climate change 
action, 
particularly to 
fund additional 
staff to lead 
climate change 
initiatives within 
council 
 Compe ting 
priorities for 
funding 
 

 Community 
preferences 
 Be ha vioura l 
barriers 
 La ck of s ocia l 
cohesion 
 Re lucta nce  to 
change/accept 
new technology 
 Community 
awareness & 
perceptions 
 Va lue s  a nd be lie fs 

Source:  Gero et al, 2012.
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APPENDIX 6:  WORKSHOP QUOTES AND NOTES 

Workshop 1 

“Think of the end user, not of the scientist.” 

Risk mitigation and/or management 

- “What level of risk will we tolerate?” 
- “What would we need to design for 1:50, 1:100 etc?” 
- “Do we whant to design to the level of zero probability? If so what level of zero probability – is it 1:10, 
1:50, 1:100, 1:250 or 1:1000?” 

If you would you want any changes to your core business to improve your ability to incorporate climate 
hazard information in to your decision making, what type of changes (specify any needs/wants that apply). 

Resources:  

- No changes – we simply need accurate information 

Procedures: 

- Best quality & level of accuracy maps 
- Fed and State direction – there needs to be strong direction from them to set the national & state 
direction 
- Needs to incorporate additional information 

Legal Advice: 

- What level of risk will council take 
- This means if there is a spot of a risk – council will not make a decision 
- How will this be dealt with in decision making 

Supportive leadership: 

- feds and state need to be a one 
- Fed and state need to provide direction 

Standards: 

- National Standards 
- Councils directed by State 
- Within State which department to take lead (many provide different directions) 

Guidelines: 

- National then State 

Wider changes: Testing ideas:  

Would you support a model for climate hazard mapping and standards in Australia where hazards are 
mapped nationally, with local governments and others being able to contest the science with local 
knowledge or expert help if they choose? 

If yes, why?  

- No 
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- Only useful for broad strategic information 
- It would generate local investigation to improve data set accuracy 
- Yes – local governments need to be able to contest the science as not all “science” can be 100% 
accurate 
- Fine tuning needs to be done at a local level 

If no, why? 

- Too inflexible to local situation 
- No is still a voodoo science 
- How do council make decisions on 1:250 or 1:500 or 1:1000yr projections if piece of Infrastructure life is 
50yrs. 
Would an arrangement similar to the Building Codes mechanism suit?   

- No 
- No it will be another massive block of red tape 

Is that an alternative reform that you would support? 

- In practical terms do you want development or not 
- Yes what is that what you want to see? 

Are there any alternative or additional changes in the wider system that you would like to see changed to 
address impacts on your day to day operations with regards to climate hazard related issues? 

- I would like to get Fed & State & CSIRO to all agree on the facts then get all in one direction 
- All agencies in same direction 
- The use-ability of maps to inform the community 

Picking a new town site scenario, advice for the academics:  We are considering doing something 
ambitious – the research team intend to narrow down potential locations for a new town in the region in 
consultation with you and other specialists later in the year.   

How should we go about this (if at all)?   

- NO 
- Not required as existing towns are adequate support population expansion 
- NO not at all 
- Should this be politically driven or market driven 
- What is the target market  
- What (if any) is the transport links to the new town – existing or proposed 
- What is the purpose of a new town 
- Not a chance 
- Better to put the resources to current/existing infrastructure & Communities as there are many who would 
resent/disagree with a new town which was “chosen” 

What factors do you think would need to be considered, and what role do you think climate hazard 
information should have (if any)? 

- Affordability 
- Other uses of land eg. agriculture, native title, enviro significance 
- Risk hazards and emergency response/access 
- Expansion options 
- Locality 
- Who is the target market 
- Where will economic/job opportunities be 
- What will be the size of new town 
- What will be the blood /the economy of the town 
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- Infrastructure limitations do not support an independent town. No water resources available 

Conclusion 

Are there any blind spots in our approach? 

- Yes for storm surge/sea-level rise it still is voodoo science. 
- Do you want to sterilise the entire coast 
- Bushfire need to be tidied up dramatically 
- Think general public not academics 

How should we have done things differently?  

- Approach is from a general public usability then science not the other way round 
- Look at the purpose and the goal -> communicate -> then get feedback -> then do hazards 
- Make sure management is at meetings. 
- Communicate/workshop internally more prior to this stage and onwards 
- Use what we have currently or in scheme as guidelines (layout & colours) 

What should we consider as we approach the next steps?  

- Reality check 
- Reality check on risk investigation 
- Think: Can we really take a 1:100, 1:250 or more into account? 
- The probability to get it right is so small & the cost associated is so huge 
- Work on layout and detail 
- Use local council skills (Sam) as guidance 
- By looking at the hazard maps produced by GA, we have the skills and definitely the experience within 
council to produce far superior overlays. Sam to take the lead not GA. (Shows that he can do the 
presentation for GA) 
- Rethink the New town concept. 
- Revise hazard criteria 
- Think public reaction to maps (layout and colours) 
- Look at the outcome of all hazard overlayed together – Where can we develop? 

Workshop 2 

The following constitutes the transcribed quotes of participant statements (arranged in sequence of 
statement) made by participants at the workshop.  Please note that the term “Feds” is slang for “Federal 
Government” and the terms “LGs” and “Councils” are slang for Local Governments.  Further, the term 
“ISO” refers to the International Standards Organisation. 

Agenda Item 1:  Introduction and Briefing on Project and Key Questions 

- “We need the information.” 
- “Yeah. Having the maps, but also the skill set to make them.” 
- “I’d rather focus on how to make existing areas less risky.”  
- “People’s behaviour is a problem.  Like, in gardening it may change the vegetation layer for bushfires.  

New weeds.” 
- “The average person will ask, so what does it all mean?” 
- “To modify risk, it’s not just the risk basis but treatment feasibility.” 
- “Assess vulnerability and hazard, not just the site.” 

Agenda Item 3: Discussion of the Toolkits 

- “To have it sitting outside our normal business processes? It will fail.” (Governance) 
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- “To put over the top of Councils another framework?  No.  Incorporating climate hazards into existing 
the risk framework is the way to go.  We need good info though, with the consequences.” (Governance 
& Information) 

- “It needs to be incorporated into current systems, not add additional.” (Governance)  [Researcher’s 
note: “Current systems” pertains to current systems of governance, not information or computer 
systems in this context.]  Response by another participant:  “I support that 250%.” *Multiple group 
members nod in agreement.* 

N.B. The conversation moves to the proposed ‘Climate Change Risk Management Framework’ in the draft 
Australian Standards handbook… 

- “Councils do not have the capability to absorb it.”  (Governance)  
- “Those responsible will be disengaged.  They’ll get frustrated.” (Governance) 

Survey Question 7: Wider Changes Testing Ideas 

- “It should be led at the national level.  Unless Councils are able to contribute their own science and 
knowledge it will not be feasible though.  Australia needs a clear whole-of-nation approach.  If you do it at a 
state level, independent of the national level, you’ll have problems.  If at the local level you will have problems 
too.  We don’t know what we don’t know.” 

- “The science side of things is more likely to be informed by international experts if it’s national.  I don’t think 
state and local governments have the capacity.” 

- Statement pertains to item 7.a.ii. “It would stop duplication. Different levels of government are getting the 
same hazards mapped.  The data will be distributed evenly to Local Governments.” 

- “Vegetation mapping has now been pushed back to LGs.  Contour data is a huge thing.  We have been 
privileged enough to purchase contour maps, but other Councils can’t afford it.” 

The following statement was made in response to part b of this agenda item: 

“Look, we have spend $1.5 to $2 million for flood modelling and the Feds have helped, but if we’re going to 
get serious then, if it’s all going to increase, well most shire boundaries don’t sit on basin boundaries.  
Each Council is using different consultants and trying to piece theirs together using the others as input.  
Instead of leaving the core data set collection to LGs, I think the Feds should fund a consistent data set on 
an ongoing basis.  We do need a coordinated national data program, not shove it back to LGs to create it.”  

The following statements were made in response to part c of this agenda item: 

- “There is a role for a national layer, but Councils must have the ability to contribute to it and the ability to 
adapt it.” 

- “The building code provides a framework to give consistency. I think the challenge for climate is to establish 
that framework.” 

- “The state often ignores our feedback.  It’s scary. The Feds might too.” 
- “Some stakeholders don’t use ISO standards.  They use best practice instead.  Needs to have enough teeth 

to be applied in the planning practice, but not so prescriptive that we get caught up.” (Researcher’s note: The 
participant indicates that he referring back to Agenda item three.)  

- “Not all councils have an ISO 31000:2009 Standard Risk Management Framework, or an Audit Committee.  
These Councils draw upon best practice examples or first principles when needed.”  

All participants did not comment or respond to any of the other survey questions during or after the 
workshop.  
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APPENDIX 7:  POINTS OF DIFFERENCE BETWEEN LOCAL 
GOVERNMENT CLIMATE ADAPTATION GUIDES AND RISK 
GOVERNANCE TOOLS 

Table 1: Points of Integration between Local Government climate Adaptation 
Guides and Risk Governance Tools 
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NOTES 

Climate Change 
Adaptation Actions 
for Local 
Government 1 

No No Yes No Document educates regarding the validity of Climate Change 
and emphasises adaptation action options.  It does not provide 
advice for the mainstreaming of climate hazard risk management 
into institutional mechanisms and processes. 

Climate Change 
Impacts & Risk 
Management: A 
Guide for Business 
and Government2 

No No Yes No Document provided to emphasise adaptation action options, not 
for the mainstreaming of climate adaptation into institutional 
mechanisms and processes.  It does not provide advice for the 
mainstreaming of climate hazard risk management into 
institutional mechanisms and processes. 

Local Government 
Climate Change 
Adaptation Toolkit3 

No No Yes No Document provides for process-based efforts.  This helps 
provide for the mainstreaming of climate hazard risk 
management into institutional mechanisms and processes in the 
short term.  It does not, however, give advice on the activities 
needed to mainstream/embed it into the institution’s governance 
environment – including the risk management framework. 

Climate Change 
Adaptation for 
Settlements and 
Infrastructure4 

Unclear  
(See 
notes.) 

Yes No No Section 6 (“Framework”) does imply integration of climate hazard 
risks into the institutional framework for risks management.  The 
specific guidance, however, suggests that the organisation 
should establish a “Climate Change Risk Management 
Framework”.  Guidance is then provided to establish a 
framework and process for Climate Change Risk Management, 
rather than to integrate it into the existing framework and 
processes of the organisation.  Practitioners interpret this as an 
additional risk management framework, not as a hazard category 
to be assured within the existing risk framework. 

Climate Hazard 
Risk Management 
in Local 
Government 
Handbook5 

Yes Yes No Yes The document presents a guide for integrating the risks from 
current and future climate hazards into the Council’s risk 
management institutional framework and processes.  It does not 
have an emphasis on the validity of Climate Change, its impacts, 
or related adaptation action options. 

                                                

1 Australian Government, 2010, “Climate Change Adaptation Actions for Local Government: Report by 
SMEC Australia”, Department of Climate Change and Energy Efficiency. 
2 Australian Government, 2006, “Climate Change Impacts & Risk Management: A Guide for Business and 
Government”, Department of the Environment and Heritage, Australian Greenhouse Office: 
http://www.climatechange.gov.au/what-you-can-do/local-government/risk-management.aspx  
3 ICLEI Oceania, 2008, “Local Government Climate Change Adaptation Toolkit”.  
4 Standards Australia, 2011, Climate change adaptation for settlements and infrastructure, Draft for 
Public Comment Australian Standard (Project ID: 100286). 
5 This handbook was developed through this research project, and it is attached to this report. 

http://www.climatechange.gov.au/what-you-can-do/local-government/risk-management.aspx
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APPENDIX 8:  SECONDARY RESEARCH OUTPUTS AND RESULTS TABLE 

Phase List of Outputs List of Results and/or Findings for this component of the research. 
Phase 1: 
Preparation 

- Project Implementation Plan 
- Project Brief 
- Existing maps and Metadata compiled for 

Rockhampton Regional Council hazards6. 
- System Requirements Definition. 
- Asset data, trunk infrastructure, utilities, and 

other feature GIS maps/data compiled for 
Rockhampton Regional Council area. 

- Existing hazard layer data and other information was transferrable between the Council and 
GeoScience Australia. 

 

Phase 2: 
Initial 
Development 

- “Current Climate” overlays were modelled and 
overlay maps produced for presentation in Pilot 
Workshop 1. 

- Design for Pilot Workshop 1 agenda and survey. 
(See Appendix 3) 

- Open public displays or workshops featuring draft climate hazard model outputs (e.g. maps) were 
initially planned.  They were, however, found to be unacceptable to the practitioners during the 
development of a Planning Scheme if not developed for the Planning Scheme project itself.   

- A theme emerged from initial interviews and document analysis: the current climate hazard governance 
regimes are inconsistent and costly for Local Governments to develop, maintain and use.  The 
researcher developed a proposed mechanism for hazards to be mapped and funded nationally, with 
local governments and others being able to contest the science with local knowledge or expert help if 
they choose, using Australia’s Building Code as a model.  A question was designed for Workshop 1 to 
test the mechanism concept. 

Phase 3: 
Pilot 
Workshop 1 

- Minutes of Pilot Workshop 1. 
- Report on Responses to survey questions posed 

in Pilot Workshop 1. 
 
(See Appendix 6) 

 

- Assertions were indicating that the practitioners did not consider reforms to existing urban planning 
principles and practices were required to accommodate climate change (CC) and the uncertainty of CC 
impacts in local sea change and other communities. 

- While there was cautious support for the concept of a reform mechanism “for hazards to be mapped 
and funded nationally, with local governments and others being able to contest the science with local 
knowledge or expert help if they choose”, the Building Code governance model was rejected. 

- Concepts of risk management, risk tolerance and hazard likelihood featured strongly as an impediment 
to mainstreaming during the workshop. 

- Organisational and Reference Documents were offered to the researchers to assist with the research, 
the offer accepted, and arrangements made to ‘visit’ to pick them up with an interview. 

- Researchers remained in the room and just outside the door after the finish of the workshop.  Three 
participants who had not spoken during the workshop came up to speak with research team members, 
preferring to give their valuable input one-on-one on their way out. 

                                                

6 Hazards included flooding, storm surge, sea level rise, coastal recession, severe winds, and bush fires. 
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- Participants indicated a need for guidance on how to approach ‘assurance’ for climate hazard risks into 
the future (especially for issues of risk tolerance and what likelihood to plan for), within existing risk 
management business practices.    

Phase 4: 
Revision 

- Draft Handbook developed as an example of 
guidance for practitioners on how to integrate 
climate hazard risks into Local Government risk 
management and assurance frameworks. 

- Revised “Current Climate” overlay models. 
- “Climate Change Impact” models. 
- Overlay maps were produced for “Climate 

Change Impact” models for presentation in Pilot 
Workshop 2. 

- Design for Pilot Workshop 2 agenda and survey. 
(See Appendix 4) 

- Regulation, capability, and practices regarding urban planning and emergency management are 
extremely inconsistent in their nature and pace of change between Local Governments and between 
States and Territories.  Assurance and audit activities for adherence tend to have some consistency in 
Local Government, linked through common the formal or informal influence of relevant publications by 
the International Standards Organisation and Standards Australia/Standards New Zealand.  

- Three local government practitioners who were experts in corporate governance met with the lead 
researcher to give input into the research problem in unstructured interview format.  On the day, they 
kindly made copies of key relevant corporate documents and generic standards and handbooks that 
they asserted have wide application in Councils in Australia.  Further, they obtained approval to release 
confidential corporate documents, including a Council’s Corporate Risk Register, after the meeting.  
Document analysis indicated a significant discrepancy between the climate adaptation toolkits currently 
available to Councils and the governance arrangements within Councils – a potential source of 
incompatibility that could impede integration and mainstreaming.  In essence, the current toolkits 
provide guidance for decision making processes disparate from the routine ‘risk management’ and 
assurance activities of Councils.   

- Event participation was recommended by three key informants as a way to engage expert practitioners 
that would not usually have the time to undertake a one-on-one interview or attend a workshop. 
Invitations were extended to the researchers to attend the practitioner events and the lead researcher 
duly attended them and obtained valuable research inputs as a result.  

- Private Sector, Local Government and State Government participants engaged through the research 
expressed an enthusiasm for reviewing the draft mechanism (handbook) that was to be developed 
through the project.  The research team duly provided copies of the draft material to these participants, 
inviting peer review. Only two (both Queensland Government practitioners) of the 5 participants who 
offered to provide peer review did not honour their in-kind offer. 

- It is not unfeasible for assurance activities to be initiated and conducted by staff (e.g. town planners) 
who are not “Risk Managers” or “Internal Auditors” by profession or role in a Council if they have 
capability relevant to understanding the hazards or risks.  

- Practical guidance for how to incorporate the integration of climate hazard risks into Local Government 
risk management and assurance frameworks is needed.  

Phase 5: 
Pilot 
Workshop 2 

- Minutes of Pilot Workshop 2. 
 

(See: Appendix 6) 
 

- Workshop participants expressed strong resistance to the concept of a toolkit to give direction on how 
to implement an additional risk management framework, process, and monitoring/review governance 
arrangement especially for climate hazards. 

- Participants expressed a desire for a single source of current and future climate hazard modeling 
needed for climate adaptation decision making in Australia, if it could be locally contested.  The Bureau 
of Meteorology is a precedent.    

- The Building Code of Australia was not seen to be an attractive model for a mechanism of central 
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delivery and continual improvement of information. 
- Practitioners expressed less pessimism regarding the feasibility of acting on a mechanism or process 

(with principles) to guide them through orderly steps to give assurance they have incorporated a factor 
into their existing decision environment - rather than a mechanism in the form of a ‘standard’ their core 
business practices must change to achieve. 

Phase 6: 
Revision & 
Theory 
Building 

- Revised Handbook (attached). 
- Further revised “Current Climate” models. 
- Revised “Climate Change Impact” models. 
- Revised overlay maps of “Current Climate” and 

“Climate Change Impact” model outputs. 
- Amendments to data within the GIS System of 

Rockhampton Regional Council. 
- Three Research Reports. 

- With input from practitioners, it is feasible to develop a handbook that provides Councils with orderly 
steps they can take in their efforts to create assurance they have incorporated Climate Hazard risks 
into their existing Risk Management decision environment. 
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Glossary 

Term Definition 

AHD Australian Height Datum. Vertical height datum which is approximately equal 
to Mean Sea Level. 

Annual Exceedance 
Probability 

The annual probability of an event occurring or being exceeded in 
magnitude. 

ARI Average Recurrence Interval, the average or expected period of time 
between exceedances of a given event magnitude. Equivalent to Return 
Period. 

BoM Bureau of Meteorology 

cal. yrs BP Calibrated years before present 

CCAM Cubic Conformal Atmospheric Model 

CSIRO Commonwealth Scientific and Industrial Research Organisation 

DCC Department of Climate Change 

FFDI Forest Fire Danger Index 

GCM General Circulation Model or Global Circulation Model 

Generalised Extreme 
Value Distribution (GEV) 

A family of probability distributions used to model the distribution of maxima 
of a series of randomly distributed variables 

GFDI Grassland Fire Danger Index 

GHG Greenhouse Gas 

Grid Regular square mesh spatial data 
HAT Highest Astronomical Tide 

IPCC Intergovernmental Panel on Climate Change 

IPCC AR4 Intergovernmental Panel on Climate Change Fourth Assessment Report 

LSCB Large-Scale Coastal Behaviour 
LULCC Land-use and land-cover change 

m/s Metres per second. 
Convert to kilometres per hour through multiplying by a factor of 3.6 

MHWS Mean High Water Springs. The long-term mean of the heights of two 
successive high waters during those periods of 24 hours (approximately 
once a fortnight) when the range of tide is greatest, during full and new 
moon.(Source: Maritime Safety Queensland1) 

MLWS Mean Low Water Springs. The long-term mean of the heights of two 
successive low waters over the same periods as defined for MHWS.(Source: 
Maritime Safety Queensland2) 

 

1 http://www.msq.qld.gov.au/Tides/Notes-and-definitions.aspx 
2 http://www.msq.qld.gov.au/Tides/Notes-and-definitions.aspx 

http://www.msq.qld.gov.au/Tides/Notes-and-definitions.aspx
http://www.msq.qld.gov.au/Tides/Notes-and-definitions.aspx
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Term Definition 

MSL Mean Sea Level 

PDF Probability Density Function 

QCHG Queensland Coastal Hazards Guideline 

Raster Regular square mesh spatial data 
RCM Regional Climate Model 

Return Period (RP) The average or expected period between exceedances of a given event 
magnitude. Equivalent to the Average Recurrence Interval.  

RMW Radius of Maximum Winds 
SEQCARI South East Queensland Climate Adaptation Research Initiative 

SLR Sea-Level Rise 
SRES Special Report on Emissions Scenarios (IPCC AR4) 

Storm tide Describes the increase in water level from the combined effect of 
astronomical tide, storm surge and wave set up. 

TC Tropical Cyclone 
TCRM Tropical Cyclone Risk Model 

Topographic LiDAR Onshore LiDAR derived elevation data or digital elevation model 
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1 Executive summary 

Due to the developing understanding of the science, climate change uncertainties present significant 
challenges for land use planning, emergency management and risk mitigation across Australia. Even 
in current-climate conditions, the Rockhampton Regional Council area is subject to the impacts of 
natural hazards, such as bushfires, floods, and tropical cyclones (extreme winds and storm surges). 
All of these hazards may worsen with climate change. 

The Commonwealth Government’s first pass national assessment of the potential impact of climate 
change on coastal infrastructure (Cechet et al., 2012) indicated that, of the significantly populated 
Queensland Local Government Areas (LGAs), the Rockhampton Regional Council has the largest 
area potentially inundated through the combined impacts of sea-level rise, coastal erosion and storm 
tide. Considering the expected population increase in Rockhampton (from under 117 000 people in 
2011 to over 175 000 for 2031 under the high series prediction (Qld OESR, 2012)) even current-
climate hazard will, through time, progressively expose greater numbers of people to the impact of 
natural disasters. A potential increase in future-climate hazard would further increase exposure. The 
Rockhampton Regional Council will need prudent planning to accommodate the increased population 
while taking into account potential changes in the hazard. The process of incorporating projected 
changes in hazards into planning processes offers important insights for other regional councils in 
Australia. 

