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Key Terms  

Adaptation  

Actions taken in response to actual or projected climate change and impacts that lead to 
a reduction in risks or a realisation of benefits. A distinction can be made between a 
planned or anticipatory approach to adaptation (i.e. risk treatments) and an approach 
that relies on unplanned or reactive adjustments. 

Adaptive capacity 

The capacity of an organisation or system to moderate the risks of climate change, or to 
realise benefits, through changes in its characteristics or behaviour. Adaptive capacity 
can be an inherent property or it could have been developed as a result of previous 
policy, planning or design decisions of the organisation. 

Climate change 

Climate change refers to a change of climate that is attributed directly or indirectly to 
human activity that alters the composition of the global atmosphere and that is in 
addition to natural climate variability observed over comparable time periods (United 
Nations Framework Convention on Climate Change). 

Climate scenario 

A coherent, plausible but often simplified description of a possible future climate (simply, 
average weather). A climate scenario should not be viewed as a prediction of the future 
climate. Rather, it provides a means of understanding the potential impacts of climate 
change, and identifying the potential risks and opportunities created by an uncertain 
future climate.  

Climatic 
vulnerability 

Climatic vulnerability is defined by the IPCC as “the degree to which a system is 
susceptible to, and unable to cope with, adverse effects of climate change, including 
climate variability and extremes. Vulnerability is a function of the character, magnitude, 
and rate of climate change and variation to which a system is exposed, its sensitivity, 
and its adaptive capacity”. 

Hazard 
A physically defined source of potential harm, or a situation with a potential for causing 
harm, in terms of human injury; damage to health, property, the environment, and other 
things of value; or some combination of these. 

Mitigation 
A human intervention to actively reduce the production of greenhouse gas emissions 
(reducing energy consumption in transport, construction, at home, at work, etc.), or to 
remove the greenhouse gases from the atmosphere (sequestration). 

Risk 
Risk is defined in general terms as the product of the frequency (or likelihood) of a 
particular event and the consequence of that event, be it in terms of lives lost, financial 
cost and/or environmental impact.  

Sensitivity  Refers to the degree to which a system is affected, either adversely or beneficially, by 
climate related variables including means, extremes and variability. 

Vulnerability 

Vulnerability is a function of risk and response capacity. It is a combination of the 
physical parameter of the hazards and its consequences such as personal injuries, 
degradation of buildings and infrastructure and functional perturbations. It may vary 
depending on non physical factors such as emergency preparation, education and 
recovery capacity. 
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Executive summary 
This climate change risk assessment and adaptation planning report on the Belyuen Shire Council area was 
commissioned by the Local Government Association of the Northern Territory with funding support from the 
Commonwealth Department of Climate Change and Energy Efficiency. This study provides an overview of climate 
change trends in the Belyuen area, an analysis of expected climate change impacts and a number of proposed 
adaptation options. This project should not be considered as a one-off exercise but rather an ongoing process that 
needs to be revisited by the Belyuen community and its Council from time to time.  

The Vulnerability of the Belyuen Shire  

The Belyuen community is located on the eastern side of Cox Peninsula, approximately 15 km south of 
Mandorah, The community lies 20 km south west of Darwin, across Darwin Harbour; however it is 125km by road 
from Darwin and is considered a remote area. Indigenous people make up 92% of Belyuen’s population.  

The Belyuen community is potentially exposed to extreme climatic events among which cyclones can be 
considered as the most threatening. All these elements make the community highly sensitive to climate change 
impacts.  

However the Belyuen community and the Belyuen Shire Council have shown strong resilience in the face of 
adverse events in the past. This resilience combined with the traditional knowledge held by the community can be 
built upon to prepare for the inevitable impacts of climate change.  

Climate Change Observations & Projections 

Belyuen has experienced changes in the climate (such as air temperature and rainfall) over the past 30 years. 
These trends are likely to continue and even accelerate during the 21st Century.  

Over the past 30 years the Belyuen area experienced a warming of mean and maximum air temperature and a 
slight decrease of the minimum temperatures both during the wet and the dry seasons. The number of hot days (> 
35°C) increased significantly during both seasons. Relative humidity decreased a little during the dry season but 
remained similar during the wet season compared to the current situation. Rainfall showed varying trends with a 
slightly wetter wet season and somewhat drier dry season.  

The future climate change projections for the region include:  

 Increased seasonal air temperature ranging from 0.7°C warmer (wet and dry season) by 2030 to between 
1°C and 3.5°C warmer by 2070; 

 Increased sea surface temperature by 0.7°C in 2030 which may reach 1.7°C by 2070; 
 Although there is a high level of uncertainty, the projection of rainfall changes suggest that the driest 

seasons may become drier and the wet season may become slightly drier; 
 A sea level rise of up to 1.1 m by 2100; and  
 An increase in the intensity of cyclones (Category 4 and 5), but a decrease in the number of cyclones. 

Key Vulnerabilities 

Increased Damage to Coastal Areas 

Increases in sea level, and the associated deterioration in coastal conditions from erosion of beaches are already 
important issues for the Belyuen Shire Council. These problems could increase should climate change result in 
unforeseen changes in ocean circulation patterns and local currents. 

Vulnerable Ecosystems & Biodiversity Loss 

The Belyuen area is home to valuable ecosystems and a number of species that are considered to be vulnerable 
to climate change. Climate change is expected to bring changes in terms of species distribution and migration, 
species abundance and vegetal productivity. Climate change is also likely to exacerbate impacts from introduced 
species (which are usually more opportunistic and tolerant than indigenous species). 
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Risks to Buildings & Infrastructure 

Buildings and infrastructure are identified as being sensitive to the effects of climate change. More intense tropical 
cyclones, more frequent and intense rainfall, changes in air temperature are likely to directly impact buildings and 
infrastructure (e.g. roads, electricity and water distribution) of the Belyuen community and potentially increase 
repair and maintenance costs.  

Implications for Culture and Traditions 

Climate change is not likely to threaten the culture and traditions of the Belyuen community; however, cultural 
values, religion and belief systems in Belyuen can and will potentially influence local responses to climate and 
climate change as well as responses to mitigation and adaptation policies and strategies. 

Risks to Human Health & Safety 

Belyuen Shire Council is located in the tropics and already experiences climatic conditions that are conducive to 
the transmission of tropical diseases such as malaria, dengue, food- and water-borne diseases and to the 
promotion of other climate-sensitive diseases such as diarrhoea, heat stress, skin diseases, acute respiratory 
infections and asthma. Whilst there has been no appreciable observed increase in these diseases to date, future 
climate projections suggest that proneness to these medical conditions in Belyuen could increase. It is also likely 
that changes in the intensity of cyclones could have negative impacts on resident mortality and trauma rates in the 
short and medium term. 

Cumulative Effects 

The natural ecosystems are likely to be vulnerable to the harmful effects of climate change. It is also likely that 
changes to natural systems will have negative consequences for the Belyuen community, and play a major role in 
compounding existing socio-cultural challenges in the region, such as employment, livelihood and welfare. It is 
also possible that climate change will bring opportunities even if they are not identified at this point of time.  

Uncertainties and Unexpected Events 

It is possible that the Belyuen Shire Council will also face a number of unforeseen changes in the physical climate 
system or ecological impacts that may not be anticipated, such as changes to individual species. Further research 
would improve the understanding of how to project against societal and ecosystem impacts, and provide the 
Belyuen community with additional useful information about options for adaptation. However, it is likely that some 
aspects and impacts of climate change will be totally unanticipated as complex systems respond to ongoing 
climate change in unforeseeable ways. On the other hand, some changes may be positive and represent potential 
opportunities. 

Adapting to Climate Change  

A range of adaptation options has been identified. The Belyuen Shire Council and the Belyuen community both 
have a key role to play in this process.  

Adapting to climate change involves preparing for, responding to and coping with climate induced changes. This 
is best achieved when government and community working together to improve the ability of communities to cope 
with or respond to the impacts of climate change. It is strongly recommended that a community-based approach 
be implemented to deal with climate change over the medium and long term. 

A series of ten adaptation options ranging from climate change awareness programs to improvement of 
emergency management procedures and the incorporation of climate change considerations into procurement, 
have been identified. These options have been assessed using a set of criteria (e.g. cost, speed, effectiveness, 
etc.). This analysis provides supporting information for the Belyuen Shire Council to select the most appropriate 
and most urgent options to be implemented.  

A stronger awareness of the risks and ownership of the adaptation responses is required by the Council and 
community to build resilience to climate change impacts. To increase the effectiveness of raising awareness of 
climate change issues in these communities it is important to put a greater emphasis on indigenous leaders 
delivering the key messages to the community. These community leaders should be resourced, trained and 
supported to raise awareness within their own communities and region 
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Priority 
Ranking Prioritised Adaptation Options for Belyuen Shire Council 

1 Incorporate increased heat stress related illness into education provided by health services to the 
community. Option 3 

2 The community explores suitable options to increase the resilience of the community garden and 
dam to climate change impacts such as reduced rainfall. Option 9 

3 Develop and deliver a community education and awareness program to build community 
resilience. Option 1 

4 Review and update the disaster management planning, incorporating climate change impacts and 
the need for increased cyclone response capacity throughout the community. Option 2 

5 Monitor and respond to species health, migration and ecosystem health. Community based 
programs in combination with ranger groups would be beneficial. Option 7 

6 Explore moving landfill or increasing protection measures of site to reduce pollution impacts to the 
environment from flooding and groundwater contamination. Option 8 

7 Use procurement process to screen investment to address climate change risks to infrastructure 
and services. Option 4 

8 Include climate change considerations in the upgrade, design and development of key community 
infrastructure. Option 5 

9 Seek resources for additional shade structure and an adequate cyclone shelter. Option 6 

 



AECOMClimate Change Risk Assessment and Adaptation Planning 

vi 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“This page has been left blank intentionnaly” 

 



AECOMClimate Change Risk Assessment and Adaptation Planning 

1 
 

 

 

 

 

 

 

 

 

Part 1 – Introduction  
 

 

 



AECOMClimate Change Risk Assessment and Adaptation Planning 

1 
 

1.0 Introduction 

1.1 Local Government and Climate Change 
As the tier of Government most representative of, and most closely linked to Australian communities, the impacts 
of climate change will be most acutely felt by local governments. Australian Local Governments have been 
identified by the Commonwealth Government as being “at the forefront of managing the impacts of climate 
change” (LAPP, 2010) and as “key actors in adapting to the local impacts of climate change and the engagement of 
Local Government will be a critical part of any national reform agenda” (DCC, 2010). With some progression in the 
collective understanding and certainty of the impacts of climate change, the focus of local government action 
should now be on climate change adaptation. 

A key responsibility for local government is the need to understand how climate change is likely to affect the 
operations, incomes, expenditure streams, strategic planning and assets of the council, and the community they 
support. Councils have finite resources, and this project will contribute to an understanding of how Belyuen Shire 
Council can enhance resilience to the most urgent and threatening risks and impacts. The approach to adaptation 
should focus primarily on the high priority risks, with realistic actions building upon existing management and 
planning systems. Working with the community as a partner in adaptation process builds understanding of the 
issues and this in turn enhances community resilience. 

1.2 Local Adaptation Pathway Program 
The Commonwealth Government has focused its response to climate change around three pillars: 

 Mitigating greenhouse gas emissions domestically; 
 Helping to shape a global solution through international climate change negotiations; and  
 Adapting to the unavoidable impacts of climate change. 

Each of these themes has been and is increasingly informed by sound climate change science. As the risks that 
climate change poses have become clearer, the likely impacts more extreme, and the consequences more 
severe, the Commonwealth Government has developed increasingly robust programs and policies in response to 
this threat. 

While much of the Australian community’s focus during the previous several years has been around the issue of 
setting targets to reduce greenhouse gas emissions, there has recently been a noticeable shift. There is 
increasing evidence that some impacts of climate change are unavoidable, no matter what target is set and there 
is an urgent need to prepare for these impacts. As a consequence, more efforts and resources have been 
devoted to climate change adaptation.  

In recognition of this need to adapt, the Commonwealth Government has provided funding to local governments 
to undertake climate change risk assessments and develop action plans through the Local Adaptation Pathway 
Program (LAPP). Under Round 1 of the LAPP managed by the Department of Climate Change and Energy 
Efficiency (DCCEE), more than 60 local governments received funding for a total of 33 projects. Round 2 of the 
program provided a higher level of funding to reflect additional costs when working in remote and rural parts of 
Australia. Under Round 2 of the Local Adaptation Pathways Program, 30 councils in regional and remote areas of 
Australia received funding to undertake climate change risk assessment and adaptation action plans. This project 
has been funded as part of this Round 2. 

1.3 Study Objectives  

The Local Government Association of the Northern Territory (LGANT) engaged AECOM to conduct an 
assessment of the risks associated with the future impacts of climate change on Belyuen Shire Council, Coomalie 
Shire Council and Wagait Shire Council and the communities they support. This report presents the findings of 
this project for the Wagait Shire Council (refer hereafter as “Council”). The study focused on risks to the Shire’s 
assets and services. It has also considered the broader impact to the Wagait community. 

This climate change risk assessment for the Council is the first step in the process of building an adaptation 
strategy for the Belyuen community. 
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1.3.1 Purpose of the Study 

The purpose of this study is to research, identify, evaluate, prioritise and report on the future impacts of climate 
change for Wagait. In this context the study seeks to: 

 Evaluate key climatic vulnerabilities of the Council, in the context of other changes in the built, natural and 
social environments; 

 Explore potential measures and options to adapt to climate change; and 
 Identify the highest priority uncertainties about which we must know more to be able to respond to climate 

change in the future. 

