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Amendment C36 Mount Alexander Planning Scheme, Tarran Valley 

Expert Witness Statement 
 
Philip Clark Ingamells 
 
Qualifications and experience 
 
Since 2005 I have been employed by the Victorian National Parks Association 
(VNPA), a member-based non-government environment organization. In that 
role I have been involved in various aspects of natural resource and biodiversity 
managementpolicy and practice across public and private land. Since 2009, a 
large part of that work has focused on issues relating to bushfire management in 
Victoria, including: 

 I represented the VNPA at the Victorian Bushfires Royal Commission 
(VBRC). 

 Between 2010 and the present, I have represented the VNPA on the 
Department of Environment and Primary Industry (DEPI), now the 
Department of Environment, Land, Water and Planning (DELWP), on their 
Land and Fire Management Stakeholder Roundtable. 

 I have prepared submissions to a range of fire inquiries, including 
o The VBRC 
o The annual assessments of the VBRC’s Implementation Monitor 
o The recent investigation of the 5% burn target by the Inspector 

General of Emergency Services 
 In 2011 I coordinated a symposium “Fire and Biodiversity” in association 

with the Royal Society of Victoria. 
 In November 2015 I coordinated a symposium “Managing Biodiversity 

under Climate Change” in association with the Royal Society of Victoria 
and the University of Melbourne. 

 
Area of expertise 
 
I do not claim to be an expert in bushfire behavior. However I can claim to be 
very familiar with bushfire mitigation possibilities and options, how they are (or 
aren’t) transferred toregulation and/or policy, and how regulation and/or policy 
may or may not be applied in practice. 
 
Other significant contributors to the report 
 
I am relying on a number of existing studies and reports, specifically: 
 

 2009 Victorian Bushfires Royal Commission Final Report: Summary. 
Parliament of Victoria. July 2010 

 
 Timbal, B. et al. 2015, Murray Basin Cluster Report, ClimateChange in 

Australia Projections for Australia’s NaturalResource Management 
Regions: Cluster Reports, eds.Ekström, M. et al., CSIRO and Bureau of 
Meteorology,Australia 
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They are attached to this witness statement. 
 
Expert opinion 
 
The various submissions, reports and assessments I have managed to read in 
relation to planning amendment C36 Tarran Valley, while they take account of 
the current perceived fire risk in the area, do not take any substantial account of 
the increased risk under climate change.In other words, while they may take 
account of currently understood threats and mitigation prescriptions, they do 
not appear to accommodate predictions for increased fire frequency and severity 
in the years ahead. However the most authoritative reports on future fire 
weather for Victoria predict an increase in severe fire weather. For example: 
 

“There is high confidence that climate change will result in a harsher fire-
weather climate in the future.” 

Timbal, B. et al. 2015, Murray Basin Cluster Report, Climate Change in Australia Projections for 
Australia’s Natural Resource Management Regions: Cluster Reports, eds. Ekström, M. et al.,  

CSIRO and Bureau of Meteorology, Australia. Pp. 6 & 34. 

 
It should perhaps be noted that the VBRC also made a number of references to 
the likelihood of increased fire with climate change. 
 

“Fire is an integral part of the Australian environment, and the states in the 
south-east are most prone to bushfires. The risks associated with bushfires 
are also potentially increasing as a result of population growth in the rural–
urban interface and the probable effects of climate change.” 

2009 Victorian Bushfires Royal Commission Final Report: Summary.  
Parliament of Victoria. July 2010. P. 13. 

 
Those concerns, however, were not clearly reflected in the VBRC’sown final 
recommendations. 
 
There is also a general assumption in much of the community that current 
DELWP bushfire prescriptionsfor fuel reduction on public land, including the 
implementation of those prescriptions, can adequately protect human life, and 
also protectVictoria’s biodiversity. 
However DEPI (DELWP’S predecessor), in its own assessment, has been failing 
those objectives.  In its Fuel Management Report 2013–14, in regard to the 
objective: 

“To minimise the impact of major bushfires on human life, communities, 
essential and communityinfrastructure, industries, the economy and the 
environment. Human life takes priority over all otherconsiderations.” 

DEPI reported that : 
“The outcome/activity has not been achieved but is a manageable risk.” 
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And in relation to the second objective: 
To maintain or improve the resilience of natural ecosystems and their 
ability to deliver services such asbiodiversity, water, carbon storage and 
forest products. 

DEPI again reported that: 
“The outcome/activity has not been achieved but is a manageable risk.” 

Reducing Victoria’s Bushfire Risk on Public Land: Fuel Management Report 2013–14.  

Department of Environment and Primary Industries 2014. Pp. 5-7. 
 
As far as I have been able to ascertain, DEPI/DELWP has never explained how its 
failure to achieve either or both of these objectives is ‘manageable’. (At the time 
of writing, the 2014-15 Fuel Management Reporthas not been released.) 
 
Importantly, both the scenario for future changes to fire weather outlined above, 
and DEPI’s assessment that its current fuel management program is not 
matching its prime objectives, indicate that there shouldinevitably be a number 
of changes in policy, planning and other prescriptions for bushfire management 
in coming years. These mayinclude changes to the ways fuel is managed on 
public land, changes to fuel management on private land, requirements for 
private bushfire shelters, and radical revision ofregional or statewide planning 
prescriptions for residential developments in vulnerable areas. 
 
In the light of these strong possibilities, I think it would be wise and prudent to 
give serious consideration to applying the precautionary principle to any 
application for aPlanning Scheme amendment on the urban fringe, or in a rural 
area, in Victoria at this time. 
 
Declaration 
I have made all the inquiries that I believe are desirable and appropriate and no 
matters of significance which I regard as relevant have to my knowledge been 
withheld from the panel. 
 

 
 
Philip Ingamells 
9/19 Chapman St 
North Melbourne Vic. 3051 
Ph: (03) 9341 6506 
philipi@vnpa.org.au 
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Improvements in our approach

In the past twelve months, DEPI 

has strengthened the way it 

implements bushfire management. 

DEPI has put in place integrated 

planning arrangements, invested 

in risk modelling, and improved its 

engagement with communities. 

At a regional level, DEPI has set up 

locally based teams of specialists 

in bushfire risk modelling, planning, 

monitoring and community 

engagement to lead strategic 

bushfire management planning. As 

part of the planning process, these 

teams collaborate and engage with 

communities to understand what they 

value most and want to protect from 

major bushfires. 

DEPI is continuing to develop more 

effective ways to measure and 

communicate its bushfire management 

program. This work will help DEPI to 

continue to deliver fuel management in 

a smarter and more focused way. 

Introduction

This is the second annual Fuel Management 

Report delivered by the Department of 

Environment and Primary Industries (DEPI). 

It details the performance of DEPI’s fuel 

management program and activities for 

2013-14.

Main elements of the report include:

• DEPI’s planned burning activities (also known as 

prescribed burning).

• the area treated with fuel management during the past 

financial year, and the impact of these activities on 

bushfire risk in the landscape.

• funds expended on the program.

• impacts on biodiversity.

Fuel management refers to those activities that DEPI and its 

partner agencies carry out on public land to reduce bushfire 

risk. By actively managing the amount of fuel on public 

land, DEPI can reduce the potential impacts of bushfires by 

slowing them down and making them less intense.

Planned burning – lighting and managing planned fires in 

the landscape – is one of the main ways DEPI manages fuel 

on public land. Planned burning contributes to promoting a 

healthy Victorian environment as many plant species require 

fire to support new growth. Other activities to manage fuel 

include mowing, slashing and mulching, as well as the 

targeted use of chemical herbicides.  

Fuel management, including planned burning, is just one 

way to reduce bushfire risk. Other means include bushfire 

response, land use and development planning, building 

design, construction and maintenance, preparation of 

bushfire plans and leaving high risk areas on days when the 

fire danger rating is elevated and providing information to 

improve community decision making.

DEPI, together with Parks Victoria, is responsible for 

managing bushfire risk on more than seven million hectares 

of public land across Victoria. The annual fuel management 

program is one part of the Victorian Government’s 

commitment to managing bushfire risk.

DEPI works to reduce bushfire risk on public land in line with 

the Code of Practice for Bushfire Management on Public 

Land (2012). The code outlines the two primary objectives 

for fuel management on public land:

1. To minimise the impact of major bushfires on human life, 

communities, essential and community infrastructure, 

industries, the economy and the environment. Human life 

takes priority over all other considerations.

2. To maintain or improve the resilience of natural 

ecosystems and their ability to deliver services such as 

biodiversity, water, carbon storage, and forest products.
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Key results

This section details the progress of DEPI’s fuel management program for 2013-14. 

It measures activities undertaken by DEPI to meet its strategic objectives under the Code of Practice for Bushfire 

Management on Public Land (2012).

The following ratings system has been used to assess performance. The system was developed following a review of 

best practice in public reporting and in consultation with key stakeholders. The rating for each activity was determined by 

assessing DEPI’s actual progress against stated objectives.

Outcomes rating

The outcome/activity for the reporting period has been fully achieved.

The outcome/activity has been achieved to the best extent possible.

The outcome/activity has not been achieved but is a manageable risk.

The outcome/activity has not been achieved.

n/a There is inadequate data to report on or lack of metrics at this stage.

Area contributing to fuel management target

Rating

2013-14 

target area 

(ha)

2013-14 

actual 

area (ha) 

contributing 

to target

Description

260,000 147,043 The total actual area contributing to the fuel management target was 

147,043 hectares which is approximately 57 percent of the target area.

The total actual area can be broken down as follows:

• 82,022 hectares of public land treated by planned burning, 

(approximately 32 percent of the target area) and comprising 426 

planned burns

• 12,686 hectares of public land treated by mechanical works 

(approximately five percent of the target area), and

• 52,335 hectares of public land on an approved Fire Operations 

Plan (FOP) for planned burning that was affected by bushfire 

before it could be treated by planned burning (approximately 20 

percent of the target area).

Figure 1 – Overview of fuel management program for 2013-14 
against the previous 10 years, showing treated area as a 
result of fuel management, including planned burning. 
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Code of Practice for Bushfire Management on Public Land primary objective 1

Rating: Code primary objective 1

To minimise the impact of major bushfires on human life, communities, essential and community 

infrastructure, industries, the economy and the environment. Human life takes priority over all other 

considerations.

Key results 

• Modelling shows that the level of residual risk rose slightly across the state to approximately 62 percent, an increase of 

around three percent on 2012-13 (see figure 2).

• Much of the state’s bushfire risk is located on private land and on public land which is not suitable for planned 

burning. This tells us that private land holders and local communities play a critical role as part of a multifaceted 

approach to helping to reduce bushfire risk across Victoria.
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Code of Practice for Bushfire Management on Public Land primary objective 2

Rating: Code primary objective 2

To maintain or improve the resilience of natural ecosystems and their ability to deliver services such as 

biodiversity, water, carbon storage and forest products.

Key results 

• At the end of 2013–14, mapping showed that the overall percentage of land below the minimum tolerable fire interval 

remained at around 50 percent. The tolerable fire interval is the recommended time interval between successive fire 

events for a particular vegetation type (see figure 3). 

• Mapping also indicated that the percentage of vegetation on Victoria’s public land in the adulthood growth stage 

increased by around four percent to approximately 27 percent (see figure 4).

• The area of vegetation on Victoria’s public land without information about its fire history is approximately 26 percent 

(see figure 3). This amount is decreasing as DEPI’s ability to collect data about the extent and impact of planned 

burns and bushfires improves.

• Research indicates that having large areas of public land growing back as a single growth stage can pose a risk to 

ecosystem resilience. This tells us that fuel management is important to ensure that vegetation affected by bushfires 

over the past decade recovers as a mix of growth stages. Planned burning can also help to effectively manage fuels to 

protect remaining areas of older growth stages.

• DEPI is working with scientists from Melbourne, La Trobe and Deakin universities to continue to develop tools and 

methods to assist with using planned burning as a strategic tool to improve ecosystem resilience.

Refer to pages 8 - 9 for information about current tolerable fire intervals and growth stages across Victoria compared with 

historical data.

Recently DEPI analysed the performance 

of eight planned burns in relation to 

bushfires that interacted with them over 

the 2013 and 2014 fire seasons. Two 

case studies were completed in each 

of the Gippsland and Loddon-Mallee 

regions, and four in the Grampians region. 

The case studies indicate that planned 

burns in the heath-mallee and arid-

heathland vegetation communities can 

have a considerable effect on reducing 

the extent of major bushfires in very 

high to severe fire danger conditions. 

In the Grampians region, one to three 

year old planned burn mosaics were 

demonstrated to have significantly 

reduced the final size of bushfires,  

and were successful in assisting control 

efforts on high to severe fire danger 

rating days. The Gippsland case studies 

indicated that the planned burning 

conducted in the past one to three years 

significantly reduced the fire severity in 

dry and damp eucalypt forests. 

Overall, the report demonstrated that 

there are often a range of beneficial 

outcomes associated with having 

recent planned burns in the landscape 

including: reducing overall fire area, 

reducing fire intensity and severity, 

reducing the rate of spread of a fire, 

assisting suppression activities, and 

protection of communities.   
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experienced over the past decade have increased the amount of 
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past decade have increased the amount of landscape in earlier 
growth stages but trends over the past few years are showing 
that the landscape is moving back into older growth stages.
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Reducing bushfire risk: safer communities, strong 
economies and resilient ecosystems

In last year’s report, DEPI used “residual risk” to measure 

the impact of fuel management activities in reducing bushfire 

risk. Residual risk is the amount of bushfire risk that remains 

in the landscape after fuel has been reduced through fuel 

management activities and bushfires. A high level of residual 

bushfire risk means that even after fuel management 

activities such as planned burning, a high likelihood that 

bushfires will impact human life and properties remains1. 

Residual risk provides a robust basis for measuring the 

effectiveness of fuel management activities.

DEPI measures residual bushfire risk using Phoenix 

Rapidfire, a sophisticated computer modelling program 

developed in collaboration with the University of Melbourne 

and the Bushfire Cooperative Research Centre. 

Measuring and reporting risk to 

ecosystem resilience

Last year’s report outlined the three measures which DEPI 

is currently developing for monitoring and reporting on 

ecosystem resilience.

Tolerable fire intervals (TFI) are the minimum and maximum 

recommended times between fire events for a particular 

vegetation type.

Geometric mean abundance of a species in a community 

(GMA) is the relative abundance of all known species in 

an ecological community and provides a robust index of 

biodiversity associated with community viability.

Vegetation growth stage structure analysis assumes that 

maintaining a diversity of growth stages and habitats across 

the landscape, and therefore a diversity of species, is 

positively correlated with ecosystem resilience.

TFI is currently the best documented and researched 

measure of ecosystem resilience and is reported on in 

this report. While vegetation growth stage structure and 

GMA could provide more effective measures of ecosystem 

resilience, more research is required. DEPI is continuing 

to work with research organisations to develop tools 

so that these measures can be integrated into bushfire 

management planning.

Measuring and communicating  

bushfire risk in a more meaningful 

way

DEPI is continuing to develop and 

implement a risk-based approach to 

managing bushfires on public land. 

Improving its ability to measure and 

communicate bushfire risk helps DEPI to:

• provide information to communities  

in a way that they can make well-

informed decisions and manage their 

bushfire risk.

• deliver its planned burning program  

in a smarter and more focused way, 

with fuel management strategies 

tailored to the risks in a landscape, 

and

• track the effectiveness of fuel 

management activities over time.

1
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Modelling how different bushfire management regimes impact biodiversity

As part of a risk-based approach, DEPI must balance the need to manage fuel to minimise the risk of bushfires  

to life and property, with maintaining ecological resilience. 

The Barwon-Otway bushfire risk landscape2 contains a variety of vegetation types that include heathland and  

wet forest. Some of the areas containing heathland vegetation are immediately adjacent to a number of towns  

in the Barwon-Otway bushfire risk landscape and present a greater risk to life and property. There are other areas 

however, containing wet forest that present less of a risk to life and property but must be managed to maintain 

ecological resilience. 

Working with the University of Melbourne, DEPI has been investing in research to understand and model the 

impacts of different bushfire management regimes on biodiversity in the Barwon-Otway bushfire risk landscape. 

This research involves determining the desired distribution of vegetation growth stages in order to maximise GMA. 

In other words, determining what mix of growth stages will potentially maximise the diversity of flora and fauna in  

a particular area.

Using this approach, the desired distribution of growth stages to maximise GMA can then be compared against  

the current distribution or proposed future fuel management strategies to determine the associated changes to  

the GMA.
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Figure 5 and figure 6 show the change over time of the growth stage distribution of different vegetation types 

as a result of planned burning and bushfires in the Barwon-Otway bushfire risk landscape. The research used a 

theoretical fuel management strategy to model the change in growth stages over a 50 year period (2001–2050).  

This theoretical example, shows that the heathland in the eastern Otways would be predicted to move toward a 

more even distribution of growth stages, while in wet forest where it is difficult to burn under prescribed conditions 

(except on drier ridge-tops), the vegetation would be predicted to become mostly mature, unless impacted by 

bushfires.
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Modelling how different bushfire management regimes impact biodiversity 
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Figure 7 and figure 8 show the current and desired growth stage structures for heathland and wet forest using  

the theoretical 50 year fuel management strategy. They show how the heathland is much closer to the desired 

growth stage scenario than the wet forest.  

Tools like these can help DEPI and the community to identify how much of a landscape needs to be managed in  

a particular growth stage in order to maximise species diversity (GMA).

Based on the above example, the proportions of heathland in the juvenile and adolescent growth stages would  

be slightly higher than desired (figure 7). The opposite would occur in the wet forest (figure 8). The more frequent 

burning of heathland required for protection of life and property would mean that it would be difficult to achieve the 

desired growth stage distribution that maximises species diversity (GMA). 

However in this example, carrying out planned burns on the drier section on the margins of the ridge-tops of the 

wet forest would help both ecosystem resilience and protection of life and property. It would convert some of the 

mature forest to juvenile and in turn, adolescent growth stage, as shown in the desired growth stage scenario in 

figure 8.

This demonstrates that the trade-offs for ecosystem resilience can be quantified when managing for protection of 

life and property in a complex environment where vegetation types require different bushfire management regimes. 

Such an approach reduces the risk of major bushfire and also promotes species diversity, which underpins healthy 

ecosystems. While the landscape can never be managed so that it is constantly at, or near, the desired growth 

stage distribution, it can be managed so that it approaches this goal.  

It is important to note that the proportion of each vegetation type in the landscape is not the only factor influencing 

the distribution and abundance of species. Other factors such as where the growth stages are located in the 

landscape, fire frequency and fire severity are also likely to be important in determining species’ persistence  

in any given landscape (MacHunter et al. 2009; Di Stefano et al. 2013).

This example from the Barwon-Otway bushfire risk landscape shows the value of growth stage analysis in 

developing fuel management strategies to manage for ecosystem resilience.
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Statewide overview: delivery of DEPI fuel 
management program 2013-14

Key results

The 2013-4 year provided very few days that enabled 

planned burning. As a result, DEPI was only able to treat 

82,022 hectares through planned burning, within a total of 

147,043 hectares contributing to the fuel management target. 

Planned burning is always dependant on weather and fuel 

conditions. Burning is not possible when conditions are too 

hot and dry, nor when conditions are too wet. 

The 2013-14 season brought a long, hot and dry summer 

producing extremely dry conditions, which resulted in a large 

number of fires that required response. Across the state 

465,913 hectares of fuel was reduced through a combination 

of bushfire, planned burning and mechanical treatment.

These dry conditions were eventually broken by significant 

rainfall that meant forest fuels were not able to be treated 

effectively through planned burning. The rapid transition from 

hot and dry conditions to extremely wet conditions meant 

that there was only a short timeframe that enabled planned 

burning activities to occur. When the conditions were suitable 

DEPI undertook planned burning at all available opportunities. 

Weather impacts

During spring, the Mallee, Northern Country, parts of the 

Upper Murray, Geelong and parts of the Western district 

remained very dry. This dryness combined with increased 

residual fuel hazard from the previous summer’s severe heat 

contributed to increased flammability and fire behavior, and 

limited planned burning in many areas in the west of Victoria.

Severe heat in January, combined with below-average 

rainfall, led to rapid increases in forest soil and fuel dryness 

right across Victoria. Rainfall in March in the north-east and 

far east of Victoria limited opportunities for planned burning 

whilst the remainder of the state largely remained too dry to 

undertake burning. The dryness and abundance of cured 

grass maintained the risk of severe bushfire activity into April.

Autumn is traditionally the peak time of year when the 

majority of planned burning is undertaken. However, 

opportunities this year were limited by small, yet regular rain 

events brought on by unstable weather conditions which 

limited the number of drying days.

Rainfall totals for April were well above average across most 

of Victoria, with between 50 to 100 mm of extra rainfall. Areas 

of Gippsland and Hume regions were very wet for most of 

this time with many centres registering their highest total April 

rainfall on record. Orbost recorded its highest monthly rainfall 

total of 167 mm, the average being 80.7 mm. This weather 

pattern severely limited opportunities for larger landscape 

type burns, particularly in the north-east and east of the state.

Weather and fuel conditions in Loddon Mallee and 

Grampians regions provided some opportunities in May, 

however limited drying days and cool weather combined with 

a shortened day length reduced opportunities elsewhere.

Bushfire impacts

The dry conditions over much of Victoria, particularly in 

the west, led to an early and prolonged bushfire season. 

Bushfire emergency response operations began in October 

2013 with Victoria providing support to the New South 

Wales fires and continued until April 2014. 

During summer, temperatures across the state were above 

average and broke records for extended periods of heat. 

This included 19 days of severe and extreme fire danger 

ratings and 17 days of total fire ban declared between 7 

November 2013 and 11 March 2013. 

DEPI and its Networked Emergency Organisation partners 

(Parks Victoria, VicForests and Melbourne Water), the 

Country Fire Authority, the Metropolitan Fire Brigade (MFB) 

and other agencies attended more than 4,600 bushfires 

and grassfires across the state. DEPI personnel attended 

818 fires across 414,043 hectares, including six major fires 

that required attention over several weeks before being 

contained.

A number of communities were meaningfully impacted 

during fire season as a result of several significant campaign 

fires, lightning strikes, fast moving grassfires in the peri-

urban interface and the Hazelwood Coal Mine fire. These 

impacts included one bushfire related death, as the result of 

the bushfire in the Wartook Valley, as well as the loss of 80 

houses, including 61 primary places of residence. Around 

21,000 livestock were killed and almost 3,000km of fencing 

was destroyed.
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Planned burns breaching contingency areas

Across the state, five burns out of 454 planned burns 

breached contingency areas (approximately 1 percent of 

all planned burns in 2013-14). These planned burns were 

investigated because they could not be contained within  

30 minutes and/or impacted private land. Of these five,  

one planned burn caused damage to private assets. 

The planned burns investigated were:

Mt Clay – Rifle Range Road (Far South West District, 

Barwon South West Region)

A 118 hectare fuel reduction burn in the Landscape 

Moderation Zone, ignited on 29 March 2014 and breached 

contingency areas on 1 April 2014. It became fire number 

33 Mt Clay – Golf Course Road. The fire burnt approximately 

1,250 hectares of both public and private land caused 

damage to private fencing and pasture.