To consider future-climate hazard within council practices, the Rockhampton Regional Council 
received funding from the National Climate Change Adaptation Research Grants Program Project for a 
project under the Settlements and Infrastructure theme. This funding was provided to evaluate the 
ability of urban planning principles and practices to accommodate climate change and the uncertainty 
of climate change impacts. Within this project, the Rockhampton Regional Council engaged 
Geoscience Australia to undertake the modelling of natural hazards under current and future climate. 
This report describes the methodology and the results of the work undertaken by Geoscience Australia 
and constitutes the final project deliverable for the Rockhampton Regional Council. 

Geoscience Australia’s work within the broader project has utilised natural hazard modelling 
techniques to develop a series of spatial datasets describing hazards under current-climate conditions 
and a future-climate scenario. The following natural hazards were considered: 

• tropical cyclone wind 

• bushfire 

• storm tide 

• coastal erosion 

• sea-level rise. 

The future-climate scenario considered was the A2 greenhouse gas (GHG) emissions scenario 
(Special Report on Emissions Scenario; SRES) from the Intergovernmental Panel on Climate Change 
(IPCC) (Nakicenovic and Swart, 2000). By 2100, the A2 emissions scenario predicts a ‘best estimate’ 
average global surface air temperature warming of 3.4 °C (2.0-5.4 °C; IPCC, 2007) based on a 
number of climate models with a range of climate sensitivities (IPCC, 2001). The application of 
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downscaling techniques to the global A2 scenario produces a mid- to high-range climate response for 
the likely projected future for the study region. Current observed global emissions are tracking very 
close to the A2 emissions scenario projections (Peters et al., 2012). 

1.1 Methodology 
The tropical cyclone wind hazard assessment was generated with Geoscience Australia’s Tropical 
Cyclone Risk Model (TCRM; Arthur, In Prep). The TCRM produces a stochastic catalogue of synthetic 
events that are statistically similar to the input events. Firstly, current climate tropical cyclone wind 
hazard was modelled based on the historical record of activity in the Rockhampton area, including the 
impact of local terrain on damaging wind speeds. Then, to model future climate, the TCRM was 
trained on outputs from a downscaled General (also referred to as Global) Circulation Model (GCM) 
forced by the SRES A2 emissions scenario for the two decades centred around 2050 and 2090 to 
provide details on changes in frequency, intensity and tracks of tropical cyclones. 

The bushfire hazard assessment was based on the Forest Fire Danger Index (FFDI) and the 
Grassland Fire Danger Index (GFDI). These indices quantify fire weather hazard. Weather 
observations (temperature, relative humidity and wind speed) were combined with an estimate of the 
fuel state to predict likely fire behaviour in the event of ignition. The spatial distribution of the weather 
components of the FFDI across the Rockhampton region was modelled with a high resolution 
numerical weather model. Future climate was based on output from three downscaled GCMs forced 
by the SRES A2 emissions scenario for the two decades centred around 2050 and 2090. 

The storm tide (storm surge plus tide) assessment was based on modelled tide levels from a national 
hydrodynamic study of extreme water levels by Haigh et al. (2012). The potential inundation based on 
the modelled storm tide heights were predicted using a bath-tub methodology (Eastman, 1993). For 
future climate, projected sea-level rise scenario heights for 2050, 2070 and 2100 were added to the 
modelled current-climate storm tide heights. 

The coastal erosion assessment applied the method outlined by the Queensland Coastal Hazards 
Guideline (QCHG; DERM, 2012a). Current-climate coastal areas prone to erosion were identified 
based on the analysis of coastal change identified from historical aerial photography captured from 
1961 and 1964 and compared with a 2010 image. The eroding sections of coast identified represent 
the areal extent of coastal erosion hazard under current climate. For future climate, the erosion hazard 
was determined using the proscribed QCHG widths for the 100 year planning period. 

The sea-level rise (SLR) hazard assessment considered the still water extent (i.e. no wave setup or 
run-up) of the area prone to inundation from projected sea levels. The analysis considered three 
scenarios; the combining of the 2012 value for Highest Astronomical Tide (HAT) with each of four sea 
level increases projected for 2050, 2070 and 2100. The inundated area was predicted using a bath-tub 
methodology (Eastman, 1993). 
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1.2 Key Findings 

1.2.1 Current Climate 

The Rockhampton region is exposed to a significant level of hazard even in current-climate conditions. 
Some key findings of the current-climate hazard assessment are: 

• Tropical cyclone: Rockhampton is in a high tropical cyclone hazard region. The results of the 
severe cyclonic wind assessment indicate hazard levels similar to the design wind speeds from 
the existing building code, although they are much greater than the wind hazard estimated from 
the observational record at Rockhampton Airport. 

− Higher elevation locations can be expected to experience extreme wind speeds equivalent to 
Tropical Cyclone (TC) Category 4 and 5, or higher, on average every 20 to 25 years. This 
includes Mount Archer, Flat Top Range, Mount Morgan and Native Cat Range. 

− The remainder of the study region is exposed to TC Category 3 wind speeds at similar 
recurrence intervals, with only small areas exposed to lower hazard levels. 

• Bushfire: Days with “Extreme” and “Catastrophic” Fire Danger ratings can be expected to occur 
once every fifty or one hundred years for many locations in the Rockhampton region: notably 
Flat Top Range and south to the Fitzroy River and Mount Archer National Park. 

• Storm tide: Many low-lying areas were shown to be susceptible to inundation from storm tide; 
such as wetlands, lakes and also built-up areas. Roads shown as being exposed to storm-tide 
hazard include Yeppoon-Emu Park Road and Bajool-Port Alma Road. 

• Coastal erosion: Some buildings in Yeppoon and Emu Park are within the zone identified as 
exposed to coastal erosion. 

• Sea-level rise: The current climate HAT identifies significant inundation. The area exposed to 
inundation under a HAT event includes Yeppoon Road, the Bajool-Port Alma Road, Port Alma, 
the Scenic Highway, South of Yeppoon and buildings in the vicinity of Keppel Sands. 

1.2.2 Future Climate 

All hazards considered in this study, with the exception of tropical cyclone wind hazard, increase under 
simulated future-climate conditions. However, the change is not uniform across the region; some 
areas will experience relatively much less increase then others. 

Some key findings of the future-climate hazard are: 

• Tropical cyclone: There is an apparent decline in wind hazard into the future; however, due to 
the variability of the process modelled, uncertainties are large, and none of the changes were 
statistically significant 

• Bushfire: The area characterised by “High” bushfire hazard increases in both magnitude and 
extent through 2050 to 2090. Significant areas of higher bushfire hazard include: 

− south-west of Gracemere 

− north of Rockhampton on the eastern side of the Bruce Highway 

− south of Rockhampton on the western side of the Bruce Highway. 
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• Storm tide: The storm tide hazard increases with the addition of sea-level rise. Exposure under 
current climate increases with the addition of sea-level rise, e.g. the Yeppoon-Emu Park Road 
will be inundated under the 2100 future-climate scenario inundation. New areas were exposed, 
such as the Keppel Sands Road which is exposed to the 2100 SLR future-climate scenario. 

• Coastal erosion: The 2100 simulated coastline is within 0 and 400 m landward of the existing 
coastline. Buildings were exposed in many cases, e.g. in Keppel Sands, Emu Park, Shoal Bay 
and Yeppoon. 

• Sea-level rise: The sea-level rise analysis, HAT + SLR, identified that the HAT inundation on the 
floodplain downstream of Rockhampton is progressively exacerbated, with increasing SLR 
heights towards the city of Rockhampton and the Bruce Highway. The open coast appears to 
not be further exposed with the addition of SLR heights to HAT. 

1.3 Conclusion 
The results of this study provide an assessment of hazard from extreme events, under both current 
and future climate, that is indicative on a regional scale. Land use planning should consider how the 
projected future hazard level may impact on proposed development. Effective local planning could 
contribute to reducing the risk from some hazard types, e.g. storm surge and bushfire Hazard levels 
across the wider region may need to be considered when planning access roads or other 
infrastructure. The present study did not include flooding, or consider the correlation between hazards 
such as coincident cyclone, storm surge and flood hazard; both of which are important components of 
a full understanding of current and future hazard. 

1.4 Uncertainty and Limitations 
This study has been completed using currently available world best-practice methods. Climate science 
is a developing field and, as such, the results of this study need to be compared to future-climate 
research to consider the ongoing validity of the results. The future-climate simulation in this study has 
been based on regional climate simulations that have, in turn, been based on the global IPCC AR4 
results. The IPCC Fifth Assessment Report (AR5) is due for release in September 2013. The climate 
impacts and adaptation research community, including such organisations as the CSIRO, provide a 
constantly evolving source of information relating to hazards and future-climate effects. Within this 
study, a single global emissions scenario was considered within the future climate; completing the 
same analysis for a suite of emissions scenarios would result in a range of future-climate hazard for 
consideration. Alternatively, Representative Concentration Pathways (RCPs) which are four 
greenhouse gas concentration (not emissions) trajectories, have been adopted by the IPCC for its 
Fifth Assessment Report (AR5) and could form the basis of further work exploring the uncertainty of 
future hazard. 

http://en.wikipedia.org/wiki/Greenhouse_gas
http://en.wikipedia.org/wiki/Intergovernmental_Panel_on_Climate_Change
http://en.wikipedia.org/wiki/IPCC_Fifth_Assessment_Report
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2 Introduction 

2.1 Background 
Due to the developing understanding of the science of climate change, model uncertainties present 
significant challenges for land use planning, emergency management and risk mitigation across 
Australia. Even under current-climate conditions, the Rockhampton Regional Council area is subject to 
the impacts of natural hazards, such as bushfires, floods, and tropical cyclones (extreme winds and 
storm surge). All of these hazards may worsen with climate change. 

The Commonwealth Government’s first pass national assessment of the potential impact of climate 
change on coastal infrastructure (Cechet et al., 2012) indicated that, of the significantly populated 
Queensland Local Government Areas (LGAs), the Rockhampton Regional Council has the largest 
area potentially inundated through the combined impacts of sea-level rise, erosion and storm tide. 
Considering the expected population increase in Rockhampton (from under 117 thousand people in 
2011 to over 175 thousand for 2031 under the high series prediction (Qld OESR, 2012)), even current-
climate hazard will, through time, progressively expose greater numbers of people to the impact of 
disasters. A potential future-climate increase in hazard combined with the predicted population 
increase in the Rockhampton region will result in an increase in exposure. Therefore, the 
Rockhampton Regional Council will need prudent planning to accommodate the increased population 
while taking into account potential changes in the hazard. The process of incorporating projected 
changes in hazards into the planning processes could offer important insights for other regional 
councils in Australia. 

To consider future-climate hazard within council practices, the Rockhampton Regional Council 
received funding from the National Climate Change Adaptation Research Grants Program Project for a 
project under the Settlements and Infrastructure theme. This funding was provided to evaluate the 
ability of urban planning principles and practices to accommodate climate change and the uncertainty 
of climate change impacts. Within this project, the Rockhampton Regional Council engaged 
Geoscience Australia to undertake the modelling of natural hazards under current and future climate. 
This report describes the methodology and the results of the work undertaken by Geoscience Australia 
and constitutes the final contract deliverable for the Rockhampton Regional Council.  
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2.2 Aim 
The aim of this study is to utilise natural hazard modelling techniques to develop a series of spatial 
datasets describing hazards under current-climate conditions and a future-climate scenario. 

This study considers the following natural hazards: 

• tropical cyclone wind 

• bushfire 

• storm tide 

• coastal erosion 

• sea-level rise. 

Flood modelling was not within the scope of Geoscience Australia’s work for this study. It is 
recognised that flood modelling should be included within an “all-hazards” approach; specifically as 
Rockhampton is prone to flood (1918, 10.11 metres peak height above gauge datum; 1954, 9.4 m; 
1991, 9.3 m; and 2011, 9.15 m). Flood modelling could augment this study in the future. 

The outputs of this study include: 

• A description of the methodologies and discussion of results (this report) 

• Hazard maps 

• Hazard modelling results in digital form. 

The aim of the hazard maps, supplied alongside the report, is to spatially communicate the regional 
hazard results. The maps should be interpreted with this report and should not be used in isolation. 
The hazard maps are indicative of the hazard levels at a regional scale, and are not intended for use 
for local planning purposes. The maps have not been designed to communicate the hazard to the 
general public. 

The aim of the hazard modelling results, in the form of digital spatial data, is to support the 
Rockhampton Regional Council in evaluating the ability of existing urban planning principles and 
practices to accommodate climate change and the uncertainty of climate change impacts. The digital 
spatial data has been provided to the Rockhampton Regional Council to enable the council to further 
analyse or visualise the data. 

2.3 Study Region 
The spatial extent of this study is shown in Figure 2.1. This extent was selected as it covered the most 
populated area within the Rockhampton Regional Council LGA, and the area Rockhampton is likely to 
expand within as the population increases. 
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Figure 2.1. The Rockhampton study region (black outline) and primary roads (red lines). 
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2.4 Future Climate in Queensland 

2.4.1 Future Climate Overview – Central Queensland 

The DERM report “ClimateQ: towards a greener Queensland” (DERM, 2009) provides the scientific 
and policy context for climate change for Queensland. It includes eight sectoral strategies to reset and 
expand Queensland’s policy approach for managing future greenhouse gas impacts and safeguarding 
Queensland’s future. Appendix 3 of the report provides regional climate change summaries. Box 1 
shows an excerpt from the summary of the key findings on projected climate change for Central 
Queensland which includes the Rockhampton region. 

Box 1. Climate Change in the Central Queensland Region 

Temperature 

• Average annual temperature in Central Queensland has increased 0.5 °C over the last decade 
(from 21.6 °C to 22.1 °C). 

• Projections indicate an increase of up to 4.5 °C by 2070 leading to annual temperatures well 
beyond those experienced over the last 50 years. 

• By 2070, Rockhampton may have four times the number of days over 35 °C (increasing from an 
average of 16 per year to an average of 64 per year by 2070), while Barcaldine may have 
nearly twice the number of hot days (increasing from an average of 87 per year to an average of 
163 per year by 2070). 

Rainfall 

• Average annual rainfall in the last decade fell by nearly 14 per cent compared with the previous 
30 years. This is generally consistent with natural variability experienced over the last 110 
years, which makes it difficult to detect any influence of climate change at this stage. 

• Models have projected a range of rainfall changes from an annual increase of 17 per cent to a 
decrease of 35 per cent by 2070. The ‘best estimate’ of projected rainfall change show a 
decrease under all emissions scenarios. 

Evaporation 

• Projections indicate annual potential evaporation could increase 7–15 per cent by 2070. 

Extreme events 

• The 1-in-100-year storm tide event is projected to increase by 51 cm in Gladstone and 32 cm at 
Cape Clinton (near Yeppoon) if certain conditions eventuate. These conditions are a 30 cm sea-
level rise, a 10 per cent increase in cyclone intensity and frequency, as well as a 130 km shift 
southwards in cyclone tracks.  
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2.5 Future-Climate Hazard Modelling 
Modelling the hazards within the future climate was completed through running General Circulation 
Models (GCMs) for current and future climate and scaling the current-climate hazard (Tropical Cyclone 
(TC) wind and bushfire) or building on results from other studies (storm tide, coastal erosion and 
sea-level rise). 

Future-climate projections, such as those in Box 1, are typically based on the outputs from GCMs. 
These climate models represent the physics in the atmosphere, and/or oceans, and can be ‘forced’ by 
Greenhouse Gas (GHG) emissions scenarios to project the future global climate. The results in Box 1 
are based on the low (B1) and high (A1FI) emissions scenarios specified by the Intergovernmental 
Panel for Climate Change (IPCC) in the Special Report on Emissions Scenarios (SRES, Nakicenovic 
and Swart, 2000). 

The future-climate scenario in this study was based on the SRES A2 GHG emissions scenario. 
Figure 2.2 presents the global average surface air temperatures resulting from the SRES emissions 
scenarios. The A2 GHG scenario predicts a mid- to high range response for the projected climate 
response to the emissions, resulting by 2100 in an average global warming of 3.4ºC (with a range of 
2.0-5.4ºC) based on outputs from a range of GCMs (IPCC, 2007a). The A2 scenario storyline 
designates the global focus to remain on economic development rather than environmental 
sustainability. Current observed emissions are tracking the A2 emissions scenario projection 
(Peters et al., 2012). 

Global or even regional climate models are fundamental to climate science; however they tend not to 
effectively capture the extreme climate events that cause natural disasters. This is partly because 
extreme climate events typically operate on small spatial scales, often below the resolution of the 
models (ACE CRC, 2010). Moreover, extreme climate events are per definition rare, and creating 
sufficiently long GCM or Regional Climate Model (RCM) simulations to understand their behaviour is 
computationally still prohibitively expensive. Instead, natural disasters are often studied using a variety 
of modelling approaches that integrate the physics that drives the event with statistical techniques to 
parameterise small-scale processes. GCMs were run with current-climate GHG forcing and then 
compared with the results from the GCMs being forced by the A2 GHG emissions scenario 
(Nakicenovic and Swart, 2000). For specific hazard modelling characteristics the ratio of current to 
future-climate GCM results could then be applied to the current-climate hazard to model the 
future-climate hazard. 

Geoscience Australia has developed a capability for modelling natural disasters for Australia and the 
Asia-Pacific region; ranging from earthquake, tsunami, storm surge and flood to extreme wind and, 
currently, bushfire. This capability has successfully been applied to model a range of hazards under 
future-climate conditions, e.g. Arthur et al., 2011; Cechet et al., 2011; Cechet et al., 2012; 
Hazelwood et al., 2012. 

This study draws on available scientific work undertaken by other agencies studying current and future 
climate, including a national storm tide study. This study builds on those outputs by applying hazard 
modelling techniques to develop an overview of multiple climate hazards in the Rockhampton region 
under current and future-climate conditions. 
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Figure 2.2. Multi-model averages and assessed ranges for surface warming (IPCC, 2007a). 

Within this report, the hazard probability is specified in terms of the Average Recurrence Interval (ARI). 
The ARI is a measure of how often a certain severity of a hazard is experienced. For example, a 500 
year ARI wind speed of 60 m/s indicates that winds of that severity, or higher, occur on average once 
every 500 years at that location. Note that the ARI is based on a probability calculated over a long time 
period; it is entirely possible that a 500 year ARI wind speed occurs twice in subsequent years, or 
even in a single year. Therefore, it is important that planning processes consider high ARI hazard as 
well as the frequent hazard levels with a low or medium ARI. The ARI is equivalent to other measures 
used to express probability of extreme events and natural disasters, such as the return period (RP). 

2.6 Report Structure 
This report consists of a summary written specifically for a non-technical audience within the 
Rockhampton Regional Council. The summary report comprises a synopsis of the methods and 
results of each of the hazards covered under current and future climate. The summary, which presents 
the 50 and 100 year ARI hazard, is supplemented by the technical appendices which provide 
additional technical detail, including discussions of the methods and results. The full results, including 
other ARI hazard, which should be considered as hazard may not scale linearly with probability, is 
given in the appendices, and a digital version of the results (hazard maps) is provided with this report. 
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3 Tropical Cyclone Wind 

Rockhampton is in Australia’s high-risk zone for tropical cyclones. This is reflected by its location in the 
cyclonic region in the Australian building code for wind (AS/NZS 1170.2). The last cyclone, causing 
major wind damage, impacted Rockhampton in 1949. The typical tropical cyclone season extends 
from 1 November to 30 April. 

3.1 Method 
Tropical cyclone hazard in this study was modelled using the TCRM, a statistical-parametric 
computational tool developed by Geoscience Australia for estimating the wind hazard from tropical 
cyclones (Arthur, In Prep). The TCRM does not model storm surge associated with tropical cyclones. 
The TCRM was used to generate a synthetic catalogue equivalent to 5000 years of potential events, 
based on the characteristics of historically observed cyclones across the region and Australia. For 
each event in the synthetic catalogue, the swath of damaging winds was calculated. This incorporated 
localised effects of topography, land cover (e.g. forests, croplands, urban areas and water bodies) and 
the shielding effects provided by closely-spaced buildings. Based on this, the ARI wind speeds were 
calculated for the study region. 

To calculate current-climate TC wind hazard, TCRM was trained on the catalogue of observed events 
(1950-2012, Kuleshov et al., 2008). To determine the cyclone hazard under the future-climate 
scenario, the synthetic event catalogue was generated based on the tracks detected in the GCM 
output, assuming the SRES A2 GHG emission scenario (Nakicenovic and Swart, 2000), for 2050 and 
2100. 

3.2 Results 
Complete results are presented in Appendix A. Here the 50 year ARI results are presented for current 
climate and for 2090. 
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Figure 3.1 Current-climate 50 year ARI TC wind hazard3. 

 
3 The maps show local wind speed hazard in terms of the equivalent TC wind speed categories. The TC 
categories are only used to facilitate interpretation of the wind speeds; they do not indicate distinct TC events 
within the study region. 
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Figure 3.2. 2090 50 year ARI TC wind hazard for the SRES A2 scenario. 

3.3 Discussion 
The modelling results agreed with the classification of Rockhampton within Australia’s tropical cyclone 
risk zones as depicted in AS/NZS 1170.2. All hazard estimates were similar to the existing design wind 
speeds for the region, but were much greater than ARI wind speeds estimated from the observational 
record at Rockhampton Airport4. 

In the current climate, 50 and 100 year ARI events, the tropical cyclone peak hazard (equivalent to 
wind speeds from TC Category 4 and 5) is observed in the higher elevations including Mount Archer, 
Flat Top Range, Mount Morgan and Native Cat Range. The remainder of the study region is mostly 
exposed to TC Category 3 wind speeds with small areas experiencing lesser wind speeds. 

In the future-climate simulation, the TC wind hazard simulations indicated a decline in cyclonic wind 
hazard. However, it has to be noted that, due to the large inherent variability in modelling 
methodology, the change in wind hazard modelled for future climate under the SRES A2 emissions 
scenario was not statistically significantly different. 

These results were in line with the current understanding of the shifts in cyclone hazard across 
Australia. Recent studies indicate that cyclone frequency may decline somewhat overall, but a larger 
proportion of cyclones will be intense (Category 4 and 5; see for example Abbs, 2012, Zhao and Held, 
2012, and Hill and Lackmann, 2011). This shift could produce average hazard levels very similar to 
those experienced currently. In conjunction, the tracks may tend to occur further southward, especially 

 
4 This illustrates why hazard modelling for extreme events is based on broad, in this case national, 
‘synthetic’ catalogues of potential events, rather than local observations alone. 
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on the east coast of Australia (Abbs, 2012). While such a shift in tracks suggests some areas in 
Queensland may experience higher cyclone hazard in the future, this is unlikely to be an issue for 
Rockhampton as it is already in an active cyclone region. 
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4  Bushfire 

The dry-tropics of central Queensland result in an annual bushfire threat that generally extends from 
September to November. Within this study bushfire hazard was defined by the Forest Fire Danger 
Index. 