1.3.2 Scope of the Study 

The scope of this risk assessment study includes: 

1. The collection of relevant data pertaining to physical and biological characteristics of the region, and notably 
an evaluation of the known impacts of: sea level rise, storm surge, cyclonic activity and sea surface 
temperature rise. 

2. The documentation and analysis of the latest climate change projections for two future times (2030 and 
2070), including projections for: air temperature, rainfall, sea level rise, storm surge, cyclonic activity and 
sea surface temperature. 

3. The development of a risk analysis of the potential impacts to the Wagait Shire Council’s core assets and 
services. 

4. The development of a risk analysis of the potential impacts to the Wagait community. 

5. The drafting of options toward an adaptation strategy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AECOMClimate Change Risk Assessment and Adaptation Planning 

3 
 

1.4 Approach and Methodology  
1.4.1 Overall Approach  

As outlined in Figure 1, the project has been developed around the following key phases: scoping phase, 
determination of climate trends in the studied region, climate change risk assessment (including community and 
stakeholders’ risk workshops) and adaptation planning.  

Figure 1 – Key phases of the project 

 
The methodology adopted involved a blend of the approach recommended by the Australian Greenhouse Office 
2007 report “Climate Change and Risk Management: A Guide for Business and Government” with a consideration 
of key tools proposed in the international climate change literature with respect to impact assessment. The risk 
assessment combined past and future climate change information at different scales (Global Regional Local) 
with assessments of climate change risks and impacts on the community, natural and built environments. Figure 2 
highlights the integrated assessment approach.  

Figure 2 – The integrated climate change risk assessment  
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1.4.2 Workshops 

As part of this study a workshop has been held on the 16/03/2010 with the Belyuen’s communities and the 
Council. One workshop session was held with the men’s group and a separate workshop session was held with 
the women’s group. The Council Chief Executive Officer also participated in the workshop. Belyuen was a well 
attended workshop with around 10-15% of the adult population attending workshops.  

The workshops were an important activity to explore key climate trends relevant for the region and to allow 
participants to discuss the implications of climate change and associated impacts on the community, local 
services, assets and natural environment. The participants suggested several adaptation responses to the risks 
and impacts they had identified in the workshop process. A visual tool was used to assist the participants of the 
workshops to initially indicate the magnitude of the risk/threat and the existing controls and influence they have 
over these risks/threats. More details on the workshops and the tools used are provided in Section 7.0. 

1.4.3 Impacts and Vulnerability Assessment 

Climate change risk is analysed as a function of the consequences associated with the risk occurring, the 
likelihood of the risk occurring, and the effectiveness of the control systems in place to address the risk. The risks 
and impacts were assigned likelihood and consequence ratings from 1 to 5 (1 being low and 5 being high) to 
create a combined rating out of 25. Table 1 provides a generic overview of the consequence levels. These levels 
represent the degree or level of consequences to which the natural system or human settlements are likely to be 
exposed if a given climate change impact occurs. Table 2 provides a generic overview of the likelihoods of 
recurrent risks and single events. No scoring was assigned to the control aspects of the risk. The workshop 
helped inform the ratings applied to the final risk assessment. 
Table 1 – Qualitative measures of consequences 

Level Descriptor Infrastructure Community Environment 

1 Insignificant No infrastructure damage. 
No adverse human health 
effects or complaint. 

No environmental damage. 

2 Minor 

Localised infrastructure 
service disruption. No 
permanent damage. 
Some minor restoration work 
required.  
Early renewal of infrastructure 
by 5-10%. 

Slightly adverse human health 
effects.  
Isolated but noticeable 
increased decline in social 
cohesion (e.g. conflict over 
resources). 

Minor instances of 
environmental damage that 
could be reversed. 
i.e. negative impact on a 
specific species. 

3 Moderate 

Widespread infrastructure 
damage and loss of service. 
Damage recoverable by 
maintenance and minor repair.  
Partial loss of local 
infrastructure. 
Early Renewal of 
Infrastructure by 10-20%. 

Frequent disruptions to 
employees, customers or 
neighbours. 
Adverse human health effects. 
Minor public debate 
General appreciable decline in 
social cohesion. 

Isolated but significant 
instances of environmental 
damage that might be 
reversed with intense efforts. 
 

4 Major 

Extensive infrastructure 
damage requiring extensive 
repair.  
Permanent loss of local 
infrastructure services, e.g. 
airstrip. 
Early renewal of Infrastructure 
by 20-50%. 

Permanent physical injuries 
and fatalities may occur from 
an individual event.  
Significant public debate 
about climate change, 
constrained resources and 
services.  
Severe and widespread 
decline in services and quality 
of life within the community. 

Severe loss of environmental 
amenities and a danger of 
continuing environmental 
damage. 

5 Catastrophic 

Permanent damage and/or 
loss of infrastructure service 
across state. 
Retreat of infrastructure. 
Support and translocation of 
residential and commercial 
development. 

Severe adverse human health 
effects – leading to multiple 
events of total disability or 
fatalities. 
Emergency response. 
Public outrage. 

Major widespread loss of 
environmental amenity and 
progressive irrecoverable 
environmental damage. 
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Table 2 – Qualitative measures of likelihoods 

Level Descriptor Recurrent risks Single events 

5 Maybe several times 
every year 

Could occur several times per year 
More likely than not / Probability greater than 
50% 

4 Maybe once every year May arise about once per year As likely as not / 50/50 chance 

3 Maybe a couple of time 
in a generation 

May arise once in 10 years 
Less likely than not but still appreciable / 
Probability less than 50% but still quite high 

2 Maybe once in a 
generation 

May arise once in 10 years to 25 years 
Unlikely but not negligible / Probability low 
but noticeably greater than zero 

1 Maybe once in a 
lifetime 

Unlikely during the next 25 years 
Negligible / Probability very low, close to 
zero 

The combination of the consequence and likelihood has been discussed during the workshops. Table 3 provides 
a generic overview of the risk ranking. A detailed analysis of the risks is presented in Section 7.0. 
Table 3 – Risk rating matrix 

 Consequences 
Insignificant (1) Minor (2) Moderate (3) Major (4) Catastrophic (5) 

Li
ke

lih
oo

d 

Almost certain (5) Medium (5) Medium (10) High (15) Extreme (20) Extreme (25) 

Likely (4) Low (4) Medium (8) High (12) High (16) Extreme (20) 

Possible (3) Low (3) Medium (6) Medium (9) High (12) High (15) 

Unlikely (2) Low (2) Low (4) Medium (6) Medium (8) Medium (10) 

Rare (1) Low (1) Low (2) Low (3) Low (4) Medium (5) 

1.4.4 Adaptation Options 

A range of adaptation options were developed to address one or several climate change risks identified during the 
earlier stages. Some of the adaptation responses were identified in the Council workshops.  

AECOM used the analytic framework below to analyse and compare the different adaptation options that could be 
implemented to address key climate change risks. This framework can assist the Council in prioritising adaptation 
options and revising this scoring as frequently as necessary. 
Table 4 – Indicative adaptation options analytic framework 

 
High Medium Low 

Effectiveness High potential to reduce risk Moderate potential to 
reduce risk 

Potential to reduce risk is 
low or uncertain 

Cost No additional budget is 
required / Low costs 

Additional budget is required 
but can be covered by 
Council’s budget / Medium 
costs 

Additional budget is required 
and involves complementary 
external funding / High costs 

Speed Can be completed within the 
next 12 months 

Can be completed in the 
medium term (1-3 years) 

Long term actions (3+ 
years) 

Technical 
Feasibility 

Proven adaptation approach / 
Widespread technical skills 

Limited application of 
adaptation approach to date 
/ Moderately available 
technical skills 

Adaptation approach not 
applied to date / Niche and 
rare technical skills 
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1.5 Limits of this Study 
This study presented a number of challenges, some of which have been partially overcome, due to the unique 
natural environment and socio-economic characteristics of the area. However a number of limits remain and 
should be considered when reading this report.  

1.5.1 Climate Observations and Projections 

There is a limited number of functioning weather monitoring stations across the Top End and some do not 
continuously monitor weather variables. As a result the data set sourced from the Bureau of Meteorology 
presented significant gaps preventing the identification of trends for some variables or even all variables for 
certain locations. More details on the weather monitoring stations and gaps in the data set are provided in 
Appendix A.  

Additionally the numerical models used to generate climate projections tend to provide climate projections in a 
four temperate seasons format. The Commonwealth Scientific and Industrial Research Organisation (CSIRO) has 
generously generated some climate variables in a two seasons (wet and dry) tropical climate format. However, 
some variables could not be generated in this format and have not been used as part of this study.  

Finally, it should not be forgotten that climate models provide an indication of what the future climate might be like 
with higher concentration of greenhouse gas in the atmosphere. There are, and will always be, uncertainties 
associated with climate projections and emission scenarios. Therefore future climate scenarios presented in this 
study should be considered as possible, rather than certain futures.  

1.5.2 Stakeholder Consultation and Access to the Community  

A study such as this one should ideally complement the theoretical, scientific and technical understanding of the 
biophysical and socio-economic environment with the pool of local knowledge. However there are many barriers 
to an extensive and exhaustive stakeholder and community consultation in Top End communities.  

1.5.3 Risk Management and Climate Change Awareness 

Climate change awareness in the community was relatively low. While there was a very strong interest in climate 
change issues (the term “climate change” is in the media) there was a very basic understanding of the causes and 
consequences of the problem and even sometimes some confusion. This very low level of awareness meant that 
more time has been devoted to the explanation of climate change causes and potential consequences. 

Identifying the risks and potential adaptation responses to reduce these risks is only the first stage. Stronger 
awareness of the risks and ownership of the adaptation responses is required by the Council and community to 
build resilience to these climate change related impacts. Greater emphasis is required on utilising Indigenous 
leaders to effectively raise awareness of climate change issues in these communities.  

 High Medium Low 

Human 
Capability 

Capability exists within 
Councils 

Some external expertise or 
support is required 

Delivery is dependent on 
external expertise 

Consistency 
with Council 
Policy  

Adaptation option fits with 
existing Councils’ planning 
and policy  

Adaptation option could fit 
with existing Councils’ 
planning and policy  

Adaptation option would 
require new Councils’ 
planning and policy 

Community 
Acceptance 

Potentially no conflict with 
communities for 
implementation  

Possible conflict with 
communities for 
implementation 

Likely conflict with 
communities for 
implementation 
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2.0 Local Government in the Northern Territory and Belyuen 
Shire  

2.1 Local Government in the Northern Territory and Related Issues 
2.1.1 Local Government Reform  

In October 2006, the Northern Territory (NT) Minister for Local Government announced a new direction in 
Government Policy with the establishment of a new framework for local government based on a system of 
municipal and shire councils. Local government reforms, and the introduction of a new Local Government Act, 
came into effect on 1 July 2008. Community government councils and associations were replaced by shires.  

These reforms aim to strengthen leadership and governance in the local government sector, particularly in 
regional and remote areas. This includes improving the provision of services and increasing levels of indigenous 
employment in the local government sector.  

2.1.2 Land Tenure 

In 1976 the Aboriginal Land Rights (Northern Territory) Act was passed and recognised the rights of Aboriginals 
Australians to their land and set up processes to reacquire traditional lands through Land Councils, and manage 
land resources. The Native Title Act 1993 was preceded by the Mabo decision delivered by the High Court of 
Australia in 1992. The decision stated that under Australian law Indigenous people have rights to land. This right 
is native title (NLC, 2010).  

The administration of services on aboriginal land is divided between Land Councils and Shire Councils. Shire 
councils are responsible for delivering basic services and amenities to assist people in their daily living. Shire 
councils operating on Aboriginal land have no legal interest in the land, or control over its development, these 
rights belong to groups of aboriginal landowners. Land Councils make decisions about land use to protect the 
interests of Aboriginal land owners, as set out by section 23 of the Aboriginal Land Rights (Northern Territory) Act 
1976 (NLC, 2010).  

2.1.3 Sacred Sites 

Aboriginal Sacred Sites are located throughout the Northern Territory. Sacred sites are places within the 
landscape that have a special significance under Aboriginal tradition. The primary Commonwealth legislation that 
protects Indigenous heritage is the Aboriginal and Torres Strait Islander Heritage Protection Act 1984. This Act 
aims to preserve and protect areas and objects that are of particular significance to Aboriginals in accordance with 
Aboriginal tradition (AECOM, 2009).  

The Aboriginal Areas Protection Authority (AAPA) was established under this Act. AAPA holds both a register of 
Authority Certificates and a register of Sacred Sites. Under the Northern Territory Aboriginal Sacred Sites Act all 
sacred sites in the Territory are protected regardless of whether or not they are registered (AAPA, 2010).  
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2.2 Belyuen  
The Belyuen Community Government Council was established on August 28th 1992. The Belyuen community is 
located on the eastern side of Cox Peninsula, approximately 15 km south of Mandorah and 20 km south west of 
Darwin, on the other side of Darwin Harbour. By road Belyuen is approximately 125 km from Darwin and is 
considered a remote area. 