Forrest – King Creek (Otway District, Barwon South 

West Region)

A 281 hectare fuel reduction burn in the Bushfire Moderation 

Zone, ignited on 1 April 2014 and breached contingency 

areas the same day. It became fire number 11 Forrest – King 

Creek. The fire burnt 27 hectares of public land.

Clarkesville Rd (Orbost District, Gippsland Region)

A 32 hectare regeneration burn in the Landscape 

Management Zone, ignited on 20 March 2014 and 

breached contingency areas the same day. It was brought 

under control on 22 March 2014. The fire did not impact on 

any private assets.

Swifts Creek 892-513-04 New Rush Creek, (Swifts 

Creek District, Gippsland Region)

A 20 hectare regeneration burn in the Landscape 

Management Zone, ignited on 20 March 2014 and 

breached contingency areas the same day. It was brought 

under control the following day. The fire did not impact on 

any private assets.

Swifts Creek 771-507-25 Delusion Flat Out (Swifts 

Creek District, Gippsland Region)

A 12.7 hectare regeneration burn in the Landscape 

Management Zone, ignited on 20 March 2014 and 

breached contingency areas the same day. It was brought 

under control the following day. The fire did not impact on 

any private assets.
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Statewide fuel management activities

This section rates DEPI’s achievements in:

• fuel management

• planning for fuel management

• preparation for fuel management

• monitoring activities.

The fuel management target is confirmed through the State Budget process each year. The 2013-14 planned burning target 

was 260,000 hectares. The overall area which was accounted for as meeting the target was 147,043 hectares.

The accounting framework for bushfire fuel management treatments is included in Appendix 1.

Activity Rating
Total 

hectares 

Hectares 

contributing 

to target

Description

Area treated 

by planned 

burning 

82,022 82,022 The 2013-14 fuel management target was 260,000 

hectares. The total area treated by planned burning 

was 82,022 hectares, which is 32 percent of the 

target area.

The CFA assisted DEPI with approximately 58 planned 

burns that contributed 5,463 hectares towards fuel 

treatment on public land across the state.

Area treated 

by other fuel 

management 

treatments

N/A 12,686 12,686 This includes:

• mechanical - 12,686 hectares (five percent of the 

target area)

• chemical (n/a)

• grazing (n/a).

Area suitable 

for planned 

burning 

affected by 

bushfires

N/A 318,870 N/A Areas within the Asset Protection Zone or Bushfire 

Moderation Zone or Landscape Moderation Zone 

(as defined in the Code of Practice for Bushfire 

Management on Public Land, 2012) that were 

affected by bushfire.

Area identified 

on a current, 

approved 

FOP affected 

by bushfires

N/A 52,335 52,335 This figure is a subset of Area suitable for planned 

burning affected by bushfires. These are areas pre-

planned for planned burning that were affected by 

bushfire (20 percent of the target area).

Overall area 

where fuel 

has been 

reduced

465,913 147,043 Includes area treated by planned burning, 

mechanical means and pre-planned for planned 

burning, as identified in the FOP, that were affected 

by bushfire (57 percent of the target area).

Does not include burns breaching contingency areas.



16  Reducing Victoria’s Bushfire Risk on Public Land Fuel Management Report 2013–14

Other activities

Performance 

indicator
Rating Description

Activity 1: Planning and preparation for fuel management activities

Burn plans 

completed for 

165 percent 

of intended 

planned burn 

program.

Burn 

preparation 

completed for 

140 percent 

of intended 

planned burn 

program.

To enable planned burning to be carried out, where and when conditions were suitable, 

536,373 hectares of burns were planned across the state (206 percent of the intended 

planned burn program).

Burn plans were completed for burns across the three years of the FOP to provide 

operational flexibility in scheduling burns. This enabled burns to be brought forward in 

areas where weather conditions were more suitable or to reschedule burns to better 

suit operational and community needs.

Regions carried out site preparation for 448,155 hectares (172 percent of the intended 

planned burn program) to ensure sufficient burns would be available if weather 

conditions were suitable.

Activity 2: Community engagement 

Communities 

engaged 

during the 

planned 

burning 

program 

process

Engagement at a state level during 2013-14 focused on developing a five year Bushfire 

Management Engagement Strategy. The strategy articulates a clear, long-term vision for 

how and why DEPI engages about bushfire in order to build understanding of risk, and 

to mitigate the impacts of bushfire management activities (including planned burning) 

on communities and stakeholders.

The five year strategy sets the aim of achieving consistent outcomes from engagement, 

whilst allowing flexibility for different DEPI regions to determine the most appropriate 

way to engage, based on local issues, relationships and resources. 

Alongside this, DEPI has continued to engage broadly and provide opportunities 

for stakeholders and communities across Victoria to discuss and better understand 

planned burning and bushfire risk. These opportunities included:

• the annual FOP development process, where public comment was invited on 

DEPI’s plan for where and when fuel management would occur over a three year 

period

• involvement in the strategic bushfire management planning process, where DEPI 

aims to understand what communities value and want to protect from bushfire, in 

order to develop long-term strategies for fuel management and risk-reduction

• strategic engagement forums, including roundtables, industry-specific meetings, 

on-site walk throughs and facilitated discussions, and

• a range of notification processes for communities and stakeholders interested in or 

impacted by planned burns and preparation works.
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Performance 

indicator
Rating Description

Activity 3: Monitoring 

Monitoring 

programs 

relating to 

risk and 

biodiversity 

assessment 

undertaken

A Monitoring, Evaluation and Reporting Framework for Bushfire Management on 

Public Land is being developed to support DEPI and its partner agencies in measuring 

the effectiveness of the fuel management program towards achieving the primary 

objectives of the Code of Practice for Bushfire Management on Public Land (2012). 

This framework will establish a set of key evaluation questions (KEQ’s) to guide 

evaluation of the outcomes of strategic bushfire management. The monitoring activities 

undertaken by DEPI as part of a new Victorian Bushfire Monitoring Program will be 

designed to address the KEQ’s outlined in the framework3. 

Objective 1: community impacts monitoring activities

A range of methods have been developed across the state to improve fuel hazard 

mapping. A burn classification guide has been developed to lead this process and 

ensure fuel hazard information supports strategic bushfire management planning.  

Over 590 fuel hazard assessments were carried out across the state.

Objective 2: ecological resilience monitoring activities

Eighty all species assessments to assess the cover and life-stage of all vascular flora in 

a 20x20m quadrat and 34 indicator species assessments to assess the density, cover 

and life-stage of at least six key fire response species were completed.  

Surveys were conducted at 153 sites across the state to assess the post-burn recovery 

of key habitat attributes, two years after planned burning occurred. Attributes assessed 

included: coarse woody debris, tree hollows and vegetation structure. 

Building a new strategy for engagement

The objectives of the new bushfire management 

engagement strategy include:

• building understanding of stakeholders and 

communities about bushfire risk and DEPI’s role and 

responsibility in managing bushfire risk

• incorporating community values into bushfire 

management decision-making about bushfire-

related policy, planning and investment

• using DEPI’s relationships with partner agencies 

to deliver better engagement and make more 

collaborative decisions

• being transparent and open in how DEPI engages 

about managing bushfires, including legislative and 

policy constraints

• using appropriate and tailored engagement tools 

that support the state’s diversity, and

• ensuring DEPI staff understand their role and 

responsibilities in engagement and have appropriate 

skills and resources to engage effectively. 

The strategy was developed with input from DEPI staff 

across Victoria and key peak body stakeholder groups. 

Following the finalisation of the strategy, the statewide 

engagement team facilitated a process for each region 

to develop an action plan, which sets out how each 

region will implement the strategy from July 2014. The 

action plans will be reviewed annually and updated 

based on progress, the operating environment, 

structure and resources available. 

To align with the strategy and action plans, DEPI 

also developed a bushfire management engagement 

monitoring, evaluation reporting and improvement 

framework. This framework will direct how DEPI collects 

and evaluates information about its engagement. This 

will help support an environment where consideration 

of community and stakeholder’s experiences of 

DEPI’s bushfire management is a fundamental part of 

operational delivery and continuous improvement in the 

quality and effectiveness of engagement. 



18  Reducing Victoria’s Bushfire Risk on Public Land Fuel Management Report 2013–14

Performance 

indicator
Rating Description

Activity 4: Total output costs

Funds 

allocated ($m)

Total budget allocated to DEPI in the Victorian Budget for 2013-14 was $105 million for 

extended planning and preparation activities.

Some of the fuel management activities covered in the budget included:

• over 12,000 hectares of mechanical works undertaken to reduce bushfire fuel, such 

as slashing and fuel break clearing

• over 440,000 hectares of planned burns prepared and ready to be ignited as soon 

as conditions were right 

• improved community engagement through roundtables and other forums

• recruitment of additional field staff

• increased involvement and mobility of staff with stand-by and overtime, training, 

medicals and moving taskforces around the state

• additional equipment and vehicles to support an increased level of staff involvement, 

and

• extending availability and flying hours for aircraft for ignition and patrol of planned 

burns.

Work is continuing to develop an improved costing system so that the actual costs 

of each planned burn undertaken can be assessed. Future reports will provide more 

detailed information on this. 
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Regional overview: fuel management activities 
2013-14

Barwon South West 

• The Barwon South West region covers two districts:

 — Far South West

 — Otway

• Stretching from the South Australian border in the west to the Bellarine Peninsula in the east, the region is quite 

fragmented and contains varied vegetation communities. These include coastal heathlands along much of the coast, low 

Stringybark forests in the north west, wet forest in the Otway Ranges, pastures dominating the central and north of the 

region, and significant stands of Pinus Radiata and Blue Gum plantation throughout the region, particularly in the west.

• The climate is generally characterised by warm summers and cold winters, with annual rainfall ranging from around 

500mm in the west of the region to 2000mm in the Otway Ranges.

• The area contains high floristic values and important habitat for a range of fauna species such as the south east 

subspecies of the Red-Tailed Black Cockatoo, Southern Brown Bandicoot, Swamp Antechinus and Powerful Owl.
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Fuel management activities

Activity Rating
Total 

hectares

Hectares 

contributing 

to target

Description

Area treated 

by planned 

burning 

6,356 6,356 • Barwon South West region’s fuel management 

target was 20,000 hectares. The total area 

treated by planned burning was 6,356 hectares 

(27 burns), which is 32 percent of its target area.

• Planned burning was carried out over a season 

that provided restricted burning opportunities in 

spring and autumn due to unsuitable weather 

conditions.
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Activity Rating
Total 

hectares

Hectares 

contributing 

to target

Description

Area treated 

by other fuel 

management 

treatments

N/A 2,134 2,134 This includes:

• mechanical - 2,134 hectares (11 percent of the 

target area)

• chemical (n/a)

• grazing (n/a).

Area suitable 

for planned 

burning 

affected by 

bushfires

N/A 1,320 N/A Areas within the Asset Protection Zone Bushfire 

Moderation Zone or Landscape Moderation Zone 

(as defined in the Code of Practice for Bushfire 

Management on Public Land, 2012) that were 

affected by bushfire.

Area identified 

on current, 

approved 

FOP affected 

by bushfires

N/A 21 21 This figure is a subset of Area suitable for planned 

burning affected by bushfires. These are areas pre-

planned for planned burning that were affected by 

bushfire (less than one percent of the target area).

Overall area 

where fuel 

has been 

reduced

9,831 8,511 Includes area treated by planned burning, 

mechanical means and pre-planned for planned 

burning as identified in the FOP that were affected by 

bushfire (43 percent of the target area).

Other activities

Performance 

indicator
Rating Description

Activity 1: Planning and preparing for fuel management activities

Total area 

planned and 

prepared 

for planned 

burning 

• Burn plans were prepared for 47,138 hectares (236 percent of the program area).

• Burns were planned and sites prepared for 39,696 hectares (198 percent of the 

program area).

• The Barwon South west region invested significant effort throughout the year 

in burn planning, resulting in both districts planning over 200 per cent of their 

program. Comprehensive preparation of burns allowed for the maximum 

opportunities when conditions presented. 

• Hazardous tree identification and removal was a key focus, and an update in 

methodology resulted in burns previously treated being re-checked and updated 

to ensure consistency when applying the hazardous tree guidance. As a result, 

districts had well-prepared burn boundaries, with a focus on managing the safety  

of crews and the protection of values.

Activity 2: Community Engagement

Communities 

engaged 

during the 

planned 

burning 

program 

process 

• Key industries and other agencies engaged included shires, environmental groups, 

vignerons and tourism associations, water authorities, the equine industry, the 

timber industry, apiarists and energy producers. 

• The majority of engagement was undertaken through meetings, direct land owner 

engagement to access private land and permission agreements to burn, personal 

communications such as emails, letters and phone calls, and broad spectrum 

communications such as variable message boards and letterbox drops.
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Performance 

indicator
Rating Description

Activity 3: Monitoring 

Monitoring 

programs 

relating to 

risk and 

biodiversity 

assessment 

undertaken

Objective 1: community impacts monitoring activities 

• 35 fuel hazard assessments were undertaken and approximately 70 post-burn 

severity assessments were undertaken to assess changes in fuel hazard from 

planned burning. 

Objective 2: ecological resilience monitoring activities

• Four flora indicator species assessments were conducted to assess the post burn 

recovery of flora key fire response species 

• Repeat surveys for small mammals were conducted at all 95 Otways Township 

Study sites in summer 2013-14, to compare the impacts of planned burning 

between different fuel management zones. 

• A review of existing data for fauna responses to fire showed that data was lacking 

for older heathland vegetation. Historical survey data was collated for selected small 

mammal species, repeat monitoring was conducted at some historic monitoring 

sites, and targeted surveys were completed in under-sampled, long-unburnt 

heathland vegetation.  

• Monitoring was established to record the impacts of planned burning on Anglesea 

Grevillea Infecunda. 100 plants were marked and measured in an area scheduled 

for planned burning. 

• Remote cameras were used to monitor predator and prey species at 162 sites to 

help inform predator management strategies for planned burning. 

• Remote camera surveys, scat analysis, small mammal trapping and radio-tracking 

of predators were used to investigate the response of predators and prey to two 

planned burns in the Otways.

Engaging with environmental groups 

The Barwon-Otway bushfire risk landscape team began 

a conversation with environmental groups with a focus 

on sharing information related to strategic planning and 

the way this informs the annual development of the Fire 

Operations Plan. 

This included discussions on a range of projects to 

improve understanding of environmental and ecosystem 

processes through the use of predictive modelling, 

which allows more informed decisions to be made in 

the long term.  

Information was shared on DEPI’s use of bushfire risk 

assessment and modelling using Phoenix Rapidfire to 

build understanding of how and why fire moves through 

the landscape, and the likelihood and consequence 

elements for a range of values and assets, including the 

environment. The information sharing meetings allowed 

discussions around trade-offs between different values 

to occur, and highlighted the diversity in community and 

stakeholder perceptions and attitudes to these trade-offs. 

In February 2014, Dr Julian Di Stefano from the 

University of Melbourne attended a meeting on 

applying new research to better define an appropriate 

mix of different ages of forest that maximises species 

diversity, by using geometric mean abundance. Dr Di 

Stefano explained how the research being conducted 

by the university is being refined and applied within 

the Barwon-Otway bushfire risk landscape which 

demonstrates the use of current best practice and 

predictive modelling to better understand how 

ecosystems respond to fire.  

At the most recent meeting, the development of the 

new Monitoring, Evaluation and Reporting Framework 

for Bushfire Management on Public Land was 

discussed, and how this statewide framework would 

inform a local monitoring, evaluation and reporting plan. 

In the future, environmental stakeholders will be given 

the opportunity to contribute to the development of the 

local monitoring, evaluation and reporting plan within 

the Barwon-Otway bushfire risk landscape.
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Gippsland region 

• The Gippsland region covers six fire districts:

 — Orbost

 — Swifts Creek

 — Bairnsdale

 — Heyfield

 — South Gippsland

 — Baw Baw

• Topography includes riverine plains, foothills and mountains, which result in a widely varied climate. Annual average 

rainfall varies from 600mm to 1,950mm throughout the region.

• Alpine areas receive snow throughout winter, however climatic conditions across the region generally involve a wet winter 

and a hot, dry summer.

• The region contains approximately 70 ecological vegetation classes ranging from wet heathland to shrubby dry forest 

and sub-alpine woodland.  

• Home to a diverse array of fauna, including some of the state’s threatened species.
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Fuel management activities

Activity Rating
Total 

hectares 

Hectares 

contributing 

to target

Description

Area treated 

by planned 

burning 

20,759 20,759 • The Gippsland region’s fuel management target 

was 80,600 hectares.

• The total area treated by planned burning was 

20,759 hectares (125 burns) which is 26 percent 

of its target area.

• Spring provided limited opportunities for planned 

burning, as did autumn when the bulk of the 

program is generally completed. Some districts 

recorded their highest rainfalls during autumn.

Area treated 

by other fuel 

management 

treatments

N/A 3,755 3,755 This includes:

• mechanical - 3,755 hectares (5 percent of the 

target area) 

• chemical (n/a)

• grazing (n/a).

Area suitable 

for planned 

burning 

affected by 

bushfires

N/A 176,437 N/A Areas within the Asset Protection Zone, Bushfire 

Moderation Zone or Landscape Moderation Zone 

(as defined in the Code of Practice for Bushfire 

Management on Public Land, 2012) that were 

affected by bushfire.

Area identified 

on current, 

approved 

FOP affected 

by bushfires

N/A 35,036 35,036 This figure is a subset of Area suitable for planned 

burning affected by bushfires. These are areas pre-

planned for planned burning that were affected by 

bushfire (43 percent of the target area).

Overall area 

where fuel 

has been 

reduced

235,987 59,550 Includes area treated by planned burning, 

mechanical means and area pre-planned for planned 

burning as identified in the FOP that were affected by 

bushfire (74 percent of the target area).
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Other activities

Performance 

indicator
Rating Description

Activity 1: Planning and preparing for fuel management activities

Total area 

planned and 

prepared 

for planned 

burning 

• Burn plans were prepared for 149,063 hectares (185 percent of the program area).

• Burns were planned and sites were prepared for 131,911 hectares (164 percent of 

the program area).

• Burn plans and site preparation completed exceeded targets.

• Extensive burn planning and preparation ensured a full range of burns were ready 

for ignition subject to suitable conditions.

Activity 2: Community Engagement

Communities 

engaged 

during the 

planned 

burning 

program 

process 

• Key industries and other agencies engaged included shires and environmental 

groups, water authorities, viticulture and apiary industry groups, the tourism 

industry, the timber industry and energy producers.

• New relationships are being formed with the protea farming industry and the health 

sector, including aged care.

• Key engagement activities included the formation of the Far East Gippsland 

Roundtable, FOP meetings and presentations, developing and maintaining 

communications agreements with key industries, direct engagement through 

emails, phone calls and face to face contact, a health forum and educational visits.

Engaging for multiple outcomes

Strong community concerns had developed about a 

fuel reduction burn planned at Walkerville, Cape Liptrap 

in South Gippsland. Some parts of the community 

did not support fuel reduction in this area while others 

wanted to better understand DEPI’s plan for the 

planned burn and how it would be implemented.

In March 2014, DEPI held a meeting to discuss 

the proposed planned burn and invited interested 

community members to attend. DEPI bushfire 

management staff, biodiversity specialists and local 

land managers explained the objectives of the planned 

burn, discussed the planning process and answered 

questions.  

Biodiversity specialists spoke about the environmental 

issues that would be considered in planning and 

undertaking the planned burn, and how both 

community safety and ecological objectives would be 

balanced.

As a result of this meeting, many participants left with a 

clearer understanding of DEPI’s objectives. Although the 

meeting was considered a success, there is an ongoing 

need to continue to build local community relationships 

around bushfire management planning and its impacts 

on the local landscape.
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Performance 

indicator
Rating Description

Activity 3: Monitoring 

Monitoring 

programs 

relating to 

risk and 

biodiversity 

assessment 

undertaken

Objective 1: community impacts monitoring activities

• 145 overall fuel hazard surveys and 70 fire severity ground assessments were 

conducted to assess changes in fuel hazard from planned burning.

Objective 2: ecological resilience monitoring activities

• Flora assessments were conducted at 35 sites to assess two year post-burn 

recovery of flora in mosaic burns. 341 species were recorded. 

• Five all species assessments and two indicator species assessments were 

conducted to assess post-burn recovery of flora species. 

• 50 habitat structure assessments were conducted to assess the two year post-

burn recovery of habitat attributes including tree hollows and coarse woody debris. 

• Post-treatment surveys for collapsed trees were conducted at 170 plots across 15 

planned burns and six non-burn control areas. 666 individual hollow-bearing trees 

had repeat visits. 

• 110 remote cameras were deployed across the Gippsland region to assess the 

post-burn recovery of fauna, two years after planned burning was conducted. 17 

native mammal species, five feral mammal species, 19 bird species and one reptile 

species were detected. 

• Bird surveys were conducted across 35 two-hectare sites to assess the post-burn 

recovery of birds, two years after planned burning occurred. 76 species of bird were 

recorded.

• A study of charring on stringybark trees has produced a protocol for estimating time 

since fire and validating fire history records. 
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Grampians region 

• The Grampians region covers two districts:

 — Midlands

 — Wimmera

• This region consists of a diverse landscape and is known for its great diversity of endemic and rare wildflowers. The 

iconic sandstone ranges of the Grampians National Park is located in its heart. Landscape features include the Mallee 

country in the north west of the region and the ranges to the east, including the Brisbane and Macedon Ranges. 

• The climate varies significantly from west to east but generally has warm summers and cold winters throughout the 

majority of the region. Annual rainfall ranges from approximately 350mm in the north-west of the region, to 850mm in the 

east.

• Vegetation communities are diverse, ranging from the dry grasslands and healthy woodlands in the Wimmera, with Box-

Ironbark woodlands and basalt grasslands to the east.

• It is home to a diverse range of flora and fauna, including some of the state’s threatened species such as the south east 

subspecies of the Red-Tailed Black Cockatoo, Powerful Owl and Growling Grass Frog.
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Fuel management activities

Activity Rating
Total 

hectares

Hectares 

contributing 

to target

Description

Area treated 

by planned 

burning 

27,921 27,921 • The Grampians region’s fuel management target 

was 37,000 hectares.

• The total area treated by planned burning was 

27,921 hectares (74 burns), which is 75 percent 

of its target area.

• The Grampians Region’s planned burning 

program was very successful in spring, with more 

limited opportunities in autumn due to unsuitable 

weather conditions and underlying soil dryness.

Area treated 

by other fuel 

management 

treatments

N/A 1,388 1,388 This includes:

• mechanical - 1,388 hectares (four percent of the 

target area)

• chemical (n/a)

• grazing (n/a).

Area suitable 

for planned 

burning 

affected by 

bushfires

N/A 92,744 N/A Areas within the Asset Protection Zone Bushfire 

Moderation Zone or Landscape Moderation Zone 

(as defined in the Code of Practice for Bushfire 

Management on Public Land, 2012) that were 

affected by bushfire.