4.1 Method 
In Australia, fire weather hazard is quantified using either the Forest Fire Danger Index (FFDI) or the 
Grassland Fire Danger Index (GFDI; Luke and McArthur, 1978). Both the FFDI and the GFDI consider 
weather observations and each index considers a dryness factor: FFDI includes a ‘drought factor’ and 
GFDI considers a ‘curing factor’. Weather observations (temperature, relative humidity and wind 
speed) were combined with an estimate of the fuel state to predict likely fire behaviour if an ignition 
eventuates. The ‘drought factor’ is used for forests in the combined estimate of fuel state, and is based 
on daily rainfall and the period of time elapsed since the last rain. For grasslands, the ‘curing factor’ is 
used in the combined estimate of fuel state. Curing describes the annual or seasonal cycle of grasses 
dying and drying out. The curing factor can be measured via destructive sampling, visual observations 
and remote sensing. For this study only FFDI was calculated and the GFDI was scaled from the 
historical FFDI/GFDI measurements (for those instances, numbering 22, over nearly 40 years of daily 
records where FFDI > 50). 

A high horizontal spatial resolution (270 m) numerical weather model was utilised to provide spatial 
texture weather characteristics including temperature, wind speed/direction and relative humidity. This 
was computed over the Rockhampton region for a range of historical days where bushfire hazard, as 
measured at the Rockhampton Airport meteorological station, was known to be Severe to Extreme. 
The weather model simulated the weather conditions across the Rockhampton region from the 
observations available at the Rockhampton Airport and a range of far-field observations. From the 
temperature, relative humidity and wind speeds generated by the model, the maximum FFDI for each 
grid point over each simulated day was calculated, again using a constant drought factor. Each of 
these FFDI maps was then normalised to the value of the FFDI at the grid point corresponding to 
Rockhampton Airport. The ARI of FFDI at Rockhampton Airport for the current climate was calculated 
from observations by fitting Generalised Extreme Value (GEV) distributions. 

For current climate, FFDI was obtained utilising the observational record, which spanned four decades 
at the Rockhampton Airport. High-resolution spatial detail for the FFDI was obtained from the weather 
model simulations. A number of extreme events (days) that were identified as “typical” of the type of 
event that would be experienced once in 50 years or once in 100 years (i.e. the synoptic conditions 
had been determined as being similar to the majority of the extreme fire weather events in the 
observational record) were downscaled in the simulations. For future climate, this study considered 
three downscaled GCMs forced by the A2 GHG emission scenario. The ratio of spatial FFDI for the 
GCMs (involving temperature, relative humidity and wind speed) that was run under both 
current-climate and future-climate conditions, was then applied to the current-climate bushfire hazard 
(Rockhampton airport) which resulted in a spatial representation of future-climate bushfire hazard. 
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4.2 Results/discussion 
Figure 4.1 shows the spatial pattern of the current-climate 50 year ARI fire danger rating for the 
Rockhampton region. Figure 4.2 shows the spatial pattern for the ensemble model average (average 
of GCMs) for the 2090 climate (A2 emissions scenario). A relatively small increase is observed 
throughout the Rockhampton region, in both magnitude and extent, through 2050 to 2090. Cluster 
areas of marginally higher bushfire hazard include: 

• south-west of Gracemere 

• north of Rockhampton on the eastern side of the Bruce Highway 

• south of Rockhampton on the western side of the Bruce Highway. 

This relatively small change in FFDI with climate change for this central Queensland coastal 
community is consistent with other studies that have considered this region (Lucas et al., 2007; 
Clarke et al., 2011). 

 
Figure 4.1. Rockhampton region Fire Danger Rating, current-climate – 50 year ARI. See Appendix B for a 
description/discussion of the region of lower confidence (dashed area). 
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Figure 4.2. Rockhampton region Fire Danger Rating, 2090 – 50 year ARI (A2 scenario). See Appendix B for a 
description/discussion of the region of lower confidence (dashed area). 
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5 Storm tide 

The low-lying coastal areas in the Rockhampton region lie within a high-risk cyclone zone, and are 
susceptible to the impacts of storm tide. For example, the Mackay cyclone of 1918 caused 2.7 m 
waves in Rockhampton5. Storm tide is a combination of storm surge, wave setup and astronomical 
tide. Storm tides can impact over 100 km of coastline in a single event, causing significant damage to 
property and endangering lives (CSIRO, 2003). Storm tide event impact depends on the storm’s 
characteristics, its track approaching landfall and the coastal geography including bathymetry and 
topography. 

5.1 Method 
The storm tide data used in this study were sourced from a national hydrodynamic modelling study of 
extreme water levels for current climate (Haigh et al., 2012) undertaken by the University of Western 
Australia (UWA) for the Antarctic Climate & Ecosystems Cooperative Research Centre (ACE CRC). 
The outputs of the ACE CRC study consisted of points adjacent to the coastline with defined storm 
tide water level heights (Mean Sea Level (MSL) + tide + storm surge) for a range of ARIs. The ACE 
CRC study distinguished between extra-tropical and tropical storm events. However, the ACE CRC 
study did not model a future-climate storm tide hazard. Therefore, to model the impact of climate 
change on future storm tide hazard, the following sea-level rise scenarios were added to the ARI 
probability storm tide inundation heights: + 0.3 m (QLD 2050) 6, + 0.5 m (QLD 2070), + 0.8 m (QLD 
2100), + 1.1 m (FED 2100)7. 

A cluster analysis method was then applied to identify spatial patterns and thereby group similar storm 
tide heights. Two distinct clusters were identified within the study region: Area A and B (Figure 5.1 and 
Figure 5.2). For each cluster area, the mean water height for each ARI probability event was 
calculated from the contained storm tide points. The mean water height was then utilised to identify 
inundation extent. The ‘bath-tub’ method (Eastman, 1993) was used to determine the inundation 
extent. This method identifies the areas onshore that are lower than the mean storm tide level. While a 
bath-tub method is often used as a first-order approximation, it is a rudimentary approach. The 
bath-tub method does not consider physical barriers that can prevent inundation, such as small hills or 
sea walls. This can lead to overestimation of the inundation. Alternately, the bath-tub method does not 
consider the force and momentum of waves, which can result in this method underestimating the 
inundation extent. 

 
5 http://hardenup.org/be-aware/weather-events/events/1910-1919/cyclone-mackay-1918-1918-01-21.aspx 
6 The sources are provided within the Sea-level Rise hazard section on page 31 
7 This methodology and storm tide data also supports the ACE CRC Canute Sea Level Calculator which provides 
a user interface to identify combined current climate storm tide and sea-level rise around Australia for extra-
tropical storms only. http://canute2.sealevelrise.info/slr/Important%20Information 

http://hardenup.org/be-aware/weather-events/events/1910-1919/cyclone-mackay-1918-1918-01-21.aspx
http://canute2.sealevelrise.info/slr/Important%20Information
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The inundation extent was restricted to within 4 km of the coastline. This limit was applied because the 
bath-tub method, an approximation of inundation extent, tends to overestimate inundation in large 
low-lying areas, such as the lower reaches of the Fitzroy River mouth. However, the full extent of the 
potential inundation, in digital form, has been provided to the Rockhampton Regional Council for 
consideration. 

5.2 Results 
To present the range of inundation hazard the lowest (Figure 5.1) and the highest (Figure 5.2) 
inundation levels are shown. Each figure presents inundation probability from 50 through to 1000 year 
ARI hazard. 

The supplied hazard maps and digital spatial data covering all the results allow more detailed analysis 
which identifies the following locations are potentially at risk from impact: 

• Wetlands, lakes and some buildings were exposed to storm tide inundation in both 
current-climate and the 2100 future-climate scenario 

• Yeppoon-Emu Park Road is exposed to storm tide hazard in the current climate. This can very 
nearly cut the road to the north of Emu Park. The road is cut by storm tide inundation in the 
2100 future-climate scenario 

• Keppel Sands Road is exposed to the impacts of storm tide in the 2100 future-climate scenario 

• Bajool-Port Alma Road is exposed to storm tide inundation in current climate. It is increasingly 
exposed in the future climate with the banks of salt evaporators also being over-topped in the 
2100 future-climate scenario. 

 
Figure 5.1. Current climate - tropical cyclone storm tide inundation. 
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Figure 5.2. Future-climate - 2100 sea-level rise (1.1 m) combined with tropical cyclone storm-tide inundation. 
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6 Coastal Erosion 

Coastal erosion is a naturally occurring process caused by wave and current processes that 
continually shape the nature and form of the shoreline. Erosion in the coastal zone is both a short-term 
problem due to the occurrence of storm events and a long-term problem relating to natural and 
anthropogenic interruptions to sediment supply. The form and fabric of the geomorphic units in the 
coastal zone determines the rate and extent of erosion. For example, the unconsolidated sediments 
within dune and barrier systems are easily eroded over short temporal scales (days to weeks) 
compared with bedrock cliffs that erode across hundreds of kilometres at geological temporal scales. 
Coastal erosion results in a reduction of beach width and the creation of dune scraps resulting in the 
loss of beach amenity as well as damage to property. Coastal erosion due to storms events is often 
followed by a period of beach recovery. However, over the long-term, with sea-level rise and increased 
storminess, the loss of land eroded in the coastal zone is likely to be permanent. 

For the purpose of this study, coastal erosion was defined as “shoreline recession due to sea erosion 
causing a permanent loss of land” (DERM, 2012a). This study does not consider the temporary 
erosion associated with storm events, after which the beach or section of coastline may recover 
naturally. 

6.1 Method 
The current and future-climate erosion hazard was determined using the method provided by the 
Queensland Coastal Hazards Guideline (QCHG, DERM, 2012a). The guideline requires erosion prone 
area widths to accommodate both short- and long-term erosion for a specific planning period. The 
current-climate erosion overlays refer to short-term erosion prone areas. 

6.1.1 Current Climate 

The identification of the current-climate coastal hazard was undertaken by making a visual inspection 
of the coastline using the high resolution digital aerial photography of the Rockhampton region. The 
purpose was to identify sections of the coastline that were: 

• actively eroding ( presence of a dune scrap), or were 

• currently protected by a hard engineering structure (e.g. rip-rap wall or sea wall). 

In addition, a historical shoreline analysis was undertaken to identify any underlying coastal erosion 
trends not captured by the first step. The shoreline, defined as the vegetation boundary for ease of 
identification on the historical black and white photographs was digitised (scale 1:86,000) from two 
series of historical aerial photographs (captured 05/1961 and 06/1964). The location of the historical 
shoreline was then compared to the present shoreline from the 2010 image of the Rockhampton 
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coastline (10 - 50 cm horizontal resolution). This comparison enabled the identification of sections of 
the coastline that have experienced coastal recession or accretion8 during this time period. 

The current coastline was then digitised from the 2010 aerial photography and buffers applied to 
eroding sections of coast to represent the areal extent of coastal erosion hazard under current climate 
as described by the QCHG. 

6.1.2 Future Climate 

There is considerable debate within the coastal science community about whether or not rising sea 
levels due to climate change will increase rates of coastal erosion. Sea-level rise does not itself cause 
coastal erosion as there is too little energy associated with it to mobilise sediment, but rather the 
higher water level allows wave action to impact higher on the beach resulting in sediment being 
transported seaward. To date, a simple empirical relationship developed by Per Bruun in the 1950’s 
(Bruun, 1962) has dominated the prediction of the impacts of sea-level rise on sandy beaches. This 
model estimates the expected coastal erosion, as shoreline retreat, to be approximately 100 times that 
of the observed rate of sea-level rise. For example, a rise in sea level of 1 m will result in a 
corresponding erosion of the shoreline by 100 m. Whilst this simple relationship forms the basis of 
many coastal planning and beach nourishment program, it has never been validated on open coast 
beach systems or macro-tidal beach systems that exist along the Rockhampton Regional Council 
coast. This, coupled with the absence of any process studies for these beach types, led to the 
application of the methodology proposed by the Queensland Department of Environment and Heritage 
Protection (DERM, 2012a). 

Applying the QCHG long-term erosion method, the Queensland Department of Environment and 
Heritage Protection had identified the exposed coastline and produced a table (Appendix Table D.1) 
containing the modelled coastal erosion distances for the Rockhampton Regional Council coastline. 
The coastline segment, identified in each row of the table, was then matched to the coastline spatial 
data and buffered the coastline with the identified erosion distances.  

 
8 The process where sediment deposits cause the shoreline to advance seaward.  
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6.2 Results 
Under current climate approximately 0.6 km2 of shoreline was identified as exposed to the erosion 
hazard. Under a future climate this estimate increases to 47.3 km2 of the shoreline being identified as 
exposed to the coastal erosion hazard. 

 
Figure 6.1. Current-climate coastal erosion exposed coastline9. 

6.3 Discussion 
The current-climate exposure to coastal erosion is largely confined to the following: 

• East facing sections of the coastline directly open to the prevailing wave climate, e.g. Rocky 
Point Beach and the northern section of Long Beach. 

• The southern sections of the predominantly east to east-north-east facing beaches due to wave 
refraction by the southern headlands concentrating the wave energy, e.g. Tanby Point. This is a 
natural phenomenon and will continue under current-climate conditions. 

• Beaches where there has been significant anthropogenic activity resulting in the loss of 
sediment from the beach system, and often leading to the construction of hard engineering 
structures to prevent further losses; e.g. the southern section of Farnborough Beach. 

 
9 Note: the outline width of the erosion extent has been increased to clearly show the exposed coastline and does 
not represent the areal extent of the erosion. For the correct erosion extent refer to the provided A3 hazard maps. 
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Figure 6.2. Future-climate (2100) coastal erosion exposed coastline10. 

The results show that the extent of shoreline exposed to the erosion hazard increases significantly 
with the future climate. This includes areas with existing development, e.g. Bangalee, Yeppoon 
(including the Yeppoon-Byfield Road), the Yeppoon-Emu Park Road and Emu Park. 

There have been very few studies of the macrotidal beaches in the southern and central part of 
Queensland (e.g. Brooke et al, 2008; Webster and Ford, 2010); of those undertaken even fewer have 
attempted to model them (Masselink, 1993; Masselink and Short, 1993; Masselink and Hegge, 1995). 
As a consequence there is considerable uncertainty around how the beaches within the Rockhampton 
Regional Council LGA will respond to the impacts of climate change. However, in areas of the coastal 
zone that are already suffering from erosion, it most likely that rising sea levels will exacerbate this 
erosional trend 

The lack of fundamental data, both observational (e.g. near-shore wave climate and storm-tide run-up 
levels) and instrumental (e.g. bathymetry) for the Rockhampton Regional Council LGA, along with an 
absence of any suitable morphodynamic models to predict shoreline change on these meso- to 
macro-tidal beaches (Della Pozza, pers comm.), was a significant limitation to this study. In addition, 
there was no suitable data from which to gain an understanding of the current beach behaviour, in 
order to predict or forecast beach behaviour under future climate. 

In recognition of these data and modelling gaps, the Queensland Government’s erosion prone area 
width estimates used in this study to generate future-climate coastal erosion overlays were the best 
available, but are to be considered as indicative only. 

 
10 As for the footnote relating to Figure 6.1. 
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7 Sea-level Rise 

Long-term sea-level rise is caused by global warming which results in the thermal expansion of the 
oceans and the melting of water, such as ice sheets and glaciers, into the oceans (CSIRO, 2008). Sea 
levels have been observed to be currently rising globally at a speed of 3.2 mm per year in the last few 
decades (Church and White, 2011). Sea level does not rise uniformly along the Australian coast. 
Current science indicates that sea levels will continue to rise over the next decades, even if it were 
possible to stop global warming (DCC, 2009). 

7.1 Method 
The SLR hazard analysis considered the potential inundation from an increased still water level from 
sea-level rise without the impacts of waves and/or surge. This was completed using a bath-tub 
method11 through the addition of sea-level rise heights to the Highest Astronomical Tide (HAT). The 
HAT is defined by the Australian Hydrographic Service as “…the highest level of water which can be 
predicted to occur under any combination of astronomical conditions” (AHS, 2012). The 2012 value of 
the HAT is 3.9 m at Rockhampton (MSQ, 2011). The HAT is considerably higher than the Mean High 
Water Springs (MHWS) in Rockhampton (2.66 m), and as an extreme tide scenario, HAT implies a 
conservative approach to risk assessment. HAT is also recommended as a reference tide by the 
QCHG for coastal recession assessment (DERM, 2012a). 

The four sea-level rise scenarios considered were: 

• HAT + 0.3 m (QLD 2050) 

• HAT + 0.5 m (QLD 2070) 

• HAT + 0.8 m (QLD 2100) 

• HAT + 1.1 m (FED 2100) 

The three Queensland scenarios (2050, 2070 and 2100) were identified within the QCHG. The Federal 
scenario (HAT +1.1 m by 2100) was identified by CSIRO from the IPCC AR4 and subsequent 
research (OzCoasts, 2012). The 1.1 m sea-level rise scenario considers the “high-end” hazard 
including the effects of warming trends on ice sheet dynamics (OzCoasts, 2012). 

Utilising the high resolution (1 m) Digital Elevation Model (DEM), the bath-tub method (Eastman, 1993) 
was applied to identify elevation values that were equal to or less than the scenario value. In the 
example of the QLD 2050 scenario, land was identified where it was equal to or less than an elevation 
of 4.2 m (3.9 m (HAT) + 0.3 m) above the Australian Height Datum (AHD). 

 
11 The bath-tub method is described in the Storm Tide hazard summary and within Appendix C. 
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7.2 Results/Discussion 
Owing to the high value of HAT and the low-lying topography of the Fitzroy River mouth, there is 
significant inundation from a HAT event under current-climate conditions (Figure 7.1). The Yeppoon 
Road, Bajool-Port Alma Road, Port Alma, the Scenic Highway South of Yeppoon and buildings in the 
vicinity of Keppel Sands were identified as inundated by a current-climate HAT event. 

The sea level incremental rises from HAT to 5 m results in an increase in the inundation extent 
between a 3.8% and 6.7% compared with the lesser scenario. The greatest increase to the inundation 
extent from the addition of SLR scenarios was on the floodplain downstream of Rockhampton. As the 
inundation height increases, the inundation extent in the Fitzroy River region on the south-western 
area of the floodplain towards the Bruce Highway increases (Figure 7.1). Nearer to the city of 
Rockhampton, the Bruce Highway was shown as being potentially inundated to the south of the 
Capricorn Highway intersection. However, this area of inundation is isolated from the main body of 
water, and could be an artefact of the bath-tub method (Eastman, 1993). 

 
Figure 7.1. Sea-level rise inundation extent. 
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8 Discussion (all hazards) 

This study aimed to identify and quantify the extent of natural hazards in the Rockhampton region 
under current and future-climate conditions. The study covered many of the most prevalent natural 
hazards in the region, with the notable exception of flood. This section discusses the results of this 
study from a ‘multi-hazard’ perspective. 

The hazard modelling in this study identifies hazard at a regional scale, and the outputs are intended 
for use in regional planning. The results are not suited to fine-scale analysis due to the resolution of 
various input datasets and/or the models applied. It is important to understand the assumptions used, 
and the limitations of the methodologies and data to interpret the results of this study correctly. These 
issues are discussed in detail in the technical appendices for each hazard considered. The outputs 
from this study are to be incorporated into the Rockhampton Regional Council planning process. 
Where areas of interest are identified from the outputs of this study, more detailed hazard 
assessments should be carried out to generate local scale information. 

This study did not carry out a formal analysis of the assets at risk from the hazards. Such an analysis 
could be undertaken using the digital data provided by this study, e.g. by overlaying the hazard layers 
with council information such as building and infrastructure data. Furthermore, future work could 
incorporate multiple GHG emissions scenarios, and a wider range of climate models, to produce a 
range of likely future-climate hazard. This would assist with developing a risk profile for the region and 
could inform cost/benefit analysis with regards to both building/infrastructure site risk assessments and 
also climate change adaptation measures. 

The tropical cyclone wind hazard was the only hazard not to show a future-climate increase in extent 
or magnitude. In fact, the results suggest a drop in hazard levels may occur, although the change was 
not statistically significant. 

The sea-level rise analysis predicted greater inundation than the storm tide plus sea-level rise 
assessment. This was caused by the tidal component applied in the storm tide modelling being 
sampled from values of the whole tidal cycle. Whereas for sea-level rise hazard, HAT, the theoretical 
extreme tide scenario, is not based on observation. For Rockhampton HAT is 3.9 m and this is 1.24 m 
higher than mean of long term observed high waters (MHWS). Within the constraints of this study, 
there was no opportunity to repeat the storm tide modelling with an explicit tide scenario, such as HAT. 

This report is part of a Rockhampton Regional Council project that aims to evaluate the ability of its 
existing urban planning principles and practices to accommodate climate change and the uncertainty 
of climate change impacts. The results of the future-climate assessment within this study identify the 
regional hazard from extreme events for a single GHG emissions scenario. There is still considerable 
uncertainty around the exact projected emissions, and how the Earth’s system will respond to these in 
terms of atmosphere and ocean, including sea-level rise. The future-climate scenario (A2) used in this 
study, was considered the most likely scenario, however, this may need to be revised with the release 
of the next IPCC assessment report (IPCC AR5). Current planning processes, especially for 
infrastructure with a longer lifetime (>50 years), will need to factor in future hazard levels, and this 
study provides some indication of how those might differ from the current hazard. 
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8.1 Study Limitations 
The calculation of the future-climate TC wind hazard relied on a single simulation of future-climate 
TCLV data. As such, these results are sensitive to that single TRCM run and the simulated broader 
environment. This is due to the small sample size used in training TCRM for future climate as the 
behaviour of TCLVs is strongly modulated by a range of drivers, including the RCM representation of 
features such as the El Nino Southern Oscillation (ENSO). This may reduce or enhance the simulated 
TC activity during the period of sampling (e.g. 2046-2065), or influence the intensity or tracks of 
TCLVs. In further studies, this could be addressed by running the TCRM multiple times and from each 
simulation, extracting TCLVs for the periods of interest. However, multiple TCRM simulations 
downscaled from a single GCM were not available for this project. 