2.2.1 Natural Environment 

Belyuen is located within the Darwin coastal bioregion. The Darwin coastal bioregion is generally flat, low-lying 
country, drained by several large rivers (DEWHA, 2008); however, the Cox Peninsular and the Belyuen area is 
drained by smaller water courses. The coastal bioregion contains substantial areas of mangroves, rainforest 
(monsoon thickets) and other riparian vegetation fringing the rivers. Inland from the coast typical vegetation 
communities include open eucalypt forest and woodlands, dominated by Darwin Stringybark (Eucalyptus 
tetrodonta) and Darwin Woollybutt (Eucalyptus miniata), with tussock and hummock grass understorey. The most 
remarkable feature of the coastal bioregion is the extensive and diverse floodplain environments associated with 
the lower reaches of several large river systems (NRETAS, 2007).  

Hydrology 

The Darwin coastal bioregion includes several nationally important wetlands, including Ramsar listed wetlands of 
Kakadu and the Coburg Peninsula. Belyuen Shire is located within the nationally listed wetland (Directory of 
Important Wetlands in Australia) of Port Darwin, which comprises the entire Darwin Harbour. Darwin Harbour is a 
large embayment consisting of three main arms: East Arm, Middle Arm and West Arm. Belyuen Shire is located in 
the West Arm region. Darwin Harbour supports a range of freshwater, marine and terrestrial environments 
including large areas of tidal mudflats and an extensive and diverse area of mangroves (NRETA, 2006).  

Flora and Fauna 

The Darwin coastal bioregion has high biodiversity values with 330 bird, 82 mammal and 135 reptile species 
recorded in the region, as well as 2,200 plant taxa (DEWHA, 2008). The region is particularly rich in threatened 
species, with 33 listed species present. This includes several plant species associated with seasonally moist sand 
sheets east of Darwin. Threatened fauna include several marine turtles, many of which nest within the bioregion. 
There is some evidence of a decline in populations of some groups of mammals and birds within the bioregion 
(NRETAS, 2007).  

Threatening Processes 

Feral species known to occur within the Darwin Coastal bioregion include the cane toad (Bufo marinus), dog 
(Canis spp.), pig (Sus scrofa), cat (Felis cattus), horse (Equus caballus) and buffalo (Bubalus bubalis). Weed 
infestations are a major regional issue within the Darwin Coastal bioregion, particularly giant sensitive plant, 
Mimosa pigra. The spread and dominance of gamba grass (Andropogon gayanus) and mission grass 
(Pennisetum polystachion) in the understory of eucalypt forests also pose a problem and are believed to increase 
the frequency of hot, late dry season, fires (NRETAS, 2007). 

2.2.2 Land Tenure 

The Community of Belyuen is located on freehold Aboriginal land under the Larrakia land trust and is owned by 
the Larrakia people, the traditional landowners. Belyuen Community is currently on a five year lease, which 
commenced on 17 February 2008, by operation of the Northern Territory National Emergency Response Act 2007 
(NTNER Act). Under such a lease the Commonwealth Government is responsible for all new and changed use of 
the land. The Department of Families, Housing, Community Services and Indigenous Affairs (FaHCSIA) is 
responsible for the lease (FaHCSIA, 2010).  
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2.2.3 Socio Economic Environment 

Data from the Australian Bureau of Statistics (ABS) have been used to characterise the socio-economic 
environment of Belyuen. These data were collected during the 2006 census.  

Demographics 

The 2006 Census recorded the population of Belyuen at 171; the population was estimated to be 204 in 2009 
(ABS, 2010). The Census recorded 92% of the population as Indigenous, compared with 2.3% nationally. The 
population is relatively young with 37.4% of people aged between 0-14 years and 10.5% aged 55 or over (ABS, 
2006).  

Housing 

Housing arrangements in Belyuen are different to that of mainstream Australia. The 2006 Census revealed that 
the rate of full ownership of occupied private dwellings was as low as 0% in Belyuen. The 2006 Census revealed 
that the vast majority (>80%) of occupied housing within Belyuen were being rented. This compares with a 
national rate of 32.6%.  

Economy 

The median weekly income for people age 15 and above in Belyuen has been recorded at $ 213, which is 
significantly less than the national figure of $ 466. The median weekly family income was $ 589, compared with  
$ 1,171 for all of Australia (ABS, 2006).  

2.3 Belyuen Shire Council 
The area governed by Belyuen Shire Council is approximately 41 km². The sole shire delivery centre in Belyuen 
Shire is the community of Belyuen. The community was originally known as Delissaville and changed to Belyuen, 
after a nearby waterhole, in 1975 (NT Place Names Register, 2010).  

Belyuen Shire Core Services 

Core Services are services that all Shire Councils are required to deliver to communities with the implementation 
of the Local Government Act (2008). Table 5 presents the core services provided by Belyuen Shire Council.  
Table 5 – Belyuen core services  

Local Infrastructure Comments 

Maintenance and upgrade of 
parks, reserves and open 
spaces 

The Council provides a service that includes mowing and removing foliage 
debris from community spaces. 
Playground equipment has recently been erected. 

Maintenance and upgrade of 
buildings, facilities and fixed 
assets  

The Council is refurbishing the council office and will be completed in 2009-
10. 
The Council keeps Commonwealth Government leased premises in a clean 
and operational state. 
The Council is responsible for the women’s centre with support from the 
AGBM. 
The Council aims to maintain a safe and operable workshop. 

Management of cemeteries The Council is upgrading the cemetery in conjunction with the NTG Heritage 
Branch of NRETAS. 
Work will include: 
 Reticulation; 
 Enlarge cemetery area; 
 Fence in area; and  
 Seating/shade trees Conservation/restoration of graves. 

Lighting for public safety, 
including street lighting 

The Councils operates local lighting. 
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Local Infrastructure Comments 

Local road upgrading and 
construction 

Council is upgrading access areas in the community in 2009-10. Curbing, 
walkway blockage from roads, additional signs will be provided in line with 
community need. 

Local road maintenance As the Cox Peninsula area develops there will be an increase in the number 
of roads both sealed and unsealed. This will provide possibilities for the 
Council to gain road maintenance and roadside contracts from the NT 
Government.  
Council has limited funds to maintain broken road sections. 

Fleet, plant and equipment 
maintenance 

The Council maintains the majority of its fleet, plant and equipment at its 
workshop. 

Natural and cultural resource 
management services 

None 

Local Environment Health Comments 

Waste management (including 
litter reduction) 

The Council out-sources waste Management services to Yilli Rreung 
Housing Association. 

Weeds control and fire hazard 
reduction in and around 
community areas 

None 

Companion animal welfare 
and control 

The Council provides a program of vet services to control stray animals, de-
sex pets and reduce ailments. 

Local Civic Services Comments 

Library and cultural heritage 
services civic events 

The Council supports the following civic events: 
 NAIDOC week and local NAIDOC activities; 
 Youth week; and 
 Bush Camp, a camp out involving families. 

Local emergency services The Community does not have a cyclone shelter so Council will be working 
to review cyclone preparation and evacuation plans. 

Community engagement in 
Local Government Comments 

IT and communications NT Government Contractors maintain the council website. 

Belyuen Shire Commercial Services  

Commercial Services are services that the Council is undertaking on a full commercial basis with the intention of 
using profits from commercial activities to improve services to the community. Table 6 presents the commercial 
services provided by the Belyuen Shire Council.  
Table 6 – Belyuen Shire commercial services  

Commercial services Comments 

Motor vehicle registration The Council earns minor revenue by providing a motor vehicle registration and 
mechanical repairs service. 
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Belyuen Agency Services  

Agency Services include services that the Council has agreed to deliver on behalf of other Government Agencies 
on a fee for service basis. Table 7 presents the agency services provided by the Belyuen Shire Council. 
Table 7 – Belyuen Shire agency services  

Agency services Comments 

Airstrips The Council maintains airstrip under contract and oversees landings. 

Employment and training Community Development Employment Project workers have opportunities to 
enrol in a Certificate I in Amenity Horticulture through the Market Garden 
program. 
The Council will undertake a process of organisational development for all staff 
in 2009-10. 
Some Community Development Employment Project workers in the Woman’s 
and Children’s’ Centre. 

Family (including child care) The Council manages a Women’s and children’s family Centre providing 
playgroup activates. Funding for this activity is received from FaHCSIA. 
The Service is in need of major capital funds to do necessary renovations to 
the building to bring it up to a more acceptable standard.  
Catholic Care (formerly Centacare) has been running Family Coping programs 
in the community helping women and children. 

Aged and disabled care The Council provides aged and disabled care, known as the Imabulk program. 
Services include: 
 Meals on Wheels; 
 House cleaning and laundry; and  
 Assistance with personal shopping.  

The Council also runs a small residential centre which was originally set up for 
males in need of residential care. 

Sport and recreation Partnership between YMCA and Belyuen Government Council has seen many 
programs been implemented. These include: 
 Youth Vibe Holiday Program; 
 Youth Vibe Youth Week Program;  
 NAIDOC program; and 
 Participation in the Barunga Sports and Cultural Festival. 
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3.0 Climate Change: Context 
Climate change is a global phenomenon which impacts locally. The Intergovernmental Panel on Climate Change 
(IPCC) has evaluated evidence of climate change occurring and its consequences over the past 20 years. 
Worldwide industrial development since the first industrial revolution in the 18th century has caused greenhouse 
gases to be released into the atmosphere in great volumes. Current climate change has been caused by 
greenhouse gases, some of which are released by burning fossil fuels such as coal and oil, which enhance the 
natural greenhouse effect on the planet. Major land use changes and some natural climate variability have also 
contributed to the recent changes in climate conditions in Australia. Even if greenhouse gases released in the 
atmosphere are dramatically reduced, the warming trend will continue to rise throughout the century; this is due to 
the inertia of the climate system. To adapt to climate change, it is necessary to understand how our climate is 
changing.  

3.1 Understanding Past and Future Climate Change 
Climate observations are obtained through networks of meteorological monitoring stations. Precise and consistent 
measurements are generally only available for the second half of the 20th century.   

Figure 3 shows how the historical climate (annual number of days > 35°C in this instance) of the past 30 years has 
trended up until now.  

Figure 3 – Observed trend in the annual number of days > 35°C at the Darwin airport (BoM 2010) 

 

Climate models are used to provide an indication of the potential future climate conditions, based on a range of 
greenhouse gas emission scenarios. The hypotheses used to estimate how the climate system might be impacted 
by climate change are subject to uncertainty due to the complexity of the climate system. The climate models that 
simulate or replicate the past climate conditions the best for this region have been selected to inform future 
climate change for the region. It should be noted that even if information is uncertain it is still very valuable. Figure 
4 shows how climate models information are providing a likely projection of future climate (annual number of days 
> 35°C until 2100).  

Figure 4 – Future trends in the annual number of days > 35°C for Darwin (AECOM 2008) 
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3.2 Emission Scenarios 
Emission scenarios are estimations of future quantities of greenhouse gases that may be released into the 
atmosphere. They are based on assumptions about future demographics, the implementation and efficiency of 
energy policies. The IPCC developed emissions scenarios in 1990, 1992 and 2000 (released as Special Report 
on Emission Scenarios, SRES). The SRES are used as input data for climate models. Emissions scenarios 
selected for use in the climate models to provide the projections of the future climate were A1B for the year 2030; 
then a range for the year 2070 using B1 as a lower range and A1FI as an upper range. A range for 2070 is 
required because it is 60 years in the future where technology, population and energy use could be considerably 
different to today and therefore using a range deals with this greater uncertainty better. More detail regarding the 
emissions scenarios and what future they represent is provided in Appendix A.  

3.3 Climate Models 
The climate models are currently the best available tools to estimate what the future climate may be with 
increased concentration of greenhouse gases in the atmosphere. These are a simplified version of the physical 
and chemical processes driving our climate system through equation ensembles in a grid system covering the 
Earth (the grid has usually 200 km of net size). Very often, they combine the processes taking place over the 
continent, the ocean and the existing relation between the large land and water masses. The emission scenarios 
are used as inputs data for the climate models. An illustration of a climate model is provided in Box 1. 

Box 1: Climate models 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Source: USGC 2004 

Horizontal exchange 
between columns of 
momentum, heat and 
moisture 

Vertical 
exchange 
between layers 
of momentum, 
heat and 
moisture 

Horizontal exchange between 
columns by diffusion and advection  

Vertical exchange between layers 
of momentum, heat and salts by 
diffusion, convection and 
upwelling 

Orography, vegetation and 
surface characteristics 
included at surface on 
each grid box 

Modelling the climate system 
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4.0 Current climate and climate change  

4.1 Current climate in the Northern Territory  
The Top End presents a tropical climate with high humidity and two distinct seasons: a wet season from 
November to April and a dry season from May to October. The wet season is influenced by the summer monsoon 
with thunderstorms and cyclones. El Niño1 tends to limit or even suppress monsoon effect and cyclones while La 
Niña tends to exacerbate tropical cyclone activity and the monsoon effects. The Northern Territory experiences a 
warm climate with maximum temperatures higher in the south during the wet season and in the north during the 
dry season. Minimum temperatures are higher in the north than in the south during both seasons (see Figure 5).  
Figure 5 – Maximum temperature (in °C, left) and minimum temperature (in °C,right) over the 1961-1990 period (CSIRO 2004) 

 
From May to October, most of the Northern Territory (with the exception of the south and some areas in the far 
east and far west of the Top End) experiences very little rain. The wet season is much warmer and humid and this 
is when most precipitation occurs (see Figure 6)  
Figure 6 – Rainfall (mm) averaged over the wet and dry seasons from 1961-1990 (CSIRO 2004) 

 

 

 

                                                        
1 El Niño/La Niña-Southern Oscillation is a climate pattern occurring every 5 years on average over the tropical Pacific Ocean and influencing local 
climate in many regions of the World. El Niño corresponds to the warming phase and La Niña to the cooling phase of the oscillation.   