Area identified 

on current, 

approved 

FOP affected 

by bushfires

N/A 6,187 6,187 This figure is a subset of Area suitable for planned 

burning affected by bushfires. These are areas pre-

planned for planned burning that were affected by 

bushfire (17 percent of the target area).

Overall area 

where fuel 

has been 

reduced

128,240 35,496 Includes area treated by planned burning, 

mechanical means and pre-planned for planned 

burning as identified in the FOP that were affected  

by bushfire (96 percent of the target area).
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Other activities

Performance 

indicator
Rating Description

Activity 1: Planning and preparing for fuel management activities

Total area 

planned and 

prepared 

for planned 

burning 

• Burn plans were prepared for 57,677 hectares (156 percent of the program area). 

• Burns were planned and sites prepared for 46,321 hectares (125 percent of the 

program area).

• Significant effort was invested throughout the year in burn planning to allow more 

flexibility during the program if suitable conditions presented. 

• Preparation was completed strategically to ensure flexibility in options and 

prioritising key burns with the highest strategic value.

Activity 2: Community Engagement

Communities 

engaged 

during the 

planned 

burning 

program 

process 

• Key industries and other agencies engaged included shires, environmental groups, 

include apiarists and vignerons.

• Key engagement activities included meetings and onsite meetings with key 

stakeholders, formal presentations at fire conferences and with community groups, 

roundtables, and face-to-face discussions.

• The established Grampians roundtable is proving to be extremely beneficial in the 

development of long-term relationships in the area, which allows conversations 

about a range of values in bushfire management. Holding regular roundtables 

has enabled trust to build between stakeholders. The roundtable was used to 

bring local stakeholders together after the recent fire in the Grampians in January 

2014. People shared learnings from the fire-fighting effort in a very positive and 

cooperative way, supporting agencies to engage well and share information with the 

community easily about the Grampians fire.

Working in partnership to deliver a fuel 

reduction burn

The Mt Sturgeon planned burn in the Grampians was 

completed in spring 2013. The burn was a highly 

strategic township protection burn on a combination of 

public land and private property bush near Dunkeld. 

Community concern was considered in planning 

and delivering the burn. In the weeks leading up to 

the burn, intensive one-on-one engagement with 

concerned stakeholders occurred. On the day of the 

planned burn there were four variable message boards 

placed on major roads, a team of two (DEPI & PV) 

staff walked Dunkeld streets and visited schools and 

accommodation providers. Engagement at this planned 

burn provided the opportunity to build upon already 

well-established operational relationships between the 

agencies (DEPI, PV and CFA) and build trust with the 

community that these strategic burns can be completed 

safely prior to the fire season.
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Performance 

indicator
Rating Description

Activity 3: Monitoring 

Monitoring 

programs 

relating to 

risk and 

biodiversity 

assessment 

undertaken

Objective 1: community impacts monitoring activities

• 21 fuel hazard and 21 fire severity assessments were conducted to assess the 

change in fuel hazard at sites burnt two years ago by a planned burn, with some of 

the sites burnt again in January 2014 by the Grampians bushfire. 

• 57 fuel hazard assessments were undertaken across planned burns.

• As part of a project established to assess the effect of planned burning on the Red-

tailed Black Cockatoo, eight burns were assessed both before and after burning for 

fuel hazard and fire severity.  

Objective 2: ecological resilience monitoring activities

• Flora assessments were conducted across 21 sites to assess the post-burn 

recovery of flora two years after burning had occurred. 331 species were recorded.  

• 21 habitat structure assessments were conducted to assess the two year post-

burn recovery of habitat attributes, including coarse woody debris and vegetation 

structure. 

• One flora indicator species assessment was conducted to assess the post-burn 

recovery of flora key fire response species. 

• 42 remote cameras were deployed across the Victoria Range region to assess the 

post-burn recovery of fauna, two years after planned burning occurred.

• Bird surveys were conducted across 21 two-hectare sites to assess the post-burn 

recovery of birds, two years after planned burning occurred. 59 species of bird were 

detected.
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Hume region 

• The Hume region covers four fire districts:

 — Upper Murray

 — Ovens

 — Goulburn

 — Murrindindi

• The region consists of River Red Gum forested corridors along the Murray, Goulburn and Ovens rivers, graduating to 

cleared farming lands of the northern plains and up to the dry forested foothills and mountainous terrain of the northern 

slopes of the Great Dividing Range. 

• Climate varies across the region with annual rainfall ranging from 425mm on the plains to more than 1200mm on the Alps.

• Home to myriad of native flora and fauna, including River Red gums and Murray Cod, and a number of threatened 

species including Leadbeater’s and Mountain Pygmy Possums, Spotted Tree Frog, and Regent Honeyeaters.
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Fuel management activities

Activity Rating
Total 

hectares

Hectares 

contributing 

to target

Description

Area treated 

by planned 

burning 

9,760 9,760 • The Hume region’s fuel management target was 

53,400 hectares.

• The total area treated by planned burning was 

9,760 hectares (84 burns) which is 18 percent  

of its target area.

• The additional planning and preparation across 

the region enabled a number of burns to be 

picked up in the Goulburn and Murrindindi 

districts which were not as heavily impacted by 

the adverse weather as the eastern districts.

Area treated 

by other fuel 

management 

treatments

N/A 697 697 This includes:

• mechanical - 697 hectares (around one percent  

of the target area)

• chemical (n/a)

• grazing (n/a).

Area suitable 

for planned 

burning 

affected by 

bushfires

N/A 1,960 N/A Areas within the Asset Protection Zone, Bushfire 

Moderation Zone or Landscape Moderation Zone 

(as defined in the Code of Practice for Bushfire 

Management on Public Land, 2012) that were affected 

by bushfire.

Area identified 

on current, 

approved 

FOP affected 

by bushfires

N/A 75 75 This figure is a subset of Area suitable for planned 

burning affected by bushfires. These are areas pre-

planned for planned burning that were affected by 

bushfire (less than one percent of the target area).

Total area 

where fuel 

has been 

reduced

12,492 10,532 Includes area treated by planned burning, 

mechanical means and pre-planned for planned 

burning as identified in the FOP that were affected by 

bushfire (20 percent of the target area).
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Other activities

Performance 

indicator
Rating Description

Activity 1: Planning and preparing for fuel management activities

Total area 

planned and 

prepared 

for planned 

burning 

• Burn plans were prepared for 161,013 hectares (302 per cent of the program area).

• Burns were planned and sites were prepared for 122,483 hectares (229 percent of 

the program area).

• The autumn program was not able to get underway until the end of March, following 

the long dry summer and extended bushfire season.

• The regular weekly rainfall events from mid-March through into May severely 

reduced the region’s ability to burn despite having large areas planned and 

prepared. High elevation and wet forest burns were unavailable for the entire 

season switching from too wet to too dry and back to too wet with a series of 50 to 

200mm rainfall events. Numerous small burns, particularly in the Goulburn district, 

were able to be picked up because of the additional planning and preparation, 

despite the adverse weather conditions that prevailed.

Activity 2: Community Engagement

Communities 

engaged 

during the 

planned 

burning 

program 

process 

• A significant number of individuals and stakeholders have been engaged, 

including around 70 organisations, 235 CFA brigades, 24 CFA groups and 12 

local government areas. In addition, 350 organisations and individuals received 

planned burn daily and seven day outlook notifications. These included a number of 

adjoining landholders, the general public, vignerons and apiarists regarding specific 

planned burns.

• Key industries and other agencies engaged included shires, environmental groups, 

tourism, apiary and viticulture industry groups.

• Key engagement activities included the Hume DEPI Vigneron Planned Burning 

Forum, the Hume DEPI North East Apiarist Association Forum, participation in key 

community events such as the Myrtleford Show, Man From Snowy River Festival, 

the Tallangatta Farm and Water Expo, Seymour Alternative Field Days and joint 

DEPI and Parks Victoria information sessions.

Working in partnership to deliver an 

ecological burn

Each year, an ecological burn takes place at Bonegilla 

Grassland Reserve near Wodonga to enhance native 

grasslands and assist threatened native wildflowers. 

DEPI undertook this burn in collaboration with the North 

East Catchment Management Authority and Indigenous 

cultural heritage officers where knowledge was shared 

in using fire to deliver ecological benefits. 

A similar 10 hectare ecological burn was conducted at 

Boorhaman Native Grasslands in early April. Both areas 

support nationally significant ecological communities 

and a range of threatened flora. 

As a good example of integrated land management, 

follow up weed control works have been funded on 

the two reserves as part of the Victorian Government’s 

Victorian Environmental Partnerships Program which is 

being implemented by DEPI.
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Performance 

indicator
Rating Description

Activity 3: Monitoring 

Monitoring 

programs 

relating to 

risk and 

biodiversity 

assessment 

undertaken

Objective 1: community impacts monitoring activities

• 174 fuel hazard assessments were conducted across 58 sites to assess the post-

burn recovery of the fuel, two years after planned burning occurred.

Objective 2: ecological resilience monitoring activities

• Flora assessments were conducted at 58 sites to assess the post-burn recovery of 

flora, two years after burning occurred. 312 species were recorded. 

• 58 habitat structure assessments were conducted to assess the two year post-

burn recovery of habitat attributes, including tree hollows and coarse woody debris. 

• Five flora indicator species assessments were conducted to assess the post-burn 

recovery of flora key fire response species. 

• Bird surveys were conducted across 58 two-hectare sites to assess the post-

burn recovery of birds, two years after planned burning occurred. 73 species were 

detected. 

• 116 remote cameras were deployed across 58 sites in Hume region to assess the 

post-burn recovery of fauna, two years after planned burning occurred.
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Loddon Mallee region 

• The Loddon Mallee region covers two fire districts;

 — Murray Goldfields

 — Mallee

• The region consists of River Red Gum forest corridors of the Murray River, cleared dry farmland, and large tracts of 

mallee and heath on sandy soils. The southern part also features isolated patches of Box Iron Bark Forest and mixed 

species foothill forests. 

• Climate varies significantly across the region but is generally characterised by hot summers and mild winters in the west, 

and hot summers with wet and cold winters in the east. Annual average rainfall ranges from 250 mm to 700mm across 

the region.

• A diverse range of public land including grasslands at Terrick Terrick listed under the Commonwealth Environment 

Protection and Biodiversity Conservation Act 1999 and internationally significant wetlands at Hattah and Kerang.  

• The region is home to 175 threatened fauna species and 533 threatened flora species, including numerous rare and 

threatened orchids which DEPI is helping to conserve.
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Fuel management activities

Activity Rating
Total 

hectares

Hectares 

contributing 

to target

Description

Area treated 

by planned 

burning 

16,283 16,283 • The Loddon Mallee region’s fuel management 

target was 64,500 hectares.

• The total area treated by planned burning was 

16,283 hectares (76 burns), which is 25 percent 

of its target area.

• The Loddon Mallee region carried out planned 

burning over a season that provided restricted 

burning opportunities in spring and autumn due 

to unsuitable weather conditions.

Area treated 

by other fuel 

management 

treatments

N/A 3,575 3,575 This includes:

• mechanical - 3,575 hectares (six percent of the 

target area)

• chemical (n/a)

• grazing (n/a).

Area suitable 

for planned 

burning 

affected by 

bushfires

N/A 45,916 N/A Areas within the Asset Protection Zone Bushfire 

Moderation Zone or Landscape Moderation Zone 

(as defined in the Code of Practice for Bushfire 

Management on Public Land, 2012) that were 

affected by bushfire.

Area identified 

on current, 

approved 

FOP affected 

by bushfires

N/A 11,016 11,016 This figure is a subset of Area suitable for planned 

burning affected by bushfires. These are areas pre-

planned for planned burning that were affected by 

bushfire (17 percent of the target area).

Overall area 

where fuel 

has been 

reduced

76,790 30,874 Includes area treated by planned burning, 

mechanical means and pre-planned for planned 

burning as identified in the FOP that were affected by 

bushfire (48 percent of the target area).
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Other activities

Performance 

indicator
Rating Description

Activity 1: Planning and preparing for fuel management activities

Total area 

planned and 

prepared 

for planned 

burning 

• Burn plans were prepared for 109,426 hectares (170 percent of the program area).

• Burns were planned and sites were prepared for 99,473 hectares (154 percent of 

the program area).

• Extensive burn planning and preparation ensured a full range of burns were ready 

for ignition subject to suitable conditions.

Activity 2: Community Engagement

Communities 

engaged 

during the 

planned 

burning 

program 

process 

• Key industries and other agencies engaged included, shires, environmental groups, 

apiarists, the viticulture industry, tourism, health, equine businesses, transport, 

business chambers of commerce/progress association, farmers via the Victorian 

Farmers Federation, property developers, utilities companies and water authorities.

• Key engagement activities included public meetings, roadside and on site meetings, 

field days, one-on-one meetings, visits or phone calls, workshops, presentations 

to Integrated Fire Management Planning committee meetings (including Loddon 

Mallee and Grampians regions), briefings and provision of fact sheets. 

Managing impacts to wine-grape 

growers

DEPI has enhanced its regional program of 

communication with wine-grape growers in a concerted 

effort to reduce the impacts of burns to the viticulture 

industry. The program is based around two-way 

communication in three wine-grape growing districts 

(Pyrenees, Bendigo and Heathcote) and involves 

encouraging grape growers to call in when the harvest 

is complete. 

Where possible, this allows DEPI to schedule burns 

around areas that have completed harvest and minimise 

risk to areas still harvesting.  

This year, DEPI was able to concentrate on the 

Pyrenees area due to a large number of burns being 

carried out this autumn. Initial response was slow but 

regular communication was maintained and as trust in 

the program increased, reports became more regular. 

The Mandurang-Cahills Road planned burn in 

Mandurang was an example of proactive engagement 

resulting in a positive outcome. This burn was originally 

scheduled for autumn 2013 and autumn 2014. 

However, it was postponed due to a local winery 

requiring an extra day to complete its harvest. The 

winery was extremely happy that DEPI was able to 

postpone the planned burn.  

The planned burn is still on the FOP and the intention is 

to burn in spring 2014 to avoid a clash with harvest next 

autumn. Environmental considerations are also being 

managed to implement a spring burn, mainly due to the 

presence of Brush Tailed Phascogale habitat.

Growers feedback has been positive and DEPI staff will 

continue to build these relationships and expand this 

approach to other wine-grape growing districts. 
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Performance 

indicator
Rating Description

Activity 3: Monitoring 

Monitoring 

programs 

relating to 

risk and 

biodiversity 

assessment 

undertaken

Objective 1: community impacts monitoring activities

• 43 pre- and post-burn fuel hazard assessments were conducted across the region.

• 117 fuel hazard assessments were conducted across 39 sites, two years after 

planned burning occurred, to assess the post-burn recovery of the fuel.

• 85 burns were assessed for fire severity using a combination of aerial mapping and 

field-based assessment. 

• Four intensive fuel hazard assessments were carried out at One Tree Hill to feed into 

fuel management analysis using Phoenix Rapid fire modelling. 

Objective 2: ecological resilience monitoring activities

• A study of how landscape mosaic burning influences ecological processes, forest 

structure and fauna in Box and Ironbark forests is nearing completion, with surveys 

of mammals, woodland birds, flora and habitat structure. 

• Flora assessments were conducted across 39 sites to assess the post-burn 

recovery of flora, two years after burning had occurred. 171 species were recorded. 

• Monitoring continued for the Mallee herbivory study with a fourth round of post-fire 

surveys conducted to study native and introduced herbivory grazing impacts on 

vegetation recovery. Analysis and reporting is in progress.

• 39 habitat structure assessments were conducted to assess the two year post-

burn recovery of habitat attributes including litter and Triodia formation. 

• Data collection from the Mallee hollows project was completed in Spring 2013.  

A total of 2,492 hollows were surveyed at 181 sites, recording 42 ‘signs of use’,  

11 mammals, 16 birds and 56 reptile records. More detailed analysis and reporting 

is in progress.

• 21 flora indicator species assessments were conducted to assess the post-burn 

recovery of flora key fire response species. 

• Bird surveys were conducted across 39 two hectare sites to assess the post-burn 

recovery of Mallee birds, two years after planned burning occurred. 48 species of 

bird were detected including the endangered Malleefowl.
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Port Phillip region 

• The Port Phillip region covers two fire districts:

 — Yarra 

 — East Metropolitan 

• Landscape and climate varies greatly across the region ranging from coastal plains in the south east, to the sub-alpine 

peaks of the Yarra Ranges and the drier volcanic plains to Melbourne’s west.

• Diversity of flora and fauna, with habitats including internationally significant Ramsar wetlands, the highly valued forests of 

the Dandenongs, grasslands in Melbourne’s west and wet forests of the Yarra Ranges.

• These habitats support an array of species including Victoria’s faunal emblems, the Leadbeater’s Possum and the 

Helmeted Honey Eater.
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Fuel management activities

Activity Rating
Total 

hectares

Hectares 

contributing 

to target

Description

Area treated 

by planned 

burning 

943 943 • The Port Phillip region’s fuel management target 

was 4,500 hectares.

• The total area treated by planned burning was 

943 hectares (40 burns), which is 21percent of its 

target area.

• The season provided restricted opportunities to 

carry out planned burning due to unfavourable 

weather conditions. 

Area treated 

by other fuel 

management 

treatments

N/A 1,137 1,137 This includes:

• mechanical - 1,137 hectares (25 percent of the 

target area)

• chemical (n/a)

• grazing (n/a). 

Area suitable 

for planned 

burning 

affected by 

bushfires

N/A 493 N/A Areas within the Asset Protection Zone Bushfire 

Moderation Zone or Landscape Moderation Zone 

(as defined in the Code of Practice for Bushfire 

Management on Public Land, 2012) that were 

affected by bushfire.

Area identified 

on current, 

approved 

FOP affected 

by bushfires

N/A 0.4 0.4 This figure is a subset of Area suitable for planned 

burning affected by bushfires. These are areas pre-

planned for planned burning that were affected by 

bushfire (less than one percent of the target area).

Overall area 

where fuel 

has been 

reduced

2,573 2,080 Includes area treated by planned burning, 

mechanical means and pre-planned for planned 

burning as identified in the FOP that were affected  

by bushfire (46 percent of the target area).
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Other activities

Performance 

indicator
Rating Description

Activity 1: Planning and preparing for fuel management activities

Total area 

planned and 

prepared 

for planned 

burning 

• Burn plans were prepared for 12,056 hectares (268 percent of the program area). 

• Burns were planned and sites were prepared for 8,271 hectares (184 percent of the 

program area).

• A full range of burns were planned, prepared and ready to go in the event of 

favourable weather and fuel conditions.

Activity 2: Community Engagement

Communities 

have been 

engaged 

during the 

planned 

burning 

program 

process 

• Key industries and other agencies engaged included shires, environmental groups, 

viticulture and tourism industry groups, Melbourne Airport, prisons and industries 

such as clean air companies and car companies.

• Key engagement activities undertaken included joint planning with Parks Victoria 

to deliver quality engagement activities, use of variable message signs in high 

traffic areas, face-to-face engagement, and communication agreements with key 

stakeholders. 

Managing impacts to the aviation 

industry

Smoke from planned burns in the region can impact 

Melbourne Airport. To help manage this risk, DEPI and 

Melbourne Airport have negotiated a communication 

agreement that determines how they will engage 

through the planned burn season, particularly when 

there is a risk that burns may impact the airport.

The agreement also commits Port Phillip region to an 

annual meeting with the airport to discuss upcoming 

grassland burns which are conducted in late summer 

and early autumn. The agreement has brought clarity 

of expectations and is helping to build a positive and 

proactive relationship between the two organisations, 

including some cross agency operational activities such 

as DEPI delivering chainsaw training to airport fire staff 

and Parks Victoria fire management staff.
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Performance 

indicator
Rating Description

Activity 3: Monitoring 

Monitoring 

programs 

relating to 

risk and 

biodiversity 

assessment 

undertaken

Objective 1: community impacts monitoring activities

• Data collection and analysis continued for a study on the influence of fire on the role 

of invertebrates in decomposing fuels in the Kinglake-Murrindindi area.

• 42 burns were assessed for fire history mapping to better understand their burn 

coverage.

• 65 burns were assessed to determine their fuel hazard level as an input into burn 

planning. 

• 253 fuel moisture readings were taken across 40 completed planned burns.     

Objective 2: ecological resilience monitoring activities

• Flora all species assessments were conducted at 23 sites to assess the post-burn 

recovery of flora. 

• One flora indicator species assessment was conducted to assess the post-burn 

recovery of flora key fire response species. 

• 60 sites across the Dandenong Ranges were assessed with remote cameras and 

focussed on areas being targeted with burning for asset protection outcomes. The 

species records have been used to help inform burn programming and scheduling.
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PREFACE

The bushfires of Black Saturday, 7 February 2009, caused the death of 173 people. Black Saturday wrote itself into 
Victoria’s history with record-breaking weather conditions and bushfires of a scale and ferocity that tested human 
endurance. The lives of many Victorians were changed forever, and many showed they are capable of deeds of great 
courage and compassion. although some communities were physically destroyed, their members also displayed 
ingenuity, strength and resolve in the face of this calamity. There was also widespread devastation of considerable 
areas of the scenic forests and woodlands that form part of Victoria’s natural heritage.

Eighteen months later, the landscape is healing, flora and fauna are returning, and individuals and communities 
are getting on with rebuilding their homes and lives. We acknowledge the losses—of family, friends, fellow citizens, 
homes, gardens, animals, and the many other things that people hold dear. We have seen the pain people have 
endured and continue to bear, and we know it will be a long road to full recovery for many. Bushfire is an intrinsic  
part of Victoria’s landscape, and if time dims our memory we risk repeating the mistakes of the past. We need to 
learn from the experiences of Black Saturday and improve the way we prepare for and respond to bushfires.

The 2009 Victorian Bushfires royal Commission was an important part of ensuring that those lessons are clearly defined 
and learnt. The Commission conducted an extensive investigation into the causes of, the preparation for, the response 
to and the impact of the fires that burned throughout Victoria in late January and February 2009. as Commissioners, 
we concentrated on gaining an understanding of precisely what took place and how the risks of such a tragedy 
recurring might be reduced. 

in our deliberations we ensured that the voices of affected community members were heard. Our priority was to 
listen to people directly affected by the fires. We also ensured that the Commission’s processes were firmly based in 
the community through open hearings (including in regional towns), web streaming so that people could listen to the 
hearings over the internet, public submissions, the participation of lay witnesses, the creation of the Black Saturday 
Gallery, and the participation of family and friends in hearings about people who died as a result of the fires. This 
access will continue: the Commission’s website will remain active, and all the Commission’s documentation will be 
available at the Public records Office of Victoria.

This report is an important part of securing the memory of the fires. The first volume describes the origins and course 
of the 15 fires that wrought the greatest harm on 7 February and the response to them. it also tells the stories of the 
173 people who died. Volume ii looks at what lessons can be learnt from these experiences—how we can reduce 
the risk and impacts of fire and minimise fire-related loss of life in future. Volume iii reports on the Commission’s 
administration and processes. Volume iV reproduces the statements of the 100 lay witnesses who gave personal 
accounts of their experiences in the fires in late January and February and in their aftermath. The stories told by 
these people grounded our work. They continually reminded all at the Commission that bushfires deeply affect 
people and communities and that their needs and safety must be at the forefront of government policy.