Within the bushfire hazard modelling, the vegetation was considered a static layer. The bushfire 
hazard modelling maintained land cover at the same level (composition and spatial extent) for the 
whole simulation period (1971-2100) with no seasonal or inter-annual variation, e.g. the response to 
year-to-year rainfall variability. In addition, significant episodic events such as tropical cyclones and 
tropical depressions, which are known to cause significant vegetation growth and regeneration in the 
months following their passage through a region, do not influence either vegetative growth or the 
drought factor used in the FFDI calculations. 

The bath-tub inundation method, used within the sea-level rise and storm-tide hazard modelling, 
identifies all the elevation heights less than the still-water height of the scenario. This potentially 
produces an overestimation of inundation in areas where topographic breaks exist, e.g. flood barriers, 
and the elevation heights are less than the scenario height on the protected side of the break. The 
bath-tub inundation method also does not consider hydrodynamic processes and interactions such as 
wave forces, momentum, and the impacts of topography (e.g. headland protection) and bathymetry 
(e.g. depth of water near-shore and the existence of reefs) resulting in a potential under estimation of 
inundation. 

The methodology used for the coastal erosion assessment was a qualitative approximation that does 
not account for local processes such as wave climate and availability of sediment. Such an 
approximation may be less valid for future-climate conditions when there are changes in wave climate, 
or in the events that can cause erosion, such as storm events. Furthermore, this method was applied 
to the whole coastline, which is unlikely to uniformly respond to changes under future sea-level rise. 

8.2 Treatment of Uncertainty 
GCMs are used to predict what will happen to Earth’s climate in the future. Groups like the IPCC 
compare the results from several different climate models as they determine what is most likely to 
happen on both a global and also regional scale. To evaluate the performance of a climate model, the 
model is run through a time period for which there are actual measurements of the Earth’s climate; 
e.g. the past 50 - 100 years. The results from the model are compared with the actual measurements 
of real climate, and if they are similar then the mathematical equations in the model that are used to 
describe how the Earth functions regarding its climate are considered reasonably accurate. If the 
model results are very different from the actual measurements, then the model is considered “less 
useful” with regards to its predictive ability and therefore requires further work. Atmosphere-ocean 
GCMs represent the pinnacle of complexity in climate models and internalise as many processes as 
possible. However, they are still under development and uncertainties remain. They may be coupled to 
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models of other processes, such as the carbon cycle, so as to better model feedback effects. Most 
recent simulations show "plausible" agreement with the measured temperature anomalies over the 
past 150 years, when forced by observed changes in greenhouse gases and aerosols, and better 
agreement is achieved when both natural and man-made forcings are included (IPCC, 2007). 

No model perfectly reproduces the system being modelled. However, imperfect models may 
nevertheless produce useful results. In this context, GCMs are capable of reproducing the general 
features of the observed global temperature over the past century. Some uncertainty about our future 
climate remains because there are processes and feedbacks between different parts of the Earth that 
are not fully understood and therefore not included in models At the present time, scientists are 
conducting research to learn more about how some of the less well-known processes and feedbacks 
function. 

Confidence in GCM model estimates is higher for some climate variables (for example, temperature) 
than for others (for example, precipitation). Confidence in the reliability of these models for climate 
projections has also improved (Alexander and Arblaster, 2009), based on tests of their ability to 
simulate: 

• the present average climate and year to year variability 

• observed climate trends in the recent past 

• extreme events, such as storms and heatwaves 

• climates from thousands of years ago. 

Climate models provide credible quantitative estimates of future climate change, particularly at 
continental scales and above. It is difficult to quantify the uncertainty of future-climate modelling and 
the compounded uncertainty when considering hazard modelling, which has its own uncertainty, within 
future-climate simulations. However, this does not necessarily detract from value of applying the 
methods used in this study as this is the current state of the science. Further information relating to 
climate modelling reliability is presented by the CSIRO12 

Existing models show significant and increasing skill in representing many important mean climate 
features, such as the large-scale distributions of atmospheric temperature, precipitation, radiation and 
wind, and of oceanic temperatures, currents and sea ice cover. Patterns of climate variability that are 
well simulated include the advance and retreat of the major monsoon systems, the seasonal shifts of 
temperatures, storm tracks and rain belts. Simulations that include estimates of natural and human 
influences can reproduce the observed large-scale changes in surface temperature over the 20th 
century, including the global warming that has occurred during the past 50 years (DCCEE, 2012). 

However, in the Australian region, there are deficiencies in the simulation of tropical rainfall and some 
important climate processes such as the El Niño-Southern Oscillation and the Madden-Julian 
Oscillation (DCCEE, 2012). Climate features with smaller space and time scales are also simulated 
with lower skill, for example, tropical cyclones and thunderstorms. With increasing computer power 
and better understanding of climate processes, future models will include finer resolution and more 
processes, which is expected to reduce some of these uncertainties. Even so, there will always be a 
range of uncertainty in climate projections. 

 
12 http://www.csiro.au/Outcomes/Climate/Reliability-Climate-Models.aspx  

http://www.csiro.au/Outcomes/Climate/Reliability-Climate-Models.aspx
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A more complete discussion of climate models is provided in both the IPCC’s Third and Fourth 
Assessment Reports. 

This study has been completed using currently available world best-practice methods and only used 
models which have been verified as producing acceptable results for the current climate of the 
Australian region. Climate science is a developing field and as such the results of this study need to be 
compared to future climate research to consider the ongoing validity of the results. Largely, the future-
climate simulation in this study has been based on global, and subsequently regional, climate 
simulations that have, in turn, been based on the IPCC AR4 results. The IPCC Fifth Assessment 
Report (AR5) is due for release in September 2013. The research world, including such organisations 
as the CSIRO, is a constantly evolving source of information relating to hazards and future-climate 
effects. 

8.3 Future Work 
The future work described below, if undertaken, would allow a more in-depth understanding of the 
current hazard and reduce the uncertainty in the future-climate hazard predictions. In addition, these 
efforts would further translate the understanding of hazard into the determination of the risk to local 
population and council asset that climate change impact poses. Future work includes, but is not limited 
to extending the hazards considered, extending the future-climate emissions scenarios considered, 
updating the hazard modelling and completing an exposure or risk assessment. 

Flood modelling was not within the scope of this study. Flood modelling should be included within an 
“all-hazards” approach; specifically as Rockhampton is prone to flood. This work should be undertaken 
with some urgency, and the spatial analysis of the flood regions included in the hazard GIS information 
available to the Rockhampton Regional Council. Currently proposed future residential subdivisions as 
well as infrastructure projects should be re-examined against this new flood hazard information. 

The development of climate science is greatly assisted by the IPCC assessment reports; the IPCC 
Fifth Assessment Report (AR5) is due for release in September 2013. This new climate science 
information, which for AR5 focuses on improved regional understanding of climate change, should be 
utilised in future studies to update the current understanding of climate-related hazard within the 
Rockhampton region. Specifically, the range of resulting future-climate hazard under representative 
concentration pathways should be determined. To date, the IPCC has published a range of GHG 
emissions scenarios which are used to drive, or ‘force’, GCMs used for this and many other studies. 
These emissions scenarios are shown in Figure 2.2 (p63) and the six GHG emissions scenario groups 
range from a low emissions scenario, B1, resulting in best estimate of 1.8 ºC increase through to the 
high scenario, A1FI, resulting in a best estimate of 4.0 ºC increase both by 2090-2099 relative to 
1980-1999 global average surface temperatures. Completing hazard modelling for a range of GHG 
emissions scenarios provides a range of future hazard levels for consideration. The new greenhouse 
gas concentration trajectories will allow researchers to examine the range of climate model variability 
based around the premise of a stabilised green house gas concentration. 

Revised hazard levels based on IPCC AR5 data should be compared to outputs provided within this 
report so as to consider the ongoing veracity of the results. 

Via this study hazard layers have been produced and provided in map and digital form (for current and 
future-climate hazards). This hazard data can be combined with other data such as the location of 
infrastructure (roads, rail, bridges, houses etc) or people to identify the exposure (e.g. Hazelwood and 
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Moore, 2012; Thomas and Burbidge, 2008) of this infrastructure to the hazard. Furthermore, with an 
understanding of the vulnerability of the infrastructure, or population, to the hazard the risk to the 
assets, and therefore the impact, can be calculated. Geoscience Australia has broad experience in 
completing risk assessments both within Australia (e.g. Cechet et al., 2011, Middelmann-Fernandes, 
2010, Jones et al., 2005) and more broadly in the Asia-Pacific region (e.g. Simpson et al., 2008). 
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9 Conclusion 

This study aimed to identify the natural hazards in the Rockhampton region under current and future-
climate conditions. The study covered many of the most prevalent natural hazards in the region, with 
the notable exception of flood. Hazards considered were tropical cyclone, bushfire, sea-level rise, 
storm tide and coastal erosion. 

This study draws on available scientific work undertaken by other agencies studying current and future 
climate, including a national storm tide study, and GCM simulations for mid-century (2050) and end of 
century (2100). This study builds on those outputs by applying hazard modelling techniques to 
develop an overview of multiple climate hazards in the Rockhampton region under current and future 
climate. The future-climate scenario considered here was the IPCC AR4 A2 GHG emissions scenario, 
a mid- to high-level emissions scenario (IPCC, 2007). The sea-level rise scenarios ranged between 
0.3 m (for 2050) and 1.1 m (for 2100). 

The hazard modelling in this study identifies hazard at a regional scale, and the outputs were aimed at 
regional planning purposes. The results are not suited to fine-scale (high resolution) analysis due to 
the resolution of various input datasets and/or the models applied. The outputs from this study could 
be used to assess areas for potential land development. Where areas of interest are identified from 
the outputs of this study, more detailed hazard assessments should be carried out to generate local 
scale information. This study did not carry out a formal analysis of the assets at risk from the hazards. 
However, such an analysis could be undertaken using the digital data resulting from this study. 

The Rockhampton region is already characterised by high hazard levels for all hazards considered in 
this study. Moreover, almost all hazards showed an increase in hazard level, although this increase 
was not uniform across the region, and the magnitude of increase varied between the hazards. 
Notably, the tropical cyclone wind hazard was the only hazard not to show a future-climate increase in 
hazard extent or magnitude. In fact, the results suggest a drop in hazard levels may be possible, 
although the change was not statistically significant. 

This report is part of a Rockhampton Regional Council project that aims to evaluate the ability of its 
existing urban planning principles and practices to accommodate climate change and the uncertainty 
of climate change impacts. The results of this study provide an assessment of regional hazard from 
extreme events for a particular emissions scenario. Land use planning should consider how the 
projected future hazard level would impact on proposed development. For some hazards, effective 
local planning could help neutralise the risk to some extent, such as storm surge or bushfire. Hazard 
levels across the wider region may need to be considered when it concerns planning of access roads 
or power lines. The present study did not include flooding, or consider the correlation between hazards 
such as cyclone and storm surge or flooding, both of which are important components of a full 
understanding of current and future hazard. 
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A.1 Method 

A.1.1 Current Climate 

A.1.1.1 The Tropical Cyclone Risk Model 

The hazard assessment uses Geoscience Australia’s statistical-parametric TCRM13 (Arthur et al., 
2011; Arthur, in prep.). The TCRM generates a synthetic catalogue of 5000 years of events that are 
statistically similar to the input dataset, e.g. a set of observed historical storms. TCRM then calculates 
a parametric wind field around each track to determine the swath of winds from each event in the 
synthetic catalogue. The resulting wind fields were ranked and an extreme value distribution fitting 
procedure applied to determine ARI wind speeds. 

A.1.1.2 Data 

The Australian Bureau of Meteorology’s best-track dataset, for seasons 1981–2005 (Kuleshov et al., 
2008) was used as the input dataset. This is a quality controlled, homogenised catalogue of Tropical 
Cyclone (TC) observations of date, time, position and intensity (measured as estimated central 
pressure). This dataset does impart a slight bias, due to the high proportion of El Niño events over the 
25-year period. Tropical cyclone activity in the eastern Australian region is generally decreased under 
El Niño conditions, and this may result in a slight underestimation of wind hazard (this period was 
relatively quiescent compared to the entire 20th Century). However the actual value should be within 
the upper and lower 90% confidence estimates indicated in Appendix Figure A.1 and Appendix 
Figure A.2. 

A.1.1.3 Track model 

The track model is composed of four components: TC genesis, track behaviour, landfall decay and 
TC lysis (termination). 

The genesis of TCs is modelled as a Poisson process based on the historical frequency and spatial 
Probability Density Function (PDF) derived from historical genesis points. The PDF is generated using 
kernel density estimation (Silverman, 1986), utilising a 2-dimensional Gaussian kernel with 
automatically selected bandwidth. 

TC tracks display significant autocorrelation for speed, bearing and the rate of intensity change. Using 
the approach of Hall and Jewson (2007) and Rümpf et al. (2009), TCRM uses an autoregressive 
method to model the future behaviour of each synthetic TC. Initial statistics of tropical cyclone 
parameters (speed of forward motion, bearing, rate of intensity change) were determined from the 
historical record, and the lag-1 autocorrelation for each parameter calculated on a spatial grid. The 
behaviour of a TC at a given time step is a combination of the value at the preceding time step plus a 
random innovation. The magnitude of this random variation is related to the strength of the 
autocorrelation for that parameter. 

The filling rate of TCs after making landfall is modelled in the same manner as Vickery (2005), where 
the central pressure increases as a function of time over land (t) and the pressure deficit at the time of 
first landfall. The landfall decay component of the model has not been calibrated for eastern Australian 

 
13 The TCRM code is available online at http://code.google.com/p/tcrm 

http://code.google.com/p/tcrm
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conditions and so the estimated wind speeds well inland (more than 100 km inland) may be 
inaccurate. 

Lysis of a synthetic tropical cyclone occurs when the central pressure deficit falls below an arbitrary 
threshold, either due to the decline in intensity following landfall, or through the autoregressive 
process described above. Tropical cyclones were also terminated on exiting the predefined area of 
interest. 

A.1.1.4 Wind field model 

To estimate the swath of destructive winds around each of the synthetic cyclones, the TCRM applies a 
parametric wind field comprised of a radial wind profile and a simplified boundary layer model to 
incorporate the effects of surface friction and forward motion of the TC. The wind field around each 
tropical cyclone is calculated at high spatial resolution (0.02°) to ensure the peak wind speeds near 
the TC eye are accurately captured. TCRM first uses a radial profile to estimate the gradient level wind 
associated with the circulation. For this study, the Holland (1980) radial profile was applied, with a 
fixed peakedness (β) parameter. 

To relate the wind speed at the gradient level to the near-surface wind speed, the TCRM applies the 
linear boundary layer model of Kepert (2001), which utilises a bulk formulation for the boundary layer 
with the drag coefficient set to a constant value of 0.002 and the turbulent diffusivity for momentum set 
to 50 m2 s-1. A gust factor of 1.38 is applied to estimate the likely peak wind gust, corresponding to the 
recommended values for off-water, over-land conditions from Harper et al. (2010). The resulting wind 
fields represent a 10 m above-ground, 3-second gust wind speed14 over open, flat terrain, and this is 
carried across the entire model domain, including over-water areas. 

The boundary layer model assumes uniform land surface, but these effects were incorporated through 
site-exposure multipliers that are evaluated separately. The site-exposure multipliers combine effects 
of topography, land cover (e.g. forests, croplands, urban areas and water bodies) and the shielding 
effects provided by closely-spaced buildings. 

A.1.1.5 Extreme value distribution 

Once wind swaths for a simulated storm season have been generated, the annual maximum wind 
speeds for each grid point is stored. TCRM uses the method of L-moments (Hosking, 1990) to fit 
parameters to the Generalized Extreme Value (GEV) distribution of extreme wind speeds. ARI wind 
speeds were in turn estimated from the GEV parameters using Equation 1: 

( )

























 −−−−=

−ξ

ξ
σµξσµ

t
ntw 1ln1,,; Equation 1 

where w is the wind speed with an ARI of t years. µ, σ and ξ are the location, scale and shape 
parameters of the fitted GEV distribution respectively, and n is the length of record in years over which 
the maximum values are taken. This parameter fitting is performed at each point across the region of 
interest, leading to a spatial representation of ARI wind speeds. 

 
14 This corresponds to the average wind speed recorded over a 3-second period.  
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Confidence intervals of the estimated ARI wind speeds were calculated using a sub-sampling process 
for each point over the domain. A randomly sub-sampled set of the simulated wind speed values at 
each grid point were passed to the GEV fitting routine, and the resulting ARI wind speed estimates 
were ranked and percentile values returned (for example the 5th and 95th percentile ARI wind speed 
values) for each ARI. 

 
Appendix Figure A.1. ARI regional 3-second gust wind speeds for Rockhampton Airport (23.375°S, 150.47°E). 
The corresponding ARI wind speeds from wind standard AS/NZS 1170.2 (2011) are shown for reference 
(‘Region C’). 
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Appendix Figure A.2. Annual exceedance probability 3-second gust wind speeds for Rockhampton Airport 
(23.375°S,150.47°E). As for Appendix Figure A.1, the corresponding exceedance probabilities for Region C in 
wind standard AS/NZS 1170.2 (2011) are shown. 

 
Appendix Figure A.3. 500-year ARI (0.2% annual exceedance probability) regional 3-second gust wind 
speed(symbolised in TC wind speed categories) map for the central Queensland region. Local effects (e.g. 
topography, land cover) have not yet been incorporated. 
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A.1.1.6 Wind multipliers 

The model incorporates the effects of the land surface on the wind through so-called site-exposure 
multipliers. The site-exposure multipliers combine effects of topography, land cover (e.g. forests, 
croplands, urban areas and water bodies) and the shielding effects provided by closely-spaced 
buildings. The wind multipliers are location specific values that convert the regional return wind 
speed15 (Appendix Figure A.3) into local wind speed estimates at building height. The combined wind 
multiplier raster is developed from the combination of four multiplier rasters: 

• the wind direction multiplier (cyclonic winds all directions = 0.95) 

• the terrain/height multiplier (effect of surface roughness on wind speed) 

• the shielding multiplier (upwind shielding from buildings) 

• the topographic multiplier (hill slope). 

When the combined site-exposure multiplier raster is applied to the regional (ARI) wind speed raster, 
nine rasters were produced: eight cardinal directions with the ninth a maximum wind speed based on 
the other eight. The maximum wind speed raster for each ARI considered has been provided in the 
results and the wind hazard map sheets. 

A.1.2 Future Climate 

There were four steps in modelling future-climate TC hazard: 

• Extract TC-Like Vortices (TCLVs16) from high-resolution regional climate simulations for 
1981-2000, 2046-2065 and 2081-2100 

• Use each TCLV dataset as input to the TCRM to evaluate TC wind hazard for that time period 

• Compare resulting TC wind hazard estimates, identifying areas where the change is 
significant17 

• Apply relative change in hazard from TCLVs to the observed current-climate (historical) hazard. 

Five thousand years of TC activity were simulated based on the input TCLV dataset for each twenty 
year time period (1981-2000, 2046-2065 and 2081-2100), and then the associated ARI wind fields 
calculated for each of those simulated years. For each time period, the TC severe wind hazard 
(quantified in ARI wind speeds) and the 90th percentile range of the hazard was evaluated. 

The 90th percentile range was calculated by fitting an extreme value distribution to a subset of the 
simulated wind fields many times and calculating the 95th and 5th percentiles of the resulting wind 
speed values at each ARI. This gives an indication of the possible range of hazard levels arising from 
a short input dataset. For example, between any two 20-year periods there will be differences in the 

 
15 Three second gust estimated at 10 m above ground level. 
16 Tropical Cyclone-Like Vortex – a feature in either General Circulation Models (GCMs) or Regional Climate 
Models (RCMs) that has characteristics similar to observed tropical cyclones (e.g. a persistent closed circulation, 
forming in tropical areas). These can be identified in model output using objective detection and tracking 
algorithms. 
17 Change is considered statistically significant when the mean future climate TC wind hazard estimate lies 
outside the 90th percentile range of the current climate estimate. 
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frequency of TC events. The resulting hazard levels from the two 20-year periods will be different. This 
process to calculate the 90th percentile range aims to capture the potential variability. 

A.1.2.1 Data sources 

Historical TC tracks were from the Bureau of Meteorology’s southern hemisphere best track dataset 
for the southern hemisphere, from 1981 to 201018. This represents a quality controlled, homogenised 
set of TC observations, independently constructed from all available TC warning centres across the 
world. 

Future-climate TCLV data was obtained as part of the Regional Tropical Cyclone Hazard for 
Infrastructure Adaptation to Climate Change CSIRO Climate Adaptation Flagship (Lavender et al., 
2011). These data represent TCLVs extracted from a 15 km horizontal resolution regional climate 
model (CCAM – McGregor and Dix, 2008) for a number of time periods, where the GCM used for 
external forcing is the CSIRO Mark 3.5 model forced with the SRES A2 GHG emission scenario 
(Nakicenovic and Swart, 2000). 

A.2 Results 

A.2.1 Current Climate 

The local wind speed results have been provided for the 50, 100, 250 and 1000 year ARI wind hazard. 
The 50 and 100 year ARI wind hazard is shown, Appendix Figure A.4 and Appendix Figure A.5 
respectively, with the 250 and 1000 year ARI wind hazard provided in the hazard maps. 

 
18 available online at: http://www.bom.gov.au/cyclone/history/tracks/index.shtml  

http://www.bom.gov.au/cyclone/history/tracks/index.shtml
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Appendix Figure A.4. 50 year ARI TC wind hazard. 

 
Appendix Figure A.5. 100 year ARI TC wind hazard. 
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A.2.2 Future Climate 

A.2.2.1 Regional wind speed 

 
Appendix Figure A.6. ARI wind speeds for Rockhampton. "BoM best-track” refers to wind speeds estimated from 
TCRM simulation using BoM best-track data as input. “Region C” refers to AS/NSZ 1170.2:2011 Wind Loading 
Region design wind speeds. Thin dashed lines indicate the 90th percentile range for each period. 

The simulations indicate a decline in TC wind hazard into the future, though none of the changes were 
considered statistically significant19. All estimates are similar to the existing design wind speeds for the 
region, but are much greater than ARI wind speeds estimated from the observational record at 
Rockhampton Airport (not shown). By 2090, there is approximately a 10-12% reduction in the ARI 
wind speeds for all recurrence intervals. Critically though, this does not imply the region will not 
experience intense TCs (Category 4 and 5) under future-climate conditions. 

A.2.2.2 Local wind speed 

As per the current-climate wind hazard results the 50 and 100 year ARI wind hazard is provided for 
2055 and 2090 with all ARI wind hazard being provided in the hazard maps. 