Wet Season Dry Season Wet Season Dry Season 

Wet Season Dry Season 
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Figure 7 – Current climate in the Northern Territory Top End region  

Data: BoM 2010 

Aerial picture: Google Earth 2010 
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This map highlights the spatial variation of the current climate across 
the NT Top End. The mean annual minimum/maximum temperature and 
rainfall are shown for 15 weather monitoring stations.  
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4.2 Current climate in Belyuen  
There is no Bureau of Meteorology weather station within the boundaries of the Belyuen Shire Council. The 
closest station is located at Darwin Airport. Therefore the analysis has been based on the Darwin Airport station 
(12°42’S, 130°89’E / 30 m a.s.l. / 1941-2010). Data from this station are considered to be representative of 
climatic conditions experienced in the study area. On such short distance, the only factors likely to alter climate 
conditions are orography (altitude and slopes) for precipitation pattern and heat island effects for air temperature. 
Neither the studied area nor the weather station is likely to be subject to these effects. The main features of 
Darwin Airport weather conditions are summarised below (see also Table 8): 

 Air temperature exhibit little seasonal variations, with mean maximum temperatures ranging between 33.3°C 
in November and 30.5°C in July while mean minimum temperatures range between 19.2°C in July and 
25.4°C in November. 

 Rainfall records show the annual mean rainfall to be around 1,715 mm per year. The mean minimum 
monthly rainfall is recorded between June and August (1.3 to 5.2 mm) and the maximum mean monthly 
rainfall is recorded in March (423 mm). The highest daily rainfall monitored in the region occurred in January 
1997 with 513 mm over a 24 hour period.  

Table 8 – Darwin Airport key climate data (Statistic figures were rounded to the closets number, BoM 2010) 

 /  Darwin Airport (1941-2010) 

 

Annual mean minimum temperature 23.2°C 

Annual mean maximum temperature 32°C 

Mean number of days > 30°C 317 days 

Mean number of days > 35°C 10 days 

Mean number of days > 40°C 0 day 

Mean annual rainfall 1,715 mm 

Lowest mean annual rainfall (1951) 1,024 mm 

Highest mean annual rainfall (1998) 2,777 mm 

Highest daily rainfall (03/01/1997) 290 mm 
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5.0 Belyuen Climate Change Snapshot 
The table below provides an overview of key climate trends for the region. More information on climate change 
can be found in Appendix A and Appendix B. 

Climate 
Change 
Variable 

Observed Trend  
(1979-2009) Projections 2030 Projections 2070 

Mean 
Temperature  Warming of 0.5°C  

 Projected warming of 0.8°C 
 Projected warming of 0.8°C 

 Projected warming 
between 0.8°C and 3.5°C 

 Projected warming 
between 0.8°C and 3.5°C 

Min 
Temperature 

 Decrease during the dry 
 Slight decrease during the 

dry 
 Projected warming of 0.8°C 

 Projected warming 
between 0.8°C and 3.7°C 

Max 
Temperature 

 Slight increase during the dry 
 Slight increase during the dry 

 Projected warming of 0.8°C 
 Projected warming 

between 0.8°C and 3.2°C 

Days > 35°C  Increase during the dry 
 Increase during the dry 

 Projected increase to 
between 20 and 50 days per 
year 

 Projected increase to 
between 70 and 280 days per 
year 

Precipitation 
 Slight decrease during the 

dry 
 Slight increase during the wet 

 Decrease during the dry 
 Slight decrease during the 

wet 

 Decrease during the dry 
 Slight decrease during the 

wet 

Sea surface 
temperature 

 Sea surface temp has 
increased in region. No local 
data available. 

 The annual SST may 
increase by 0.7°C in 2030 

  The annual SST may 
increase by 1.7°C in 2070  

Sea level rise 
 Sea level rose by 7.5 

mm/year since 1993, resulting 
in a 12 cm rise  

 Sea level rise should 
continue to rise 

  Sea level rise should 
continue to rise. A worst case 
scenario value of + 1.1 m by 
2100.  

Cyclones  Decrease in the overall 
number of cyclones 

 Increase in intensity of 
cyclones  

 Decrease in the overall 
number of cyclones 

 Increase in intensity of 
cyclones  

 Decrease in the overall 
number of cyclones 

Storm surge  
 As mean sea level is rising, it is expected that storm surge height also increase leading to a 

change in the frequency of some return period events. For instance a 1 in 100 year’s storm surge 
could become a 1 in 10 year’s storm surge.  

Ocean 
current 

 Reduction in the strength of 
the Indonesian Throughflow 
Current2 

 This trend should continue in 
the future. No quantitative 
projections 

 This trend should continue in 
the future. No quantitative 
projections. 

Relative 
humidity 

 Slight decrease during the 
dry season  

= No changes during the wet 
season 

 High uncertainties in the 
projections. Slight decrease 
during the dry and the wet 
season 

 High uncertainties in the 
projections. Slight decrease 
during the dry and the wet 
season 

 or  Slight or major annual increase    or  Slight or major annual decrease 
 or  Slight or major dry season increase   or  Slight or major dry season decrease 
 or  Slight or major wet season increase   or  Slight or major wet season decrease 

                                                        
2 The Indonesian Throughflow is an ocean current that transports water between the Pacific Ocean and the Indian Ocean through the Indonesian 
Archipelago. 
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5.1 Temperature, rainfall and humidity changes during the wet season 
Over the last 30 years the wet season has tended to become warmer, with more hot days (>35°C), slightly more 
rainfall while the relative humidity showed little change. In the future, temperature should continue to rise as will 
the number of hot days and possibly very hot days.  

The A1FI greenhouse emissions scenario which is the worst case scenario, the temperature during the wet would 
increase by about 3.5°C by 2070. Most models show a rainfall decrease during the wet. The magnitude of this 
decrease varies between the models and the different timeframes. Most models show little change in rainfall for 
the near future (2030) with only a few percent decreases. The worst case emissions scenario (A1FI) for 2070 
indicates a decrease of up to 25% for rainfall in the wet season which is a decrease of about 430 mm per year.  

With regards to relative humidity, there has been very little change over the last 30 years and there should be a 
slight decrease in humidity during the wet season for the near (2030) and far (2070) future.  

5.2 Temperature, rainfall and humidity changes during the dry season 
Overall the dry season over the last 30 years tended to become warmer, with more hot days (>35°C) with slightly 
less rainfall. In the future, temperature should continue to rise as will the number of hot days and possibly very hot 
days.  

The A1FI greenhouse emissions scenario which is the worst case scenario, the temperature during the dry would 
increase by about 3.4°C by 2070. Most models show a rainfall decrease during the dry. The magnitude of this 
decrease varies between the models and the different timeframes. Most models show limited change in rainfall for 
the near future (2030) with up to 10%. The worst case emissions scenario (A1FI) for 2070 indicates a decrease of 
up to around 40% for rainfall in the dry season which would reduce the rainfall from 1,715 mm to around 1,030 
mm.  

With regards to relative humidity, there has been a limited decrease over the last 30 years and there should be a 
slight decrease in the dry season for the near (2030) and far (2070) future.  

5.3 Sea Surface Temperature  
The Sea Surface Temperature (SST) is defined as the water temperature at one metre below the surface. A 
warmer SST can potentially increase the chance of a cyclone occurring, induce coral bleaching events and have 
consequences on oceanic currents or distribution of fishing resources.  

Based on the BoM map (see Figure 8), SST has slightly increased over the past 40 years (between + 0.16°C and 
+ 0.32°C). Projections for SST show a warming of approximately 0.7°C by 2030 and 1.7°C by 2070 (DCCEE 
2010). 

Figure 8 – Trend in annual mean of sea surface temperature 1970/2008 (°C/10 years, BoM 2009) 
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5.4 Sea Level Rise  
Sea Level Rise Observations 

Sea Level Rise (SLR) has occurred at a global mean rate of 1.7 mm per year for the past century, and more 
recently over the last 20 years this has increased to rates estimated near 3.1 ± 0.7 mm per year (1993-2003) 
(Bindoff et al. 2007). The Australian Baseline Sea Level Monitoring Project (ABSLMP) has determined that the 
rate of sea level rise in the Top End is significantly higher (7.5 mm per year) than the global mean (more than 
double).  

Since 1991, the ABSLMP has been monitoring SLR rise at 14 points of the Australian coast line (12 stations in 
mainland Australia, one in Tasmania and one in Cocos (Keeling) Islands). There are two ABSLMP monitoring 
station located in the studied area, one in Darwin and one on Groote Eylandt. 

Station Latitude Longitude Installation Date 

Groote Eylandt 13°51’36.2”S 136° 24' 56.1" E  September 1993  

Darwin  12° 28' 18.4" S  130° 50' 45.1" E  May 1990  

Monitoring stations have observed that sea level in Darwin has increased by 14.25 cm and since 1993; sea level 
in Groote Eylandt has increased by 12 cm (ABSLMP, 2009). Sea level rise trends have not been uniform across 
Australia as noted in Figure 9 with the largest rates of SLR have been observed along the northern and western 
Australian coast. The length of the date series is relatively short from a climate perspective; however it 
demonstrates a clear trend of SLR in the region which is consistent with satellite altimetry observation.  
Figure 9 – Net relative sea level trend in mm/year after subtracting the effects of the vertical movement of the platform and the inverse 
barometric pressure (ABSLMP 2009) 

 

SLR is particularly important for low lying areas as it enhances coastal erosion, proneness to inundation and 
increases storm surge/storm tide vulnerability. Sea level has been rising at close to the upper end (worst case 
scenario) of the IPCC projections (ACE CRC, 2008).  
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Figure 10 shows the global SLR changes (1970-2008) in comparison to the IPCC SLR projections. Note that the 
red and blue lines show observed global SLR from two different sources. The grey shaded area is showing the 
envelope of IPCC projections for SLR.   

Figure 10 – Global sea level change from 1970 to 2008 (DCC 2009a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sea Level Rise Projections 

The mid-range value of 1.1 m was used for this project in alignment with the DCC (2009b) report Climate Change 
Risks to Australia’s Coast which stated that “A SLR value of 1.1 m by 2100 was selected for this assessment 
based on the plausible range of SLR values from post IPCC research” (DCC, 2009b).  

An overview of recent SLR projections is provided in Table 9. These projections are the best currently available 
recognising that they may still evolve during the 21st century as the understanding of the processes involved in 
sea level rise are improved. 

Table 9 – SLR projections and their various sources 

Source 2100 projection 

IPCC 4AR (2007) Up to 79 cm 

Copenhagen Congress (2009) 1.1-1.2 m 

Rahmstorf (2007) 1.4 m 

Hansen (2007) 5 m 

The SLR projections presented to the March 2009 Climate Change Science Congress in Copenhagen ranged 
from 0.75 to 1.9 m by 2100 relative to 1990, with 1.1–1.2 m the mid-range of the projection (Rahmstorf, 2009). 
Rahmstorf’s projection of a 1.4 m SLR by 2100 is also based on a statistical approach informed by the observed 
relationship between temperature and sea level (Rahmstorf et al, 2007).  

Another paper by James Hansen (2007) suggests that a 5 m SLR by 2100 is plausible, based on the premise that 
increases in global average temperatures will become sufficient to cause ice sheets to begin disintegrating in a 
rapid, non-linear fashion on West Antarctica, Greenland or both, resulting in multiple positive feedbacks (Hansen, 
2007). 
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5.5 Storm Surge and Storm Tide 
The IPCC Fourth Assessment Report (2007) defines a storm surge as ‘the temporary increase, at a particular 
locality, in the height of the sea due to extreme meteorological conditions’. More specifically, the reduced 
atmospheric pressure resulting from a low-pressure system, as well as strong winds pushing on the ocean 
surface, may result in water levels rising to above mean sea level. The shape of coastal zones also influences the 
formation of storm surges. The most severe storm surge events typically occur when low pressure meteorological 
events occur in conjunction with high tides, as well as large wave swells generated by strong winds. Box 2 shows 
a schematic representation of a storm surge.  

Box 2: Storm surge 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Storm surges are most damaging when they occur at the time of a high tide, particularly if there is a large tidal 
difference (big tides) like in the Top End. The most extreme storm surge events typically occur as a result of 
cyclones. Some low lying areas in Wagait Shire have been impacted by storm surge in the past. The town is on 
high ground and not likely to be directly affected. 

Storm Surge and Climate Change 

Climate change is expected is expected to significantly increase storm surge height by sea level rise and to a 
lesser extent by changes in wind speed (DCC, 2009b). Increased wind speed due to climate change may also 
affect storm surge heights. These changes will increase inundation risk, which is best described as the likelihood 
of exceeding a given level of tide, storm surge and flood height over a particular timeframe. However, this 
approach rests on the assumption that mean sea level will remain constant. Potential future sea level rise 
combined with increased wind intensity means that climate change is likely to increase the frequency of extreme 
sea level events. 

Larger storm surges in future will inundate and flood low lying areas potentially impacting fresh water creeks in 
Wagait. 