The recommendations we make give priority to protecting human life, and they are designed to reflect the shared 
responsibility that governments, fire agencies, communities and individuals have for minimising the prospect of a 
tragedy of this scale ever happening again. 

We offer this report to the Governor and the people of Victoria.

The hon. Bernard Teague ao ronald Mcleod aM Susan Pascoe aM 
Chairperson Commissioner Commissioner
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Summary

CONdiTiONS ON 7 FEbRuARy 2009

Victoria endured one of its most severe and prolonged heatwaves during the final week of January 2009. The 
temperature in melbourne was above 43°C for three consecutive days for the first time since records had been kept. 
Saturday 7 February was forecast to reach temperatures in the low 40s, accompanied by strong winds. in the lead-
up to the day the Premier of Victoria, the hon. John Brumby mP, described the state as ‘tinder dry’. The Country Fire 
authority and the Department of Sustainability and Environment, the State’s primary bushfire agencies, warned that 
forests and grasslands were the driest they had been since the ash Wednesday fires in 1983. 

The conditions forecast for 7 February were realised, as were people’s worst fears when fires broke out across the 
state. Temperatures were nearing 40°C by 11.00 am in many parts of the state and later climbed to the mid-40s. 
Numerous areas endured record-breaking maximums—including melbourne, which reached 46.4°C. Strong winds 
in the morning grew to storm force as the day progressed, and a wind change moved across the state during the 
afternoon, greatly intensifying the fires. The Commission was informed that the CFa and DSE attended or patrolled 
316 grass, scrub or forest fires on that day. Of these, the Commission examined in detail 15 fires that caused  
(or had the potential to cause) the greatest damage.

The most serious consequence of the fires was the death of 173 people. Left behind are families, friends and 
communities still trying to come to terms with their loss. accompanying this loss of life is the fires’ impact on property 
and the infrastructure that supports communities, as well as the substantial environmental impact, which will take 
years to fully reveal itself—let alone be ameliorated. it is extremely difficult to quantify the cost of a disaster like this, 
but the Commission estimates it to be more than $4 billion.

This was one of australia’s worst natural disasters. it will be many years before its effects dim. Governments, fire  
and emergency services agencies and all individuals can learn valuable lessons from those days, so that we might 
reduce the risk of such destruction occurring again. it would be a mistake to treat Black Saturday as a ‘one-off’ 
event. With populations at the rural–urban interface growing and the impact of climate change, the risks associated 
with bushfire are likely to increase.

ThE ROyAl COmmiSSiON

in the days immediately following 7 February the State responded to the consequences of this disaster. a relief effort 
to deal with immediate needs was the first priority. But it was also clear that the community needed to understand 
this tragedy and how to minimise the risk of a similar tragedy occurring in the future. On 9 February 2009 the Premier 
announced the State’s intention to establish a royal commission. One week later the hon. Bernard Teague aO,  
Susan Pascoe am and ronald mcLeod am were appointed as the royal Commissioners. 

The Commission’s task was substantial. The Governor of Victoria, Professor David de Kretser aC, issued the letters 
patent, setting out the Commission’s terms of reference, on 16 February 2009 (see page 38). The Commission began 
its work that day, giving early priority to community engagement: between 18 march and 8 april it held 26 community 
consultations in fire-affected areas, seeking to learn about the experiences and concerns of individuals affected by 
the fires. a directions hearing was held on 20 april 2009, and the hearing of evidence began on 11 may 2009 and 
concluded on 27 may 2010. During that time the Commission held 155 days of hearings—including eight days of 
regional hearings and 23 days examining the 173 fire-related deaths.

To conduct this inquiry properly the Commission needed to ground its work in an understanding of the reality 
of bushfire and its effects on people’s lives. This imperative permeated the Commission’s work, from the initial 
community consultations to the public submissions, the 100 lay witnesses who gave personal accounts of their 
experiences, and the involvement and support given to the families who attended the hearings into the fire-related 
deaths. The Commission felt that its work could, and should, contribute to individual and community healing, as well 
as accommodate the strong public interest in the inquiry. This commitment to people went beyond the requirement 
to ensure natural justice for represented parties and those potentially affected by the Commission’s findings and 
recommendations: as much as possible, the people who were most directly affected by the fires were given a voice 
and their stories and views were heard.

SummARy OF ThE REPORT
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The Commission views protection of human life and the safety of communities as the highest priority for bushfire 
policy and directed its efforts accordingly. This priority guided the Commission in its analysis, the collection 
of evidence, its reports and the formulation of its recommendations. The recommendations further reflect the 
Commission’s recognition that individuals, fire agencies and Commonwealth, State and local governments share 
responsibility for preparing for fire and improving people’s safety. While placing the preservation of human life at 
the heart of its deliberations, the Commission also sought to ensure that due consideration was given to Victoria’s 
environmental sustainability.

The Commission was asked to inquire into and report on the causes and circumstances of the fires that burned 
in January–February 2009, the preparation and planning before the fires, all aspects of the response to the fires, 
measures taken in relation to utilities, and any other matters it considered appropriate. The letters patent directed  
the Commission to make such recommendations as it thought fit on preparation and planning for further fire threats 
and risks, land-use planning and management, fireproofing of structures, emergency response, communication, 
training, infrastructure and overall resourcing.

ThE FiRES

The fires in January–February 2009—and in particular on 7 February—have deeply scarred the Victorian people  
and the landscape. The Commission therefore begins its report with a discussion of the 15 most damaging, or 
potentially damaging, fires that burned on 7 February, including those in which people died. many of these fires were 
significant because of their size and impact; some of the smaller ones, however, provide insight into the differing 
circumstances and demands of the day. The Commission examined the following fires (shown here in the order in 
which they ignited):

Delburn■■

Bunyip■■

Kilmore East■■

horsham■■

Coleraine■■

Pomborneit–Weerite■■

Churchill■■

murrindindi■■

redesdale■■

Narre Warren: harkaway■■

Narre Warren: Lynbrook—Coral Drive■■

Narre Warren: Lynbrook—Golf Club road■■

Upper Ferntree Gully■■

Bendigo■■

Beechworth–mudgegonga.■■

These fires were not the only ones that occurred during the 2008–09 bushfire season: DSE and CFa staff and 
volunteers fought hundreds of fires. The fire season was long and demanding, placing considerable pressure on 
firefighters even before the worst fires began in early February. Figure 1 shows the extent of the fires of January–
February 2009.
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Figure 1 The January–February 2009 bushfires
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Victoria has a long, sometimes devastating, history of fire. The conditions on 7 February gave rise to particularly 
destructive bushfires. These very intense fires share some features that set them apart from less intense fires. Very 
dry fuels and strong surface winds resulted in erratic fire behaviour and the development of strong convective activity 
capable of lifting firebrands such as burning bark high in the convection column. Strong upper air winds transported 
burning bark downwind for many kilometres, resulting in long-distance fire spotting.

Spotting was an important factor in the spread of some fires. Firebrands carried by the strong winds spread from  
one ridge top to the next in areas of broken terrain. They were carried across sparse eaten-out pasture or areas 
where grass was less than fully cured and might otherwise have arrested the fires’ spread. 

although they varied in their size and impacts, the most severe of the 7 February fires the Commission examined 
shared a number of features: 

rapid fire spread followed ignition, which responding crews could not contain.■■

Fires crowned in forested areas, which made them impossible for ground crews to control.■■

Powerful convection columns were generated above the fires.■■

Extensive forward spotting occurred as a result of the fuel type, the weather conditions and the topography.■■

Late in the day a wind change altered the direction of fire spread and extended the firefront.■■
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recognITIon oF The FIreFIghTerS

The Commission acknowledges all those who placed their lives at risk to fight the fires that burned in Victoria in 
January–February 2009, and particularly on and after 7 February. its gratitude extends to career firefighters from  
all the government agencies involved, volunteers, private units, industry brigades, police, and ambulance and other 
emergency services workers, as well as firefighters who came from interstate and overseas to help. Were it not  
for their efforts the damage and loss would have been even greater.

The Commission particularly recognises the contribution of volunteers and their families. The strength of the CFa 
volunteer base was evident on 7 February; this includes its surge capacity, the local knowledge of its members and 
its rapid response. The Commission heard of volunteers preparing for the day, warning local residents and assisting 
with the confronting task of locating and identifying the dead. Countless more volunteers took up support roles. 

although not well known, private units play an important role in firefighting in many parts of Victoria. They are usually 
operated by farmers or landowners, and their equipment usually consists of a small multi-purpose farm utility with  
a portable tank and pump mounted on the rear. Operators might be members of the CFa but this is not always  
the case.

The operators of forest plantations above a certain size are required to have industry fire brigades. These brigades 
need only protect the plantation assets, but the plantation operator can, and often does, permit the brigade to 
operate outside its designated area. 

The Commission acknowledges the firefighting support provided by industry brigades and private units and 
encourages continued cooperation between public and private operators. it is a practical and valuable expression  
of shared responsibility that strengthens the state’s overall firefighting capacity.

ThE FiRE-RElATEd dEAThS

The greatest tragedy of Black Saturday, and one of the primary reasons why this royal Commission was established, 
was that 173 people died as a result of the fires. This far exceeded the loss of life from any previous bushfires—
including ash Wednesday, in February 1983, when 75 people died in Victoria and South australia. 

Five fires claimed people’s lives. The greatest loss resulted from the Kilmore East fire (119 people); it was followed by 
murrindindi (40), Churchill (11), Beechworth-mudgegonga (2) and Bendigo (1). The great majority of these people died 
on 7 February; four died in the following days or weeks as a result of the injuries they sustained on 7 February, and 
one person, an interstate firefighter, died as a result of injuries sustained after 7 February.

The Commission heard many accounts from people who survived the 2009 bushfires, but it was only by examining 
the circumstances of the deaths that it could complete its investigation of these fires. in particular, the examination 
of the circumstances of the deaths helped the Commission expand its knowledge of the way people understand 
and respond to bushfire. These inquiries also cast light on its consideration of matters such as planning and building 
regulation, the need for a broad range of safety options, and what makes a home defendable against bushfire.

 

RESPONdiNg TO buShFiRE

The response to the fires on 7 February was characterised by many people trying their best in extraordinarily difficult 
circumstances. There were many examples of people who met the challenge admirably. Nevertheless, some poor 
decisions were made by people in positions of responsibility and by individuals seeking to protect their own safety. 
The Commission is conscious of the pressure and difficulties people faced on the day, but it would be negligent if 
it overlooked the shortcomings: we need to learn the lessons so that problems can be avoided in the future. The 
Commission therefore examined the policies, systems and structures needed to ensure that government, fire and 
emergency services agencies and individuals make informed, effective decisions about their response to bushfires  
in a way that protects life and minimises loss.
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VIcTorIa’S BuShFIre SaFeTy PolIcy

as the fires of January–February 2009 burned fire agencies and individuals made crucial decisions in the context  
of an overarching policy for community safety in bushfires. That policy had become known colloquially as ‘stay or go’ 
but is more accurately described by its full title, ‘Prepare, Stay and Defend or Leave Early’. 

as a result of its inquiries the Commission concludes that the central tenets of the stay or go policy remain sound. 
The 7 February fires did, however, severely test the policy and exposed weaknesses in the way it was applied. 
Leaving early is still the safest option. Staying to defend a well-prepared, defendable home is also a sound choice  
in less severe fires, but there needs to be greater emphasis on important qualifications. 

The policy is now in transition. Since 7 February the State has improved the policy and the community education 
campaign that accompanies it, including in response to the Commission’s interim recommendations. The Commission 
considers that, although the changes the State has made to date advance the policy, further change is needed. 

The stay or go policy failed to allow for the variations in fire severity that can result from differing topography, fuel 
loads and weather conditions. in particular, it did not adequately account for the ferocious fires experienced on 
Black Saturday. a bushfire safety policy must be capable of dealing with the fact that every fire is different and must 
differentiate potential firestorms from most bushfires. The most fierce fires call for a different approach to community 
safety, for different advice, support and responses from fire agencies. On such days, if the initial attack fails to contain 
a fire, the operational focus and mindset of fire agencies should move to providing information and attending to 
community safety rather than fire suppression.

The stay or go policy tended to assume that individuals had a fire plan and knew what to do when warned of  
a bushfire threat. But many people did not have a well-thought-out plan and were left to make their own decisions 
without the benefit of assistance from the authorities. in addition, warnings—when they were given—were too 
narrow: they were directed at getting people to enact their fire plans, rather than giving more specific directions  
or advice. The Commission heard that many people wait and see what happens before leaving in response  
to one or more of a range of ‘triggers’, such as a fire being in their area, the situation becoming dangerous,  
or being personally told to leave. For these people the lack of alternatives—the provision of shelters and refuges 
or evacuation—became critical as a fallback option. any policy must encourage people to adopt the lowest risk 
option available to them, which is to leave well before a bushfire arrives in the area. The Commission acknowledges, 
however, the reality that people will continue to wait and see, and a comprehensive bushfire policy must 
accommodate this by providing for more options and different advice.

The State has accepted that the policy options of leaving early or staying to defend do not fully cover the need for 
contingency plans, but it still appears reluctant to implement alternatives, arguing that the availability of a suite of 
options could discourage some people from leaving early. The Commission is concerned that the State’s reluctance 
is reflected in the slow progress with community refuges and bushfire shelters. it simply does not face the reality 
that the earlier binary policy approach did not help many people who, for various reasons, did not find either option 
acceptable in their circumstances. 

advice about bushfires must also be provided to the community in a way that engages them. The population 
exposed to fire on the urban fringes is growing and the demographics are changing. it is essential that there be a 
continued focus on providing frank and meaningful advice about the risks and what is required to adequately prepare 
for and survive a bushfire. Local planning and emergency management processes are also crucial to the formulation 
of this advice. The fact that not all houses are defendable in all circumstances was recognised before 7 February. 
in the Commission’s view this message needs to be conveyed more forcefully. an important observation from the 
circumstances of many of the fire-related deaths is that defendability is affected by the surrounding environment— 
not just the land and vegetation immediately adjacent to a house. Being close to a heavily forested area can increase 
the ferocity of an approaching fire and the likelihood of heavy ember attack, making it harder to defend a house. 
Defending a house also requires at least two able-bodied, fit and determined adults who are physically and mentally 
prepared to work long and hard in arduous and dangerous conditions. The rigours of mounting a defence in the face 
of fires such as those on Black Saturday caught many by surprise. The Commission finds it particularly worrying that 
nearly half of the people who died were classed as ‘vulnerable’ because they were aged less than 12 years or more 
than 70 years or because they were suffering from an acute or chronic illness or disability. 
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Community education must continue to stress that staying in fire-prone areas on days when conditions are as severe 
as those on Black Saturday involves grave risk to one’s life. 

The policy approach also needs to recognise the important underlying principle of shared responsibility. a fundamental 
aspect of the Commission’s recommendations is that everyone—the State, municipal councils, individuals, household 
members and the broader community—must accept greater responsibility for bushfire safety in the future and that 
many of these responsibilities are shared.

The Commission uses the expression ‘shared responsibility’ to mean increased responsibility for all. it recommends 
that State agencies and municipal councils adopt increased or improved protective, emergency management and 
advisory roles. in turn, communities, individuals and households need to take greater responsibility for their own 
safety and to act on advice and other cues given to them before and on the day of a bushfire.

‘Shared responsibility’ does not mean ‘equal responsibility’. The Commission considers that in some areas the State 
should assume greater responsibilities than others; for example, the State and its fire authorities are likely to be more 
able than individuals to identify the known risks about bushfire. it is also necessary for the State, municipal councils 
and families to recognise the specific needs of vulnerable people, who might need early warning, assistance or 
separate consideration particularly on code red days.

The future policy

The Commission understands the attraction of an uncomplicated policy framework that presents two clear options—
stay or go—but such an approach is simplistic. realistic advice is unavoidably more complex and requires subtlety. 
as a consequence, although the Commission suggests retaining the effective elements of the existing policy it also 
recommends augmenting and improving the policy in a number of areas: 

covering the full range of fires—with particular recognition of the heightened risk associated with the most ■■

ferocious fires on the worst of days

strengthening warnings and improving their timeliness and dissemination■■

providing more practical and realistic options such as community refuges, bushfire shelters and evacuation—■■

including assisted evacuation of vulnerable people

improving the quality and availability of advice on fire behaviour and house defendability and clearly conveying  ■■

the message that among the risks of staying to defend are death and serious injury.

To be effective these changes need to be part of a well-designed long-term community education program that 
captures people’s attention, makes allowance for local needs and circumstances, and is regularly evaluated and 
improved. municipal councils should take a more active role in planning for bushfire, including planning for evacuation 
and shelter options in their municipalities. 

among the elements of the policy that should be retained are the following:

the principle of shared responsibility—that there are legitimate and important roles for both individuals and the State ■■

encouragement to leave early as the safest option■■

staying and defending still being a sound choice in less severe conditions and fires, providing certain precautions ■■

are taken

emphasis on preparation, whether staying to defend or leaving early■■

sound advice for individuals, households and communities—including a mix of specific and general advice ■■

delivered through various modes and media.

it will not be easy to maintain the focus on bushfire safety over time. Community memory of ferocious fires can fade 
because of the relative infrequency of such events. in these circumstances there is a risk of individual and collective 
underestimation of the risk—and possibly complacency. individuals must remain vigilant, and the State should use 
community education and public awareness to break the cycle of complacency. Teaching bushfire history and safety 
in schools is important for maintaining community memory and awareness.
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Image 2 The Bendigo fire

Source: Courtesy of The Bendigo Advertiser.

Finally, individual planning and action for bushfire safety can often involve hard decisions. For example, firefighting 
equipment and infrastructure are expensive, and some people in bushfire-prone areas who want to defend their 
homes might not have the financial means to prepare their home fully. Dilemmas such as this should be discussed  
in education programs under the revised bushfire safety policy. 

The revised policy needs to challenge people to think about what they would do if bushfire threatened on a work  
day, during school holidays or when they had other plans (such as a party). They also need to ask themselves 
whether they are physically and mentally strong enough to cope with the demands of a sustained firefight, what 
would they do if their plans fail, and how would they protect their pets and livestock or would they leave them.  
People need to face the fact that bushfires do not necessarily arrive at convenient times. Their planning needs  
to reflect this reality.

eMergency and IncIdenT ManageMenT

The State’s emergency management framework provides for planning, preparation and coordination in the 
management of crises and natural disasters. On Black Saturday new state-level operational arrangements were  
being trialled by the CFa and DSE. This was the first fire season (2008–09) that the agencies had been co-located  
and operating from the integrated Emergency Coordination Centre in melbourne. The purpose of the iECC was  
to achieve effective strategic planning and coordination, better information sharing and faster decision making. 
People who worked at the iECC overwhelmingly considered that the outcome of the fires would have been far  
worse had the agencies not been co-located.
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The Commission agrees with this conclusion but further concludes that the state-level emergency management 
arrangements still faltered because of confusion about responsibilities and accountabilities and some important 
deficiencies of leadership. True integration was not achieved: the CFa and DSE followed operating procedures that 
were not fully consistent, used separate technology systems, and in many cases performed duplicate functions. 
The State has acknowledged some of these problems, and since 2009 systems at the iECC (now the State Control 
Centre) have been upgraded and the centre’s layout changed. The Commission endorses these improvements  
and supports the continued use of the State Control Centre for integrated emergency management. 

The experience of 7 February also highlighted several areas in which high-level state arrangements need reform.  
On Black Saturday the roles of the most senior personnel were not clear, and there was no single agency or individual 
in charge of the emergency. The Commission notes changes made as part of the new coordination, command and 
control arrangements but considers that more should be done. it recommends that the roles be clarified, including 
through organisational change. 

Even when the right policies and systems are in operation, strong and effective leadership is essential. On 7 February 
the leaders ultimately responsible for the operational response to the emergency were the Chief Officer of the CFa,  
mr russell rees, the Chief Fire Officer of DSE, mr Ewan Waller, and the Chief Commissioner of Police, ms Christine 
Nixon. although many of the functions associated with each individual’s role might have been delegated to 
subordinates, these people were still ultimately accountable. The Commission concludes that some elements  
of the leadership provided on 7 February were wanting. mr rees and mr Waller ought to have done more in relation  
to warnings (this was dealt with in the Commission’s first interim report), supporting incident management teams and 
statewide planning. The Commission considers that ms Nixon’s approach to emergency coordination was inadequate. 
ms Nixon herself acknowledged that leaving the integrated Emergency Coordination Centre and going home at  
about 6.00 pm on 7 February was an error of judgment. The Commission shares this view.

although the Commission concludes that the minister for Police and Emergency Services acted properly before 
and during the bushfires it considers that he should have raised the option of declaring a state of disaster with 
the Premier. The circumstances clearly met the criteria for such consideration. Even if practical cross-agency and 
community cooperation was already in evidence and no additional coercive powers were needed, such a declaration 
would have recognised the gravity of the situation and might have sharpened emergency agencies’ focus on 
community safety and warnings. in the Commission’s view, if circumstances potentially satisfy the criteria for declaring 
a state of disaster, the option of making such a declaration should be discussed with the Premier.

The Commission not only looked at state-level management but also at the management of individual incidents. 
Overall, aiimS (the australasian inter-service incident management System) was well understood and accepted by 
fire agencies. The Commission supports its continued use with some minor modifications to increase the profile of 
the information Unit and recognition of the importance of local knowledge within level 3 incident management teams.

at the local level, the performance of individual incident management teams varied on 7 February, and the experience 
of the day demonstrated how important effective preparation is to good performance. it was invariably those imTs 
that were well prepared, staffed by people with the appropriate training and experience, and well practised that 
managed difficult fires well. The Commission commends these groups for their planning and preparation. Problems 
that arose where this did not occur led the Commission to make recommendations about improving preparation, 
training and staffing, information flows and agency integration, so that more imTs have the capability, competence 
and support needed to perform well in future fires. 

in the lead-up to 7 February the State, including fire agencies, recognised that the day had the potential to be 
catastrophic and began planning and notifying the community and personnel accordingly. Pre-designated incident 
control centres were advised to be ready for a ‘hot start’. in practice, however, the state of readiness of the iCCs  
and the level 3 incident management teams that staffed them varied. again, the State has improved its procedures 
since 7 February, increasing the number of personnel required for a full level 3 imT and establishing standards for  
pre-positioning teams. The Commission is concerned, however, that the revised standards do not go far enough,  
and it proposes that in all areas where a code red fire day is forecast a full imT be in place from 10.00 am. 
additionally, fire agencies should prescribe and audit a minimum number of joint training exercises for level 3 imTs.
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On 7 February not all the imTs managing level 3 incidents were staffed by people with level 3 training, and facilities in 
the incident control centres from which imTs operated were in some cases deficient. The Commission recommended 
in its first interim report that pre-designated level 3 iCCs be properly staffed and equipped. in response, the State 
allocated $28 million to upgrade level 3 iCCs and divisional command points, the upgrade being scheduled for 
completion by 30 June 2010.