 
19 Change is considered statistically significant when the mean future climate TC wind hazard estimate lies 
outside the 90th percentile range of the current climate estimate. 
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Appendix Figure A.7. 2055, 50 year ARI TC wind hazard. 

 
Appendix Figure A.8. 2055, 100 year ARI TC wind hazard. 
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Appendix Figure A.9. 2090 50 year ARI TC wind hazard. 

 
Appendix Figure A.10. 2090, 100 year ARI TC wind hazard. 
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A.3 Discussion 

A.3.1 Current Climate 

As an example, the current-climate 500 year ARI wind hazard demonstrates wind speeds of 
TC category 3 and above within the study area (Appendix Figure A.11). The TC category 3, 4 and 5 
wind speeds are the threshold at which the Bureau of Meteorology (BoM) indicates significant 
structural damage occurs (Appendix Table A.1). 

Appendix Table A.1. Bureau of Meteorology TC category and damage description. 

Category Description 

Category 3 “Some roof and structural damage. Some caravans destroyed. Power failures 
likely.” 

Category 4 “Significant roofing loss and structural damage. Many caravans destroyed and 
blown away. Dangerous airborne debris. Widespread power failures.” 

Category 5 “Extremely dangerous with widespread destruction.” 

Appendix Figure A.11 shows areas of wind hazard by TC category and the higher hazard values 
occurring in the higher elevations and/or higher gradients within the study region and conversely the 
lower wind hazard occurring on the lower elevations and/or flatter terrain. 

 
Appendix Figure A.11. 500 year ARI wind hazard combining TC category 4 (split) and 5 wind hazard and 
combining the remaining wind hazard categories. 
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The larger homogenous, less exposed areas (TC category 3 wind speeds) in proximity to 
Rockhampton include: 

• an arc east to north-west of Rockhampton 

• south of Rockhampton between the Bruce and Burnett highways 

• eastern side of the Capricorn Highway (Gracemere to Bouldercombe) 

• south of Bajool and Marmor. 

Notable areas of peak hazard include: 

• Flat Top Range 

• Mount Morgan 

• Mount Archer National Park. 

These peak areas show higher TC wind hazard in the 50 year ARI hazard which increases throughout 
the range through to the 1000 year ARI hazard. For the area of interest generally, as expected, the 
wind speeds increases as the events become rarer although the rate of increase varies across the 
landscape. The comparison between current climate local ARI wind hazard is shown in Appendix 
Figure A.12, Appendix Figure A.13 and Appendix Figure A.14. 

 
Appendix Figure A.12. Difference between 100 year ARI wind speed and 50 year ARI wind speed. 
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Appendix Figure A.13. Difference between 250 year ARI wind and 100 year ARI wind speed. 

 
Appendix Figure A.14. Difference between 1000 year ARI wind and 250 year ARI wind speed. 
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A.3.2 Future Climate 

The results in this study are in line with current understanding of the projected changes in cyclone 
hazard across Australia associated with climate change. Recent studies indicate that in the future 
cyclone frequency may decline overall, but a larger proportion of those cyclones will be intense 
(Category 4 and 5). This shift could result in average hazard levels very similar to those experienced 
currently. Cyclone tracks may also occur further southward, especially on the east coast of Australia 
(Abbs, 2012). While such a shift in tracks might mean an increase in cyclone risk for some areas of 
Queensland, this may not be an issue for Rockhampton, which is already in an active cyclone region. 

Predicted ARI wind hazard for 2050 can be compared to the current-climate ARI hazard. Although the 
regional ARI wind hazard has declined (Appendix Figure A.6), spatially there is variation in the local 
wind hazard. A comparison was completed between current climate and 2050 wind hazard (Appendix 
Figure A.15 to Appendix Figure A.18) and subsequently for the 2050 and 2090 wind hazard (Appendix 
Figure A.19 to Appendix Figure A.22). The predicted change in local wind speeds is caused by the 
topography and shielding. Throughout the comparisons there is a consistent pattern of the greatest 
reduction in wind hazard occurring at the higher elevations. 

 
Appendix Figure A.15. 2050 – 50 year ARI minus current-climate 50 year ARI. 
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Appendix Figure A.16. 2050 – 100 year ARI minus current-climate 100 year ARI. 

 
Appendix Figure A.17. 2050 – 250 year ARI minus current-climate 250 year ARI. 
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Appendix Figure A.18. 2050 – 1000 year ARI minus current-climate 1000 year ARI. 

 
Appendix Figure A.19. 2090 – 50 year ARI minus 2050 - 50 year ARI. 
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Appendix Figure A.20. 2090 – 100 year ARI minus 2050 – 100 year ARI. 

 
Appendix Figure A.21. 2090 – 250 year ARI minus 2050 – 250 year ARI. 
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Appendix Figure A.22. 2090 – 1000 year ARI minus 2050 1000 year ARI. 

A.3.3 Limitations 

There were two significant limitations in the process used for this analysis: 

• Sensitivity to downscaling technique 

• Use of a single simulation of future-climate TCLV data. 

The first limitation was identified through comparing the distribution of minimum central pressures from 
historical TC events used in the analysis and the same data from the TCLV dataset representing 
current-climate conditions (1981-2000). Due to the relatively coarse nature of the Regional Climate 
Model (RCM20) data (in this case 15 km horizontal resolution), the fine scale processes that control TC 
intensity cannot be properly resolved, so the TCLVs will in general display a lower mean intensity 
when compared to the historical record. To address this issue, the relative change in TC wind hazard 
between the 2055 and current-climate simulations was calculated and combined with the historical 
record to result in the 2055 TC wind hazard (and similarly for the 2090 simulation). This results in a 
baseline estimate and a change relative to that baseline for the two future time periods. 

The second limitation was the small sample size used in training TCRM for future climate. The 
behaviour of TCLVs is strongly modulated by a range of drivers, including the RCMs representation of 
features such as the El Niño–Southern Oscillation (ENSO). This may reduce or enhance the simulated 
TC activity during the period of sampling (e.g. 2046-2065), or influence the intensity or tracks of 

 
20 Regional Climate Model – a higher-resolution atmospheric model, which is run over a reduced domain. The 
model is forced at its external boundaries with data extracted from a GCM. 
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TCLVs. As such, the results were sensitive to that single RCM run and the simulated broader 
environment. This could be addressed by running the RCM multiple times and from each simulation, 
extracting TCLVs for the periods of interest. Multiple RCM simulations downscaled from one GCM 
were not available for this project. 
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B.1 Introduction 
The dry-tropics of central Queensland result in an annual significant bushfire threat period that 
generally extends from September to November. 

Bushfire hazard is correlated with temperature and precipitation patterns, as well as with fuel state and 
availability. According to IPCC AR4, Australia has experienced increases in average maximum and 
minimum temperatures of 0.6 °C and 1.2 °C respectively over the last century (Hennessy et al., 2007). 
Furthermore, the rate of warming appears to be increasing globally (Trenberth et al., 2007). Bushfires 
are exacerbated by the occurrence of heatwaves and droughts. Australian climate change projections 
based on the IPCC information (Whetton, 2011) indicate a significant increase in the number of days 
with maximum temperatures in excess of 35 °C for a range of capital cities and major regional centres. 
Projections also indicate longer periods of extreme heat and more severe droughts interspersed with 
wetter phases leading to flooding (CSIRO and BoM, 2012). Concurrent changes in precipitation and 
other environmental factors such as fire regimes are likely to have a significant effect on the diversity 
and distribution of species and ecosystems. All of these factors can have a significant impact on future 
bushfire risk to urban and peri-urban communities. 

A recent report “Turn down the heat: Why a 4 °C warmer world must be avoided” commissioned by 
the World Bank (World Bank, 2012) warns that the world will heat up by 4 °C at the end of the century 
if the global community fails to act on climate change. In line with the above, investigation into the 
impact of climate change on bushfire hazard considered the IPCC SRES A2 emissions scenario which 
projects an average surface air temperature of 3.4 °C and a range of 2.0 – 5.4 °C (global warming) 
from the results of a number of complex climate models with a range of climate sensitivities (IPCC, 
2007a). Three GCMs utilising the A2 emissions scenario were employed to consider the projection for 
the future climate of the Rockhampton region. The climate change projections utilised indicate that the 
Rockhampton region is likely to become hotter and possibly slightly drier in the future. 

B.2 Method 

B.2.1 Current Climate 

In Australia, fire weather hazard is quantified using either the Forest Fire Danger Index (FFDI) or the 
Grassland Fire Danger Index (GFDI) (Luke and McArthur 1978). The FFDI is used in all States and 
Territories as a standard measure of fire danger. The FFDI is designed for forested vegetation types, 
therefore an additional weighting, based on the vegetation type, needs to be applied to account for 
less heavily-loaded areas (e.g. open forests, grasslands or urban areas). Both the FFDI and the GFDI 
consider weather observations and each index considers a dryness factor: FFDI includes a ‘drought 
factor’ and GFDI considers a ‘curing factor’. Weather observations (temperature, relative humidity and 
wind speed) were combined with an estimate of the fuel state to predict likely fire behaviour if an 
ignition eventuates. The ‘drought factor’ is used for forests in the combined estimate of fuel state, and 
is based on daily rainfall and the period of time elapsed since the last rain. For grasslands, the ‘curing 
factor’ is used in the combined estimate of fuel state. Curing describes the annual or seasonal cycle of 
grasses dying and drying out, and is defined as the progressive senescence and drying out of grass 
(100% is fully cured grass). The curing factor can be measured via destructive sampling, visual 
observations and remote sensing. For this study only FFDI was calculated and the GFDI was scaled 
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from the historical FFDI/GFDI measurements (for those instances at Rockhampton airport numbering 
22 over nearly 40 years of daily records where FFDI > 50). 

Previously, studies of bushfire exposure have included analysis of the fuel, e.g. remote sensing and 
deriving a fuel map from vegetation classifications, or FFDI has been calculated for a single location, 
e.g. a weather observation station or location for a prescribed burn and been considered 
representative of the region. The calculation of FFDI for a region based on a weather observation point 
is limited in application where the area being considered is not well represented by the single point 
location. In the case of calculating FFDI at the Rockhampton Airport, this location does not represent 
the Rockhampton region’s diversity in fuel (vegetation) and topography including the impact that the 
proximity of the sea has on local weather conditions, including temperature. To consider the spatial 
variation in FFDI vegetation data was derived for the region and the varying weather conditions across 
the region were modelled using fine scale weather modelling techniques. In this way FFDI can be 
calculated to represent the spatial variation across the region due to varying fuel and weather factors. 

To assess the bushfire hazard across the Rockhampton landscape, the observational weather record 
at Rockhampton Airport was used to determine suitable dates for fine-scale simulation of extreme fire 
weather conditions using a numerical weather prediction model, the Weather Research & Forecasting 
Model (WRF21). Analysis of the observation record at Rockhampton Airport (1 January 1973 – 30 June 
2011) determined the worst 20 weather fire days, based on FFDI calculated from daily observations 
and assuming a constant drought factor. Bushfires had occurred in the Rockhampton region on some 
of these days. 

From these 20 days, 6 were chosen (05/11/1994, 06/11/1994, 07/11/1994, 14/10/2009, 15/10/2009, 
and 16/10/2009) for high-resolution simulation using the WRF model at 270 m resolution over the 
Rockhampton study region. The WRF model simulated the weather conditions across the 
Rockhampton region from the Rockhampton Airport observations and a range of far-field observations. 
Boundary conditions for the WRF model were supplied from the US National Center for Environmental 
Prediction (NCEP) operational analyses available at 
http://mag.ncep.noaa.gov/NCOMAGWEB/appcontroller . 

The numerical weather model was run on a smaller area than the Rockhampton study region to 
ascertain the appropriateness, accuracy and timeliness of the numerical weather prediction model. 
Model output at the grid-point corresponding to the location of Rockhampton Airport and Yeppoon 
were compared to the observations for the corresponding dates, to estimate the magnitude and 
direction of bias in the simulations. Comparison of quantiles of simulated and observed temperature, 
relative humidity and 10 m height wind speed revealed a reasonable match between the modelled and 
observed values of the first two elements, but wind speed was significantly underestimated in the 
simulations. A simple correction factor was applied to improve the quality of the match between the 
observed and simulated 10 m height wind speeds. 

From the temperature, relative humidity and wind speeds generated by the simulations (and corrected 
where appropriate), the maximum FFDI for each simulated day was calculated, again using a constant 
drought factor. Each of these FFDI maps were then normalised to the value of the FFDI at the grid 
point corresponding to Rockhampton Airport – i.e. each grid point in the map defines the ratio of the 
FFDI at that point relative to the FFDI at Rockhampton Airport. The final output was an average of the 

 
21 http://www.wrf-model.org/index.php  

http://mag.ncep.noaa.gov/NCOMAGWEB/appcontroller
http://www.wrf-model.org/index.php
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six days of FFDI ratio maps, providing a map of the spatial distribution of FFDI for extreme fire weather 
days. 

The ARI of FFDI at Rockhampton Airport was calculated from observations (Lucas, 2010). For ARIs 
greater than the length of the record (39 years) the observations of FFDI were fitted with a 
Generalised Extreme Value (GEV) distribution (Generalised Pareto Distribution) permitting the 
calculation of ARI hazard outside the range of the dataset (Appendix Figure B.1). 

 
Appendix Figure B.1. Rockhampton airport Return Period22 of FFDI calculated using observations. The broken 
lines represent the 95% confidence limits for the predicted FFDI (black solid line). 

The GPD was used to obtain the optimum fit for the FFDI dataset. The GPD has been utilised for ARI 
analysis for a range of environmental parameters (e.g. Sanabria and Cechet, 2007). The broken lines 
shown in Appendix Figure B.1 depict the 95% confidence limits for the optimal fit of the GPD to the 
observed values (shown in Appendix Figure B.1 as open circles). It should be noted that the highest 
observed FFDI value (open circle to the right-most edge of Appendix Figure B.1) is just outside the 
95% confidence limit for the extreme value distribution (GPD) fit to the observed data. This indicates 
that the occurrence of this extreme fire danger day within the 39 years of observed data is indeed very 
rare. 

The observed (Rockhampton Airport) ARI FFDI values (50, 100 years) were then combined with the 
FFDI ratio maps generated from the weather simulations discussed previously to provide spatial 
representation of the FFDI ARI hazard across the Rockhampton study region. FFDI alone does not 
provide the complete picture of fire hazard. FFDI needs to be initially combined with a weighting based 

 
22 Return Period (RP) is equivalent to ARI. 
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on the vegetation type as FFDI is based solely on forested vegetation. The weighting required is 
calculated based on the vegetation type created by: 

• Obtaining the vegetation map for the region (From Landsat 5 TM satellite at 25 m resolution 
captured during May-August 2011) 

• Classifying and merging the vegetation layers into: 

− Closed Forest (weighting 1.0 

− Open Forest23 (weighting 0.8) 

− Grassland24 (weighting 0.7) 

− None25 (weighting 0.0). 

A Bushfire hazard map was produced, with symbology classified into the following ratings (Appendix 
Table B.1) as developed for the new fire danger rating system for bushfires by the National Bushfire 
Warnings Taskforce, established following the Victorian bushfires of February 2009 (Table 2). 

Appendix Table B.1. Fire danger classification. 

Rating Range 

Moderate (FFDI x weighting > 5 and <=11.9) 

High (FFDI x weighting >=12 and <=24.9) 

Very High (FFDI x weighting >=25 and <=49.9) 

Severe (FFDI x weighting >=50 and <=74.9) 

Extreme (FFDI x weighting >=75 and <=99.9) 

Catastrophic (FFDI x weighting >=100) 

This bushfire hazard map does not supply details of where the bushfire hazard can be minimised to 
allow for future development. To address this, two factors were added, “setback from closed forest” 
and “slope”, to generate the final bushfire hazard map as follows: 

• For setback, the Queensland Rural Fire Service (QRFS) uses the Building Code AS3959 which 
only addresses radiant heat impact on structures. New South Wales and Victoria allow a 
setback of 100 m from closed forest which goes some way to addressing both radiant heat and 

 
23 The open forest weighting factor of 0.8 was employed as a fire in this mix of vegetation more closely 

approximates a grass fire than a forest fire. 

24 For Grasslands the GFDI was not employed to determine the fire weather hazard for the region. 
Geoscience Australia used the FFDI for the grassland regions and then scaled these values 
dependent on the observed ratio (average weighting) of the GFDI to FFDI when observed FFDI 
was greater than or equal to 50 during the period January 1973 to June 2011 (22 occasions in the 
record). For FFDI >50 (1973-2011): average weighting = 0.7. 

25 “None” consists of regions where the vegetation was classified as urban, unclassified, mudflat or 
water. 
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ember attack. For this analysis, the closed forest areas were extended to include a 100 m buffer 
zone (Appendix Figure B.2). 

• For slope, the QRFS uses AS3959 which states that development should not occur on land 
which has a slope of greater than 20 degrees. Areas where the slope is greater than 20 degrees 
are shown in red in the Appendix Figure B.3. Note that most of these areas occur in the closed 
forest and setback areas. 
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Appendix Figure B.2. Bushfire vegetation classification. 

 
Appendix Figure B.3. AS3959 bushfire constraints. 
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B.2.2 Future Climate 

This study utilised data (climate simulations) from three GCMs all being forced by the A2 SRES GHG 
emissions scenario. 

CSIRO Marine and Atmospheric Research (CMAR) has produced high-resolution climate change 
projections for the eastern part of the Australian continent as part of the South East Queensland 
Climate Adaptation Research Initiative (SEQCARI) project (CSIRO, 2012). A key component of the 
project was to establish possible changes to climatic extreme events as a consequence of climate 
change up to the end of the 21st century. We utilised the new high-resolution projections provided by 
CSIRO to obtain a 0.15° grid of meteorological parameters (approx. 15 km horizontal resolution) 
across the eastern part of the continent (Latitude -10°S to -50°S; Longitude 135°E to 155°E) 
generated by downscaling the global GCMs using the CSIRO Conformal Cubic Atmospheric Model 
(CCAM). 

Three GCMs were dynamically downscaled using the CCAM model (McGregor, 2005; McGregor and 
Dix, 2008) at the grid resolution of 0.15 degrees for the period 1971-2100. The GCMs selected are 
detailed in Appendix Table B.2. The model selection was based on an assessment by Smith and 
Chandler (2009) that examined the ability of selected models to reproduce the present-day climate of 
the Australian region. A single SRES emission scenario for atmospheric greenhouse gas emissions 
(A2; see Nakicenovic and Swart, 2000) was used to provide a mid- to high-range response for the 
likely projected future of the region. The IPCC SRES A2 emissions scenario provides an average 
global warming of 3.4 °C and a range of 2.0 - 5.4 °C (global warming) when considering a number of 
complex climate models with a range of climate sensitivities (IPCC, 2007a). 

Appendix Table B.2. Parent GCM model (driver) for the CCAM climate simulations (regional downscaling). 

CCAM “parent model” (driver) Institution 

ECHAM 5 Max-Planck Institut (Germany) 

GFDL_CM 2.1 Princeton Univ./NOAA (USA) 

MIROC 3.2 medres Interdisciplinary Research on Climate (Japan) 

A regional downscaling approach utilising the CCAM dynamical downscaling model (Katzfey et al., 
2009) was employed to model the spatial variability of the regions climate. It uses a stretched-grid 
global model with forcing data taken from a host GCM. The result is a fine-scale grid of information 
over the area of interest (dynamically downscaled region). A two stage downscaling process was 
required to achieve the final resolution of 0.15°. The first stage (intermediate model) involved 
downscaling from the host GCM to a grid with the high-resolution face of the cubic conformal grid 
covering all of Australia at a resolution of approximately 0.5°. The second stage placed the 
high-resolution face over the eastern part of the continent. Appendix Figure B.4 demonstrates the 
average annual precipitation totals for Tasmania at the three grid resolutions (a typical GCM and the 
two stages of downscaled results; demonstrated by GFDL-CM2.1 model). A typical GCM resolution 
(Appendix Figure B.4a, Typical GCM Projection) only has two or three grid cells covering the state. 
The 0.5° resolution model (Appendix Figure B.4b, 0.5° intermediate downscaled projection) shows an 
improved spatial pattern of precipitation, with the predominantly dryer eastern and wetter western 
regions starting to be defined. The finest 0.15° resolution model (Appendix Figure B.4c, 0.15° 
downscaled projection) closely resembles the observed spatial pattern of annual precipitation. It was 
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concluded that the high-resolution 0.15° dynamical downscaling process had the ability to model the 
local climate of a region such as Central Queensland accurately across the downscaled models, 
including seasonality, spatial variance and relationships between the different climate variables. 

 

a) b) c) 

Appendix Figure B.4. Average annual precipitation totals for Tasmania projected on typical a) GCM, b) 0.5° and c) 
0.15° grids (Corney et al., 2010). Precipitation scaled from 0-3000 mm per annum. 

B.2.3 Forest Fire Danger Index 

For current climate, the FFDI was obtained utilising the observational record, which spanned four 
decades in the Central Queensland region. High-resolution spatial detail for the FFDI was obtained by 
using a modelling approach that considered a number of extreme events that were identified as 
“typical” of the type of event that would be experienced for a 50 year ARI or 100 year ARI event (i.e. 
the synoptic forcing had been determined as being similar to the majority of the extreme fire weather 
events in the observational record). 

For future climate, three downscaled GCMs forced by the A2 GHG emissions scenario for atmospheric 
greenhouse gas emissions were considered. The models were initially run in “control” mode where the 
present-day (1990) atmospheric forcings were kept constant. From 1991 to 2100 the atmospheric 
forcing followed the A2 scenario (Nakicenovic and Swart, 2000) resulting in a change within each 
model from the “control” climate. Three periods of the simulation within each of the three models were 
considered: 

• (Dataset 1) 1971 – 1990 (considered as the current-climate [CC] simulation) 

• (Dataset 2) 2041 – 2060 (considered as the simulated climate of 2050) 

• (Dataset 3) 2081 – 2100 (considered as the simulated climate of 2090) 

The maximum FFDI for the Rockhampton region was calculated for each day in these datasets (as 
with the observed current-climate data) and extreme value statistics were employed to determine the 
magnitude of the 50 year ARI [50ARI] and 100 year ARI [100ARI] FFDI event. Finally, the FFDI for the 
observed current-climate data was scaled by the simulated data (Appendix Table B.3) to determine 
how the FFDI would be modified in a new climate. 
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Appendix Table B.3 Future climate bushfire hazard calculation. 