5.6 Cyclones 
A cyclone is defined as a tropical depression of sufficient intensity to produce gale force winds, i.e. at least 63 
km/h. Cyclones are called hurricanes in the North Atlantic and Typhoons in the North Pacific. This kind of event is 
not only dangerous because it produces destructive winds but also because it is associated with torrential rains 
(often leading to floods), storm surge and wild sea conditions. Generally, sea surface temperatures need to be at 
least 26.5°C to initiate a cyclone, although the cyclone can then move over colder waters. Cyclones are classified 
depending on the speed of their winds. An example of the classification is provided in Table 10. 

Source: PrimNet 
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Table 10 – Classification of the cyclones based on BoM values 

10 minutes sustained winds (knots) BoM classification of cyclones 

< 28 (52 km/h) – 33 (61 km/h) Tropical Low 

34 (63 km/h) – 47 (87 km/h) Cyclones (Cat. 1) 

48 (89 km/h) – 63 (117 km/h) Cyclones (Cat. 2) 

64 (118 km/h) – 85 (158 km/h) Severe Cyclones (Cat. 3) (e.g. Tracy) 

86 (160 km/h) – 106 (196 km/h) Severe Cyclones (Cat. 4) (e.g. Ingrid) 

107 (198 km/h) – 114 (211 km/h) Severe Cyclones (Cat. 5) (e.g. Monica) 

Cyclone Projections  

Most climate models indicate an increase in the intensity of cyclones (more Category 4 and Category 5 cyclones) 
yet also indicate that there is likely to be a decrease in the total number of cyclones for 2030 and 2070. By the 
second half of the 21st Century, mechanisms associated with the structure of the atmosphere may induce a 
decrease of the cyclonic activity in this part of the world.  

5.7 Other variables 
Ocean acidification  

The ocean absorbs carbon dioxide (CO2) naturally from the atmosphere. This mechanism acts as a buffer effect 
for increasing atmospheric CO2. However, the ability of the ocean to absorb CO2 will decline over time leading to 
more CO2 concentrations in the atmosphere and enhanced warming of the air temperature. A negative side effect 
of the CO2 absorption is ocean acidification. One of the main concerns of ocean acidification is that it might cause 
some marine organisms to be unable to develop their calcium carbonate shells such as crab shells. The future pH 
in the ocean will be mainly driven by atmospheric CO2 concentrations rather than the degree of warming.  

Ocean current 

The main ocean current in the vicinity of the NT coast is the Indonesian Throughflow (which is the main current 
that flows in a westerly direction between Indonesia and the Top End). Observations over the last 50 years 
indicate a reduction in the strength of the Indonesian Throughflow. Results from climate models indicate that this 
trend should continue in the future. This will likely change the patterns of fish and seed migration along the coast 
which may impact the coastal ecosystems in Belyuen and potentially reduce availability of ocean based food. Box 
3 illustrates the Indonesian Throughflow. 

Box 3: Eastern Indian ocean currents 

 
 

Source: CSIRO 
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6.0 Involving Belyuen Community and Shire Council: Belyuen 
workshops 

On the 16th March 2010, one workshop was held with staff of the Council and the Belyuen community. The 
workshop was divided in three separate sessions with two men’s groups and one women’s group. Belyuen was 
one of the most strongly attended workshops during the overall Study, with around 10-15% of the adult population 
attending the workshop. The Council’s Chief Executive Officer participated in the women’s workshop.  

The workshops provided the opportunity to discuss climate change issues with the community. Key climate trends 
relevant for the region were presented to the workshop’s attendees. Workshop’s attendees were then invited to 
tell stories about the weather or any changes they might have observed in terms of seasons or the natural 
environment. The second part of the workshop focused on rating and discussing risks associated with climate 
change. The purpose of this phase was to understand and discuss how risks associated with climate change were 
perceived by the Council and the Belyuen community. Perceptions and ratings were captured using a risk matrix 
printed on an A0 paper sheet. Figure 11 shows the matrix used at the workshop.  
Figure 11 – Risk matrix used at the workshop 

Control Measure / Influence

Highest priority 
impacts: high risk 

and low control 
measure / influence

HighMediumLow

Lowest priority 
impacts: low risk and 

high control 
measure / influence

 
Each risk was first rated in terms of “risk” from low to high. This risk aspect includes both likelihood and 
consequence. The participants were asked to discuss how many control measures are currently in place to 
reduce these risks and how much influence does the community and the Council have on other organisations that 
are potentially able to help manage these risks. These different risks were written on post it notes and additional 
comments were noted on additional post it notes and stuck on the back of the relevant risk post it notes. Figure 12 
and Figure 13 show the results of the climate change risk rating for the men’s groups. No risk rating matrices were 
prepared with the women’s group. The women preferred to discuss community issues without visual support.  

Once all the risks were identified, the participants raised and discussed several adaptation responses to the risks 
and impacts they had identified in the earlier phase of the workshop. The results of these different approaches 
and discussions were used to inform the development of the risk tables shown in section 7.0 in combination with 
literature review, stakeholder discussions and AECOM experience. The workshops were also designed to raise 
awareness of the issues and potential responses. 
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Figure 12 – Belyuen men’s workshop risk matrix (Group 1) 
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Figure 13 – Belyuen men’s workshop risk matrix (Group 2) 
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7.0 Climate change impacts and vulnerability on Belyuen Shire Council assets and services 

7.1 Introduction 
Climate change risk is analysed as a function of the likelihood of the risk occurring, the consequences associated with this risk occurring and the effectiveness of the control 
systems in place to address the risk. The risks and impacts identified for sectors and regions across the Council area is assigned likelihood and consequence ratings from 1 to 
5 (1 being low and 5 being high) to create a combined rating out of 25. Table 11 provides a generic overview of the consequence levels. These levels represent the degree or 
level of consequences to which Belyuen’s infrastructure, community and environment are likely to be exposed if a given climate change impact occurs.  

Table 12 provides a generic overview of the likelihoods of recurrent risks and single events. 
Table 11 – Qualitative Measures of Consequences 

Level Descriptor Infrastructure Community Environment 

1 Insignificant No infrastructure damage. No adverse human health effects or complaint. No environmental damage. 

2 Minor 

Localised infrastructure service disruption. No 
permanent damage. 
Some minor restoration work required.  
Early renewal of infrastructure by 5-10%. 

Slightly adverse human health effects.  
Isolated but noticeable increased decline in social cohesion (e.g. 
conflict over resources). 

Minor instances of environmental 
damage that could be reversed. 
i.e. negative impact on a specific 
species. 

3 Moderate 

Widespread infrastructure damage and loss of service. 
Damage recoverable by maintenance and minor 
repair.  
Partial loss of local infrastructure. 
Early Renewal of Infrastructure by 10-20%. 

Frequent disruptions to employees, customers or neighbours. 
Adverse human health effects. 
Minor public debate 
General appreciable decline in social cohesion. 

Isolated but significant instances of 
environmental damage that might be 
reversed with intense efforts. 

4 Major 

Extensive infrastructure damage requiring extensive 
repair.  
Permanent loss of local infrastructure services, e.g. 
airstrip. 
Early renewal of Infrastructure by 20-50%. 

Permanent physical injuries and fatalities may occur from an 
individual event.  
Significant public debate about climate change, constrained 
resources and services.  
Severe and widespread decline in services and quality of life within 
the community. 

Severe loss of environmental amenities 
and a danger of continuing 
environmental damage. 

5 Catastrophic 

Permanent damage and/or loss of infrastructure 
service across state. 
Retreat of infrastructure. 
Support and translocation of residential and 
commercial development. 

Severe adverse human health effects – leading to multiple events 
of total disability or fatalities. 
Emergency response. 
Public outrage. 

Major widespread loss of environmental 
amenity and progressive irrecoverable 
environmental damage. 
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Table 12 – Qualitative Measures of Likelihoods 

Level Descriptor Recurrent risks Single events 

5 Maybe several times every 
year 

Could occur several times per year More likely than not / Probability greater than 50% 

4 Maybe once every year May arise about once per year As likely as not / 50/50 chance 

3 Maybe a couple of time in a 
generation 

May arise once in 10 years 
Less likely than not but still appreciable / Probability 
less than 50% but still quite high 

2 Maybe once in a generation May arise once in 10 years to 25 years 
Unlikely but not negligible / Probability low but 
noticeably greater than zero 

1 Maybe once in a lifetime Unlikely during the next 25 years Negligible / Probability very low, close to zero 

The combination of the consequence and likelihood analysis result in a ranking of the different vulnerabilities. Table 14 provides a generic overview of the risk ranking.  
Table 13 – Vulnerability Rating Matrix 

 Consequences 
Insignificant 

1 
Minor 

2 
Moderate 

3 
Major 

4 
Catastrophic 

5 

Li
ke

lih
oo

d 

Almost certain (5) M (5) M (10) H (15) E (20) E (25) 

Likely (4) L (4) M (8) H (12) H (16) E (20) 

Possible (3) L (3) M (6) M (9) H (12) H (15) 

Unlikely (2) L (2) L (4) M (6) M (8) M (10) 

Rare (1) L (1) L (2) L (3) L (4) M (5) 

The risk assessment is an important step in the process of further understanding the potential implications of changes in climate into the future.  In particular it was used to 
guide the scoping of investigations and assessments, to guide adaptation responses, and to assist in identifying appropriate control measures and management responses. In 
the following tables, the risk of each identified potential impact is considered by identifying the consequences of the impact and the likelihood of it occurring.  Under the risk 
description, an indication of potential control measures is presented in italics. The control / influence measures or comment was derived from a combination of the workshops, 
discussions with Council and LGANT representatives as well as from relevant literature review. Several key themes were assessed including Assets and Infrastructure; 
Emergency Management and Extreme Climatic Events; Public Health; Natural Environment and Culture; and Other Issues. 



AECOMClimate Change Risk Assessment and Adaptation Planning 

30 
 

7.2 Assets and infrastructure  

Risk Title 
Risk 
Rating 
2030 

Risk 
Rating 
2070 

Risk Description Likelihood Consequences 

Loss of power 
supply 

Medium 
(6) 

Medium 
(9) 

Loss of power supply from storms damaging 
transmission and distribution assets. Storm surge 
impacting the low lying substation located near 
Wagait ferry landing.  
Moderate/high control/influence due to several 
backup generators. 

2 Unlikely by 2030. 

3 

Moderate by 2030 and 2070 
due to damage and loss of 
substation infrastructure at 
Wagait, loss of distribution 
lines during extreme storms. 
Temporary loss of power to 
homes, refrigeration, 
pumping, air conditioning and 
lighting. 

3 
Possible by 2070 due to 
significant sea level rise and 
increased level of storm surge. 

Loss of water 
supply Low (4) Medium 

(6) 

Loss of water distribution and storage from salt 
water intrusion into groundwater from sea level 
rise and reduction in annual rainfall and extension 
of the dry season reducing groundwater quality 
and availability. 
Moderate control by locating new groundwater 
supplies. 

2 Unlikely by 2030. 

2 

Minor for 2030 and 2070 due 
to temporary loss of water for 
household health functions. 
Minor investment in new 
groundwater sources 
extraction. 

3 
Possible by 2070 due to 
increase in length of dry 
season. 

Loss of road 
access High (12) High (12) 

Loss of sealed and unsealed road access from 
flooding leading to isolation and loss of amenity for 
residents.  
Moderate control. 

4 Likely by 2030 and 2070. 3 

Moderate by 2030 and 2070 
from temporary loss of access 
to work, commodities, health 
support and schooling. Road 
damage recoverable by 
maintenance and minor 
repair. 
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Risk Title 
Risk 
Rating 
2030 

Risk 
Rating 
2070 

Risk Description Likelihood Consequences 

Damaged ferry 
pier 

Medium 
(6) 

Medium 
(9) 

Damage to ferry pier landing from increased height 
and intensity of storm surge reducing access to 
Darwin.  
Moderate control/influence as temporary barge 
landings could be used. 

2 Unlikely by 2030. 

3 

Moderate by 2030 from 
temporary loss of access to 
work, commodities, health 
support and schooling. Ferry 
pier damage recoverable by 
maintenance and minor 
repair. 

3 
Possible by 2070 due to 
significant sea level rise and 
increased level of storm surge. 

Damaged houses Medium 
(9) High (12) 

Damaged houses from increased intensity of 
extreme storm events impacting the housing and 
property.  
Moderate control/influence as householders are 
prepared for flooding and storms during wet 
season. 

3 Possible by 2030. 

3 

Moderate by 2030 and 2070 
from partial loss of housing 
requiring significant repairs. 
Adverse health effects and 
short term local disruption. 4 Likely by 2070. 

Loss of 
communications Low (4) Low (4) 

Loss of communications for an extended period of 
time due damaged fixed lines, mobile towers and 
terminals from storm events.  
High control due to several households having 
alternative technology for communication – 
satellite phones. 

2 Unlikely by 2030 and 2070. 2 

Minor for 2030 and 2070 from 
minor local communication 
disruption and minor 
restoration works. 

Loss of sanitation Low (2) Low (2) 

Loss of sanitation from salt water intrusion into 
treatment ponds and into underground septic tanks 
caused by increased sea level rise and storm 
surge. 
Low influence for sanitation assets. 

1 Rare by 2030 and 2070. 2 
Minor for 2030 and 2070 from 
slight adverse health effects 
and impacts on amenity. 
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7.3 Emergency Management and Extreme Climatic Events  

Risk Title 
Risk 
Rating 
2030 

Risk 
Rating 
2070 

Risk Description Likelihood Consequences 

Damage from 
greater 

intensity 
cyclone 

High (15) Extreme 
(20) 

With climate change the intensity of cyclones is 
expected to increase with climate change (Note: 
the overall number of cyclones is projected to 
decrease). The last cyclone to hit Belyuen was 
Tracy (Category 3) in 1974. 
Moderate control as there are some cyclone rated 
houses in the community but there is no cyclone 
shelter. The community and the Council undertake 
clean-up before the cyclone season but there are 
still a number of potentially harmful debris around 
the community. There is not a well defined 
emergency management procedure and 
coordination. On the other hand, the community 
would have access to freshwater (through the 
creeks) and food (Bush tucker) immediately after 
the cyclone. 