Further, the Commission’s examination of shortages of level 3 incident Controllers revealed major differences between 
the DSE system of accreditation (formal assessment of a candidate against known criteria) and the CFa system of 
endorsement (nomination or approval of a person to perform a particular role). Since both agencies provide members 
to joint imTs, it is highly desirable that there be a uniform standard and selection process, to ensure that each 
incident Controller, regardless of agency, has similar experience and competence. The Commission considers that 
DSE’s accreditation process is rigorous and thorough and is suitable for use by both DSE and the CFa. The CFa’s 
process is more subjective and less transparent. The Commission proposes that a uniform, objective and transparent 
accreditation process for level 3 incident Controllers and a system of performance review be adopted and that  
a traineeship scheme be used to progress people from level 2 to level 3 positions.

Those imTs that were poorly prepared or did not have access to fully qualified staff also often had the greatest 
difficulty managing information flows, which are crucial to the issuing of public warnings and informing firefighters 
of changing conditions and potential danger. in the light of the evidence, it is plain to the Commission that effective 
training is essential. The training needs to provide information on the services available at the State Control Centre—
such as specialists trained in weather forecasting, fire behaviour analysis and predictive mapping—and to stress  
the importance of preparing timely written incident action plans (based on a standard template) within four hours  
of reported ignition of a fire.

in addition, skilled officers need to be supported by robust, consistent and coordinated information and systems  
for tracking fire vehicles and mapping fires. When the State’s approach to fighting ferocious fires is so highly 
dependent on cross-agency coordination it is unacceptable that effective coordination of information systems  
has not been achieved.

Finally, roadblocks play an important part in maintaining public safety during a bushfire and after a bushfire can 
protect health and safety or facilitate fire investigations. On and after Black Saturday more than 4,500 roadblocks 
were established to regulate traffic on roads leading into and around fire-affected areas. The evidence revealed  
a number of systemic problems with the way the roadblocks operated, among them inflexibility, poor communication 
and denying access to firefighters. Since Black Saturday new guidelines have been released that improve the 
operation of full and partial roadblocks, allow an incident Controller to delegate responsibility for the establishment 
and operation of roadblocks with the support of Victoria Police, and formalise a system of wristbands to identify 
people who can pass through a roadblock. Guidance is also provided on how police should exercise discretion at  
a roadblock. The Commission welcomes the new emphasis Victoria Police gives to compassion and commonsense 
in the exercise of discretion. 

FIreground reSPonSe

Successful response to a fire relies on an effective blend of personnel, resources and processes. On 7 February  
many operational systems worked well, particularly considering the weather conditions. For example, the Commission 
heard few complaints about firefighting equipment, which has been a priority for CFa investment in recent years.  
many crews were on standby ready for initial attack, and some successfully controlled fires that were potentially  
very damaging. 

The best opportunity to bring a bushfire under control is at or near the point of ignition, when the fire is small. The 
role of first attack is to contain the fire swiftly and minimise the risk to life and property. This is particularly important 
on days of extreme fire danger, when initial attack might be the only opportunity for containing a fire. aircraft are an 
integral part of initial attack and, together with ground crews, provide continuing support during an extended fire. 
Depending on where they are stationed and their dispatch protocols, aircraft can often get to a fire and start the  
initial attack before ground crews arrive. 
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Image 3 Fires near Kinglake

Source: Courtesy of The Herald & Weekly Times.

During January–February 2009 aircraft played an important role in the responses to fires. On 7 February, however, 
their use and effectiveness were limited by the weather, which in many cases made flying unsafe. There were other 
impediments, too. For instance, the process for dispatching an aircraft requires a request for the aircraft to pass 
through three layers of authority before it is cleared by the State air Desk. The system is cumbersome and in some 
cases delayed the air response. alternative methods for rapid dispatch are used elsewhere in australia and overseas, 
but Victorian agencies appear reluctant to consider the option of a faster response system. The Commission 
proposes that state policy be changed so that all personnel required to fly aircraft and support air attack are on 
standby on code red days and that aircraft are automatically dispatched to high-risk fires in designated areas.

The Commonwealth owns and controls aircraft that could be used for firefighting. Before the 2009–10 fire season 
it held an operational briefing, outlining its resources and capabilities to the states and territories. The Commission 
considers, however, that cooperation between the State and the Commonwealth would be strengthened by an 
agreement that allows Commonwealth aerial resources to be automatically incorporated in the State’s preparedness 
planning and, where available, used on days of high fire risk.

more broadly, effective access to and use of technology is important to effective detection and management  
of fires and tracking of resources on the ground. as noted, various problems became evident with information 
technology at incident control centres, including because the CFa and DSE used different systems and incident 
management team staff sometimes had difficulty gaining access to both systems. This inhibited the use and transfer 
of information such as warnings, maps and situation reports. The Commission notes that the CFa and DSE are 
investing in systems aimed at rectifying many of these shortcomings, including through the extensive upgrade  
of level 3 incident control centres.
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resource tracking is often a manual and time-consuming process. it is essential incident Controllers know the 
location of vehicles, personnel, equipment and aircraft so that fire management can be planned and directed and 
critical information, such as red flag warnings, can reach those on the fireground when they need it. The Commission 
identified two areas of concern. First, the CFa and DSE use different systems and the CFa system, by the CFa’s  
own admission, has not kept up with emerging technology. Second, on 7 February there were widespread problems 
with radios and phones and crews not filling in the required paperwork, which made it difficult to track firefighters  
and vehicles. The Commission makes specific suggestions for improving information and tracking systems and 
proposes that standardising these systems be a priority.

Communications systems on 7 February were also hindered by poor coverage, lack of interoperability between 
emergency services agencies, and insufficient investment in new technologies. For example, the transmission speed 
of the paging system had been reduced in order to expand reception coverage, and this caused serious delays in 
other than the most urgent messaging. There were also communication difficulties between metropolitan and regional 
police because of incompatible radio systems. Further, radio ‘black spots’ meant that reception was poor or non-
existent in some areas, and there was channel congestion and insufficient channel availability. These problems were 
exacerbated when fire damaged or destroyed radio and telecommunications infrastructure.

The State has begun work to resolve these problems, notably through the new Emergency Services Communications 
Strategic Framework, which has six priorities: seamless statewide communication, call taking and dispatch, 
consistent statewide quality of service, improved data services, location-based services, and community 
communication. Until the statewide communications system envisaged by the new framework becomes a reality,  
the CFa should continue to improve its existing communications system, including by resolving coverage deficiencies. 
There should also be further research into smoke interference with communications systems and equipment, and  
this problem should be recognised in CFa and DSE training for communications planners.

Firefighter safety

The CFa’s and DSE’s management of firefighter safety deserves commendation. The number of fires that needed 
to be tackled simultaneously, and their intensity, created enormous challenges and risks for firefighters on Black 
Saturday. at times conditions were chaotic on the fireground, communications were difficult, and supervisors and 
crew leaders were required to manage in extreme conditions. The fact that there were no firefighter deaths during 
firefighting activities on 7 February speaks volumes for the emphasis the CFa and DSE had given to training and 
safety awareness.

improving firefighter safety is a focus for the CFa and DSE, especially since the Linton inquiry into the death of  
five firefighters in 1998. in the days before 7 February there was a strong emphasis on firefighter safety, including 
giving crews safety briefings. a number of crews praised the equipment and safety measures available to them during  
the burnovers on Black Saturday. 

Despite this, the Commission heard that there is further scope to improve firefighter safety. although no-one died 
during firefighting activities, regrettably two firefighters did die in February 2009. One firefighter died on 7 February 
when he left his crew to help a relative, and an interstate firefighter died on 17 February after being struck by a falling 
tree. There were also numerous occasions on which firefighters were in extreme danger and some were injured.

Firefighters caught in burnovers often lacked the accurate and timely information they needed to avoid risk. 
inadequate briefings, communication and communication equipment, maps and weather information were common 
concerns. The Commission also identified several deficiencies in safety investigations and proposes that the CFa  
and DSE amend their procedures for investigating safety incidents and ‘near misses’. Fire agencies should also focus 
on ensuring that they have thorough processes for identifying and approving particularly dangerous activities such  
as back-burns. The Commission recommends that this be supported by training for all personnel, to ensure there  
is a clear understanding of the responsibility of the incident Controller in approving such activities.
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The Commission is also disappointed at the low priority given to the appointment of safety advisers, despite such 
advisers being mandatory for level 3 incidents under the CFa and DSE joint standard operating procedures. These 
personnel ensure that safety is a priority and advise, guide and support the incident management team in identifying 
and dealing with safety concerns. On 7 February there were about 200 trained DSE and CFa safety advisers but  
only two were appointed to incident management teams. 

Given the failure to appoint safety advisers and the dangerous situations that caught a number of firefighters  
unaware on 7 February, the Commission reaffirms that an officer responsible for safety must be appointed to all level 
3 incidents. in addition, safety advisers should be renamed safety officers—consistent with recommendations from  
the Linton inquiry and consistent with the title given to other key personnel in an incident management team. 

REduCiNg ThE NumbER OF FiRES

it is axiomatic that the most effective way of reducing bushfire damage and protecting human life is to prevent fires 
from starting. it is obviously impossible to eliminate bushfires, but it is possible to reduce the risk and incidence  
of fires started as a result of human activity. Nine of the 15 fires the Commission examined were started as a direct  
or indirect result of human activity; five were associated with the failure of electricity assets, and the causes of four 
were thought to be suspicious. 

Broader data suggest that about one-third of bushfires in Victoria might be lit by people acting with mischievous  
or criminal intent. although the proportion of fires that are caused by electricity infrastructure is low—possibly about 
1.5 per cent of all ignitions in normal circumstances—on days of extreme fire danger the percentage of fires linked  
to electrical assets rises dramatically. Thus, electricity-caused fires are most likely to occur when the risk of a fire 
getting out of control and having deadly consequences is greatest. 

Victoria’s electricity assets are ageing, and the age of the assets contributed to three of the electricity-caused fires  
on 7 February 2009—the Kilmore East, Coleraine and horsham fires. Distribution businesses’ capacity to respond 
to an ageing network is, however, constrained by the electricity industry’s economic regulatory regime. The regime 
favours the status quo and makes it difficult to bring about substantial reform. as components of the distribution 
network age and approach the end of their engineering life, there will probably be an increase in the number of fires 
resulting from asset failures unless urgent preventive steps are taken. 

The Commission considers that now is the time to start replacing the ageing electricity infrastructure and to make 
major changes to its operation and management. The seriousness of the risk and the need to protect human life 
are imperatives Victorians cannot ignore. The number of fire starts involving electricity assets remains unacceptably 
high—at more than 200 a year. although it is not possible to eliminate the risk posed by electricity assets, the State 
and the distribution businesses should take the opportunity to invest in improved infrastructure and substantially 
remove one of the primary causes of catastrophic fires in Victoria during the past 40 years.

in view of the size of Victoria’s electricity distribution network, any replacement program will take years to complete 
even if it begins immediately. it is therefore necessary to consider interim measures for reducing the bushfire risk 
associated with the current network and the Commission suggests ways by which this could be done.

The Commission considers that Energy Safe Victoria needs to take a more proactive role as the electricity industry 
safety regulator. in the past it has taken a largely passive role, focusing on confirming distribution businesses’ 
bushfire mitigation plans and line clearance plans. it has not assessed in detail whether safety objectives contained 
in the Electricity Safety Act 1998 are actually being achieved. The Electricity Safety management Scheme regime 
has undergone important changes recently. it is now compulsory for the distribution businesses to participate in the 
regime and specify how they will meet their obligations under the Electricity Safety act. Energy Safe Victoria should 
now also have access to more of the data needed to assess the circumstances of fires caused by failed distribution 
infrastructure and ‘near misses’, so that it can identify trends and take these into account in the development of 
bushfire prevention strategies. 
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Overall, the Commission is strongly of the view that Energy Safe Victoria’s regulatory powers and resources need  
to be strengthened, including the organisation’s ability to apply sanctions for non-performance. it proposes that  
Energy Safe Victoria have a clear mandate to prevent and mitigate electricity-caused bushfires and powers to fulfil  
that mandate.

The other major bushfire cause linked to human activity relates to fires that people deliberately or accidently light. 
Deliberate fire-setters constitute only a small proportion of the population, yet their actions can cause enormous 
damage to individuals, communities and the environment. The evidence before the Commission suggests that 
there is a good deal of preventive activity under way at the local, state and national levels. There remains, however, 
considerable scope to improve the evidence base on deliberate fire-setting and so improve policy and program 
development; the extent and causes of this behaviour are not well understood. 

The Commission notes that traditionally Victoria Police’s approach to arson has focused on criminal investigation 
and emergency management, rather than crime prevention. This appears to be changing. Victoria Police has 
acknowledged that it is necessary to better understand arsonists and their behaviour and motivations in order  
to improve prevention and control. it advised the Commission that since 7 February 2009 it has greatly increased  
the attention it pays to arson prevention. Specifically, it has introduced a statewide arson prevention and detection 
strategy and a statewide Operations response Unit, which will, among other things, increase visible police patrols  
in high-risk locations during periods of extreme bushfire risk.

The Commission welcomes the focus on research and evaluation of current and proposed strategies. it urges  
Victoria Police to continue to pursue a coordinated statewide approach to arson prevention and to evaluate this 
approach after the first fire season in which it operates, to determine whether sufficient support is being given  
to local initiatives. 

The Commission also welcomes the national focus on arson prevention by the ministerial Council for Police  
and Emergency management. it encourages the Commonwealth, state and territory governments to ensure  
that the National Work Plan to reduce Bushfire arson has a suitable focus on evaluating current and proposed 
programs to encourage the development and sharing of best-practice approaches and gives priority to producing  
a nationally agreed framework for data collection. 

REduCiNg ThE dAmAgE CAuSEd by FiRE
Fire is an integral part of the australian environment, and the states in the south-east are most prone to bushfires. 
The risks associated with bushfires are also potentially increasing as a result of population growth in the rural–urban 
interface and the probable effects of climate change. The result is that, although it might be possible to reduce 
the number of severe fires and to be better prepared for fire, bushfire will never be eliminated from the australian 
landscape. 

recognising that it is not possible to stop all fires, the Commission considered ways of reducing the loss of life 
and damage caused when fire does occur by reducing exposure to fire, helping to make homes more defendable, 
reducing the intensity and spread of fire, and helping people recover from the impact of fire.

PlannIng and BuIldIng

in all, 2,133 houses were destroyed as a result of the January–February 2009 bushfires in Victoria. The Commission 
heard many accounts of people who tried to defend a well-prepared house and failed. many of the  
173 people who died as a result of the fires had been trying to defend their home, a number of which had been 
prepared in accordance with CFa advice. These results demonstrate that where people live, the standard of the 
buildings in which they live, how those standards are maintained and, therefore, planning and building controls  
are crucial factors affecting safety in a bushfire. 

The protection of human life should always be the overriding objective. although it is not possible to guarantee  
that any building will survive a bushfire, particularly a ferocious one, the Commission considers that there are some 
areas where the bushfire risk is so high that development should be restricted.
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Image 4 looking to Melbourne from the Kinglake ranges

Source: David Geraghty, courtesy of The Herald & Weekly Times.

The approach the Commission proposes acknowledges the complexity of the planning system and seeks to 
strengthen consideration of bushfire throughout the planning process by giving greater recognition to bushfire risk 
without imposing unacceptable biodiversity costs. This is the most effective way of maintaining the capacity to assess 
each development on its merits, while ensuring that such assessment attaches sufficient weight to the risk and 
impacts of bushfire. The Commission therefore proposes that the Victoria Planning Provisions relating to bushfire and 
the CFa guidelines for assessing permit applications in areas of high bushfire risk be amended in order to give priority 
to protecting human life and to ensure that development does not occur in areas in which either the bushfire risk or 
the environmental cost of making people safe is too high. The effectiveness of these controls should be reviewed at 
a later stage to determine whether the objective of substantially limiting the construction of homes in areas of high 
bushfire risk has been achieved. if not, more prescriptive controls should be introduced.

in addition, the Commission makes detailed proposals about the planning regime in order to improve information 
and understanding of bushfire through better mapping of both bushfire risk and Victoria’s biodiversity. it also 
recommends that bushfire risk be accounted for in the application of controls on clearing native vegetation and that 
the construction of houses be restricted on high-risk blocks that are too small to enable a defendable space to be 
created and maintained. 



15

Summary

in relation to building standards, the Commission concludes that construction standards for bushfire-prone areas  
do not adequately cover all the important components of bushfire risk. it recommends improving standards and 
clarifying objectives to redress these deficiencies. The high risk to any home that is built in the Flame Zone and is 
therefore likely to be subject to direct contact with flames must also be recognised. Deemed-to-satisfy construction 
standards are not appropriate for such dwellings. Because of the risk, each building must be designed specifically  
to respond to the conditions on the site.

Further, building regulations do not adequately cover the construction of non-residential buildings used by vulnerable 
groups—for example, schools, hospitals, child care centres and aged care facilities—in bushfire-prone areas. The 
building regulations need to contain specific standards for the construction of such buildings. 

applying land-use planning and building controls to minimise or reduce bushfire risk presents challenges. in particular, 
the planning and building systems operate prospectively and have little capacity to deal with past decisions and 
existing settlements or buildings in bushfire-prone areas, so they cannot account for people who are already living 
in areas of extremely high risk. The Commission therefore proposes that action be taken to help people move away 
from those areas where other bushfire risk-mitigation measures are not viable. in particular, the State should  
develop and implement a voluntary retreat and resettlement strategy—including non-compulsory land acquisition— 
for existing developments in areas at unacceptably high bushfire risk.

Even when bushfire safety is embedded in planning and building decisions it can be difficult to ensure that the 
standards that applied at the time of subdivision or construction are maintained. There is a need for mechanisms 
designed to ensure that bushfire safety continues to be a priority for building owners. The Commission puts forward  
a range of proposals aimed at facilitating continued maintenance of standards—including amending the Sale of  
Land Act 1962 to require that vendor statements include information that will help potential buyers understand  
the bushfire risk of a property before they finalise the purchase.

land and Fuel ManageMenT 

Prescribed burning is one of the main tools for fire management on public land. it cannot prevent bushfire, but it 
decreases fuel loads and so reduces the spread and intensity of bushfires. By reducing the spread and intensity  
of bushfires, it also helps protect flora and fauna. ironically, maintaining pristine forests untouched by fuel reduction 
can predispose those forests to greater destruction in the event of a bushfire.

about 7.7 million hectares of public land in Victoria is managed by DSE. This area includes national parks, state 
forests and reserves, of which a large portion is forested and prone to bushfire. DSE burns only 1.7 per cent  
(or 130,000 hectares) of this public land each year. This is well below the amount experts and previous inquiries  
have suggested is needed to reduce bushfire and environmental risks in the long term.

The Commission recognises that prescribed burning is risky, resource intensive, available only in limited time frames, 
and can temporarily have adverse effects on local communities (for example, reduced air quality). Nonetheless, it 
considers that the amount of prescribed burning occurring in Victoria is inadequate. it is concerned that the State has 
maintained a minimalist approach to prescribed burning despite recent official or independent reports and inquiries, 
all of which have recommended increasing the prescribed-burning program. The State has allowed the forests to 
continue accumulating excessive fuel loads, adding to the likelihood of more intense bushfires and thereby placing 
firefighters and communities at greater risk.

The Commission proposes that the State make a commitment to fund a long-term program of prescribed  
burning, with an annual rolling target of a minimum of 5 per cent of public land each year, and that the State be  
held accountable for meeting this target. DSE should modify its Code of Practice for Fire management on  
Public Land so that it is clear that protecting human life is given highest priority, and should report annually on  
prescribed-burning outcomes.

To ensure continuing environmental protection, the State needs to improve its understanding of the effects of  
different fire regimes on flora and fauna. The Commission proposes that DSE expand its data collection on the effects 
of prescribed burning and bushfire on biodiversity. maintenance and extension of data collection on Victoria’s flora 
and fauna assets has not been a high priority. it needs to be improved so that more informed and scientifically-based 
decision making can accompany the development of prescribed-burning regimes that meet conservation objectives 
as well as accommodating bushfire safety considerations.
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managing clearing along roadsides is a particular challenge for municipal councils. The councils are responsible for 
bushfire prevention and mitigation and biodiversity management along local and some arterial roads; Vicroads has 
similar responsibilities for rural freeways and arterial roads. in some cases these roadsides contain the only remnant 
native vegetation in an area and offer important wildlife corridors and shelter. Consequently, differing objectives for 
road safety, biodiversity protection and bushfire prevention can be difficult to reconcile. 

in the case of bushfires, roads and roadsides can be important fuel breaks, so road managers need to reduce 
the fuel levels in preparation for the fire season. roads are also essential for people seeking to escape fires and 
for emergency services seeking access to fires. Since the 2009 fires land and road managers and the CFa have 
identified high-risk roads and are carrying out fuel-reduction work to reduce the future risks of bushfire.

The Commission is aware of the unresolved tensions between mitigation of bushfire risk and environmental 
conservation in the approach to roadside clearing and the legislative complexities to do with road safety, biodiversity 
and bushfire risk mitigation that affect roadside management. These concerns would be reduced if the State’s 
planning provisions were amended to facilitate a broad range of roadside works to reduce bushfire risk, if municipal 
councils received better guidance to help them resolve competing environmental and bushfire management 
objectives, and if Vicroads implemented a systematic statewide assessment of bushfire risk for all roads.

relIeF and recoVery

The destruction wrought by the bushfires of January–February 2009 resulted in one of the largest recovery efforts 
seen in australia. The Commission’s observations on the early relief and recovery efforts are based on accounts  
of people’s individual experiences and information it examined. recovery for people, communities, local economies 
and the environment is difficult and requires a long-term approach. This process is being facilitated by the Victorian 
Bushfire reconstruction and recovery authority, established on 10 February 2009. 

in view of the scale of the disaster, the Commission considers that overall the initial relief and recovery efforts were 
well managed. municipal council relief centres were generally activated quickly. They provided assembly points and 
places of refuge for people displaced by the fires and helped to lay a foundation for the progressive build-up of relief 
and recovery services. The Commission heard many expressions of gratitude from people affected by the bushfires 
for the care and attention they received at relief centres. The State and Commonwealth Governments’ relief initiatives 
were generally prompt and well coordinated. The minister for Police and Emergency Services coordinated recovery 
efforts at the State Cabinet level, as would be expected.

People from local communities, and then the wider community, responded generously to the obvious need for 
support to be provided to people rendered homeless and dislocated by the fires. Food, clothing and bedding flooded 
in to relief centres, and a great debt of gratitude is owed for this generosity. 

But the chaos caused by a disaster of this scale inevitably meant that unanticipated situations arose and some plans 
failed. The Commission recognises that relief and recovery processes are complex and are made more so when the 
emergency is rapidly escalating and occurring at multiple locations. Continuing fires, inaccessible roads and loss  
of power and telecommunications hindered relief efforts and interfered with communication and mobility. This stress 
on the system brought into focus some community concerns about initial relief and recovery processes:

The registration process in relief centres was frustrating to many as recovery agencies separately collected ■■

personal information from bushfire-affected people, adding to their trauma and slowing the agencies’ ability  
to respond. it took some time for coordinated collection of information to become effective.

medical services were not always available locally, and initially there appeared to be poor coordination of some  ■■

first aid services. 