 Calculation 

2050 – 50 year ARI [50ARI (2041-2060) / 50ARI (1971-1990)] x 50ARI (observed current climate) 

2050 – 100 year ARI [100ARI (2041-2060) / 100ARI (1971-1990)] x 100ARI (observed current climate) 

2090 – 50 year ARI [50ARI (2081-2100) / 50ARI (1971-1990)] x 50ARI (observed current climate) 

2090 – 100 year ARI [100ARI (2081-2100) / 100ARI (1971-1990)] x 100ARI (observed current climate) 

NOTE: The ensemble average of the three downscaled GCMs was used to provide estimates for the 
50 year ARI and the 100 year ARI FFDI predictors that inform the future climate FFDI. For the 100 
year ARI estimate for 2090, the MIROC3.2 model was not used as it gave extremely high FFDI values 
when compared with the other two models with a highly unlikely spatial distribution. The FFDI is an 
exponential index, therefore care needs to be taken that any significant model bias has been removed 
before calculating the FFDI values. It was also decided not to use the MIROC3.2 model for the 2090 
climate simulation due to the very high values and the highly unlikely spatial distribution of FFDI 
where, for 2090, the derived FFDI was a maximum near the coast. The three model constituents that 
combined to identify extremely high FFDI on the coast were a maximum wind speed near the coast, a 
lack of temperature gradient (with distance from the coast), and a lack of humidity (driven by an 
offshore wind direction). 

B.3 Results 

B.3.1 Current Climate 

For the 50 and 100 year ARI scenarios the bushfire danger rating is shown in Appendix Figure B.5 
and Appendix Figure B.6 respectively. The bushfire hazard is in part based on the simplified 
vegetation model (Appendix Figure B.2) and the “Vegetation type (including 100 m setback from 
closed forest) and slope” (Appendix Figure B.3) which was used to create the bushfire hazard maps. 
Note that the current vegetation (May-August 2011 Landsat 5 TM image) has been used in calculating 
the 50 year and 100 year bushfire hazard maps, and that a change in the vegetation caused by land 
use practices or perhaps wet or dry decades (compared to average rainfall) will alter these results. 
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Appendix Figure B.5. Fire danger rating – current-climate 50 year ARI. The dashed area indicates a region of 
lower confidence; see the Discussion section. 

 
Appendix Figure B.6. Fire danger rating – current-climate 100 year ARI. The dashed area indicates a region of 
lower confidence; see the Discussion section. 
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B.3.2 Future Climate 

 
Appendix Figure B.7. Fire Danger Rating, 2050 – 50 year ARI. The dashed area indicates a region of lower 
confidence; see the Discussion section. 

 
Appendix Figure B.8. Fire Danger Rating, 2050 – 100 year ARI. The dashed area indicates a region of lower 
confidence; see the Discussion section. 
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Appendix Figure B.9. Fire Danger Rating, 2090 – 50 year ARI. The dashed area indicates a region of lower 
confidence; see the Discussion section. 

 
Appendix Figure B.10. Fire Danger Rating, 2090 – 100 year ARI. The dashed area indicates a region of lower 
confidence; see the Discussion section. 
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B.4 Discussion - Current Climate 
The Bushfire hazard has been reclassified into three classes to more clearly show the lesser and 
greater hazard in the 50 year and 100 year ARI events, Appendix Figure B.11 and Appendix Figure 
B.12 respectively. The existing hazard has been reclassified into three classes: Class 1 - Low, 
Moderate and High; Class 2 - Very High and Class 3 - Severe, Extreme and Catastrophic. A summary 
of the business and home risk from the Queensland Rural Fire Service26 is replicated below: 

Appendix Table B.4. Fire Danger Rating description – Queensland Rural Fire Service. 

Rating Description 

Catastrophic A fire with a rating of “Catastrophic” may be uncontrollable, unpredictable and fast 
moving. The flames will be higher than roof tops. Many people will be injured and 
thousands of homes and businesses will be destroyed.  
 
During a “Catastrophic” fire, well prepared, constructed and defended homes may not 
be safe. Leaving is the safest option for your survival. 

Extreme A fire with an “Extreme” rating may be uncontrollable, unpredictable and fast moving. 
The flames will be higher than roof tops. During an “extreme” fire, people will be injured 
and hundreds of homes and businesses will be destroyed. 
 
During a fire with an “Extreme” rating, only well prepared, well constructed and actively 
defended houses are likely to offer any safety during a fire. Leaving is the safest option 
for your survival. 

Severe A fire with a “Severe” rating may be uncontrollable and move quickly, with flames that 
may be higher than roof tops. A severe fire may cause injuries and some homes or 
businesses will be destroyed. 
 
During a fire with a “Severe” rating, leaving is the safest option for your survival. Only 
use your home as a place of safety if it is well prepared and you can actively defend it. 

Very High A fire with a “Very High” danger rating is a fire that can be difficult to control with flames 
that may burn into the tree tops. During a fire of this type some homes and businesses 
may be damaged or destroyed. 
 
During a fire with a “Very High” danger rating, you should only use your home as a 
place of safety if it is well prepared and you can actively defend it. 

High A fire with a “High” danger rating is a fire that can be controlled where loss of life is 
unlikely and damage to property will be limited.  
 
During a fire with a “High” danger rating, you should know where to get more 
information and monitor the situation for any changes.  

Low - Moderate A fire with a “Low to Moderate” rating can be easily controlled and post [sic] little or no 
risk to life or property.  
 
During a fire with a “Low to Moderate” rating, you should know where to get more 
information and monitor the situation for any changes. 

The location of greater and lesser hazard is consistent with the TC wind hazard although the area in 
the larger bushfire clusters is less than the 500 year ARI wind hazard. 

 
26 http://www.ruralfire.qld.gov.au/national_warning_system.asp  

http://www.ruralfire.qld.gov.au/national_warning_system.asp
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Appendix Figure B.11. Current-climate 50 year ARI bushfire hazard reclassified. 
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Appendix Figure B.12. Current-climate 100 year ARI bushfire hazard reclassified. 

The dashed area in the bushfire hazard depicts a region of lower confidence in the assessment 
associated with the numerical model and modelling technique utilised. The area of lower confidence 
has been affected by gravity waves in the modelled atmosphere caused by westerly flow over the 
nearby mountain ranges (called mountain waves). The influence on turbulent mixing and on the 
boundary layer winds is important enough that gravity waves are included in weather and climate 
models by parameterisation, which is an active area of research. In this study we have averaged the 
output from four simulations which is considered insufficient to average the gravity influence in the 
region of lower confidence. As the weather simulations are an input into the future-climate modelling 
this issue is therefore present in all the future-climate results. It is unclear how inaccurate these results 
are without further weather simulations being completed (extreme fire weather case studies) to 
attempt to investigate this anomaly, which was not possible within the project timelines. Otherwise 
outside the area of lower confidence, the results conform generally with expectations of the spatial 
distribution of bushfire hazard relating to weather characteristics, such as the proximity of the ocean 
increasing the relative humidity and reducing fire hazard. 

Without considering the red box area, the larger blocks of less exposed land closer to Rockhampton 
include: 

• north-west of Rockhampton 

• south of Rockhampton between the Bruce and Capricorn highways. 

The hazard modelling extent does not extend far enough south to compare with the lesser wind 
exposed areas south of Bajool and Marmor. 

The Fitzroy floodplain to the east of the Bruce Highway shows mixed areas of high and low hazard 
whereas the lesser wind hazard was relatively homogenous in comparison. 
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Notable areas of peak hazard include: 

• Flat Top Range and to south to the Fitzroy River 

• Mount Archer National Park. 

It should be noted that there is only a small difference in FFDI between the 50 year ARI and 100 year 
ARI. This is also reflected in Appendix Figure B.1 (Rockhampton airport FFDI observations). Appendix 
Figure B.13 shows a map of the difference between the 50 year ARI and 100 year ARI assessments. 
Most of the region (about 70%) has a difference below 4 FFDI units, whilst less than 5% of the region 
has a difference above 6 FFDI units. 

 
Appendix Figure B.13. Bushfire hazard difference – 100 year ARI minus 50 year ARI. 

B.5 Discussion - Future Climate 
Larger homogenous areas showing Extreme hazard in the 2050 50 year ARI hazard (Appendix Figure 
B.7) include: 

• south-west of Gracemere 

• north of Rockhampton on the eastern side of the Bruce Highway 

• south of Rockhampton on the western side of the Bruce Highway. 

The common trend between the 2050 50 year ARI hazard (Appendix Figure B.7), 2050 100 year ARI 
hazard (Appendix Figure B.8), 2090 50 year ARI hazard (Appendix Figure B.9) and the 2090 100 year 
ARI hazard (Appendix Figure B.10) is the increasing bushfire hazard. This can be seen from the 
increasing extent of the higher bushfire hazard classes and the decreasing extent of the lower bushfire 
classes when the previous scenario is compared (e.g. 2050 100 year ARI vs. 2050 50 year ARI). 
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B.5.1 Bushfire hazard reclassified 

As shown in the current-climate discussion of bushfire hazard, the future-climate bushfire hazard has 
been reclassified to combine hazard categories to focus on risk to buildings and people as described 
by QRFS in Appendix Table B.4. The 2050 reclassified bushfire hazard is presented in Appendix 
Figure B.14 and Appendix Figure B.15, for 50 and 100 year ARI, respectively, and the 2090 
reclassified bushfire hazard is presented in Appendix Figure B.16 and Appendix Figure B.17, for 50 
and 100 year ARI, respectively. 

 
Appendix Figure B.14. 2050 50 year ARI bushfire hazard reclassified. 
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Appendix Figure B.15. 2050 100 year ARI bushfire hazard reclassified. 

 
Appendix Figure B.16. 2090 50 year ARI bushfire hazard reclassified. 
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Appendix Figure B.17. 2090 100 year ARI bushfire hazard reclassified. 

B.5.2 Future-climate 50 vs. 100 year ARI bushfire hazard 

It should be noted that for the future-climate simulations there is, similar to current climate, a small 
difference in bushfire hazard between the 50 year ARI and 100 year ARI (only slightly greater than for 
the current-climate ARI maps shown in Appendix Figure B.11 and Appendix Figure B.12). This follows 
the trend-curve in the Rockhampton airport FFDI-ARI determination (Appendix Figure B.1) where the 
difference between the 50 year ARI and 100 year ARI assessments are smaller than the uncertainty in 
the average predictor (as shown as the 95% confidence limits). 

As with current-climate bushfire hazard, there is an increase in the extent of the higher bushfire hazard 
categories between the 50 and 100 year ARI hazard for each time period. For both 2050 and 2090 
there is a range of increase of between 0 and 20 bushfire danger units (Appendix Figure B.18 and 
Appendix Figure B.19). 



 

142       Reforming planning processes: Rockhampton 2050 pilot 

 

 
Appendix Figure B.18. Bushfire hazard difference – 2050 100 year ARI minus 2050 50 year ARI. 

 
Appendix Figure B.19. Bushfire hazard difference – 2090 100 year ARI minus 2090 50 year ARI. 
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B.5.3 Future climate vs. current climate 

Comparing the future-climate bushfire hazard with current-climate bushfire hazard results in the 2050 
comparison (Appendix Figure B.20 and Appendix Figure B.21) with negative through to positive 
change in both the 50 and 100 year ARI bushfire hazard. The swirl pattern to the west and south-west 
of the figures is caused by the downscaling of the spatial resolution (bilinear interpolation) from the 
courser GCM scaling results. 

 
Appendix Figure B.20. Bushfire hazard difference – 2050 50 year ARI minus current-climate 50 year ARI. 
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Appendix Figure B.21. Bushfire hazard difference – 2050 100 year ARI minus current-climate 100 year ARI. 

This swirl pattern is not present in the 2090 comparison to current climate (Appendix Figure B.22 and 
Appendix Figure B.23) where the change is all positive. 
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Appendix Figure B.22. Bushfire hazard difference – 2090 50 year ARI minus current-climate 50 year ARI. 

 
Appendix Figure B.23. Bushfire hazard difference – 2090 100 year ARI minus current-climate 100 year ARI. 
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The increase of FFDI for future climate is chiefly driven by the impact of climate change on the 
temperature. Little change was found in either the relative humidity or the wind speed compared to 
current-climate conditions. The vegetation and its condition are maintained at “current climate” status 
for the whole length of the simulations (see later for discussion of assumptions). The changes in the 
projected fire danger rating relative to current climate conditions were determined using the modelled 
data for temperature, relative humidity and wind speed for Rockhampton Airport. The results are 
summarised in Appendix Table B.5. The number of ‘Very High’ fire danger days generally 
increases -24 to +35% by 2050 and -44 to +92% by 2090 (A2 GHG scenario). For ‘Severe’ and 
‘Extreme’ days the increase is -18 to +43% and -100 to +600% respectively for 2050 and -33 to 
+243% and +200 to +600% respectively for 2090. 

Appendix Table B.5. No. of days per decade at Rockhampton Airport when the fire danger rating (based on FFDI) 
exceeds Very High, Severe and Extreme thresholds. Three climate change simulations (SIM1=ECHAM, 
SIM2=GFDL & SIM3=MIROC) employing the A2 emissions scenario are considered. 

Period VERY HIGH 
(FFDI > 25) 

SEVERE 
(FFDI > 50) 

EXTREME 
(FFDI > 75) 

Current Climate 
(Observed) 

92 5 0.5 

  SIM1 SIM2 SIM3  SIM1 SIM2 SIM3  SIM1 SIM2 SIM3 

Current Climate 
(Modelled) 

 68 52 89  4.25 3.5 4.5  0.25  0.5 0.25 

2050 (A2 scenario)  72 70 68  3.5 5.0 5.0  1.5 0 0.5 

2090 (A2 scenario)  116 100 50  6.0 8.5  3.0  1.5 1.0 0.5 

B.6 Further Modelling 
This initial modelling has the WRF weather variables at 270 m resolution and the vegetation at 30 m 
resolution. To improve the horizontal resolution of the simulations, to provide greater refinement in the 
final “Bushfire Hazard” maps, either or both the following techniques could be employed: 

• Introduce modifiers to scale the wind down to 30 m resolution 

• Undertake finer horizontal resolution modelling by utilising a tiled-grid approach within WRF. 

The numerical weather modelling covered a smaller area than the case study region. New weather 
simulations could be run covering the whole case study area and the bushfire hazard map could be 
produced for the whole case study region. 

Directional characteristics of historical severe fires (with regards to fire spread) could be exploited to 
inform the setback distance (currently 100 m buffer in all directions) and direction. 
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B.7 Assumptions – Current & Future Climate 
In the numerical modelling that was the basis for this study, land cover (composition and extent) has 
been maintained at the same level for the whole simulation period (1971-2100), and does not vary 
with season or respond to year-to-year rainfall variability (i.e. vegetation considered as a static layer in 
all three models utilised). Significant episodic events such as tropical cyclones and tropical 
depressions, are known to cause significant vegetation growth and regeneration in the months 
following their passage through a region, but this does not influence either the vegetative growth or the 
drought factor used in the FFDI calculations. Finally, the impact of climate change on the vegetation, 
land use and land cover is not considered in this study. This may affect the results of this study in 
various ways. Not only is the bushfire hazard sensitive to changes in fuel, but changes in land cover 
and land-use directly affect the climate through impacts on energy and water balances of the surface 
(e.g. Feddema et al., 2005; Cotton and Pielke, 2007; Ge et al., 2007; Mahmood et al., 2010). To 
improve reliability of results, future-climate models may need to incorporate a full range of ecosystem 
dynamics caused by urbanisation, agriculture, deforestation and episodic disturbances such as fires 
(Running, 2008).  
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C.1 Method 

C.1.1 Current Climate 

C.1.1.1 Storm tide modelling 

The storm tide data was sourced from the National Storm Tide Database which, at the time of this 
study, was being developed by the University of Western Australia as part of the Haigh et al. (2012) 
study for the ACE CRC. The aim of this study was to estimate present day extreme total water level 
exceedance probabilities for Australia’s coastline. The extreme water level considered was a 
combination of MSL, astronomical tide and storm surge generated by both extra-tropical and tropical 
storm events. The modelling did not include the effects of wave setup or run-up and due to the coarse 
modelling grid, 10 km, the resulting ARI water heights are suited to the application at the open coast 
and not within estuaries (Haigh, pers comm.). The hydrodynamic model was forced with global tidal 
model and global meteorological fields, validated against 30 tide gauges with long records. The 
nearest validation gauges to Rockhampton were Mackay and Bundaberg, each being in the order of 
300 km to the north and south respectively of Rockhampton. 

The model results consist of points adjacent to the coastline (231 in the LGA and 45 in the study area) 
with attributes at each point defining storm-tide water level heights (MSL + tide + surge) for ARIs from 
0.1 through to 10 000 years. Data was provided for extra-tropical and tropical storm events. The points 
on the Rockhampton Regional Council LGA coastline are shown in Appendix Figure C.1. 

The national storm-tide modelling was undertaken concurrently with this study. At the time of carrying 
out the Rockhampton analysis the modelling was complete for the extra-tropical events, however the 
tropical storm tide modelling was incomplete; 5000 years of synthetic cyclone events had been 
processed with a further 5000 years yet to be completed. 

Due to the large number of storm-tide data points off the Rockhampton Regional Council coastline, 
and the difficulty in analysing and visualising all 45 inundation depths for the study area, cluster 
analysis was carried out to identify statistically similar regions. This resulted in five distinct areas being 
identified within the Rockhampton Regional Council LGA. Area 4 and Area 5 (Appendix Figure C.1) 
were within the study area; these were previously referred in the summary report (Storm tide section 
p73) as Area A and B respectively. 
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Appendix Figure C.1. Storm tide modelling results for Rockhampton (250 year ARI inundation depth (m)) 

C.1.1.2 Cluster analysis 

Pattern investigation of the storm tide data indentified five cluster areas within the Rockhampton 
Regional Council LGA (Appendix Figure C.2). Fortunately, the automatically allocated ID number 
(ObjectID) had been completed sequentially along the coastline so that spatially adjacent points have 
an adjacent ID number. The ObjectID therefore supported graphical investigation of spatial and 
attribute relationships via a scatter plot matrix (ObjectID vs. ARI water level heights) that confirmed 
clusters of water level heights for broadly every 100 km of coastline. The scatterplot matrices identify 
five distinct clusters as shown in Appendix Figure C.2 for the extra-tropical 250 year ARI inundation 
results. Appendix Figure C.3 shows the tropical cyclone storm tide 250 year ARI inundation points. 
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Appendix Figure C.2. Extra-Tropical Storm tide scatterplot matrix (250 year ARI). The X-axis is the ID field. The Y-
axis is inundation depth above MSL (m). 
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Appendix Figure C.3. Tropical Cyclone Storm tide scatterplot matrix (250 year ARI). The X-axis is the ID field. The 
Y-axis is inundation depth above MSL (m). 

For each area and for extra-tropical and tropical events the mean, minimum, maximum and standard 
deviation were calculated. These are presented in the following figures (Appendix Figure C.4 to 
Appendix Figure C.7). The mean, minimum and maximum are plotted on the left Y-axis and the 
standard deviation is plotted on the right Y-axis. 
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Appendix Figure C.4. Area 4 statistics – extra-tropical storm events. 

 
Appendix Figure C.5. Area 4 statistics – tropical storm events 
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Appendix Figure C.6. Area 5 statistics – extra-tropical storm events. 

 
Appendix Figure C.7. Area 5 statistics –tropical storm events. 
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Within areas four and five the mean water level height for the ARI50, ARI100, ARI250, ARI1000 and 
ARI10 000) were used to identify the inundation extent on a high resolution (LiDAR27 derived) DEM. 
The LiDAR surveys were: 

• Gladstone, acquired 12/6/2009 to 3/7/2009 

• Capricorn South, acquired 8/9/2009 to 19/10/2009 

• Sunwater, acquired 6/10/2008 to 14/10/2008. 

The data has a horizontal resolution of 1 m and a vertical accuracy of 0.15 m with a 67% confidence 
interval. 

Inundation associated with the modelled water level heights was modelled using the ‘bath-tub’ 
method (Eastman, 1993). The application of this method considered the ‘still-water’ inundation level 
and not the increase in water height due to wave setup or wave run-up on the inundation extent as this 
was not factored into the Haigh et al. (2012) study. The spatial queries were carried out using a python 
geoprocessing script to identify elevation raster cell values being equal to or less than the storm tide 
water heights. For each ARI the hazard map shows the inundation extent for the mean storm-tide 
water height. The results have been clipped to within 4 km of the coastline in order to limit 
overestimation of inundation within estuaries. The full extent of the inundation will be provided to the 
Rockhampton Regional Council as they may prove useful in comparing the results of this method to 
any localised hydrodynamic storm-tide modelling undertaken in the future. 

The mean inundation levels for Areas 4 and 5 are shown in Appendix Table C.1 

Appendix Table C.1. Mean storm tide inundation water heights (m above AHD) 

Sea-Level Surge Type Area 50 year 
ARI 

100 year 
ARI 

250 year 
ARI 

1000 year 
ARI 

10 000 year 
ARI 

0 m (current climate) Extra-Tropical Area 4 2.93 2.99 3.07 3.18 3.36 

0 m (current climate) Extra-Tropical Area 5 2.70 2.74 2.79 2.87 3.00 

0 m (current climate) Tropical Area 4 2.58 2.68 2.86 3.19 3.49 

0 m (current climate Tropical Area 5 2.49 2.62 2.85 3.24 3.79 

 

C.1.2 Future Climate 

C.1.2.1 Storm tide modelling 

The ACE CRC study (Haigh et al., 2012) did not undertake any future-climate modelling. Therefore, 
the sea-level rise scenarios, as described in the sea-level rise section (p187), were combined with the 
current-climate storm-tide assessment (Appendix Table C.1), to model future-climate storm-tide 
hazard (Appendix Table C.2). This method has also been applied by the ACE CRC within the Canute 

 
27 Light Detection and Ranging 
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Sea Level Calculator28 which provides a user interface to identify combined current-climate storm tide 
and sea-level rise around Australia for extra-tropical storms only. 

Spatial queries were completed, as described in the current-climate storm-tide modelling section, for 
each of the water heights shown in Appendix Table C.2. 

Appendix Table C.2. Storm tide plus sea-level rise scenario water heights (m AHD). 