3 Possible by 2030. 

5 

Catastrophic – A category 4 
or 5 cyclone would result in 
great damage to Belyuen 
community with widespread 
infrastructure damage, 
significant loss of 
environmental amenity and 
severe adverse human health 
impacts. 4 An increase in the intensity of 

cyclones is likely by 2070. 

Damage from 
bushfire 

Medium 
(6) 

Medium 
(9) 

Climate change could increase the likelihood of 
bushfire because of warmer and drier conditions. 
There have not been significant bushfires in 
Belyuen over the past 30 years (only one house 
fire).  
Moderate control as the community and Council 
conduct slash burning around Belyuen to control 
fuel loads. However there is no training for 
bushfire fighting. Wagait fire fighters unit would 
come for a bushfire in Belyuen. There is not a well 
defined emergency management procedure and 
coordination. 

2 Unlikely by 2030. 

3 

Moderate for 2030 and 2070. 
Extended bushfire could 
damage significantly houses 
and infrastructure. Loss of 
species and simplification of 
habitats as a result of 
increasing fire frequency is 
well documented in many 
areas of the Australian 
continent, including the NT. 
Belyuen people are attuned to 
bushfire and are likely to stay 
away from the danger area. 

3 

Possible by 2070 due to 
increase in air temperature, 
possible decrease in rainfall 
and potential extension of the 
dry season. 
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Risk Title 
Risk 
Rating 
2030 

Risk 
Rating 
2070 

Risk Description Likelihood Consequences 

Extreme winds 
and associated 

damages 

Medium 
(6) 

Medium 
(9) 

Potential increased damage to houses and power 
transmission lines as a result of increased wind 
speed.  
Moderate control as Belyuen Council and 
community conduct very regular cleaning and 
trimming of trees. The trees near houses and 
power lines have higher priority to be trimmed.  

2 Unlikely changes by 2030. 

3 

Moderate by 2030 and 2070 
as extreme winds would 
significantly damage houses 
and power lines. Short term 
perturbation would occur as a 
result of trees and branches 
falling on roads. 

3 
Possible by 2070 due to 
increase in intensity of 
cyclones. 
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7.4 Public health  

Risk Title 
Risk 
Rating 
2030 

Risk 
Rating 
2070 

Risk Description Likelihood Consequences 

Mosquitoes and 
vector borne 

disease 
Low (4) Low (4) 

There are always lots of mosquitoes and sand 
flies (biting midges) around Belyuen. The highest 
numbers of biting midges occur around the time of 
the full moon and to a lesser extent around the 
new moon, particularly from August to November 
Salt Marsh mosquito (Aedes vigilax) numbers are 
high from August through January, particularly 
following high tides geater than 7.8m.(Whelan and 
Kurucz 2010). Some literature (Russell 2009) 
indicates that higher temperature with similar or 
lower humidity level could decrease mosquito’s 
population through desiccation. Potential malarial 
zones are expected to shift because of climate 
change (and shift in the zones where the vectors 
occur) but are unlikely to establish permanently in 
Australia (McMichael et al. 2003).  
There is no mosquito control program at Belyuen 
(e.g. spraying). As part of the cyclone clean-up, 
old tyres and drums are collected from backyards 
but there are too many wetlands, swamps and 
drains to make a significant difference. There is 
some prevention (e.g. window screening and not 
letting children play outside at dusk) but it remains 
sporadic. 

2 
It is unlikely that biting insects’ 
population will change 
dramatically by 2030. 

2 

Minor – Mosquitoes and biting 
midges mainly result in 
discomfort through bites. 
Some bites can become 
infected especially with young 
children. Aedes vigilax is 
regarded as the most 
important pest mosquito in the 
Top End because of its 
aggressive biting habits, its 
ability to bite during the day 
as well as the night, and its 
sudden emergence in plague 
proportions. Aedes aegepty 
can carry disease (dengue 
fever) and represent a greater 
danger. 

2 
It is unlikely that biting insects’ 
population will change 
dramatically by 2070. 
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Risk Title 
Risk 
Rating 
2030 

Risk 
Rating 
2070 

Risk Description Likelihood Consequences 

Heat related 
illness 

(including heat 
stress) 

High (12) High (15) 

Climate change is very likely to result in warmer 
air temperatures (mean and maximum 
temperature). It is also expected that hot spells 
and heat waves will become more frequent. 
During hot spells and heat waves morbidity 
increase with higher risks of heat stress, rashes 
and cramps and potentially fatal heat stroke. 
Young children and elderly are particularly at risk. 
People suffering medical conditions such as 
obesity, cardio-vascular and renal disease and 
alcohol dependence are also more exposed to 
heat related illness. Dehydration can have serious 
consequences on the renal system.  
Low to moderate control – People in tropical areas 
are generally accustomed to high temperature all 
year round and are less sensitive than the 
population in southern Australia. However this can 
lead to a false sense of safety to extreme 
temperatures especially because of prevalent 
health conditions in the community. A number of 
buildings are equipped with air conditioning (but 
not individual houses, which usually rely on ceiling 
fans). 

4 
Highest air temperature 
(minimum, mean and 
maximum) is likely by 2030. 

3 

Moderate – Even if tropical 
communities are more 
resilient to heat stress and 
heat waves, it is expected that 
warming associated with 
climate change will result in 
temperatures exceeding 
historical values.  

5 

Highest air temperature 
(minimum, mean and 
maximum) is almost certain by 
2070. 
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7.5 Natural Environment and Culture 

Risk Title 
Risk 
Rating 
2030 

Risk 
Rating 
2070 

Risk Description Likelihood Consequences 

Salt water 
intrusion into 

freshwater 
waterways and 

billabongs 

Medium 
(9) High (16) 

With climate change sea level rise and the height 
of storm surge is expected to increase. 
There is some natural resilience in ecological 
systems with regard to saltwater intrusion however 
increasing numbers of intrusion events and/or 
increasing intensity of intrusion events would 
erode this resilience and the system would be 
affected 
The control over saltwater intrusion would be very 
limited. Although there are engineering solutions 
available, the cost of these would be difficult to 
justify given the intrinsic and unquantifiable value 
of freshwater ecosystems to social, cultural and 
health outcomes in communities. 

3 Possible by 2030. 3 

Moderate impacts by 2030 
and increasingly affected by 
2070. Ecological 
consequences would include 
loss of freshwater species; eg 
in Paperbark swamps.  

4 
An increase in sea level and 
the intensity of cyclones is 
likely by 2070. 

4 

Major impacts on freshwater 
systems which play an 
important role (to date 
unquantified) in the social, 
cultural and economic life of 
the community. They 
represent a food source (e.g. 
turtles) as well as a key 
element in cultural activities.  

Increased 
pollution from 

landfills 
High (12) High (12)  

Increased inundation of waste management 
facility leading to contamination of groundwater, 
soil and surrounding connected landscape.  
Moderate control due to ability to move waste 
management facility to a more appropriate 
location. Currently minimal management – poorly 
sited – often rubbish is burning or flooded. 

4 Flooding is likely to increase 
over time by 2030 and 2070. 3 

Moderate impact as 
population (and waste) 
increases and as flooding 
events increase. 
Contamination impacts to 
natural environment and 
human health are moderate. 
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Risk Title 
Risk 
Rating 
2030 

Risk 
Rating 
2070 

Risk Description Likelihood Consequences 

Decreasing 
availability of 
bush tucker 

Medium 
(8) High (12) 

Loss of bush tucker species from the area due to 
changed climatic conditions impacting the 
ecological systems that support these species. 
Bush tucker species such as mussels, mud crabs 
and wallabies form an important part of the diet of 
the Belyuen community. Bush tucker such as 
Turtle eggs in April, Sugar bag in May, Yams in 
July. Some may disappear from habitats that are 
affected by saltwater intrusion, changes in fire 
regimes, increasing weed dominance, changes in 
soil moisture, etc. 
Moderate control over human pressures on 
species.  

2 

Unlikely due to increase in air 
temperature, decrease in 
rainfall, extension of the dry 
season, sea level rise and salt 
water intrusion. 

4 

A change in the distribution of 
key bush tucker species 
would represent a major 
impact.  

3 

Possible due to increase in air 
temperature, decrease in 
rainfall, extension of the dry 
season, sea level rise and salt 
water intrusion. 
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7.6 Other Issues 

Risk Title 
Risk 
Rating 
2030 

Risk 
Rating 
2070 

Risk Description Likelihood Consequences 

Deterioration of 
community 

garden and dam 

Medium 
(8) High (16) 

A reduction in available water could have 
consequences on the garden (the workshop noted 
that loss of available water for the garden had 
occurred in 2009). Higher temperatures would 
have consequences on both plants and garden 
workers. Changes in climatic conditions could also 
change the populations and habits of the insects 
and pests affecting the garden.  
The community dam plays a crucial role in the 
community. It provides water (through a pump) to 
irrigate both community gardens.  
The dam is also used by the kids as a playing and 
swimming ground when there is sufficient water. 
Climate projections indicate a decrease in rainfall 
projections for the wet and the dry season.  
As a result, water flows to the dam could be 
reduced. As sea level is rising, it is possible that 
saltwater intrusion could occur in the dam. 
There is currently no water stored at the garden; it 
is directly pumped from the dam. The control over 
saltwater intrusion would be very limited. Although 
there are engineering solutions available, the cost 
of these would be difficult to justify given the 
intrinsic and unquantifiable value of freshwater 
ecosystems to social, cultural and health 
outcomes in communities. 

2 

Unlikely to impact garden 
severely in short term up to 
2030 due to existing water 
resources. 

4 

Major – The community 
garden is the focal point for 
the community (especially the 
men) and is used every day. 
Any damages or loss of the 
community garden could have 
significant consequences as it 
is one of the main sources of 
activity in Belyuen.  
 
Any impacts to the community 
dam could have major 
consequences to the Belyuen 
community because of flow-
on effects to the community 
garden. 

4 

Likely to impact garden as 
reduction in rainfall and 
increased heat stress effects 
garden; SLR is also likely to 
result in saline intrusion by 
2070. 
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Part 4 – Towards Adaptation: 
Responding to Climate Change 
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8.0 Adaptation Strategy and Adaptation Options 

8.1 Overall approach  
The integrated risk assessment performed by AECOM is the first step toward an adaptation strategy. As outlined 
in Figure 14 the adaptation process is a cross-sectoral and multi-disciplinary approach.  
Figure 14 – Strategic Planning Process for Climate Change Adaptation 

Assessment of climate change 
vulnerability (exposure, sensitivity 

and adaptive capacity)

Prioritisation of key biophysical 
and socio-economic risks

Identification of relevant 
stakeholders

Prior to the adaptation strategy – Integrated risk assessment

Integration of climate 
change in existing 

planning tools

Building or 
strengthening of 

networks

Improve knowledge 
on climate change 

impacts

Legislation and 
enforcement

Financing adaptation

Education, awareness 
and communication

Adaptation 
Strategy

Sector specific 
adaptation action

Site specific 
adaptation action

Mainstreaming 
adaptation 

 
This approach shows that as well as adaptation options that can be implemented for site specific or eventually 
sector specific issues there is a strong need for “mainstreaming” climate change adaptation. Mainstreaming 
adaptation means that climate change adaptation is integrated in all relevant Council policies and documents. An 
adaptation strategy often combines hard adaptation options (such as sea walls or infrastructure related solutions) 
and soft adaptation options (such as awareness program, re-vegetation actions, etc.).  

The Council could consider developing an adaptation strategy to prepare for the inevitable impacts of climate 
change which have been discussed in Section 7.0. This strategy could explore the adaptation options shown in 
Section 0. One of the most important steps of this process is the community understanding, acceptance and 
ownership of the process. An adaptation strategy needs to be built on local knowledge and tailored to the 
available resources and local conditions.  
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8.2 Barriers to Adaptation 
8.2.1 Little Climate Change Awareness within the Community 

There was very little awareness of climate change within the community prior to this project’s workshops. While 
the term “climate change” is heard regularly on television and in other media, there is limited understanding of the 
causes and consequences of climate change. This climate change risk assessment project contributed to improve 
the Belyuen’s community understanding of climate change but there is still a need for better awareness and 
education on climate change issues.  

8.2.2 Lack of Resources 

The Council has very limited financial and human resources. There are no economic or industrial activities 
generating wealth and revenue within the Belyuen area. Furthermore there are relatively limited human resources 
within the Belyuen Shire Council. This lack of resources represents a significant constraint for any adaptation 
actions. Most adaptation options will rely on external and possibly once-off funding.  

8.2.3 Lack of Statutory Control over Planning by the Belyuen Shire Council  

The Council does not have any statutory control over land use planning. Land use planning in the area is the 
responsibility of the NT Government (Department of Lands and Planning). This lack of control over land use 
planning aspects is greatly reducing the ability of the Council to develop adaptation measures. In addition, 
Belyuen and its Council are highly exposed to other risks and stresses, as outlined in Section 2.2.  