Post-fire welfare checks were not well coordinated, especially for small, isolated communities and individuals  ■■

who remained on their properties.

roadblocks were a source of frustration and difficulty for local residents, Victoria Police, the Department  ■■

of Primary industries, CFa volunteers and others coordinating relief efforts. 
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Image 5 Marysville gathers to remember Black Saturday

Source: Courtesy of The Age.

Non-insurance and under-insurance have impeded the rebuilding process. ■■

Fencing bordering public land remains a problem because of the requirement that private landowners bear  ■■

the full cost of restoring damaged fencing between their property and public land.

The coordination of animal relief after the fires was fragmented. ■■

The State has since initiated changes to improve many of these processes. 

The Commission considers it too early to comment in detail on the medium- to long-term recovery and reconstruction 
effort, but it encourages the review and evaluation of initiatives to support learning from experience.
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buildiNg ON CuRRENT kNOwlEdgE

although there is much to learn from the experiences of Black Saturday, the Commission urges all involved in 
developing and implementing bushfire policy to look to the long term. Governments need to create an environment 
in which individuals, communities and fire agencies build on current knowledge in the light of future information and 
experience. To make people living in bushfire-prone areas safer, Victoria needs flexible policy that takes advantage  
of new technology and changes management practices to capitalise on potential improvements. adaptive thinking 
and processes are best supported by good organisational structures, rigorous research, and continuous policy 
evaluation and improvement.

organISaTIonal STrucTure

in the Commission’s view, a disaster of the scale of 7 February will always put pressure on organisational 
processes and structures. in this case it highlighted serious deficiencies in top-level leadership as a result of divided 
responsibilities, and the operational response was hindered by differences between agencies’ systems, processes 
and procedures. individually, the problems identified might be resolved by changing working arrangements between 
the CFa and DSE, and work is already under way towards this. But, when considered collectively, the problems 
illustrate systemic failings that led the Commission to contemplate organisational change. The Commission does not 
consider that the shortcomings identified in connection with Black Saturday can be overcome simply by doing more 
of the same, even if it is done better. 

many of the concerns identified related to operational matters such as control, interoperability and interagency 
standards, leading the Commission to conclude that a focus on improving operational capability is required. in 
considering the role of organisational change in responding to these concerns the Commission sought a wide 
range of views from within Victoria, from interstate and overseas, and from the policy, operational and academic 
perspectives. a diversity of views was presented. There was no consensus about the best approach to organisational 
arrangements for Victoria’s fire services agencies. Nor was a compelling model put forward.

in weighing the various opinions, the Commission was not convinced by the State’s view that structural change is not 
needed and that the focus should be on refinement of existing arrangements. For many of the operational problems 
the Commission identified, previous attempts to improve coordination have failed. Typically, progress has been slow 
or incomplete or has not achieved the level of interoperability required. Neither is the Commission persuaded that 
radical reform, such as moving to a single fire service, is necessary or desirable at this time. There might be an intuitive 
attraction to merging agencies, but there is a risk that the merger itself becomes the primary focus of effort, which could 
easily distract attention and focus from the operational improvements the Commission considers to be the priority. 

Further, if it were not done carefully, subsuming all elements into one agency could undermine the strengths of 
each agency. For instance, DSE’s specialist expertise in forest firefighting—which is crucial given the fire risk that 
characterises Victoria’s forests—must be maintained and strengthened. additionally, there were no compelling 
criticisms of the governance structures of the fire agencies, and the Commission therefore proposes that the existing 
governance arrangements remain unchanged.

The absolute priority is to improve operational performance. in support of this, the Commission recommends  
modest and targeted organisational reform as a catalyst for change. This would involve improvements to common 
operational policy and standards, stronger coordination and unambiguous command and control, greater 
interoperability, and a strengthened capacity to provide an integrated response. 

in keeping with these priorities, the Commission sees the immediate appointment of a full-time Fire Commissioner 
as a necessary first step. The Fire Commissioner would be an independent statutory appointment and the senior 
professional fire officer in Victoria. The position would not entail governance or management responsibility for the 
three fire agencies (the CFa, DSE and the metropolitan Fire and Emergency Services Board). The Chief Officers  
of the agencies would, however, be directed by the Fire Commissioner on operational matters in preparation for and 
on extreme and code red days and for level 3 fires. The Fire Commissioner would be responsible for the following:
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developing and building operational capacity to prepare for the highest risk days ■■

the control of level 3 fires—standing delegations for level 3 fires would rest with the Chief Officers of the CFa,  ■■

DSE and the mFB, who would also retain operational control over level 1 and 2 fires

leading a program of reform to expand operational capability, interoperability and the resilience of Victoria’s fire ■■

services. This would be set out in a three-year action plan endorsed by the minister and would involve working 
closely with the Chief Officers, who would lead operational change in their respective organisations

advising the Government on the metropolitan fire district boundary■■

representing Victoria on operational matters in national committees.■■

The Commission also looked at the funding of fire services. Fire services in Victoria are currently funded through  
a mix of contributions from insurance companies, the State and municipal councils. insurance companies recoup  
the cost of their statutory contribution to the CFa and the mFB by imposing a Fire Services Levy on insurance 
premiums for building and contents insurance. 

The current model’s claimed benefit is that the insurance premium is a good way of linking the charge for fire services 
to the fire risk of individual properties. Evidence suggests, however, that this link is at best tenuous. Fundamentally, 
the Commission considers that the current funding model lacks transparency and is inequitable since people who  
are not insured or are under-insured do not make a fair contribution to the funding of fire services. 

The Commission takes the view that the lack of equity and transparency in the current arrangements constitutes a 
good reason for moving to another system. Several other australian states and territories already require all property 
owners to contribute to fire services via a levy on property, as opposed to insurance, and the Commission proposes 
that Victoria also move to replace the Fire Services Levy with a property-based levy. 

reSearch and eValuaTIon

Governments need to invest more in bushfire research to enable australia to rebuild the capacity it once had  
as a leader in this field. The Bushfire Cooperative research Centre (initiated by australian and New Zealand fire  
and land management agencies, their research partners and the Commonwealth Government) contributes to this 
effort. Overall, the Bushfire CrC has made gains in re-establishing a community of researchers and has consolidated 
the research agenda, but it does not meet all research needs. To a large extent its research program is determined  
by its stakeholders (which has resulted in a focus on applied research) and its funding cycle and thus its research 
projects have been relatively short term. Commonwealth Government funding for the Bushfire CrC is due to expire  
in 2013.

a permanent national centre for bushfire research is needed with reasonable surety of long-term funding.  
in developing the model for such a body, governments should consider incorporating the following features:

pure and applied research as well as long-term research projects ■■

strong governance arrangements—including research independence ■■

the location of the research centre, preferably in Victoria■■

a balanced focus that includes physical, biological and social research■■

links with teaching and promotion of graduate scholarships■■

cross-institutional and jurisdictional collaboration■■

international collaboration and sharing of knowledge ■■

the research priorities highlighted in evidence before the Commission.■■
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The Commission’s work revealed a number of research gaps and priorities. Some were raised by expert witnesses; 
others became apparent when the Commission was conducting its analysis. These gaps are a good starting point  
for considering short- and long-term priorities for bushfire research in australia. They include the following areas:

the effects of prescribed burning and bushfire on biodiversity and on reducing bushfire risk■■

the establishment of databases to map Victoria’s flora and fauna, to register Victoria’s fire risk and to identify  ■■

its bushfire-prone areas

the extent of deliberately lit bushfires and the causes of fire-setting behaviour■■

the long-term effect of trauma resulting from the experience of bushfire■■

the effects of fire activity and smoke on radio communications■■

the extent of road deaths in bushfires, including use of cars as shelters in bushfires■■

house defendability in extreme conditions■■

the circumstances of the thousands who survived the Black Saturday bushfires by leaving early or late  ■■

or by defending their homes or sheltering

the shelter options—including factors affecting the safety of different places of shelter and particularly motor ■■

vehicles in the open, dams, pools, creeks and water tanks.

in addition to this, the Commission invites the Commonwealth to take the initiative on two matters outside the 
proposed research framework. The first is to consider the development of nationally acceptable bushfire terminology. 
it became apparent during the Commission’s hearings that a number of bushfire-related terms are cumbersome, 
have obscure meanings or are potentially confusing to the general public. The second matter arises from there being 
no agreed methodology for estimating the cost of bushfires. The Commission experienced difficulty performing  
its analysis because of the lack of data and the absence of an agreed methodology for estimating various costs.  
This is a deficiency in the nationally available bushfire information and an area in which further collaborative work  
is warranted. 

Finally, if fire agencies are to lift their capability and performance and improve the response capacity of individuals  
and communities, they need to become true evidence-based learning organisations. The Commission proposes  
that the fire agencies adopt and fund a culture of reflective practice that routinely pursues current research, searches 
for best practice, and habitually evaluates policies, programs and procedures with a view to improving internal 
practice and that of the communities they serve. Policy—especially in an area such as bushfire safety—needs to  
be reviewed and evaluated periodically, with the results of such review and evaluation being used in the development 
of policy and program improvements.

IMPleMenTaTIon

in response to the unprecedented events of Black Saturday, the State, the Commonwealth and local governments 
made changes to their policies and practices. The governments and agencies initiated some of these changes  
of their own volition; other changes were implemented in response to the recommendations in the Commission’s 
interim reports. 

Since the Commission’s interim reports were issued the State has invested a considerable amount in infrastructure, 
technological improvements and wide-ranging amendments to policies and procedures. For example, it endorsed  
a 10-year Emergency Services Communications Strategy Framework to improve emergency services 
communications and developed the One Source One message tool to enable all incident Controllers to send bushfire 
warnings simultaneously to a range of outlets, including the CFa and DSE websites, Victorian Bushfire information 
Line operators and media broadcasters. although the State has shown a strong commitment to implementing 
the Commission’s recommendations, the implementation monitor nevertheless noted some concern about the 
recommendations relating to the fire danger rating, ‘neighbourhood safer places’, and the preparedness of some 
incident control centres. The implementation monitor also noted slow progress in the local government sector.
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The Commonwealth has also made progress implementing initiatives and the Commission’s interim 
recommendations. among the important developments are provision of funding to the states and territories  
for the procurement of the national telephone-based warning system, incorporating fire danger indexes in district  
and township forecasts issued by the Bureau of meteorology, and moving speedily to initiate the development  
of standards for bunkers in bushfire-prone areas. 

as this final report makes further recommendations, the implementation effort will be ongoing. The Commission notes 
that the recommendations of previous inquiries have not always been implemented. For example, recommendations 
recognising the importance of prescribed burning in managing bushfire risk have not led to suitable prescribed-
burning targets for Victoria. The Commission therefore considers that there is a need for a process whereby 
governments and the community have access to transparent, independently verified information on the response  
to the Commission’s recommendations. 

The State should nominate an independent implementation monitor or the Victorian auditor-General to provide to  
the people of Victoria a report within two years on implementation of the Commission’s recommendations. The report 
should detail the progress made towards implementing each recommendation in the final report and the interim 
reports. recommendations from the interim reports that have not been fully implemented (such as those concerning 
refuges) should be given specific focus. Other recommendations that should receive particular attention are those 
that governments have previously shown reluctance to implement (such as increased fuel-reduction targets) and 
major recommendations that will require substantial implementation effort (such as replacing ageing electricity 
distribution infrastructure).

Where appropriate, the annual reports of government and fire agencies should detail the outcomes and effectiveness 
of the response to the recommendations. if there is no discernible change, more extensive reform might be needed. 

implementation of the Commission’s recommendations calls for effort on the part of all levels of government. This 
might prove particularly challenging for municipal councils. The Commission envisages that councils would take  
a much greater role in local planning and preparation for bushfire and in implementing existing planning and building 
laws within a framework that takes better account of bushfire risk, while continuing with their existing role in bushfire 
relief and recovery. 

The Commission makes some suggestions that would also help to clarify processes for municipal councils in areas 
such as clearing roadside vegetation, but it is also sensitive to the imbalance in the financial capacity of various 
municipal councils and the difficulty they have obtaining technical expertise in relation to bushfire. in a perverse way, 
those councils that have the most pressing need to apply substantial resources and effort to make their communities 
more bushfire safe are in many cases those that are the least well resourced. The State should examine whether  
local government requires greater support, including funding, to ensure that individual councils have the capacity  
to implement the agreed changes.
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ThE COmmiSSiON’S REPORTS

The Commission produced two interim reports and a final report. The interim reports form part of the work and 
deliberations of the Commission and, along with the final report, should be regarded as one body of work.

This final report is the culmination of the Commission’s work. it describes and analyses the bushfires of January–
February 2009 and makes recommendations about changes needed to reduce the risk, and the consequences,  
of similar disasters in the future. it also describes how the Commission went about its task. The final report consists 
of four volumes:

Volume i—The Fires and the Fire-related Deaths■■

Volume ii—Fire Preparation, response and recovery (Parts One and Two)■■

Volume iii—Establishment and Operation of the Commission■■

Volume iV—The Statements of Lay Witnesses.■■

The conclusions from Volumes i and ii are outlined in this summary. 

Volume iii describes the work of the Commission, the conduct of its inquiry, and its administration for the Victorian 
historical and public record. it will be useful for others who in future are faced with the task of establishing and 
running a royal commission.

in reflecting on lessons learnt from this royal Commission, the Commission notes that, unlike other state jurisdictions 
or the Commonwealth, Victoria does not have specific legislation that deals with the role, conduct and powers 
of a commission of inquiry. This lack of a legislative basis caused uncertainty, which the Commission considers 
undesirable. arising from this, the Commission proposes that the State consider legislation for the conduct of 
inquiries—in particular, the conduct of royal commissions.

Volume iV is an electronic volume that collates the statements of the 100 lay witnesses who shared their experience 
of the fires during the Commission’s hearings. The lay witnesses were an important part of the Commission’s work, 
giving an ‘on the ground’ perspective to the experiences and real-life examples of how fire policies and emergency 
procedures affect individuals and communities. This offers an important way of preserving personal memories of 
the fires. it provides insights into people’s preparation for bushfire and how they reacted to the conditions of Black 
Saturday and serves as a powerful reminder of the impacts of the fires on individuals, families and communities.

Volume iV appears in electronic form only because, as well as containing written statements, it contains photographs, 
video footage, other documentary material provided as part of the evidence, maps, and satellite photographs taken 
before and after the fires to help illustrate the impact the fires had on different parts of the state. The quantity and 
nature of the material mean a printed version is impractical.

The State is responsible for making copies of the Commission’s report available to the public and will be doing so 
through information Victoria. The report is available in hard copy and electronically. The electronic version is available 
on DVD and via the internet; it contains hyperlinks that enable the reader to also read the evidence referred to in the 
report. For the next 12 months the electronic version of the report and other information about the Commission will 
be retained on the Commission’s website, www.royalcommission.vic.gov.au. after that it will be available through  
the website of the Victorian Department of Premier and Cabinet. 
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in preparing its recommendations the Commission chose not to constrain the State with undue prescription: it 
wanted to obviate the risk of narrowing policy makers’ vision. To complement the recommendations, the Commission 
expresses views and draws conclusions in the text of the report, proposing the type of action the State (and others) 
should take to deal with matters that warrant further attention. The Commission trusts that those responding to the 
report will attach substantially the same weight to these proposals as they accord the primary recommendations.

When the term ‘State’ is used in the recommendations it is not intended to be read narrowly. it applies not just 
to the elected government and the organisations that form part of the Victorian public service. Depending on the 
circumstances, it can also encompass public entities that make up the broader public sector, such as the Country 
Fire authority, and the ‘special bodies’ defined in the Public Administration Act 2004, such as Victoria Police.

ViCTORiA’S buShFiRE SAFETy POliCy

RECOmmENdATiON 1

The State revise its bushfire safety policy. While adopting the national Prepare. Act. Survive. framework  
in Victoria, the policy should do the following:

enhance the role of warnings—including providing for timely and informative advice about the predicted ■■

passage of a fire and the actions to be taken by people in areas potentially in its path

emphasise that all fires are different in ways that require an awareness of fire conditions, local ■■

circumstances and personal capacity

recognise that the heightened risk on the worst days demands a different response■■

retain those elements of the existing bushfire policy that have proved effective■■

strengthen the range of options available in the face of fire, including community refuges, bushfire  ■■

shelters and evacuation

ensure that local solutions are tailored and known to communities through local bushfire planning ■■

improve advice on the nature of fire and house defendability, taking account of broader landscape risks.■■

RECOmmENdATiON 2

The State revise the approach to community bushfire safety education in order to:

ensure that its publications and educational materials reflect the revised bushfire safety policy ■■

equip all fire agency personnel with the information needed to effectively communicate the policy  ■■

to the public as required

ensure that in content and delivery the program is flexible enough to engage individuals, households  ■■

and communities and to accommodate their needs and circumstances

regularly evaluate the effectiveness of community education programs and amend them as necessary.■■

RECOmmENdATiONS
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RECOmmENdATiON 3

The State establish mechanisms for helping municipal councils to undertake local planning that tailors 
bushfire safety options to the needs of individual communities. In doing this planning, councils should: 

urgently develop for communities at risk of bushfire local plans that contain contingency options such  ■■

as evacuation and shelter 

document in municipal emergency management plans and other relevant plans facilities where vulnerable ■■

people are likely to be situated—for example, aged care facilities, hospitals, schools and child care centres 

compile and maintain a list of vulnerable residents who need tailored advice of a recommendation to ■■

evacuate and provide this list to local police and anyone else with pre-arranged responsibility for helping 
vulnerable residents evacuate.

RECOmmENdATiON 4

The State introduce a comprehensive approach to shelter options that includes the following: 

developing standards for community refuges as a matter of priority and replacing the 2005 Fire Refuges  ■■

in Victoria: Policy and Practice

designating community refuges—particularly in areas of very high risk—where other bushfire safety  ■■

options are limited 

working with municipal councils to ensure that appropriate criteria are used for bushfire shelters, so that ■■

people are not discouraged from using a bushfire shelter if there is no better option available 

acknowledging personal shelters around their homes as a fallback option for individuals. ■■

RECOmmENdATiON 5

The State introduce a comprehensive approach to evacuation, so that this option is planned, considered  
and implemented when it is likely to offer a higher level of protection than other contingency options. The 
approach should:

encourage individuals—especially vulnerable people—to relocate early ■■

include consideration of plans for assisted evacuation of vulnerable people■■

recommend ‘emergency evacuation’.■■

RECOmmENdATiON 6

Victoria lead an initiative of the Ministerial Council for Education, Early Childhood Development and  
Youth Affairs to ensure that the national curriculum incorporates the history of bushfire in Australia and that  
existing curriculum areas such as geography, science and environmental studies include elements of  
bushfire education. 
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RECOmmENdATiON 7

The Commonwealth lead an initiative through the Ministerial Council for Police and Emergency Management, 
facilitated by Emergency Management Australia, to develop a national bushfire awareness campaign. 

EmERgENCy ANd iNCidENT mANAgEmENT

RECOmmENdATiON 8

The Country Fire Authority and the Department of Sustainability and Environment amend their procedures  
to require the following:

that at locations that attract preparedness levels A or B there be a full incident management team under  ■■

the leadership of an accredited level 3 Incident Controller in position by 10.00 am on days of code red  
fire danger and a core incident management team (eight personnel) under the leadership of an accredited 
level 3 Incident Controller in position by 10.00 am on days of extreme fire danger

that a full level 3 IMT be led by a level 3 Incident Controller unless the State Controller determines ■■

otherwise.

RECOmmENdATiON 9

The Country Fire Authority and the Department of Sustainability and Environment prescribe and audit  
the minimum number and nature of level 3 joint training exercises in which incident management team  
staff (including volunteers) are required to participate.

RECOmmENdATiON 10

The State clarify whether, during major fires, Victoria Police should discharge its coordination functions  
from the State Emergency Response Coordination Centre or from the State Control Centre. 

RECOmmENdATiON 11

The State consider amending the Emergency Management Act 1986 and the Emergency Management 
Manual Victoria in order to achieve the following:

remove the title of Coordinator in Chief of Emergency Management from the Minister for Police  ■■

and Emergency Services

clarify the function and powers of the Minister■■

designate the Chief Commissioner of Police as Coordinator in Chief of Emergency Management,  ■■

who would have primary responsibility for keeping the Minister informed during an emergency.
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RECOmmENdATiON 12

The State consider either amending the Emergency Management Act 1986 or adopting a standing practice  
to require the Minister for Police and Emergency Services or the Chief Commissioner of Police to consult  
the Premier about the possibility of declaring a state of disaster for all of or any part of Victoria whenever  
the Minister or the Chief Commissioner of Police becomes aware of circumstances that make it a reasonable 
possibility that the criteria for making such a declaration will be satisfied.

RECOmmENdATiON 13

The State consider amending the Emergency Management Act 1986 to introduce a graded scale  
of emergency declarations short of a state of disaster.

RECOmmENdATiON 14

The Victorian fire agencies amend the AIIMS framework before the 2010–11 fire season in order to do  
the following:

designate the Information Unit as a separate section reporting directly to the Incident Controller and ■■

require that the Information Unit contain a dedicated Public Information Officer whenever a full incident 
management team is required

specify a set of functions in relation to which the Deputy Incident Controller for a level 3 incident will have ■■

oversight, which may be adjustable for a particular incident by agreement between the Incident Controller 
and the Deputy Incident Controller

ensure that an individual with local knowledge is incorporated in an incident management team. ■■

RECOmmENdATiON 15

The Country Fire Authority and the Department of Sustainability and Environment:

amend their procedures to require that an incident action plan summary be completed within the first  ■■

four hours of an incident being reported and be provided to the State Control Centre and, where 
established, to the relevant Area of Operations Control Centre 

adopt DSE’s incident action plan summary as the template to be used by all incident management teams ■■

and ensure that the template is included in the online IMT Tool Box

provide regular training to IMT staff, highlighting the importance of information and reinforcing the support ■■

available from specialists within the State Control Centre.
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RECOmmENdATiON 16

The Country Fire Authority and the Department of Sustainability and Environment improve mapping support 
in the following ways:

DSE providing mapping data free of charge to emergency response agencies■■

greatly increasing the CFA’s ‘write’ access to FireMap for incident management team staff ■■

establishing a joint DSE–CFA training program to ensure that mapping officers in level 2 and 3 incident ■■

management teams are fully trained in using FireMap, including in producing fire prediction maps 

requiring before the 2010–11 fire season that FireMap be used for joint incidents.■■

RECOmmENdATiON 17

The Country Fire Authority and the Department of Sustainability and Environment establish before the 
2010–11 fire season:

a uniform, objective and transparent process based on the current DSE approach for the accreditation  ■■

of level 3 Incident Controllers

a performance review system for level 3 Incident Controllers■■

a traineeship program for progression from level 2 to level 3 incident management team positions.■■

RECOmmENdATiON 18

The Country Fire Authority and the Department of Sustainability and Environment amend their procedures 
to require that a suitably experienced, qualified and competent person be appointed as Incident Controller, 
regardless of the control agency for the fire.