Sea-Level Rise Surge Type Area 50 year 
ARI 

100 year 
ARI 

250 year 
ARI 

1000 year 
ARI 

10 000 year 
ARI 

+ 0.3 m (QLD 2050) Extra-Tropical Area 4 3.23 3.29 3.37 3.48 3.66 

+ 0.3 m (QLD 2050) Extra-Tropical Area 5 3.00 3.04 3.09 3.17 3.30 

+ 0.3 m (QLD 2050) Tropical Area 4 2.88 2.98 3.16 3.49 3.79 

+ 0.3 m (QLD 2050) Tropical Area 5 2.79 2.92 3.15 3.54 4.09 

+ 0.5 m (QLD 2070) Extra-Tropical Area 4 3.43 3.49 3.57 3.68 3.86 

+ 0.5 m (QLD 2070) Extra-Tropical Area 5 3.20 3.24 3.29 3.37 3.50 

+ 0.5 m (QLD 2070) Tropical Area 4 3.08 3.18 3.36 3.69 3.99 

+ 0.5 m (QLD 2070) Tropical Area 5 2.99 3.12 3.35 3.74 4.29 

+ 0.8 m (QLD 2100) Extra-Tropical Area 4 3.73 3.79 3.87 3.98 4.16 

+ 0.8 m (QLD 2100) Extra-Tropical Area 5 3.50 3.54 3.59 3.67 3.80 

+ 0.8 m (QLD 2100) Tropical Area 4 3.38 3.48 3.66 3.99 4.29 

+ 0.8 m (QLD 2100) Tropical Area 5 3.29 3.42 3.65 4.04 4.59 

+ 1.1 m (FED 2100) Extra-Tropical Area 4 4.03 4.09 4.17 4.28 4.46 

+ 1.1 m (FED 2100) Extra-Tropical Area 5 3.80 3.84 3.89 3.97 4.10 

+ 1.1 m (FED 2100) Tropical Area 4 3.68 3.78 3.96 4.29 4.59 

+ 1.1 m (FED 2100) Tropical Area 5 3.59 3.72 3.95 4.34 4.89 

 

 
28 http://canute2.sealevelrise.info/slr/Important%20Information  

http://canute2.sealevelrise.info/slr/Important%20Information
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C.2 Results 

C.2.1 Current Climate 

 
Appendix Figure C.8. Extra-tropical storm tide inundation. 
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Appendix Figure C.9. Tropical cyclone storm tide inundation. 

C.2.2 Future Climate 

 
Appendix Figure C.10. 2050 sea-level rise (+0.3 m) combined with extra-tropical storm tide inundation. 
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Appendix Figure C.11. 2050 sea-level rise (+0.3 m) combined with tropical storm tide inundation. 

 
Appendix Figure C.12. 2070 sea-level rise (+0.5 m) combined with extra-tropical storm tide inundation. 
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Appendix Figure C.13. 2070 sea-level rise (+0.5 m) combined with tropical storm tide inundation. 

 
Appendix Figure C.14. 2100 sea-level rise (+0.8 m) combined with extra-tropical storm tide inundation. 
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Appendix Figure C.15. 2100 sea-level rise (+0.8 m) combined with tropical storm tide inundation. 

 
Appendix Figure C.16. 2100 sea-level rise (+1.1 m) combined with extra-tropical storm tide inundation. 
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Appendix Figure C.17. 2100 sea-level rise (+1.1 m) combined with tropical storm tide inundation. 

C.3 Discussion 

C.3.1 Current Climate 

Analysis of the current-climate area inundated revealed that there is only a relatively small increase in 
extent (+1% to +3%) with increasing inundation heights with ARI for the extra-tropical storm tide. 
There is a larger extent increase (+5% to +6%) for tropical storm tide in Area 4. The impact is largest 
for tropical cyclone storm tide for Area 5 with a range of +13% to +50%. This is caused by: 

• the relatively low height of the ARI 50 event (2.49 m) for Area 5 tropical cyclone storm tide 
inundation 

• the topography is relatively flat in Area 5, as compared with Area 4, due to the mouth and 
floodplain of the Fitzroy River 

• the inundation height increment between adjacent ARIs is larger for tropical cyclone storm tide 
(+0.1 to +0.39 m) as compared with extra-tropical storm tide (+0.06 to +0.11 m). 

The comparison is shown graphically in Appendix Figure C.18. Only with the recent availability of 
high-resolution DEMs, derived from LiDAR, has such small inundation height variation been able to be 
tested with accuracy (+/- 0.15 m). 



 

Reforming planning processes: Rockhampton 2050 pilot      165 

 

 
Appendix Figure C.18. Current-climate storm tide inundation area (tropical and extra-tropical). Area is plotted 
against the primary Y-axis and inundation height is plotted against the secondary Y-axis.  

0

20

40

60

80

100

120

140

50 100 250 1000

Average Recurrence Interval

A
re

a 
In

un
da

te
d 

(k
m

2 )

2.4

2.6

2.8

3

3.2

3.4

3.6

3.8

4

In
un

da
tio

n 
he

ig
ht

 (m
 a

bo
ve

 A
H

D
)

Extra-tropical Area
4
Extra-tropical Area
5
Tropical Area 4

Tropical Area 5

Extra-tropical Area
4 height
Extra-tropical Area
5 height
Tropical Area 5
height
Tropical Area 4
height



 

166       Reforming planning processes: Rockhampton 2050 pilot 

 

C.3.1.1 Limitations 

Limitations within the method used include the: 

• tropical cyclone simulation was not complete at the time of the inundation analysis 

• averaging of the inundation heights to group inundation areas 

• tide used in the storm tide modelling is different to that of the sea-level rise analysis (See the 
Sea-level Rise section, p81) 

• bath-tub method does not consider hydrodynamic forcing, nor topographic barriers 

• Rockhampton MSL differs from AHD29. 

• MSL varies at Rockhampton by ~ 0.3 m with greatest cycle in Jan/Feb/March, see Haigh et al., 
2012. 

At the time of the analysis, the tropical cyclone simulation had been completed for 5000 of the 10 000 
years. Results of the completed tropical cyclone simulation may change the ARI inundation heights 
used in this study. However, this is unlikely to have a significant impact of the ARI values below 500 
years. 

The statistical method used to identify a single inundation height for similarly exposed spatially related 
areas (clusters) results in an average inundation height per cluster. As can be seen for each ARI 
inundation extent in Appendix Figure C.2 and Appendix Figure C.3 each cluster area contains a range 
of inundation heights including those that smoothly link cluster areas that may not be well represented 
by the mean value for the cluster. These outlying points will affect the resulting average inundation 
height values for the cluster and they may warrant specific attention to the immediate area they 
represent. This investigation, however, needs to also consider the uncertainty in the storm tide 
modelling, as discussed further below, to determine if further analysis is required. 

As the ACE CRC study was a probabilistic study, the inundation heights include a tide level from a 
modelled tidal sequence. These tides were modelled with a check against validation sites around 
Australia for the year 1995; Mackay and Bundaberg were the closest validation sites (Haigh et al., 
2012). The root mean square error for combined MSL, tide and surge modelled vs. observations were 
0.45 m and 0.14 m for Mackay and Bundaberg respectively. The year 1995 was selected for the high 
record completeness. Without having the results of the tidal modelling for Rockhampton, the Maritime 
Safety Queensland data show that for 2012 Rockhampton has a tidal range peak of 2.66 m (AHD) and 
-1.57 m (AHD) being Mean High Water Springs and Mean Low Water Springs30 respectively. In 
comparison the sea-level rise analysis in this study draws solely upon the Highest Astronomical Tide 
level (3.9 m, AHD) which is a theoretical maximum high water level based on astronomical conditions. 

The bath-tub inundation method does not consider the hydrodynamic forces (e.g. wave setup and 
wave run-up) when estimating inundation extent. For example, the hydrodynamics of the storm 
approaching the coastline varies depending on the angle of approach and inlet morphology. In 
addition, the storm tide data consisted of points every 2 km along the coastline which, whilst advised 
as being accurate for the open coast, may not apply within estuaries or macro-tidal areas. 
Hydrodynamic modelling would more accurately resolve the extent to which the inundation extends 

 
29 http://www.msq.qld.gov.au/~/media/msqinternet/msqfiles/home/tides/tidal%20planes/semidiurnal_planes_2012.pdf 
30 http://www.msq.qld.gov.au/~/media/msqinternet/msqfiles/home/tides/tidal%20planes/semidiurnal_planes_2012.pdf  

http://www.msq.qld.gov.au/~/media/msqinternet/msqfiles/home/tides/tidal%20planes/semidiurnal_planes_2012.pdf
http://www.msq.qld.gov.au/~/media/msqinternet/msqfiles/home/tides/tidal%20planes/semidiurnal_planes_2012.pdf
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overland and specifically within the Fitzroy river, where the forces may be amplified or attenuated 
depending on the approach of the storm with respect to Curtis Island for example. 

Rockhampton is between two storm tide modelling validation points; approximately 300 km from each: 
Mackay and Bundaberg: 0.45 m and 0.14 m total RMSE respectively. Other uncertainty to consider is 
that of the DEM (+/-0.15 m) and the range of inundation heights that are considered in calculating the 
mean water height for each cluster. 

C.3.2 Future Climate 

Considering both storm tide areas and the four sea-level rise scenarios none of these water heights 
exceed the HAT + 1.1 m (5 m total) shown in the sea-level rise section. 

The areal inundation extent increases with increasing inundation heights. When comparing 
neighbouring scenarios (e.g. current climate to the next scenario in time, QLD2050) the largest 
exposure area increase occurs when comparing the current-climate inundation area to that of the 
QLD2050 (+0.3 m) scenario (Appendix Figure C.19). The two largest increases are in Area 5: the 
tropical cyclone ARI50 (+101%) and the ARI100 (+27%) scenarios. This large increase in inundation 
extent is a function of the initial low inundation height within current climate (2.49 m and 2.79 m AHD 
respectively) and the fact that Area 5 encompasses the Fitzroy River mouth which is wide, flat and 
low-lying as compared to the topography of Area 4. Similar heights in Area 4 for tropical cyclone 
ARI50 and ARI100 (2.58 m and 2.68 m AHD respectively) only increase 16% and 9% respectively with 
the 0.3 m increase in inundation height for QLD2050 over current-climate storm-tide inundation. For 
the remainder of the scenario comparisons, the percentage increase and the range of increase is 
much more modest, although the Area 5 average increase is always greater than that for Area 4. 
Again, this can be attributed to the broad low-lying topography in Area 5 as compared with that of 
Area 4. 
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Appendix Figure C.19. Area inundation extent comparison. The vertical black line shows the percentage range of 
increase. 

The hazard maps and digital spatial data provided with this report support more detailed analysis 
which identifies the following: 

• Wetlands, lakes and some buildings are exposed to storm tide inundation in both 
current-climate and the 2100 future-climate scenario 

• Yeppoon-Emu Park Road is exposed to storm tide hazard in the current climate. This can very 
nearly cut the road to the north of Emu Park. The road is cut by storm tide inundation in the 
2100 future-climate scenario 

• Keppel Sands Road is exposed to the impacts of storm tide in the 2100 future-climate scenario 

• Bajool-Port Alma Road is exposed to storm tide inundation in current climate. It is increasingly 
exposed in the future climate with the banks of salt evaporators also being over-topped in the 
2100 future-climate scenario. 

C.3.2.1 Limitations 

The limitations that apply to the current-climate storm-tide analysis similarly apply to future climate with 
the addition of the frequency and intensity changes that may occur in the future due to climate change. 

Future-climate storm tide modelling is an area for potential further study as in this study sea-level rise 
has been combined with current-climate storm-tide hazard. As described in Appendix 3 of the 
“ClimateQ: towards a greener Queensland” (DERM, 2009), studies suggest a reduction in frequency of 
tropical cyclone events (e.g. Abbs et al., 2006) and an increase in the number of Category 3 – 5 
tropical cyclones on the east Australian coastline (Walsh et al., 2004, Leslie et al., 2007 and Abbs et 
al., 2006). As more severe tropical storms are predicted to become more frequent the associated 
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storm surge may also increase in frequency (i.e. occur more often) and this is not considered when 
only combining current-climate storm tide exceedance probability water heights and sea-level rise. 
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D.1 Introduction 
For the purpose of this study, coastal erosion is defined as “shoreline recession due to sea erosion 
causing a permanent loss of land” (DERM, 2012a). This study does not consider the temporary 
erosion associated with storm events, after which the beach or section of coastline may recover 
naturally. 

Keppel Bay was the subject of a series of major studies under the Cooperative Research Centre for 
Coastal Zone, Estuary and Waterway Management (Coastal CRC). The main objective of this work 
was to determine the spatial distribution and accumulation history of sediments in Keppel Bay derived 
from the Fitzroy River. 

D.1.1 Regional setting 

Keppel Bay represents the coastal margin of the Fitzroy River basin, the second largest modern 
sedimentary basin in Australia. The study area lies on the Tropic of Capricorn and is bounded to the 
north by Great Keppel Island and to the south by Curtis Island (Appendix Figure D.1). The 
144 000 km2 catchment of the Fitzroy River is topographically and geologically diverse, comprising 
over 100 different rock types within the Thompson Fold Belt, the New England Fold Belt, the Bowen 
Basin, the Surat Basin, and several other minor formations (Douglas et al., 2005; Willmott et al., 1984). 
The catchment was extensively vegetated with Brigalow scrub (Acacia harpophylla) before several 
phases of land clearing during the 19th and 20th century. Land use in the catchment is dominated by 
agriculture and coal mining. 

D.1.2 Climate and oceanography 

Due to the Australasian monsoon, the region experiences highly seasonal rainfall and prevailing 
easterly winds (Appendix Figure D.3). Rainfall is predominantly in the summer and temperatures 
range between a summer maximum of 32 °C (January) and a winter minimum of 9 °C (July). 
Large-volume flood events in the Fitzroy basin are produced by intense but short-lived rainfall events 
linked to summer monsoonal or cyclonic depressions. These floods inundate large areas of the 
floodplain and take considerable time to discharge through the Fitzroy River system into Keppel Bay 
(Devlin et al., 2001; Kelly and Wong, 1996). The tides within Keppel Bay are semi-diurnal, and feature 
a spring tidal range of 5 m (macrotidal), with a neap tidal range of approximately half this (Hekel, 
1980). The oceanography along the adjacent continental shelf is dominated by the southward flowing 
East Australian Current (EAC). Using sea surface drifters, Woodhead (1970) showed that the EAC is 
partly deflected into the Capricorn Channel forming a clockwise gyre (Appendix Figure D.3). A time-
series dataset of NOAA-9 AVHRR satellite imagery has shown that the EAC follows the 200 m contour 
until it reaches the Capricorn Channel (Kleypas and Burrage, 1994). Annual variation in regional 
oceanographic conditions result in the EAC either following the slope contour westward along the 
shelf, or flowing directly south until it hits the shelf break near Fraser Island (Appendix Figure D.3). 
During periods of southward flow, the current tends to bifurcate, producing a southern current that 
continues along the coast and a northern component that becomes a cyclonic eddy within the 
Capricorn Channel. Satellite imagery also shows much cooler waters occur along the shelf edge and 
possibly the result of upwelling events that bring cooler water from depth onto the shelf, coolest in 
Hervey Bay. This cold upwelling water is considered to be important source of nutrients to the 
southern Great Barrier Reef and coastal region. The cool, nutrient-rich water extends as far north as 
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Cape Clinton, and is probably transported by wind driven longshore currents. In addition, cold water 
jets have been observed at Cape Clinton heading back into the Capricorn Channel (Kleypas and 
Burrage, 1994). 

 
Appendix Figure D.1. Keppel Bay and the Fitzroy River on the coast of the south-east Queensland. The base map 
is a Landsat ETM+ image, acquired 24/5/2003, Copyright © Commonwealth of Australia, 2003 (Source: Ryan et 
al., 2009). 
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Appendix Figure D.2. The Fitzroy River estuary and Keppel Bay bathymetry. D.Wave heights recorded by a wave 
rider buoy in outer Keppel Bay (Queensland Environmental Protection Agency, 2005). E. Wind records for 
Rockhampton, 50 km W of Long Beach (Bureau of Meteorology). F. Fitzroy River discharge between 1970 and 
2007. Also indicated is the discharge required for sand export to Keppel Bay (dashed line), and flood events 
produced by tropical cyclones (data from Queensland Department of Natural Resources and Water, 
Rockhampton) (source Brooke et al., 2008). 

D.1.3 The Capricorn Channel and southern Great Barrier Reef 

A major survey of the marine geology of the Capricorn Channel and region adjacent to Keppel Bay 
was undertaken by Marshall (1977), and identified high quartz and feldspar sediments in outer Keppel 
Bay and to the east of Great Keppel Island. These sediments were classified as terrigenous sands (in 
the north of Keppel Bay) and mixed marine and terrigenous sands (in the south of Keppel Bay). 



 

176       Reforming planning processes: Rockhampton 2050 pilot 

 

 
Appendix Figure D.3. Summary map of bathymetry, water masses and circulation in the study region, with the -
120 m isobath indicated (Imagery: Landsat MSS, Copyright © Commonwealth of Australia). The unbroken black 
line indicates the 120 m isobath. Wind frequency analysis are provided for Rockhampton, 1939-2004, for the wet 
season (October to April, 3pm) and the dry season (May to September, 3pm; Bureau of Meteorology, June 2005). 
Bathymetry after Webster and Petkovic (2005) (source: Ryan et al., 2009). 

Although the seabed of the Capricorn Channel is mainly flat, both symmetrical and asymmetrical 
sediment dunes comprising 90% quartz sand occur at a water depth of 60-80 m. These features were 
probably formed by tidal currents during a period of lower sea level (Marshall, 1977). Evidence of 
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pre-Holocene shorelines with mangrove rootlets, a series of drowned reefal shoals and banks 
extending northwest from the Capricorn Group of reefs, and ooids (16 800 cal. yrs BP) were also 
reported from depths of 100-120 m (Marshall and Davies, 1975; Yokoyama et al., 2006). Maxwell 
channels cut to a base level of 64 m, corresponding to a Pleistocene low sea-level. These are 
probably the palaeochannels of the Mary, Burrum and Elliott Rivers (Marshall, 1977). Marshall (1977) 
also suggested that during the glacial lowstand, the Fitzroy River meandered northeast across the 
shelf before being diverted down the Capricorn Channel. 

D.1.4 Geomorphology and bathymetry of Keppel Bay 

Keppel Bay is a semi-protected oceanic embayment located south of the widest part of the 
Queensland continental shelf (Marshall, 1977; Searle, 1978). The Capricorn coastal area bordering 
Keppel Bay is a drowned landscape, with prominent rocky headlands that divide low-lying stretches of 
beach dunes and strandplains. A previous geological investigation of Keppel Bay by Searle (1978) 
using a ‘boomer’ seismic profiling system found evidence that significant quantities of sediment have 
accumulated in Keppel Bay since the late Tertiary. Evidence of the sub-aerial erosion of the 
Pleistocene surface was also noted. In addition, a relatively thick Holocene sediment wedge has been 
deposited adjacent to the Fitzroy River estuary, which becomes thinner to the north. Searle (1978) 
suggested that fine sediments originating from the Fitzroy River may be advected as far north as Corio 
Bay (20 km north of Yeppoon). The southern portion of the study area is bordered by the bedrock hills 
of Curtis Island and expansive low gradient salt flats, mangroves, and tidal creek networks in the Port 
Alma region (Appendix Figure D.4), which form the Casuarina Basin (Murray, 1980). Significant brine 
deposits occur below the extensive mudflats and supratidal lowlands near Port Alma, Casuarina 
Island, and Balaclava Island (Laycock, 1980; Flood and Walbran, 1986). Numerous smaller rocky 
islands exist within the bay, most notably Humpy, Pelican, Divided and Wedge Islands in the north, 
and Girt, Quartz, Arch, Peak and Hummocky Islands in the south and south-east. Keppel Bay is 
bordered to the west by Long Beach, an elongate beach and beachridge plain that extends 
northwards toward a series of rocky headlands. 

D.1.5 Modern sediment Transport in Keppel Bay 

Keppel Bay contains both coarse (bedload) sediment and a proportion of the fine fraction of material 
deposited by the Fitzroy River (suspended sediment and nutrient inputs into and out of Keppel Bay 
have been examined in Radke et al., 2005). A comprehensive study of the modern sediments and 
hydrodynamics of the southern Queensland coast including Keppel Bay was undertaken by the 
Queensland Government between 1976 and 1978 (Beach Protection Authority, 1979). The study 
found that large volumes (approximately 450 000 m3 yr-1 - median grain size 150 μm) of quartzose 
sand eroded from the Fitzroy River catchment are transported into Keppel Bay during flood events. 
This sediment is reworked northwards and onshore by advection which is the result of the combined 
effects of local waves and tidal currents on seabed sediments. Cyclones can induce short periods of 
shoreline erosion from which the coast quickly recovers under normal atmospheric and marine 
conditions. Extensive beach-ridge deposits indicate there has been a long-term positive sediment 
supply to the bay from the Fitzroy River (Brooke et al., 2008). 

The distribution of modern sediments in Keppel Bay indicates that river sediment is deposited by the 
Fitzroy River in the mouth of the estuary and in the southern section of the bay. The coarser sediment 
is subsequently reworked by advection to the north and onshore, where it accumulates in dunes and 
beach deposits (Appendix Figure D.4). 
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Appendix Figure D.4. Map of sediment facies and depositional regions in Keppel Bay, showing sediment transport 
pathways and areas of fine sediment accumulation. 
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D.2 Method 

D.2.1 Current Climate 

D.2.1.1 Spatial analysis 

The current-climate erosion spatial extents (overlays) were determined using the Queensland Coastal 
Hazards Guideline (QCHG; DERM, 2012a). The guideline requires erosion prone area widths to 
accommodate both short-term and long-term erosion for a specific planning period. The 
current-climate erosion overlays reported here refer to short-term erosion prone areas only. 

The extent of short-term erosion is determined by identifying the areas of the open coast already 
experiencing some degree of erosion, i.e. the presence of a sea wall or protective engineering 
structure, and areas where the dunes are substantially reduced by wave action. The erosion prone 
area is defined as the area bounded by the seaward limit of Queensland waters – Highest 
Astronomical Tide (HAT) and on land adjacent to coastal waters as: 

• a line measured 40 m landwards of the plan position of HAT except where approved revetments 
(e.g. sea walls) exist in which case the line is measured 10 metres landwards of the upper 
seaward edge of the revetment, irrespective of the presence of outcropping bedrock. 