8.3 Adaptation options  
The risk assessment, community workshops, stakeholder engagement, literature review and AECOM experience 
informed the development of these adaptation options. Adaptation options have been developed for all Medium, 
High and Extreme risks identified in the previous section. The options are grouped in the following themes below: 

A) Raising awareness of climate change 

B) Improve emergency management procedures and resources (cyclone) 

C) Improve fire fighting capacity 

D) Improve awareness of heat related illness 

E) Incorporate climate change into procurement 

F) Improve resilience of infrastructure for the community 

G) Measures to protect ecosystem health from climate impacts 

H) Explore options to improve resilience of community garden and dam 

Each theme explores relevant adaptive capacity and identifies one or more adaptation options. These adaptation 
options are prioritised in section 8.4. 

Raising awareness on climate change 

In order to build resilience to climate change impacts it is important that the local community is made aware of 
the expected impacts of climate change on their community. The risks to the Belyuen community as a result of 
climate change will be reduced by a well informed and responsive community. Public awareness and education 
programs involving community representatives could help convey information about the impacts of climate 
change and gain consensus on the adaptation options. Of special importance would be awareness efforts 
aimed at engaging communities in a manner that is culturally sympathetic and appropriate.   

Adaptive capacity 

The existing schools and community groups (mens’ gardening groups and womens’ groups) are effective 
mechanisms at Belyuen through which increased community understanding may be facilitated. 

Option 1  
Develop and deliver a community education and awareness program to build community resilience. 
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Improve emergency management procedures and resources (cyclone) 

Emergency management need to be reviewed in the light of the projected increased number of intense 
cyclones. It is imperative that emergency management procedures involve the whole community in order to 
build resilience. The Belyuen Shire Council needs to have sufficient backup equipment and supplies (e.g. 
backup generator, potable water, etc.) to enable rapid recovery. 

Adaptive capacity 

The existing emergency management planning is focused on clean up prior to events and needs to be updated 
to improve recovery planning for increased intensity cyclone scenarios. The response capability is present but 
will require an informed and empowered community to effectively respond to worst case scenarios. There is 
additional adaptive capacity in this community to access bush tucker, medicine and natural water sources 
when extreme events impact power, water, road access and ferry services. Emergency planning exercises 
involving the whole community could be considered.  

Option 2 
Review and update the emergency management planning, incorporating climate change impacts and 
the need for increased cyclone response capacity throughout the community. 

 

Improve fire fighting capacity  

The lack of any training activities on fire fighting and the overall lack of fire fighting equipment has been 
highlighted during the risk assessment. While there is some limited controlled burning undertaken within the 
community it is likely that climate change will increase the incidence of bushfires. Improved fire fighting 
capacity would benefit the Belyuen community regardless of climate change impacts.  

Adaptive capacity 

There is a good traditional knowledge of bushfire management through control burning. However it appears 
that there is limited technical capacity in terms of fire fighting and no resources and equipment (e.g. truck, 
pump, hoses, etc.). 

Option 3  
Review and update the disaster management planning, incorporating climate change impacts and the 
need for increased cyclone response capacity throughout the community. 

 

Improve awareness of heat related illness 

There is a need to continue building awareness of the impacts of increased occurrence of higher temperature 
days on people, particularly on the elderly and young. Education on the prevention and response approaches 
need to be incorporated into the health services for this community (e.g., increased hydration on hot days). 

Adaptive capacity 

The community has well developed behavioural and cultural responses to manage heat stress. These include 
staying in shaded areas and low activity during the hottest part of the day. However this is sometimes seen as 
obstacles as tropical communities are “accustomed” to heat stress events and sometimes do not seriously 
consider this as a risk.  

Option 4 
Incorporate increased heat wave related illness into education provided by health services to the 
community. 
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Incorporate climate change into procurement  

The procurement process is an important point of leverage to include climate change in relevant infrastructure, 
technology and services tenders and contracts. Infrastructure and technology are usually designed for long life 
times and will be impacted by climate changes such as flooding and sea level rise during their design life. 

Adaptive capacity 

There is currently very little guidance available from the Federal or Northern Territory Government on the 
incorporation of climate change into procurement for infrastructure and services. 

Option 5  
Use procurement process to screen investment to address climate change risks to infrastructure and 
services. 

 

Improve resilience of infrastructure for the community 

There are several infrastructure upgrades that will be required over time to respond to climate change. These 
include shade structures and adequate cyclone shelter. Other assets such as roads, drainage, houses and 
community facilities need to be designed to cope with future climate conditions not just conditions in the past. 

Adaptive capacity 

The existing water access arrangements to groundwater are sufficient in the short to medium term, but could 
require new well locations in the longer term. 

Option 6  
Include climate change considerations in the upgrade, design and development of key community 
infrastructure. 

 

Option 7 
Seek resources for additional shade structures and an adequate cyclone shelter. 
 

Measures to protect ecosystem health from climate impacts 

It is likely that several significant climate change impacts will affect the local ecosystem. It is important to 
monitor and respond to these threats such as sea level rise generating increased salt water intrusion or 
increased flooding generating pollution from landfills.  

Adaptive capacity 

High level of informal monitoring of species health, migration and ecosystem health. Landfill is located poorly 
and management to protect the environment is minimal. 

Option 8 
Monitor and respond to species health, migration and ecosystem health. Community based programs 
in combination with ranger groups are the most efficient approaches. 

 

Option 9 
Explore relocating landfill or increasing protection measures of site to reduce pollution impacts to the 
environment from flooding and groundwater contamination. 

 



AECOMClimate Change Risk Assessment and Adaptation Planning 

45 
 

Explore options to improve resilience of community garden and dam 

It is likely that the gardens and the dam will be impacted by a way or another (increased temperature, reduced 
rainfall and saltwater intrusion). A lot of value is placed on these critical focal points for the community and the 
community should be closely involved in any proposed action. Options to explore may include behaviour, 
technology and infrastructure solutions. Simple actions such as monitoring of the dam level, cleaning of the 
dam and creation of shade area in the garden could constitute a first step.  

Adaptive capacity 

The community is well aware of the need to protect these important community spaces and centres of activity. 

Option 10  
Explore suitable options to increase the resilience of the community garden and dam to climate change 
impacts such as reduced rainfall and saltwater intrusion. 
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8.4 Prioritising of Adaptation Options  
AECOM used the adaptation options prioritisation framework below to analyse and compare the different 
adaptation options that could be implemented to address key climate change risks. Table 14 describes the 
indicative analytic framework for adaptation options while  

Each category of adaptation prioritisation is weighted with the following scoring: High = 3 points; Medium = 2 
points and Low = 1 point. The exception to this is the weighting for Effectiveness and Cost which is High = 6 
points; Medium = 4 points and Low = 2 point. The results of the scoring are highlighted in Table 15. 

These scores have been added up into a total score for each adaptation option. The options were then ranked in 
order of priority as shown in Table 16.  

The highest four options related to awareness and education programs; focusing on supporting the community to 
explore solutions for themselves for maintaining the community and garden and dam and updating emergency 
management planning for extreme climatic events such as cyclones.  

The next level of prioritised options focused on protecting the natural environment and reducing pollution from the 
landfill. The options for adapting infrastructure and seeking funding for new infrastructure for adaptation such as 
cyclone shelters are necessary to address the climate change risks identified for the Council but will take longer to 
implement. 

This proposed ranking of the adpatation option should ideally be interrogated and amended by the Council in 
consultation with the Belyuen community. The Council may for example score some other categories such as 
“Speed” or “Human Capability” with a higher weighting as a mean to determine the priority options that meet a 
particular policy and planning need. 
Table 14 – Indicative adaptation options analytic framework 

 

 

 

 

 

 
High Medium Low 

Effectiveness High potential to reduce risk Moderate potential to 
reduce risk 

Potential to reduce risk is 
low or uncertain 

Cost No additional budget is 
required / Low costs 

Additional budget is required 
but can be covered by 
Council’s budget / Medium 
costs 

Additional budget is required 
and involves complementary 
external funding / High costs 

Speed Can be completed within the 
next 12 months 

Can be completed in the 
medium term (1-3 years) 

Long term actions (3+ 
years) 

Technical 
Feasibility 

Proven adaptation approach / 
Widespread technical skills 

Limited application of 
adaptation approach to date 
/ Moderately available 
technical skills 

Adaptation approach not 
applied to date / Niche and 
rare technical skills 

Human 
Capability 

Capability exists within 
Councils 

Some external expertise or 
support is required 

Delivery is dependent on 
external expertise 

Consistency 
with Council 
Policy and 
Planning 

Adaptation option fits with 
existing Councils’ planning 
and policy  

Adaptation option could fit 
with existing Councils’ 
planning and policy  

Adaptation option would 
require new Councils’ 
planning and policy 

Community 
Acceptance 

Potentially no conflict with 
communities for 
implementation  

Possible conflict with 
communities for 
implementation 

Likely conflict with 
communities for 
implementation 
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Table 15 – Prioritised adaptation options  

Table 16 – Prioritised adaptation summary  

Priority 
Ranking Prioritised Adaptation Options for Belyuen Shire Council 

1 Incorporate increased heat wave and mosquito related illness into education provided by health 
services to the community. Option 3 

2 The community explores suitable options to increase the resilience of the community garden and 
dam to climate change impacts such as reduced rainfall. Option 9 

3 Develop and deliver a community education and awareness program to build community 
resilience. Option 1 

4 Review and update the disaster management planning, incorporating climate change impacts and 
the need for increased cyclone response capacity throughout the community. Option 2 

5 Monitor and respond to species health, migration and ecosystem health. Community based 
programs in combination with ranger groups would be beneficial. Option 7 

6 Explore moving landfill or increasing protection measures of site to reduce pollution impacts to the 
environment from flooding and groundwater contamination. Option 8 

7 Use procurement process to screen investment to address climate change risks to infrastructure 
and services. Option 4 

8 Include climate change considerations in the upgrade, design and development of key community 
infrastructure. Option 5 

9 Seek resources for additional shade structures and an adequate cyclone shelter. Option 6 
 

 

 

                                                        
3 Please note that the scoring of High in the Cost category does not mean the cost is high but rather that it rates high as a 
priority because the cost is minimal. 

 

 Option 
1 

Option 
2 

Option 
3 

Option 
4 

Option 
5 

Option 
6 

Option 
7 

Option 
8 

Option 
9 

Effectiveness Medium Medium Medium Medium Medium High Medium High Medium 

Cost High3 Medium High Medium High Low Medium High High 

Speed High High High High Medium Low Low Low High 

Technical 
Feasibility High High High Medium Medium High High High High 

Human 
Capability Medium Medium High Medium Medium Low High Low Medium 

Council 
Acceptance Medium High High Medium Medium High High Medium High 

Community 
Acceptance High High High High Medium Medium High Medium High 

SCORE 23 22 25 20 20 18 21 21 24 

RANK 3 4 1 6 6 7 5 5 2 
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9.0 Conclusions 
Even if effective policies are put in place to reduce greenhouse gases emissions, the climate system will continue 
to change for decades or even centuries. The climate appears to have changed in the Belyuen area over the past 
three decades (warmer temperature, slight rainfall decrease during the dry season and increase during the wet, 
etc.). It is very likely to continue to change throughout the 21st century. Among other changes, climate change will 
bring even hotter temperatures, more intense cyclones and sea level rise. These changes in the climate will 
impact the natural environment, infrastructures and the Belyuen people.  

This assessment has highlighted a number of risks associated with climate change to which the Belyuen 
community and Council are exposed in the midterm (2030) and long term (2070). As the Council has limited 
resources it is important that the risks are identified and prioritised. 

The most threatening climate change risks include: a loss of access road, damages by intense cyclones, heat 
related illness, salt water intrusion in the freshwater ways and billabongs, increased pollution from landfill, 
decreasing availability of bush tucker and deterioration of the community garden and the dam. These risks have 
been rated “high” or “extreme” not only because of the climate change impacts influencing these elements but 
also because of the importance of the threatened assets and services to the Belyuen community.  

Another series of risks have been assessed as “low” including risks to some infrastructures (sanitation and 
communication) and risks associated with mosquitoes and insect borne disease. These risks could be considered 
as “secondary” by the Council and not treated actively for the time being.  

A number of adaptation options have been identified to address these climate change risks. These adaptation 
options include raising awareness on climate change within the community, improving disaster preparedness and 
fire fighting capacity within the area, including climate change in the Council procurement and targeting heat and 
biting insectrelated illness in a health awareness campaign.  

These adaptation options need to be discussed by the Council in consultation with the community to determine 
which actions need to be implemented in the short term. The analytical framework proposed in this report could 
be used as a tool to help the Council consider and rate the different adaptation options. Regardless of the 
adpatation options selected for implementation, it is crucial that the community is involved in the decision making 
process and take ownership of the solution. No adaptation strategy can be effective without the involvment of the 
Belyuen community and the consideration of local and traditional knowledge.  

This project was the first step for the Belyuen community to prepare for the inevitable impacts of climate change. 
It has provided the opportunity for the Council and the Belyuen community to discuss and interrogate the issues 
associated with climate change. The scoping phase visit and the workshops contributed to raising local 
awareness of climate change. There was a genuine interest shown by the community to discuss climate change 
even if some confusion remained around the causes and the impacts brought by climate change.  