RECOmmENdATiON 19

The Country Fire Authority provide to all CFA volunteers an identification card or similar to facilitate their 
passage through roadblocks established in accordance with the 2009 Guidelines for the Operation of  
Traffic Management Points during Wildfires.
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FiREgROuNd RESPONSE

RECOmmENdATiON 20

The Country Fire Authority and the Department of Sustainability and Environment amend their policies  
on aerial preparedness and standby arrangements, their dispatch protocols and the management of aircraft 
in order to do the following:

require that at locations that attract the risk assessment or preparedness level A on code red days all ■■

personnel needed for air operations must be on standby by 10.00 am

establish a system that enables the dispatch of aircraft to fires in high-risk areas without requiring  ■■

a request from an Incident Controller or the State Duty Officer.

RECOmmENdATiON 21

The State, in conjunction with Emergency Management Australia and the Department of Defence, develop  
an agreement that allows Commonwealth aerial resources that are suitable for firefighting and support 
activities to be incorporated in preparedness plans and used on days of high fire risk.

RECOmmENdATiON 22

The Country Fire Authority and the Department of Sustainability and Environment standardise their operating 
systems and information and communications technologies with the aim of achieving greater efficiency and 
interoperability between agencies. 

RECOmmENdATiON 23

The Country Fire Authority review and improve its communications strategy as a matter of priority and 
develop a program for identifying and responding to black spots in radio coverage.

RECOmmENdATiON 24

The Country Fire Authority and the Department of Sustainability and Environment amend their procedures for 
investigating safety incidents and ‘near-misses’ to ensure that all dangerous incidents, including back-burns, 
are fully investigated and that all relevant people are consulted and informed of the results.

RECOmmENdATiON 25

The Country Fire Authority and the Department of Sustainability and Environment require without  
exception that all relevant staff be trained in the need for Incident Controller approval to be obtained before  
a back-burn is lit. 
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RECOmmENdATiON 26

The Country Fire Authority and the Department of Sustainability and Environment adopt the title ‘safety 
officer’ (as opposed to ‘safety adviser’) and require without exception that a safety officer be appointed  
to every level 3 incident management team.

ElECTRiCiTy-CAuSEd FiRE

RECOmmENdATiON 27

The State amend the Regulations under Victoria’s Electricity Safety Act 1998 and otherwise take such steps 
as may be required to give effect to the following:

the progressive replacement of all SWER (single-wire earth return) power lines in Victoria with aerial  ■■

bundled cable, underground cabling or other technology that delivers greatly reduced bushfire risk.  
The replacement program should be completed in the areas of highest bushfire risk within 10 years and 
should continue in areas of lower bushfire risk as the lines reach the end of their engineering lives

the progressive replacement of all 22-kilovolt distribution feeders with aerial bundled cable, underground ■■

cabling or other technology that delivers greatly reduced bushfire risk as the feeders reach the end of their 
engineering lives. Priority should be given to distribution feeders in the areas of highest bushfire risk.

RECOmmENdATiON 28

The State (through Energy Safe Victoria) require distribution businesses to change their asset inspection 
standards and procedures to require that all SWER lines and all 22-kilovolt feeders in areas of high bushfire 
risk are inspected at least every three years.

RECOmmENdATiON 29

The State (through Energy Safe Victoria) require distribution businesses to review and modify their current 
practices, standards and procedures for the training and auditing of asset inspectors to ensure that 
registered training organisations provide adequate theoretical and practical training for asset inspectors.

RECOmmENdATiON 30

The State amend the regulatory framework for electricity safety to require that distribution businesses adopt, 
as part of their management plans, measures to reduce the risks posed by hazard trees—that is, trees that 
are outside the clearance zone but that could come into contact with an electric power line having regard to 
foreseeable local conditions.
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RECOmmENdATiON 31

Municipal councils include in their municipal fire prevention plans for areas of high bushfire risk provision  
for the identification of hazard trees and for notifying the responsible entities with a view to having the 
situation redressed.

RECOmmENdATiON 32

The State (through Energy Safe Victoria) require distribution businesses to do the following:

disable the reclose function on the automatic circuit reclosers on all SWER lines for the six weeks  ■■

of greatest risk in every fire season

adjust the reclose function on the automatic circuit reclosers on all 22-kilovolt feeders on all total  ■■

fire ban days to permit only one reclose attempt before lockout.

RECOmmENdATiON 33

The State (through Energy Safe Victoria) require distribution businesses to do the following:

fit spreaders to any lines with a history of clashing or the potential to do so■■

fit or retrofit all spans that are more than 300 metres long with vibration dampers as soon as  ■■

is reasonably practicable. 

RECOmmENdATiON 34

The State amend the regulatory framework for electricity safety to strengthen Energy Safe Victoria’s  
mandate in relation to the prevention and mitigation of electricity-caused bushfires and to require it to fulfil 
that mandate.

dElibERATEly liT FiRES

RECOmmENdATiON 35

Victoria Police continue to pursue a coordinated statewide approach to arson prevention and regularly  
review its approach to ensure that it contains the following elements: 

high-level commitment from senior police■■

a research program aimed at refining arson prevention and detection strategies■■

centralised coordination that includes comprehensive training, periodic evaluation of arson prevention ■■

strategies and programs, and promotion of best-practice prevention approaches

a requirement that all fire-prone police service areas have arson prevention plans and programs,  ■■

according to their level of risk. 
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RECOmmENdATiON 36

The Commonwealth, states and territories continue to pursue the National Action Plan to Reduce Bushfire 
Arson in Australia, giving priority to producing a nationally consistent framework for data collection and 
evaluating current and proposed programs in order to identify and share best-practice approaches.

PlANNiNg ANd buildiNg

RECOmmENdATiON 37

The State identify a central point of responsibility for and expertise in mapping bushfire risk to:

review urgently the mapping criteria at present used by the Country Fire Authority to map the Wildfire ■■

Management Overlay, to ensure that the mapping used to determine building and planning controls  
is based on the best available science and takes account of all relevant aspects of bushfire risk

map and designate Bushfire-prone Areas for the purposes of planning and building controls,  ■■

in consultation with municipal councils and fire agencies

finalise the alignment of site-assessment methods for planning and building purposes, taking into  ■■

account bushfire risk to human safety as well as to property. 

RECOmmENdATiON 38

The State implement a regional settlement policy that:

takes account of the management of bushfire risk, including that associated with small, undeveloped  ■■

rural lots

includes a process for responding to bushfire risk at the planning stage for new urban developments  ■■

in regional cities, the process being similar to that used for new developments in Melbourne’s Urban  
Growth Zone. 

RECOmmENdATiON 39

The State amend the Victoria Planning Provisions relating to bushfire to ensure that the provisions give 
priority to the protection of human life, adopt a clear objective of substantially restricting development in 
the areas of highest bushfire risk—giving due consideration to biodiversity conservation—and provide clear 
guidance for decision makers. The amendments should take account of the conclusions reached by the 
Commission and do the following:

outline the State’s objectives for managing bushfire risk through land-use planning in an amended state ■■

planning policy for bushfire, as set out in clause 15.07 of the Victoria Planning Provisions 

allow municipal councils to include a minimum lot size for use of land for a dwelling, both with and  ■■

without a permit, in a schedule to each of the Rural Living Zone, Green Wedge Zone, Green Wedge A  
Zone, Rural Conservation Zone, Farming Zone and Rural Activity Zone

amend clause 44.06 of the Victoria Planning Provisions to provide a comprehensive Bushfire-prone  ■■

Overlay provision. 
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RECOmmENdATiON 40

The Country Fire Authority amend its guidelines for assessing permit applications for dwellings, non-
dwellings and subdivisions in the Bushfire-prone Overlay in order to accommodate the amendments to 
the Wildfire Management Overlay that are implemented as a result of recommendation 39 and make the 
guidelines available to municipal councils and the public. The revised guidelines should do the following:

substantially restrict new developments and subdivisions in those areas of highest risk in the  ■■

Bushfire-prone Overlay 

set out the CFA’s guidelines for assessing permit applications for dwellings, non-dwellings and ■■

subdivisions—including the minimum defendable space requirements for different risk levels

clarify that the CFA will approve new developments and subdivisions only if the recommended bushfire ■■

protection measures—including the minimum defendable space—can be created and maintained on  
a continuing basis

emphasise the need for enduring permit conditions—in particular, conditions for the creation  ■■

and maintenance of minimum defendable space to be maintained for the life of the development. 

RECOmmENdATiON 41

The State: 

amend the Victoria Planning Provisions to require that, when assessing a permit to remove native ■■

vegetation around an existing dwelling, the responsible authority and the Department of Sustainability and 
Environment, as referral authority, take into account fire hazard and give weight to fire protection purposes

develop guidelines for determining the maximum level of native vegetation removal for bushfire risk ■■

mitigation, beyond which level the application would be rejected.

RECOmmENdATiON 42

The Department of Sustainability and Environment develop and administer a collective offset solution for 
individual landholders who are permitted to remove native vegetation for the purpose of fire protection.

RECOmmENdATiON 43

The Department of Sustainability and Environment conduct biodiversity mapping identifying flora, fauna and 
any threatened species throughout Victoria and make the results publicly available. The format used should 
be compatible with that used for Bushfire-prone Area mapping.

RECOmmENdATiON 44

The Country Fire Authority produce for community guidance material on fire-resistant landscape and garden 
design, including a list of fire-resistant species.
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RECOmmENdATiON 45

The State press municipal councils—in particular, Murrindindi Shire Council—to urgently adopt a bushfire 
policy in their Local Planning Policy Framework and incorporate bushfire risk management in their planning 
policies and strategies for rebuilding communities such as Marysville, Kinglake and others affected by the 
January–February 2009 fires.

RECOmmENdATiON 46

The State develop and implement a retreat and resettlement strategy for existing developments in areas  
of unacceptably high bushfire risk, including a scheme for non-compulsory acquisition by the State of land  
in these areas. 

RECOmmENdATiON 47

Standards Australia do the following:

amend the objective of AS 3959-2009, Construction of Buildings in Bushfire-prone Areas, to ensure  ■■

that it incorporates reducing the risk of ignition from ember attack

review, and amend as appropriate, the testing methods prescribed in its standards for Tests on Elements  ■■

of Construction for Buildings Exposed to Simulated Bushfire Attack (AS 1530.8.1 and AS 1530.8.2) 
to ensure that, so far as is possible, the methods provide a reliable predictor of the performance of 
construction elements under bushfire conditions. 

RECOmmENdATiON 48

The Australian Building Codes Board do the following:

amend the performance requirements in the Building Code of Australia to ensure that they incorporate ■■

reducing the risk of ignition from ember attack

work with Standards Australia to effect expeditious continuing review and development of AS 3959, ■■

Construction of Buildings in Bushfire-prone Areas, and other bushfire-related standards referred to  
in the Building Code of Australia

negotiate with Standards Australia and SAI Global Ltd an arrangement for free online access to  ■■

AS 3959-2009, Construction of Buildings in Bushfire-prone Areas, the other Australian standards referred  
to in AS 3959-2009, and any other bushfire-related Australian standards referred to in the Building Code  
of Australia

amend the Building Code of Australia to remove deemed-to-satisfy provisions for the construction  ■■

of buildings in BAL-FZ (the Flame Zone)

include in the Building Code of Australia bushfire construction provisions for non-residential buildings  ■■

that will be occupied by people who are particularly vulnerable to bushfire attack, such as schools,  
child care centres, hospitals and aged care facilities.
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RECOmmENdATiON 49

The State modify its adoption of the Building Code of Australia for the following purposes: 

to remove deemed-to-satisfy provisions for the construction of buildings in BAL-FZ (the Flame Zone)■■

to apply bushfire construction provisions to non-residential buildings that will be occupied by people  ■■

who are particularly vulnerable to bushfire attack, such as schools, child care centres, hospitals and aged 
care facilities

other than in exceptional circumstances, to apply a minimum AS 3959-2009 construction level of  ■■

BAL-12.5 to all new buildings and extensions in bushfire-prone areas.

RECOmmENdATiON 50

Standards Australia move expeditiously to develop a standard for bushfire sprinklers and sprayers. 

RECOmmENdATiON 51

The Victorian Building Commission, in conjunction with the Country Fire Authority, develop, publish and 
provide to the community and industry information about ways in which existing buildings in bushfire-prone 
areas can be modified to incorporate bushfire safety measures.

RECOmmENdATiON 52

The State develop and implement, in consultation with local government, a mechanism for sign-off by 
municipal councils of any permit conditions imposed under the Bushfire-prone Overlay and the regular 
assessment of landowners’ compliance with conditions.

RECOmmENdATiON 53

The State amend s. 32 of the Sale of Land Act 1962 to require that a vendor’s statement include whether  
the land is in a designated Bushfire-prone Area, a statement about the standard (if any) to which the dwelling 
was constructed, the bushfire attack level assessment at the time of construction (where relevant) and a 
current bushfire attack level assessment of the site of the dwelling.

RECOmmENdATiON 54

The State amend the Country Fire Authority Act 1958 to enable the Chief Officer to delegate the power  
to issue fire prevention notices. 
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RECOmmENdATiON 55

The State initiate the development of education and training options to improve understanding of bushfire 
risk management in the building and planning regimes by: 

providing regular training and guidance material to planning and building practitioners ■■

helping a suitable tertiary institution design and implement a course on bushfire planning and design  ■■

in Victoria.

lANd ANd FuEl mANAgEmENT

RECOmmENdATiON 56

The State fund and commit to implementing a long-term program of prescribed burning based on an annual 
rolling target of 5 per cent minimum of public land.

RECOmmENdATiON 57

The Department of Sustainability and Environment report annually on prescribed burning outcomes  
in a manner that meets public accountability objectives, including publishing details of targets, area burnt, 
funds expended on the program, and impacts on biodiversity.

RECOmmENdATiON 58

The Department of Sustainability and Environment significantly upgrade its program of long-term data 
collection to monitor and model the effects of its prescribed burning programs and of bushfires on 
biodiversity in Victoria.

RECOmmENdATiON 59

The Department of Sustainability and Environment amend the Code of Practice for Fire Management  
on Public Land in order to achieve the following:

provide a clear statement of objectives, expressed as measurable outcomes■■

include an explicit risk-analysis model for more objective and transparent resolution of competing ■■

objectives, where human life is the highest priority

specify the characteristics of fire management zones—including burn size, percentage area burnt within  ■■

the prescribed burn, and residual fuel loading

adopt the use of the term ‘bushfire’ rather than ‘wildfire’.■■
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RECOmmENdATiON 60

The State amend the exemptions in clause 52.17-6 of the Victoria Planning Provisions to ensure that the 
provisions allow for a broad range of roadside works capable of reducing fire risk and provide specifically  
for a new exemption where the purpose of the works is to reduce bushfire risk. 

RECOmmENdATiON 61

The State and Commonwealth provide for municipal councils adequate guidance on resolving the competing 
tensions arising from the legislation affecting roadside clearing and, where necessary, amend environment 
protection legislation to facilitate annual bushfire-prevention activities by the appropriate agencies. 

RECOmmENdATiON 62

VicRoads implement a systematic statewide program of bushfire risk assessment for all roads for which  
it is responsible, to ensure conformity with the obligations in s. 43 of the Country Fire Authority Act 1958  
and with the objectives expressed in the VicRoads 1985 Code of Practice. 

ORgANiSATiONAl STRuCTuRE

RECOmmENdATiON 63

The State enact legislation designed to achieve two specific ends: 

appoint a Fire Commissioner as an independent statutory officer responsible to the Minister for Police  ■■

and Emergency Services and as the senior operational firefighter in Victoria

make the Chief Fire Officer of the Department of Sustainability and Environment a statutory appointment.■■

The Fire Commissioner should have responsibility for the following:

promoting and directing reform aimed at increasing the operational capability, interoperability  ■■

and resilience of Victoria’s fire services

developing and building operational capacity to prepare for the days of highest bushfire risk  ■■

and exercising control over level 3 fires as the permanent State Controller

providing to government periodic advice on the metropolitan fire district boundary on the basis  ■■

of triggers, frequency and criteria approved by government 

representing Victorian interests on operational matters in national committees. ■■

RECOmmENdATiON 64

The State replace the Fire Services Levy with a property-based levy and introduce concessions  
for low-income earners.
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RESEARCh ANd EVAluATiON

RECOmmENdATiON 65

The Commonwealth establish a national centre for bushfire research in collaboration with other Australian 
jurisdictions to support pure, applied and long-term research in the physical, biological and social sciences 
relevant to bushfires and to promote continuing research and scholarship in related disciplines.

mONiTORiNg imPlEmENTATiON

RECOmmENdATiON 66

The State appoint an independent monitor or the Victorian Auditor-General to assess progress with 
implementing the Commission’s recommendations and report to the Parliament and the people of Victoria  
by 31 July 2012.

REFlECTiONS

RECOmmENdATiON 67

The State consider the development of legislation for the conduct of inquiries in Victoria—in particular,  
the conduct of royal commissions.
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ThE COmmiSSiON’S TERmS OF REFERENCE 

Following are the Commission’s terms of reference, as issued on 16 February 2009.
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Australia’s changing climate represents a significant 
challenge to individuals, communities, governments, 
businesses and the environment. Australia has already 
experienced increasing temperatures, shifting rainfall 
patterns and rising oceans. 

The Intergovernmental Panel on Climate Change (IPCC) 
Fifth Assessment Report (IPCC, 2013) rigorously assessed the 
current state and future of the global climate system. The 
report concluded that:

• greenhouse gas emissions have markedly increased as a 
result of human activities 

• human influence has been detected in warming of the 
atmosphere and the ocean, in changes in the global 
water cycle, in reductions in snow and ice, in global 
mean sea level rise, and in changes in some climate 
extremes

• it is extremely likely that human influence has been the 
dominant cause of the observed warming since the mid-
20th century 

• continued emissions of greenhouse gases will cause 
further warming and changes in all components of the 
climate system.

In recognition of the impact of climate change on the 
management of Australia’s natural resources, the Australian 
Government developed the Regional Natural Resource 
Management Planning for Climate Change Fund. This fund 
has enabled significant research into the impact of the 
future climate on Australia’s natural resources, as well as 
adaptation opportunities for protecting and managing our 
land, soil, water, plants and animals. 

Australia has 54 natural resource management (NRM) 
regions, which are defined by catchments and bioregions. 
Many activities of organisations and ecosystem services 
within the NRM regions are vulnerable to impacts of climate 
change. 

For this report, these NRM regions are grouped into 
‘clusters’, which largely correspond to the broad-scale 
climate and biophysical regions of Australia (Figure A). The 
clusters are diverse in their history, population, resource 
base, geography and climate. Therefore, each cluster has a 
unique set of priorities for responding to climate change.

CSIRO and the Australian Bureau of Meteorology have 
prepared tailored climate change projection reports for 
each NRM cluster. These projections provide guidance 
on the changes in climate that need to be considered in 
planning.

PREFACE

FIGURE A: THE EIGHT NATURAL RESOURCE MANAGEMENT (NRM) CLUSTERS
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This is the regional projections report for the Murray 
Basin cluster. This document provides projections in a 
straightforward and concise format with information about 
the cluster as a whole, as well as additional information at 
finer scales where appropriate. 

This cluster report is part of a suite of products. These 
include a brochure for each cluster that provides the key 
projection statements in a brief format. There is also the 
Australian climate change projections Technical Report, 
which describes the underlying scientific basis for the 
climate change projections. Box 1 describes all supporting 
products. 

This report provides the most up to date, comprehensive 
and robust information available for this part of Australia, 
and draws on both international and national data 
resources and published peer-reviewed literature.

The projections in this report are based on the outputs 
of sophisticated global climate models (GCMs). GCMs are 
based on the laws of physics, and have been developed over 
many years in numerous centres around the world. These 
models are rigorously tested for their ability to reproduce 
past climate. The projections in this report primarily use 
output from the ensemble of model simulations brought 
together for the Coupled Model Inter-comparison Project 
phase 5 (CMIP5) (Taylor et al., 2012), where phase 5 is the 
most recent comparison of model simulations addressing, 
amongst other things, projections of future climates. In 
this report, outputs from GCMs in the CMIP5 archive are 
complemented by regional climate modelling and statistical 
downscaling.

BOX 1: CLIMATE CHANGE IN AUSTRALIA – PRODUCTS

This report is part of a suite of Climate Change in 
Australia (CCIA) products prepared with support from 
the Australian Government’s Regional Natural Resource 
Management Planning for Climate Change Fund. 
These products provide information on climate change 
projections and their application. 

CLUSTER BROCHURES

Purpose: key regional messages for everyone

A set of brochures that summarise key climate change 
projections for each of the eight clusters. The brochures 
are a useful tool for community engagement.

CLUSTER REPORTS

Purpose: regional detail for planners and decision-makers

The cluster reports are to assist regional decision-makers 
in understanding the important messages deduced from 
climate change projection modelling. The cluster reports 
present a range of emissions scenarios across multiple 
variables and years. They also include relevant sub-cluster 
level information in cases where distinct messages are 
evident in the projections.

TECHNICAL REPORT

Purpose: technical information for researchers and decision-
makers

A comprehensive report outlining the key climate change 
projection messages for Australia across a range of 
variables. The report underpins all information found 
in other products. It contains an extensive set of figures 

and descriptions on recent Australian climate trends, 
global climate change science, climate model evaluation 
processes, modelling methodologies and downscaling 
approaches. The report includes a chapter describing 
how to use climate change data in risk assessment and 
adaptation planning.

WEB PORTAL

URL: www.climatechangeinaustralia.gov.au  
 
Purpose: one stop shop for products, data and learning

The CCIA website is for Australians to find comprehensive 
information about the future climate. This includes 
some information on the impacts of climate change that 
communities, including the natural resource management 
sector, can use as a basis for future adaptation planning. 
Users can interactively explore a range of variables and 
their changes to the end of the 21st century. A ‘Climate 
Campus’ educational section is also available. This 
explains the science of climate change and how climate 
change projections are created. 

Information about climate observations can be found 
on the Bureau of Meteorology website (www.bom.gov.
au/climate). Observations of past climate are used as a 
baseline for climate projections, and also in evaluating 
model performance.
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INTRODUCTION

This report presents projections of future climate for 
Murray Basin based on our current understanding of the 
climate system, historical trends and model simulations 
of the climate response to changing greenhouse gas 
and aerosol emissions. The simulated climate response 
is that of the CMIP5 climate model archive, which also 
underpins the science of the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change (IPCC, 2013).

The global climate model (GCM) simulations presented here 
represent the full range of emission scenarios, as defined 
by the Representative Concentration Pathways (RCPs) used 
by the IPCC, with a particular focus on RCP4.5 and RCP8.5. 
The former represents a pathway consistent with low-level 
emissions, which stabilise the carbon dioxide concentration 
at about 540 ppm by the end of the 21st century. The latter 
is representative of a high-emission scenario, for which the 
carbon dioxide concentration reaches about 940 ppm by 
the end of the 21st century. 