The guideline makes further provision for the assessment of the erosion hazard based on the potential 
impact of a “design” storm31. Whilst not considered for current climate, these provisions were 
incorporated into the future-climate erosion overlays. 

To assist in the identification of the existing erosion prone areas two series of historical aerial 
photography (captured on 05/1961 and 06/1964) were visually compared with the 2010 image mosaic 
of the Rockhampton coastline. This comparison enabled the identification of sections of the coastline 
that experience coastal recession or accretion during this time period. A current coastline was then 
digitised from the 2010 aerial photography and buffers applied to eroding sections of coast to 
represent the areal extent of coastal erosion hazard under current climate as described in the point 
above. 

D.2.2 Future Climate 

The future-climate erosion hazard was determined using the QCHG. The guideline requires erosion 
prone area widths to accommodate both short and long term erosion for a specific planning period, for 
the purpose of this study 100 years. 

Short-term erosion refers to the erosion of sediment from the shore profile by wave action associated 
with extreme weather events, e.g. tropical cyclone or severe storm activity. Fair-weather beach 
processes between erosive storm events produce conditions for the onshore transport of eroded 
sediments leading to beach recovery. Beach recovery may take many years to occur, depending on 
storm frequency. Long-term erosion refers to erosion of beach sediments due to coastal processes 

 
31 A storm whose and probability of occurrence and magnitude, in this case storm tide water height and duration, 
does not exceed the parameters established by the Queensland Coastal Hazard Guidelines. In this case, a storm 
event of a severity that only occurs on average once in 100 years. 



 

180       Reforming planning processes: Rockhampton 2050 pilot 

 

(e.g. alongshore drift) operating over decades, and interruptions to the natural sediment transport by 
anthropogenic structures, e.g. groynes and seawalls. 

The formula adopted by DERM in the QCHG for the calculation of the erosion prone area width is as 
follows: 

DFSCRNE ++×++×= )1(])[(  (Equation 2) 

Where: 

• E = erosion prone area width (metres) 

• N = planning period (years) 

• R = rate of long-term erosion (metres per year) 

• C = short-term erosion from the ‘design’ storm or cyclone (metres) 

• S = erosion due to sea-level rise (metres) 

• F = factor of safety (0.4 has been adopted) 

• D = dune scarp component to allow for slumping of the erosion scarp (metres). 

The QCHG suggests that values of R, C, S and D be determined for individual beaches based on 
existing data and site specific modelling or profile response. The choice of values for N and F, as well 
as the specifications of the storm used to determine C, are based subjective decisions that rely on 
accepted practices. Further guidance on quantifying these parameters is provided in the QCHG (p6 – 
11, 2012a). 

The future-climate coastal erosion overlays presented here have been calculated through applying the 
DERM (2012a) formula presented above (DERM, 2012a) which defines the Erosion Prone Area from 
either of two methods: 

1. Erosion-prone areas include areas subject to inundation by the Highest Astronomical Tides 
(HAT) by the year 2100 or at risk from sea erosion. 

2. On land adjacent to tidal water, the landward boundary of the erosion prone area shall be 
defined by whichever of the following methods gives the greater erosion prone area width: 

a. a line measured 40 metres landward of the plan position of the present day HAT level 
except where approved revetments exist in which case the line is measured 10 metres 
landward of the upper seaward edge of the revetment, irrespective of the presence of 
outcropping bedrock; 

b. a line located by the linear distance calculated, shown in Appendix Table D.1, and 
measured, unless specified otherwise, inland from: 

i. the seaward toe of the frontal dune (the seaward toe of the frontal dune is 
normally approximated by the seaward limit of terrestrial vegetation or, where this 
cannot be determined, the level of present day HAT); or 

ii. a straight line drawn across the mouth of a waterway between the alignment of 
the seaward toe of the frontal dune on either side of the mouth 

c. the plan position of the level of HAT plus 0.8 m vertical elevation for sea-level rise by 
2100. 

The extent of the erosion prone area where it is defined by “HAT plus 0.8 m” is considered to be the 
HAT coastline at 2100, and includes sea-level rise to that time. This was defined by DERM (2012a) as 
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“the area of land inundated to the level HAT of the nearest adjacent open coast or river tide gauge 
plus 0.8 m vertical elevation”. However this is not based on any site specific assessments of the 
current HAT coastline, as the present day attenuation of inland HAT level due to flow constraints may 
not persist to 2100 due to potential coastline response to sea-level rise over the next 90 years. For 
further explanation see the Coastal Hazard Guideline (DERM, 2012a). 

Appendix Table D.1. Erosion prone areas widths for each segment of coast in Rockhampton Regional Council 
study area32. 

Erosion prone 
area segment 
number 

Segment start 
longitude (degrees) 

Segment start 
latitude (degrees) 

Erosion prone area width (metres) 

RoR001 150.94512 -23.55251 400 m 

RoR002 150.86402 -23.47200 Transition from 300 m to 135 m 

RoR003 150.81990 -23.42384 135 m 

RoR004 150.79689 -23.36910 240 m 

RoR005 150.79174 -23.34885 140 m 

RoR006 150.79190 -23.33522 0 m 

RoR007 150.79835 -23.33773 100 m (Possible bedrock) 

RoR008 150.79818 -23.33610 0 m 

RoR009 150.79525 -23.33539 100 m 

RoR010 150.79308 -23.33130 Transition from 100 m to 70 m 

RoR011 150.79309 -23.32499 0 m 

RoR012 150.79073 -23.32186 400 m 

RoR013 150.79246 -23.30795 250 m 

RoR014 150.80035 -23.29834 400 m 

RoR015 150.81117 -23.28709 0 m 

RoR016 150.81390 -23.28787 125 m 

RoR017 150.82010 -23.27926 Transition from 125 m to 40 m 

RoR018 150.82274 -23.27850 40 m (Possible bedrock) 

RoR019 150.82470 -23.27921 65 m (Possible bedrock) 

RoR020 150.82444 -23.27831 135 m 

RoR021 150.82482 -23.27472 0 m 

RoR022 150.82566 -23.27321 40 m (Possible bedrock) 

RoR023 150.82670 -23.26927 0 m 

RoR024 150.82792 -23.26734 140 m 

RoR025 150.82927 -23.25885 0 m 

RoR026 150.82908 -23.25491 160 m 

 
32 Source: http://www.ehp.qld.gov.au/coastal/development/assessment/pdf/ror1a.pdf) 

http://www.ehp.qld.gov.au/coastal/development/assessment/pdf/ror1a.pdf
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Erosion prone 
area segment 
number 

Segment start 
longitude (degrees) 

Segment start 
latitude (degrees) 

Erosion prone area width (metres) 

RoR027 150.82592 -23.23959 0 m 

RoR028 150.82599 -23.23794 160 m (Possible bedrock) 

RoR029 150.81951 -23.22388 0 m 

RoR030 150.81687 -23.22189 140 m 

RoR031 150.80031 -23.22810 400 m 

RoR032 150.79731 -23.22587 140 m (measured from old creek bank) 

RoR033 150.79619 -23.22196 215 m 

RoR034 150.78919 -23.20690 140 m 

RoR035 150.78907 -23.19924 0 m 

RoR036 150.79193 -23.19609 140 m 

RoR037 150.79460 -23.18446 0 m 

RoR038 150.79384 -23.17862 120 m 

RoR039 150.79268 -23.16407 0 m 

RoR040 150.78351 -23.16571 140 m (Possible bedrock) 

RoR041 150.77921 -23.16587 0 m 

RoR042 150.77636 -23.16529 150 m 

RoR043 150.76400 -23.14554 0 m 

RoR044 150.76137 -23.14281 150 m 

RoR045 150.75912 -23.14025 0 m 

RoR046 150.75487 -23.13891 40 m (Possible bedrock) 

RoR047 150.75192 -23.13668 125 m 

RoR048 150.74961 -23.12833 0 m 

RoR049 150.74978 -23.12592 135 m 

RoR050 150.75139 -23.10809 185 m 

RoR051 150.75121 -23.10570 235 m 

 

D.2.2.1 Spatial Analysis 

The future-climate erosion hazard was developed by creating spatial data (points) from the latitude 
and longitude data for each of erosion-prone area segment boundaries as shown in Appendix Table 
D.1. The boundary points were co-located on the current coastline digitised for the current-climate 
erosion overlays. The segment of coastline between the two erosion-prone area boundaries points 
was then buffered landward by the erosion prone area width (in metres) calculated by DERM (2012a) 
to create the polygon showing the aerial extent of the future-climate erosion hazard. 
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D.3 Results 

D.3.1 Current Climate 

The coastal erosion hazard is shown in Appendix Figure D.5 and Appendix Figure D.6, and has also 
been presented as an A3 overview map sheet. The overview map sheet only displays the coastline 
that is vulnerable and does not identify the extent of coastal erosion. This data has been symbolised 
with a greater line width so as to be visible when viewed at the standard map extent. The recession 
extent is either 10 m or 40 m, as described above, and this is provided within the large scale hazard 
maps. 

 
Appendix Figure D.5. Current climate coastal erosion exposed coastline 
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D.3.2 Future Climate 

 
Appendix Figure D.6. Future-climate (2100) coastal erosion exposed coastline. 
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D.4 Discussion 

D.4.1 Current Climate 

The current-climate vulnerability to coastal erosion is largely confined to the sections of coastline 
including: 

• East facing and directly open to the prevailing wave climate, e.g. Rocky Point Beach and the 
northern section Long Beach 

• The southern sections of the predominantly E to ENE facing beaches due to wave refraction by 
the southern headlands concentrating the wave energy, e.g. Tanby Point. This is a natural 
phenomenon and will continue under current climate 

• Beaches where there has been significant anthropogenic activity resulting the loss of sediment 
from the beach system resulting in erosion, and often leading to the construction of hard 
engineering structures to prevent further losses. For example, southern section of Farnborough 
Beach. 

As the recent sediment study identified (Ryan et al., 2009) there is very little additional sediment being 
delivered to the Rockhampton beaches north of Keppel Bay under the present wave climate. Most of 
the sediment being transported northwards from the Fitzroy River discharge is being transported via 
the deeper offshore pathways (Ryan et al., 2009). Under present conditions, there is very little 
sediment available to naturally renourish the currently eroding beaches. Therefore, where there is an 
existing coastal erosion hazard under current climate, this is likely to continue at similar rates. 

The “erosion prone area” guidelines in the QCHG are currently the best available to the Rockhampton 
Regional Council on which to base planning decisions. 

D.4.2 Future Climate 

There have been very few studies of the macrotidal beaches in the southern and central part of 
Queensland (e.g. Brooke et al., 2008; Webster and Ford, 2008); of those undertaken even fewer have 
attempted to model them (Masselink, 1993; Masselink and Short, 1993; Masselink and Hegge, 1995). 
As a consequence there is considerable uncertainty around how the beaches within the Rockhampton 
Regional Council area are responding under current-climate conditions and even greater uncertainty 
about the morphodynamic response of these beaches to the impacts of climate change. 

The lack of fundamental data, both observational (e.g. near-shore wave climate and storm-tide run-up 
levels) and instrumental (e.g. bathymetry), in the Rockhampton Regional Council local government 
area along with an absence of any suitable morphodynamic models to predict shoreline change on 
these meso- to macro-tidal beaches (Della Pozza, pers comm.) was a significant limitation to this 
study. Insufficient data exists to gain an understanding of the current beach behaviour from which to 
predict or forecast beach behaviour under future climate. 

In recognition of these data and modelling gaps, the Queensland government’s erosion-prone area 
width estimates used in this study to generate future-climate coastal erosion overlays are the best 
available but are to be considered as indicative only. 
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E.1 Method 
The sea-level rise analysis was completed through the addition of sea-level rise heights to the 2012 
Highest Astronomical Tide (HAT: 3.9 m) value at Rockhampton33. HAT is defined by the Australian 
Hydrographic Service as “…The highest level of water which can be predicted to occur under any 
combination of astronomical conditions”34. 

The four sea-level rise scenarios are: 

• + 0.3 m (QLD 2050) 

• + 0.5 m (QLD 2070) 

• + 0.8 m (QLD 2100) 

• + 1.1 m (FED 2100) 

The three Queensland scenarios (2050, 2070 and 2100) are identified within the Queensland Coastal 
Plan35. The Federal scenario (+1.1 m by 2100) was identified by CSIRO from the Intergovernmental 
Panel on Climate Change’s 4th Assessment Report and subsequent research36. This 1.1 m scenario 
considers the “high-end” risk including the effects of warming trends on ice sheet dynamics. 

E.1.1 Spatial analysis 

Utilising the high resolution, 1 m resolution raster, Digital Elevation Model (DEM) spatial queries were 
completed to identify bare-earth elevation values that were equal to or less than the scenario value. In 
the example of the QLD 2050 scenario, the elevation is identified where it is equal to or less than 
4.2 m (3.9 m (HAT) + 0.3 m) above the Australian Height Datum (AHD). 

E.2 Results 
As the hazard map shows (Appendix Figure E.1), there is significant inundation from a HAT event. The 
Yeppoon Road and the Scenic Highway, South of Yeppoon, is inundated by a HAT scenario. With the 
progressive addition of sea-level rise heights, the area inundated increases between 3.8% and 6.7%. 
The greatest extension to the inundation extent from the addition of SLR scenarios is on the floodplain 
downstream of Rockhampton. 

 
33 http://www.msq.qld.gov.au/~/media/msqinternet/msqfiles/home/tides/tidal%20planes/semidiurnal_planes_2012.pdf 
Levels quoted to Lowest Astronomical Tide therefore HAT (6.42 m) minus AHD (2.52 m) is 3.9 m. Source 
:Semidiurnal Tidal Planes, Queensland Tide Tables 2012, Maritime Safety Queensland, September 2011  
34 http://www.hydro.gov.au/aboutus/glossary.htm  
35 http://www.ehp.qld.gov.au/coastalplan/pdf/qcp-web.pdf  
36 http://www.ozcoasts.gov.au/climate/sd_visual.jsp  

http://www.msq.qld.gov.au/~/media/msqinternet/msqfiles/home/tides/tidal%20planes/semidiurnal_planes_2012.pdf
http://www.hydro.gov.au/aboutus/glossary.htm
http://www.ehp.qld.gov.au/coastalplan/pdf/qcp-web.pdf
http://www.ozcoasts.gov.au/climate/sd_visual.jsp
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Appendix Figure E.1. Sea-level rise inundation extent 

Within the Fitzroy river region, with the progressive addition of sea-level rise to HAT, it can be seen 
that the inundation extends on the south-western extent of the floodplain towards the Bruce Highway. 
In proximity to the city of Rockhampton, the Bruce Highway is shown as being exposed to the south of 
the Capricorn Highway intersection; however, this area of inundation is isolated from the main body of 
water. This phenomenon is also apparent upriver of Rockhampton in the Fitzroy river channel where 
there are disconnected areas of HAT and SLR + HAT inundation due to depth variations in the river 
channel. 

E.3 Discussion and Limitations 
As the exposure of the Bruce Highway indicates, this method identifies all elevation lower than the 
scenario height. This will tend to overestimate inundation where there are low elevations separated by 
areas of higher elevation, e.g. flood levies and dam walls. 

The high-resolution DEM has a vertical accuracy of +/-0.15 m. At the completion of the project, the 
inundation data will be provided to the Rockhampton Regional Council with the inclusion of the 
uncertainty inundation extents. The uncertainty inundation extent represents another spatial query 
where the inundation value is altered through the addition or subtraction of 0.15 m. For the QLD 2050 
scenario there will be three resulting raster datasets: 

• Scenario + Uncertainty (4.2 + 0.15 m) 

• Scenario (4.2 m) 

• Scenario – Uncertainty (4.2 – 0.15 m) 
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The inundation analysis was constrained to areas covered by the DEM. This constraint is shown in the 
A3 sea-level rise hazard map as a dark blue border. 
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 Hazard Maps Appendix F

A series of maps for each hazard and scenario has been produced. The map sheet is presented at the 
1:50 000 scale and has been designed to be printed at an A3 paper size. Appendix Figure F.1 shows 
an example map sheet. 

 Map panel Reference panel 
 

 
Appendix Figure F.1. Example hazard map. 
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F.1 Current Climate Hazard Maps 

Map Reference Map content  

A3/0 50 year ARI TC Wind Hazard 

A3/1 100 year ARI TC Wind Hazard 

A3/2 250 year ARI TC Wind Hazard 

A3/3 500 year ARI TC Wind Hazard 

A3/4 1000 year ARI TC Wind Hazard 

A3/5 Extra-tropical Storm Tide Hazard (50 - 1000 year ARI) 

A3/6 Tropical Storm Tide Hazard (50 - 1000 year ARI) 

A3/7 AS3969 Bushfire Constraints 

A3/8 Bushfire Vegetation Classification 

A3/9 50 year ARI Bushfire Danger Rating  

A3/10 100 year ARI Bushfire Danger Rating 

A3/11 Coastal Erosion - small scale 

A3/11-1 Coastal Erosion - large scale 

A3/11-2 Coastal Erosion - large scale 

A3/11-3 Coastal Erosion - large scale 

A3/11-4 Coastal Erosion - large scale 

A3/11-5 Coastal Erosion - large scale 

A3/11-6 Coastal Erosion - large scale 

A3/11-7 Coastal Erosion - large scale 

A3/11-8 Coastal Erosion - large scale 

 

F.2 Future-Climate Hazard Maps 

Map Reference Map content  

A3/12 2055 - 50 year ARI TC Wind Hazard 

A3/13 2055 - 100 year ARI TC Wind Hazard 

A3/14 2055 - 250 year ARI TC Wind Hazard 

A3/15 2055 - 1000 year ARI TC Wind Hazard 

A3/16 2090 - 50 year ARI TC Wind Hazard 

A3/17 2090 - 100 year ARI TC Wind Hazard 

A3/18 2090 - 250 year ARI TC Wind Hazard 

A3/19 2090 - 1000 year ARI TC Wind Hazard 

A3/20 2050 - 50 year ARI Bushfire Hazard 
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Map Reference Map content  

A3/21 2050 - 100 year ARI Bushfire Hazard 

A3/22 2090 - 50 year ARI Bushfire Hazard 

A3/23 2090 - 100 year ARI Bushfire Hazard 

A3/24 2050 - Extra-tropical Storm Tide Hazard - Area 437 

A3/25 2050 - Extra-tropical Storm Tide Hazard - Area 5 

A3/26 2050 - Tropical Storm Tide Hazard - Area 4 

A3/27 2050 - Tropical Storm Tide Hazard - Area 5 

A3/28 2070 - Extra-tropical Storm Tide Hazard - Area 4 

A3/29 2070 - Extra-tropical Storm Tide Hazard - Area 5 

A3/30 2070 - Tropical Storm Tide Hazard - Area 4 

A3/31 2070 - Tropical Storm Tide Hazard - Area 5 

A3/32 2100 - Extra-tropical Storm Tide Hazard - Area 4 

A3/33 2100 - Extra-tropical Storm Tide Hazard - Area 5 

A3/34 2100 - Tropical Storm Tide Hazard - Area 4 

A3/35 2100 - Tropical Storm Tide Hazard - Area 5 

A3/36 2100 - Extra-tropical Storm Tide Hazard - Area 4 

A3/37 2100 - Extra-tropical Storm Tide Hazard - Area 5 

A3/38 2100 - Tropical Storm Tide Hazard - Area 4 

A3/39 2100 - Tropical Storm Tide Hazard - Area 5 

A3/40 Sea-level Rise Hazard 

A3/41 2100 Coastal Erosion Hazard - small scale 

A3/41-1 2100 Coastal Erosion Hazard - large scale 

A3/41-2 2100 Coastal Erosion Hazard - large scale 

A3/41-3 2100 Coastal Erosion Hazard - large scale 

A3/41-4 2100 Coastal Erosion Hazard - large scale 

A3/41-5 2100 Coastal Erosion Hazard - large scale 

A3/41-6 2100 Coastal Erosion Hazard - large scale 

A3/41-7 2100 Coastal Erosion Hazard - large scale 

A3/41-8 2100 Coastal Erosion Hazard - large scale 

A3/41-9 2100 Coastal Erosion Hazard - large scale 

A3/41-10 2100 Coastal Erosion Hazard - large scale 

A3/41-11 2100 Coastal Erosion Hazard - large scale 

A3/41-12 2100 Coastal Erosion Hazard - large scale 

 
37 Area 4 and 5 are referred to as Area A and B respectively in the Storm Tide Summary Section. 
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Map Reference Map content  

A3/41-13 2100 Coastal Erosion Hazard - large scale 

A3/41-14 2100 Coastal Erosion Hazard - large scale 

A3/41-15 2100 Coastal Erosion Hazard - large scale 

A3/41-16 2100 Coastal Erosion Hazard - large scale 

A3/41-17 2100 Coastal Erosion Hazard - large scale 

A3/41-18 2100 Coastal Erosion Hazard - large scale 

A3/41-19 2100 Coastal Erosion Hazard - large scale 

A3/41-20 2100 Coastal Erosion Hazard - large scale 

A3/41-21 2100 Coastal Erosion Hazard - large scale 

A3/41-22 2100 Coastal Erosion Hazard - large scale 

A3/41-23 2100 Coastal Erosion Hazard - large scale 

A3/41-24 2100 Coastal Erosion Hazard - large scale 

A3/41-25 2100 Coastal Erosion Hazard - large scale 

A3/41-26 2100 Coastal Erosion Hazard - large scale 

A3/41-27 2100 Coastal Erosion Hazard - large scale 

A3/41-28 2100 Coastal Erosion Hazard - large scale 

A3/41-29 2100 Coastal Erosion Hazard - large scale 

A3/41-30 2100 Coastal Erosion Hazard - large scale 

A3/41-31 2100 Coastal Erosion Hazard - large scale 

A3/41-32 2100 Coastal Erosion Hazard - large scale 

A3/41-33 2100 Coastal Erosion Hazard - large scale 

A3/41-34 2100 Coastal Erosion Hazard - large scale 

A3/41-35 2100 Coastal Erosion Hazard - large scale 

A3/41-36 2100 Coastal Erosion Hazard - large scale 
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APPENDIX 10: AURECON FITZROY RIVER FLOOD STUDY 
 
Please refer to: 
www.rockhamptonregion.qld.gov.au/.../Flood_Study_Report_without_Appendices_4M
B.pdf 
 

http://www.rockhamptonregion.qld.gov.au/.../Flood_Study_Report_without_Appendices_4MB.pdf
http://www.rockhamptonregion.qld.gov.au/.../Flood_Study_Report_without_Appendices_4MB.pdf
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