It is recommended that climate change risks are revisited by the community in the future. These activities could be 
driven by “climate change champions” within the community. Representatives in the yound, elderly, womens and 
men’s gardening groups would provide a good coverage of the Belyuen community.  
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Emissions Scenarios 
The IPCC emission scenarios are divided into four families (A1, A2, B1 and B2). A description of each scenario is given in Table 17.  
Table 17 – SRES scenarios  

SRES Scenario Description of Scenario 

A1FI 
Rapid economic growth, a global population that peaks 
mid 21st century and rapid introduction of new 
technologies  

Intensive reliance on fossil fuel energy resources 

A1T Intensive reliance on non-fossil fuel energy resources 

A1B Balance across all energy sources 

A2 Very heterogeneous world with high population growth, slow economic development and slow technological change 

B1 Convergent world, same global population as A1 but with more rapid changes in economic structures toward a service and information 
economy 

B2 Intermediate population and economic growth, emphasis on development of solutions to economic, social and environmental 
sustainability 

The IPCC developed scenarios in 1990, 1992 and 2000 (released as Special Report on Emission Scenarios, SRES). To reflect the last (and fast) changes of societies since 
2000, new emission scenarios are currently under development. 
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Climate Projections 
Table 18 presents more detail on the climate projections provided by the CSIRO for the region encompassing Darwin and the Tiwi Islands. This table shows two selected 
representative climate models (INMCM3.0 and CSIRO MK3.5) for an A1B emissions scenario for the year 2030; a B1 scenario for the year 2070 and an A1FI scenario for the 
year 2070 also. The climate model INMCM3.0 shows outcomes that are most likely (19 models agree) or likely (5 models) to occur. CSIRO MK3.5 shows a worst case scenario 
(1 to 3 models have indicated this change to climate). 
Table 18 – Climate projections for the Darwin/Tiwi Islands Region (CSIRO 2010) 

 Change in 2030 (A1B) with respect to 1990 

 
Model Mean precipitation Mean surface temperature Mean max 

surface temp 
Mean min 

surface temp Mean relative humidity 

Story Ann Wet Dry Ann Wet Dry Ann Ann Ann Wet Dry 
Most likely (19 models): 

Warmer - Little rainfall change 
INM-

CM3.0 -2.42 -1.07 -9.19 0.75 0.76 0.74 0.7 0.8 -0.67 -0.41 -0.86 

Worst case (1 model): 
Warmer - Drier 

CSIRO-
Mk3.5 -6.60 -5.40 -29.80 0.94 0.95 0.93 0.96 0.91 -1.41 -1.1 -1.89 

 
 Change in 2070 (B1) with respect to 1990 

 
Model Mean precipitation Mean surface temperature Mean max 

surface temp 
Mean min 

surface temp Mean relative humidity 

Story Ann Wet Dry Ann Wet Dry Ann Ann Ann Wet Dry 
Most likely (19 models): 

Warmer - Little rainfall change 
INM-

CM3.0 -2.60 -1.15 -9.85 0.8 0.81 0.79 0.75 0.86 -0.72 -0.43 -0.92 

Worst case (1 model): 
Warmer - Drier 

CSIRO-
Mk3.5 -7.07 -5.79 -31.93 1.01 1.01 0.99 1.03 0.98 -1.51 -1.18 -2.02 

 
 Change in 2070 (A1FI) with respect to 1990 

 
Model 

Mean precipitation Mean surface temperature Mean max 
surface temp 

Mean min 
surface temp Mean relative humidity 

Story Ann Wet Dry Ann Wet Dry Ann Ann Ann Wet Dry 
Likely (5 models): Much 

hotter - Drier 
INM-

CM3.0 -11.16 -4.94 -42.32 3.45 3.49 3.4 3.23 3.68 -3.08 -1.87 -3.96 

Worst case (3 models): Much 
hotter - Much drier 

CSIRO-
Mk3.5 -30.38 -24.87 -137.18 4.32 4.36 4.26 4.43 4.21 -6.49 -5.08 -8.69 
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Temperature Shift 

Box 4: Temperature shift 

 
 

Sea Level Rise 
Key Mechanisms 

The observed sea level rise over the last 30 years is mainly the consequence of the thermal expansion of ocean 
water. As the water gets warmer, it expands and the global sea level rises. The melting of alpine glaciers and 
icesheets (in Greenland and Antarctica) are also contributing to this rise. The box below illustrates the sea level 
rise mechanisms. 

Box 5: Sea level rise mechanisms 

 

Glaciers and ice sheets are very dynamic environments with complex interactions and physical processes 
involved in their movement and melting. Researchers have recently highlighted a feedback effect where warming 
of the ocean and melting of ice due to warmer air temperature have the potential to accelerate the rate of melting 
the Greenland and Antarctica ice sheet as well as some glaciers that directly reach the sea. An overview of the 
process for glacier and ice shelf interactions with a warming and rising level of sea is provided in Figure 15.  

 

 

Warming water causes the 
ocean to expand 

Melting of terrestrial ice 
(Alpine glaciers and ice caps) 

Melting of ice sheet in 
Greenland and Antarctica  

Source: Adapted from UNEP 2009 

Source: AECOM 2010 
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Figure 15 – Glacier and ice shelf interactions and melting processes (DCCEE 2009) 

 
Global Observations 

Sea level rise has occurred at a global mean rate of 1.7 mm per year for the past century, and more recently at 
rates estimated near 3.1 ± 0.7 mm per year (1993-2003) (Bindoff et al. 2007). Current sea level rise is considered 
to be at least partly due to human-induced climate change which is expected to continue to increase sea levels 
this century. Increasing temperatures contribute to sea level rise due to the thermal expansion of water and the 
addition of water to the oceans from the melting of terrestrial ice sheets. The Intergovernmental Panel on Climate 
Change (IPCC) Fourth Assessment Report (AR4) (2007) estimated sea level rise of 0.19-0.59 m by 2100, plus an 
additional 0.2 m from the potential melting of Greenland and Antarctic ice sheets.  

Key developments that have occurred since the publication of the AR4 include: 

 Global emissions of carbon dioxide have accelerated rapidly since approximately 2000, consistent with the 
high-end emission scenarios. The Garnaut Climate Change Review suggests that global emissions will 
exceed the highest IPCC scenarios under a business-as-usual scenario (Commonwealth of Australia, 2008). 

 Sea level has been rising at close to the upper end of the IPCC projections (Church et al. 2004, p7): 
- “Sea level observed with satellite altimeters from 1993 to 2006 and estimated from coastal sea-level 

measurements from 1990 to 2001 are tracking close to the upper limit of the TAR [Third Assessment 
Report] projections of 2001, which included an allowance for land–ice uncertainties. Recent altimeter 
measurements indicate sea level is continuing to rise near the upper limit of the projections. 

- Recognising the inadequacies of the current understanding of sea-level rise, simple statistical models 
relating observed sea levels to observed temperatures have been developed and applied with 
projected temperature increases to project future sea levels. These have generally resulted in higher 
sea level projections for 2100, of up to 1.4 m. 

- There are suggestions that the glacier and ice cap contributions into the future may have been 
(moderately) underestimated.” 

 Concern is escalating about the potential instability of both the Greenland and the West Antarctic Ice Sheets 
leading to a more rapid rate of sea-level rise than current models project. It is important to note that the 
uncertainties related to changes in the ice sheets are essentially one-sided: the processes can only lead to a 
higher rate of sea-level rise than is currently estimated (Church et al. 2004). 

 Recent research indicates that the climate system, in particular sea level, may be responding more quickly 
to increasing global temperatures than current climate models projections. In particular, the IPCC were 
unable to exclude larger sea level rise values and there is emerging evidence suggesting the TAR may have 
underestimated the future rate of sea level rise (Rahmstorf et al., 2007). 
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Storm surge and climate change 

Storm tide height may be significantly affected by climate change, with changes expected to be predominantly 
driven by sea level rise and to a lesser extent by changes in wind speed (Department of Climate Change, 2009). 
Increased wind speed due to climate change may also affect storm surge and storm tide heights. These changes 
are affected to increase inundation risk, which is best described as the likelihood of exceeding a given level of 
tide, surge and flood height over a particular time horizon. Frequency is traditionally measured as average 
recurrence intervals. However, this approach rests on the assumption that mean sea level will remain constant. 
Potential future sea level rise combined with increased wind intensity means that climate change is likely to 
increase the frequency of extreme sea level events. 

The modelling of storm surge and extreme sea levels is improving, although CSIRO advise that to provide coastal 
managers and planners with more detailed information to address climate change, much higher resolution data 
sets defining coastal topography, bathymetry and meteorology, and detailed sea level and coastal ocean 
observations will be required (McInnes, Grady, Hubbert 2009). CSIRO’s modelling of extreme sea levels takes 
account of sea level rise, storm surge and astronomical tides, but not local considerations such wave set up, wave 
run up and erosion or accretion of beach sediments (DSE 2010). CSIRO’s modelling approach is illustrated in 
Figure 16, which has been applied in Victoria’s Future Coasts Program. Modelling is not yet available for the 
Belyuen Shire Council.  
Figure 16 – An illustration of CSIRO’s approach to assess potential climate change effects on extreme sea levels (DSE 2010) 
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Tropical cyclones 
A tropical cyclone is defined as a tropical depression of sufficient intensity to produce gale force winds, i.e. at least 
63 km/h. Tropical cyclones (TC) are called hurricanes in the North Atlantic and Typhoons in the North Pacific. This 
kind of event is not only dangerous because it produces destructive winds but also because it is associated with 
torrential rains (often leading to floods), storm surge and wild sea conditions. Generally, sea surface temperatures 
need to be at least 26.5°C to initiate a cyclone, although the cyclone can then move over colder waters.  

Box 6: Tropical cyclone 

 
 

Cyclones are classified depending on the speed of their winds. An example of the classification is provided in 
Figure 17. 
Figure 17 – Classification of the tropical cyclones based on BoM values 

10 minutes sustained winds (knots) BoM classification of tropical cyclones 

< 28 (52 km/h) – 33 (61 km/h) Tropical Low 

34 (63 km/h) – 47 (87 km/h) Tropical Cyclones (Cat. 1) 

48 (89 km/h) – 63 (117 km/h) Tropical Cyclones (Cat. 2) 

64 (118 km/h) – 85 (158 km/h) Severe Tropical Cyclones (Cat. 3) 

86 (160 km/h) – 106 (196 km/h) Severe Tropical Cyclones (Cat. 4) 

107 (198 km/h) – 114 (211 km/h) Severe Tropical Cyclones (Cat. 5) 

In the eastern Indian Ocean region, the tropical cyclone activity is generally enhanced during La Niña events and 
lowers during El Niño events. Figure 18 shows the average annual number of tropical cyclones during normal 
years, La Niña years and El Niño years.  

Source: Encyclopaedia Britannica 

Source: Encyclopaedia Britannica  
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Figure 18 – Cyclone frequency for all years, La Niña and El Niño years (BoM 2010) 
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Projections  

It has been assumed by scientists that in a warmer world the frequency of intense cyclones would increase. 
Indeed, the frequency of cyclones has increased over the North Atlantic but the trends are less clear for other 
cyclone regions (Indian Ocean, North and South Pacific). This is mainly because of the lack of robust data. 
Cyclones are a complex phenomena and their formation is the consequence of numerous factors. The sea 
surface temperature is important but the macro scale structure of the atmosphere also plays a significant role. 
Most models indicate a decrease of cyclones for 2030 and 2070. By the second half of the 21st Century, 
mechanisms associated with the structure of the atmosphere may induce a decrease of the cyclonic activity in this 
part of the world. For instance, a change in the vertical wind shear may decrease the number of cyclones formed 
and the life time of formed cyclones and an increase of the stability of the atmosphere would decrease the 
proneness to convection and to cyclone formation. CSIRO is still working to validate these assumptions and the 
current projections are associated with a significant degree of uncertainties.  

The climate models have a too large grid (200 kilometres on average) to propose an accurate evaluation of the 
future cyclonic activity. The projections proposed hereafter have to be considered as indicative only. They indicate 
direction of changes and the projected number of cyclones should not be considered as accurate forecasting of 
future situations. Figure 19 shows that all models have a good representation of the number of cyclone but have 
more difficulty representing the duration of these events.  
Figure 19 – Cyclone frequency, observation vs. projections (CSIRO 2010) 

 

As shown in Figure 20, most models indicate a decrease in the number of cyclone by 2050 and an even more 
significant reduction by 2090. However the proportion of intense cyclones (Category 4 and Category 5 is expected 
to increase).  
Figure 20 – Cyclone frequency, observation vs. projections (CSIRO 2010) 
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Appendix B 

Climate Observations 
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Relative Humidity 3pm 
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Relative Humidity 9am 
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Maximum Daily Temperature 
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Minimum Daily Temperature 
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Days with temperature over 35ºc 
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Total Monthly Rainfall 
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Stakeholder and technical specialists consulted  

Name Organisation 

John Clarke CSIRO Marine and Atmospheric Research / Centre for Australian Weather and 
Climate Research 

Janice Bathols CSIRO Marine and Atmospheric Research / Centre for Australian Weather and 
Climate Research 

Ceri Lovitt Bureau of Meteorology / National Climate Centre   

Steve Dovers Australian National University 

Steven Garrett Charles Darwin University 

Lisa Potheram Charles Darwin University 

Workshop attendees (Mens’ Group) 

Daniel Lane Warren Phillips 

Gary Timber Peter Jorrock 

Darryl Lane Trevor Bianamu 

Demetruis Mardi Nathan Bilbil 

Timothy Lippo Henry Jacob 

Simon Moreen Clinton Jorrock 

Mark Bilbil Simeon Bigfoot 

 