Projections are generally given for two 20-year time 
periods: the near future 2020–2039 (herein referred to as 
2030) and late in the century 2080–2099 (herein referred to 
as 2090). The spread of model results are presented as the 
range between the 10th and 90th percentile in the CMIP5 
ensemble output. For each time period, the model spread 
can be attributed to three sources of uncertainty: the range 
of future emissions, the climate response of the models, 
and natural variability. Climate projections do not make a 
forecast of the exact sequence of natural variability, so they 
are not ‘predictions’. They do however show a plausible 
range of climate system responses to a given emission 
scenario and also show the range of natural variability 
for a given climate. Greenhouse gas concentrations are 
similar amongst different RCPs for the near future, and for 
some variables, such as rainfall, the largest range in that 
period stems from natural variability. Later in the century, 
the differences between RCPs are more pronounced, and 
climate responses may be larger than natural variability.

For each variable, the projected change is accompanied by 
a confidence rating. This rating follows the method used 
by the IPCC in the Fifth Assessment Report, whereby the 
confidence in a projected change is assessed based on the 
type, amount, quality and consistency of evidence (which 
can be process understanding, theory, model output, or 
expert judgment) and the degree of agreement amongst 
the different lines of evidence (IPCC, 2013). The confidence 
ratings used here are set as low, medium, high or very high.

HIGHER TEMPERATURES

Temperatures in the cluster have increased 
since national records began in 1910, especially 
since 1960. Over 1910–2013, mean surface air 
temperature has increased by 0.8 °C using a 
linear trend.

Continued substantial warming for the Murray Basin cluster 
for mean, maximum and minimum temperature is projected 
with very high confidence, taking into consideration the 
robust understanding of the driving mechanisms of 
warming and the strong agreement on direction and 
magnitude of change amongst GCMs and downscaling 
results.

For the near future (2030), the mean warming is projected 
to be around 0.6 to 1.3 °C above the climate of 1986–2005, 
with only minor difference between RCPs. For late in the 
21st century (2090), it is 1.3 to 2.4 °C for RCP4.5 and 2.7 to  
4.5 °C for RCP8.5.

HOTTER AND MORE FREQUENT 
HOT DAYS. LESS FROST

A substantial increase in the temperature 
reached on the hottest days, the frequency 
of hot days and the duration of warm spells are projected 
with very high confidence, based on model results and 
physical understanding. Correspondingly, a decrease in the 
frequency of frost days is projected with high confidence. 

A change in diurnal range (the difference between daily 
minimum and maximum temperature) is projected during 
the cool part of the year (April to October) where daily 
maximum could warm up to 1 °C more than daily minimum 
by 2090 following the RCP8.5 high emission scenario. The 
difference relates primarily to the projected cool season 
rainfall decline and the strong relationship between rainfall 
and the diurnal temperature range.

LESS RAINFALL IN THE COOL 
SEASON, NO RAINFALL CHANGES 
IN THE WARM SEASON

The Murray Basin cluster experienced 
prolonged periods of extensive drying in the early 20th 
century and again by the end of the century. In the latter, 
drying occurred primarily during the cool season. Overall, 
there is no long term trend in annual rainfall throughout 
the 20th century.

In the near term (2030), there is high confidence that natural 
climate variability will remain the major driver of rainfall 
differences from the climate of 1986–2005 (annual-mean 
changes of -10 to +5 %, winter-mean changes of -15 to  
+10 %, and summer-mean changes of -15 to +15 %).

EXECUTIVE SUMMARY 
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Late in the century (2090) under both RCP4.5 and RCP8.5, 
there is high confidence that cool season rainfall will 
continue to decline and there is medium confidence that 
rainfall will remain unchanged in the warm season (Nov-
Mar). As well as GCM results and downscaling results, this 
assessment takes into account physical understanding 
of the relationship between atmospheric circulation 
and rainfall across the Murray Basin cluster, model 
representation of this, and projected changes in circulation. 
By 2090, the changes from the GCMs in winter span around 
-20 to +5 % under RCP4.5 and -40 to +5 % under RCP8.5, 
and those in summer span -15 to +10 % under RCP4.5 and -15 
to +25 % under RCP8.5. There is medium confidence in the 
magnitudes of change.

Snowfall and maximum snow depth have declined 
significantly since 1960 and are projected to continue to 
decline for all RCPs with high confidence, particularly under 
RCP8.5. 

INCREASED INTENSITY OF HEAVY 
RAINFALL EVENTS, MORE TIME IN 
DROUGHT 

Understanding of physical processes coupled 
with high model agreement gives high confidence that the 
intensity of heavy rainfall events will increase. There is 
low confidence in the magnitude of change, and therefore 
the time when any change may be evident against natural 
variability, cannot be reliably projected. 

There is medium confidence that the time spent in 
meteorological drought, and the frequency of extreme 
drought, will increase over the course of century under 
RCP8.5.

POSSIBLE DECREASE IN WINTER 
WIND SPEEDS

Small changes are projected for mean surface 
wind speeds with high confidence under 
all RCPs by 2030. Decreases in winter wind speeds are 
projected for 2090 with medium confidence based on 
model results and physical understanding (i.e. a southward 
movement of storm tracks and a strengthening of the sub-
tropical ridge). Small or inconsistent changes are present in 
the other seasons.

INCREASES IN SOLAR 
RADIATION AND 
DECREASES IN HUMIDITY 
IN WINTER AND SPRING

Small changes are projected for solar radiation and relative 
humidity by 2030. By 2090, there is high confidence in 
increased winter and spring radiation (related to decreases 
in cloudiness associated with reduced rainfall), medium 
confidence in decreases in relative humidity in summer and 
autumn, and high confidence in decreases in winter and 
spring.

INCREASED EVAPORATION 
RATES, AND REDUCED SOIL 
MOISTURE. CHANGES TO 
RUNOFF ARE LESS CLEAR

Projections for potential evapotranspiration indicate 
increases in all seasons, with largest absolute rates 
projected with high confidence in summer by 2090. 
However, despite high model agreement there is only 
medium confidence in the magnitude of the projected 
change due to shortcomings in the simulations of observed 
historical changes.

Soil moisture projections suggest overall seasonal 
decreases by 2090 (medium confidence). These changes in 
soil moisture are strongly influenced by those in rainfall, but 
tend to be more negative due to the increase in potential 
evapotranspiration. For similar reasons, runoff is projected 
to decrease, but only with low confidence. More detailed 
hydrological modelling is needed to assess changes to 
runoff.

HARSHER FIRE-WEATHER CLIMATE 
IN THE FUTURE

There is high confidence that climate change 
will result in a harsher fire-weather climate 
in the future. However, there is only low 
confidence in the magnitude of the projected change to fire 
weather, as this depends on the rainfall projection and its 
seasonal variation. The enhanced summer rainfall projected 
in some scenarios could moderate the number of severe fire 
weather days.
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HIGHER SEA LEVELS AND MORE 
FREQUENT SEA LEVEL EXTREMES

Relative sea level has risen around Australia at 
an average rate of 1.4 mm/year between 1966 
and 2009, and 1.6 mm/year after the influence 
of the El Niño Southern Oscillation (ENSO) on sea level is 
removed. 

There is very high confidence that sea level will continue to 
rise during the 21st century. By 2030, the projected range 
of sea level rise for the cluster coastline is 0.07 to 0.18 m 
above the 1986–2005 level, with only minor differences 
between emission scenarios. As the century progresses, 
projections are sensitive to emissions pathways. By 2090, 
the intermediate emissions case (RCP4.5) gives a rise of 
0.28 to 0.64 m and the high emissions case (RCP8.5) gives 
a rise of 0.39 to 0.84 m. These ranges of sea level rise are 
considered likely (at least 66 % probability). However, if a 
collapse in the marine based sectors of the Antarctic ice 
sheet were initiated, these projections could be several 
tenths of a metre higher by late in the century.

Taking into account the nature of extreme sea levels along 
the Murray Basin coastline and the uncertainty in the 
sea level rise projections, an indicative extreme sea level 
‘allowance’ is provided. The allowance represents the 
minimum distance required to raise an asset to maintain 
current frequency of breaches under projected sea level 
rise. In 2030, the vertical allowances along the cluster 
coastline are in the range of 12 to 13 cm for all RCPs, and by 
2090, 48 to 54 cm for RCP4.5 and 66 to 74 cm for RCP8.5.

WARMER AND MORE ACIDIC 
OCEANS IN THE FUTURE

Sea surface temperature (SST) has increased 
significantly across the globe over recent 
decades and is projected to rise with very high 
confidence. Across the coastal waters of the Murray Basin 
cluster region in 2090, warming is projected in the range of 
1.5 to 3.4 °C for RCP8.5. 

About 30 % of the anthropogenic carbon dioxide emitted 
into the atmosphere over the past 200 years has been 
absorbed by the oceans. This has led to a 0.1 pH fall in 
the ocean’s surface water pH (a 26 % rise in acidity). 
Continued acidification will compromise the ability of 
calcifying marine organisms such as corals, oysters and 
some plankton to form their shells or skeletons. There is 
very high confidence that around Australia the ocean will 
become more acidic and also high confidence that the 
rate of ocean acidification will be proportional to carbon 
dioxide emissions. By 2030, pH is projected to fall by up to 
an additional 0.08 units in the coastal waters of the cluster. 
By 2090, pH is projected to fall up to 0.15 under RCP4.5 and 
up to 0.33 under RCP8.5. These values would represent an 
additional 40 % and 110 % in acidity respectively.

MAKING USE OF THESE 
PROJECTIONS FOR CLIMATE 
ADAPTATION PLANNING

These regional projections provide the 
best available science to support impact assessment and 
adaptation planning in the Murray Basin cluster. This report 
provides some guidance on how to use these projections, 
including the Australian Climate Futures web tool, available 
from the Climate Change in Australia website. The web 
tool allows users to investigate the range of climate model 
outcomes for their region across timescales and RCPs 
of interest, and to select and use data from models that 
represent a particular change of interest (e.g. warmer and 
drier conditions).
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1 THE MURRAY BASIN CLUSTER

This report describes climate change projections for the Murray Basin cluster, which comprises 12 NRM 
regions across the Australian Capital Territory (ACT) and three states: New South Wales (NSW), Victoria 
(VIC) and South Australia (SA). It extends from the flatlands of inland NSW to south-east South Australia 
along the southern and eastern boundaries of the Great Dividing Range and includes Australia’s highest 
mountain (Mt Kosciusko at 2228 m).  

FIGURE 1.1: THE MURRAY BASIN CLUSTER AND MAIN LOCALITIES WITH RESPECT TO THE AUSTRALIAN CONTINENT .

The coastal strip from the lower lake of the Murray River 
to the South Australia-Victoria border is this cluster’s only 
coastline. The western boundary in SA follows the lower 
part of the Flinders ranges. The largest population centre 
within the cluster is Canberra, though several important 
regional centres are also found within the cluster  
(Figure 1.1).

A range of climate change impacts and adaptation 
challenges have been identified by the NRM organisations 
across this cluster. Broad acre cropping and intensive 
agriculture, invasive species and biodiversity management, 
water security, alpine tourism and coastal inundation are 
priorities for the cluster’s natural resource management 
and planning community.
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2 CLIMATE OF MURRAY BASIN

In this Section, the climate of Murray Basin is presented for the reference period 1986–2005 (Box 3.1 
presents the observational data sets used in this report). The Murray Basin cluster is relatively dry 
and temperate (Figure 2.1). In terms of climate types, the cluster includes warm and dry grassland 
in the north-west, temperate with hot summers in the east, warm summers in the south and mild 
summers at higher elevation1. Generally, summers are warm and winters are mild, with a small 
temperature gradient between the warm inland of NSW (mean annual temperature 18 °C) and further 
south and east. However, regions at high altitudes in the Great Dividing Range can have annual mean 
temperatures as low as 5 °C. 

1  http://www.bom.gov.au/iwk/climate_zones/map_2.shtml

Maps of daily mean temperature (Figure 2.2) show the 
spatial variability in temperature throughout the year 
(summer and winter are shown), dominated by a north 
south gradient that is stronger in summer. On all the 
maps, the effect of topography (lower temperature at 
higher elevation) can be seen in the south-east corner 
of the cluster. The highest temperatures are experienced 
in January, with an average daily maximum temperature 
reaching 33 to 36 °C for the upper northern part of 
the Murray Basin and remaining temperate along the 
Great Dividing range in the south. Lowest temperatures 

FIGURE 2.1: MONTHLY RAINFALL (BLUE BARS) AND 
TEMPERATURE CHARACTERISTICS FOR THE MURRAY 
BASIN CLUSTER (1986-2005) . TMEAN IS MONTHLY MEAN 
TEMPERATURE (GREEN LINE), TMAX IS MONTHLY MEAN 
MAXIMUM TEMPERATURE (ORANGE LINE), TMIN IS MONTHLY 
MEAN MINIMUM TEMPERATURE (BLUE LINE), AND ANN TMEAN 
IS THE ANNUAL AVERAGE OF MEAN TEMPERATURE (GREY LINE) 
(16 °C) . TEMPERATURE AND RAINFALL DATA ARE FROM AWAP .

occur most commonly in July with average minimum 
temperatures of 0 to 3 °C in the elevated areas in the south-
east. Milder conditions are found along the coast, with 
cooler temperatures in summer and warmer temperatures 
winter.

The annual cycle of rainfall averaged across the cluster 
shows the dominance of the cool season rainfall (Figure 2.1). 
In this report, the ‘cool season’ is defined as the period for 
which the monthly long-term temperature average is equal 
or below the annual average. Temperature for the month 
April is equal to the annual mean; depending on dataset 
it can be estimated as slightly lower or higher than the 
annual average. In the Murray Basin cluster the cool season 
is April to October. The ‘warm season’ correspondingly is 
November to March (Figure 2.1). This approach differs from 
other approaches where to use a fixed arbitrary length is 
used (e.g. 6 months).

Spatial variability for rainfall is very large (Figure 2.3), 
varying by a factor of 10 between the north west, where 
rainfall is close to the threshold that defines desert 
conditions (annual totals less than 250 mm) to the elevated 
areas where rainfall is in excess of 2000 mm. 

The Murray Basin cluster is located under the descending 
arm of the Hadley Cell, which is a part of the global 
meridional circulation, the main mechanism by which the 
planet transfers extra heat received at the Equator to the 
Poles. The descending arm of the Hadley Cell is dominated 
by high pressure systems, resulting in relatively dry air 
and little rainfall. This band of high pressure is called the 
sub-tropical ridge (STR). The STR is weaker and located 
further south in summer and stronger but further north 
in winter (Drosdowsky, 2005). The rainfall observed over 
the Murray Basin cluster is associated with low pressure 
weather systems observed in between high pressure 
systems that are associated with either mid-latitude storm 
tracks (predominantly south of the STR) or cut-off lows 
(predominantly north of the STR). 
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FIGURE 2.2: MAPS OF (A) AVERAGE SUMMER DAILY MEAN TEMPERATURE, (B) AVERAGE WINTER DAILY MEAN TEMPERATURE, (C) 
AVERAGE JANUARY MAXIMUM DAILY TEMPERATURE AND (D) AVERAGE JULY MINIMUM DAILY TEMPERATURE FOR THE PERIOD 
1986–2005 . 

FIGURE 2.3: MAP OF AVERAGE RAINFALL FOR THE WARM SEASON (NOVEMBER TO MARCH) (A) AND COOL SEASON (APRIL TO 
OCTOBER) (B) IN 1986–2005 .
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FIGURE 2.4: ANNUAL CYCLE OF THE STANDARD DEVIATION 
(STD) OF MONTHLY RAINFALL (BLUE BARS, LEFT Y-AXIS) AND 
DIVIDED BY THE MEAN MONTHLY RAINFALL EXPRESSED IN 
PERCENTAGE TERMS (RIGHT Y-AXIS) .

Climate anomalies such as droughts and floods are a 
common feature of inland Australia and the Murray Basin 
cluster. Their occurrences are explained by influences of 
well known large-scale natural modes of variability of the 
climate system. These modes and their relevance to the 
Australian climate are described in detail in Chapter 4 of the 
Technical Report. 

However, these modes explain at best a quarter of the year 
to year variability and thus a large part of the variability 
is simply due to the randomness of weather systems. Year 
to year standard deviations of monthly total rainfall are 
consistently between 20 and 25 mm per month (Figure 2.4). 
They tend to be lower for spring months, when modes such 
as the El Niño Southern Oscillation (ENSO) and the Indian 
Ocean Dipole (IOD) have the largest impact on Australian 
climate (see Section 4.1.1 in the Technical Report for details). 
The marked annual cycle in the variability means that cool 
season rainfall is more reliable than warm season rainfall. 

For periods extending to decades and beyond, long-term 
trends (when evident) need to be assessed in the context 
of year to year variability. In the absence of clear evidence 
of observed changes in the naturally occurring modes of 
variability (e.g. ENSO and IOD), it is instructive to assess 
observed changes in the atmospheric circulation relevant to 
regional rainfall (see Box 2.1 on the meridional circulation 
and its impact on the climate of the Murray Basin cluster).  

This large-scale picture is important when considering 
the projections provided by the GCMs, whose primary 
skill lies in reproducing this general circulation. The main 
ingredients of the extra-tropical climate affecting the 
Murray Basin cluster will remain a continuous alternation of 
high and low pressures or weather patterns. 
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BOX 2 .1: OBSERVED CHANGES IN MERIDIONAL CIRCULATION AND THEIR RELEVANCE TO 
THE MURRAY BASIN

Adapted from: CSIRO (2012)

The figure above uses a north-south cross-section 
through the atmosphere in eastern Australian longitudes 
to illustrate the atmospheric circulation in this plane (‘the 
meridional circulation’) and how changes in this may 
affect regional climate. The mean meridional circulation 
transfers excess energy received at the Equator toward 
the Pole. The following changes have been observed in 
key components of this process: 

The tropics have expanded in recent decades. The edge 
of the tropical tropopause (A) has trended poleward 
during the last 30 years (Lucas et al., 2014). The sub-
tropical jet (B) has been observed to decrease in intensity 
while the polar front jet (C) has increased in intensity 
(Frederiksen and Frederiksen, 2011). The descending arm 
of the Hadley Cell (D) has trended poleward during the 
last 30 years (Nguyen et al., 2013). 

All these large-scale changes indicate a poleward 
extension of the Mean Meridional Circulation  
(Lucas et al., 2014). This extension affects the climate 
observed across the Murray Basin cluster through 
changes to the sub-tropical ridge intensity. An 
intensification of the sub-tropical ridge was observed 
during the last 120 years and that intensification has 
occurred in conjunction with the global warming of the 
planet (E) (Timbal and Drosdowsky, 2013). Annual rainfall 
in much of southern Australia has a significant negative 
relationship with the intensity of the sub-tropical ridge 
(F), in particular across the Murray Basin cluster and 
for cool season rainfall (Timbal and Drosdowsky, 2013). 
The spatial extent of the drying in the early part of the 
cool season (April to July) during the last 30 years (G) 
coincides with the areas where the sub-tropical ridge 
influences rainfall, in particular across the Murray Basin 
cluster. 
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The skill of a climate model is assessed by comparing model 
simulations of the current climate with observational 
data sets (see Box 3.1 for details on the observed data 
used for model evaluation for the Murray Basin cluster). 
Accurate simulation of key aspects of the regional climate 
provides a basis for placing some confidence in the 
model’s projections. However, models are not perfect 
representations of the real world. Some differences in 
model output relative to the observations are to be 
expected. The measure of model skill can also vary 
depending on the scoring measure used and regions being 
assessed.

3 SIMULATING REGIONAL CLIMATE 

Researchers use climate models to examine future global and regional climate change. These models 
have a foundation in well-established physical principles and are closely related to the models used 
successfully in weather forecasting. Climate modelling groups from around the world produce their 
own simulations of the future climate, which may be analysed and compared to assess climate change 
in any region. For this report, projections are based on historical and future climate simulations from 
the CMIP5 model archive that holds the most recent simulations, as submitted by approximately 20 
modelling groups (Taylor et al., 2012). The number of models used in these projections varies by RCP 
and variable depending on availability e.g. for monthly temperature and rainfall, data are available for 
39 models for RCP8.5 but only 28 models for RCP2.6 (see Chapter 3 in the Technical Report). 

BOX 3 .1: COMPARING MODELS AND 
OBSERVATIONS: EVALUATION PERIOD, 
DATA SETS, AND SPATIAL RESOLUTION 

Model skill is assessed by running simulations over 
historical time periods and comparing simulations with 
observed climate data. Projections presented here are 
assessed using the 1986–2005 baseline period, which 
conforms to the Fifth Assessment Report (IPCC, 2013). 
The period is also the baseline for projected changes, 
as presented in bar plots and tabled values in the 
Appendix. An exception is the time series projection 
plots, which use a baseline of 1950–2005, as explained 
in Section 6.2.2 of the Technical Report.

Several data sets are used to evaluate model 
simulations of the current climate. For assessment 
of rainfall and temperature, the observed data are 
derived from the Australian Water Availability Project 
(AWAP) (Jones et al., 2009) and from the Australian 
Climate Observations Reference Network – Surface Air 
Temperature (ACORN-SAT), a data set developed for the 
study of long-term changes in monthly and seasonal 
climate (Fawcett et al., 2012). For mean sea level 
pressure derived indices the HadSLP2 dataset is used 
(Allan and Ansell, 2006).

The spatial resolution of climate model data (around 
200 km between the edges of grid cells) is much 
coarser than observations. The Murray Basin cluster 
is 459,000 km2 and the GCMs from the CMIP5 dataset 
have a reasonable number of grids cells covering this 
cluster: at least 2-10 full grid cells (for most models) 
and several more partially covering the clusters: 5 to 23 
for 29 models, with 2 high resolution models having 
more than 35 grid cells. This means that simulation 
of past and future climates should be interpreted as 
representative of a region which could include areas of 
adjacent clusters. 
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FIGURE 3.1: THE ANNUAL CYCLE OF TEMPERATURE (LEFT PANEL), SEA LEVEL PRESSURE (MIDDLE PANEL) AND RAINFALL (RIGHT PANEL) 
IN THE MURRAY BASIN CLUSTER SIMULATED BY CMIP5 MODELS (GREY LINES) WITH MODEL ENSEMBLE MEAN (BLACK LINE) AND 
OBSERVED CLIMATOLOGY (BASED ON AWAP FOR TEMPERATURE AND RAINFALL, AND ON HADSLP2 FOR MEAN SEA LEVEL PRESSURE) 
FOR THE BASELINE PERIOD 1986–2005 (BROWN LINE) .

All GCMs considered for this report are competent in 
reproducing the mean cluster annual cycle of temperature 
(left panel in Figure 3.1) with little scatter amongst models 
(usually within 2 °C of observations for any month). The 
strong similarities between simulated and observed 
seasonal patterns, and the knowledge that regional 
temperatures are related to the general circulation of 
the atmosphere, together indicate that the models do 
a reasonable job of simulating the current atmosphere 
and stand a good chance of simulating realistic future 
projections.

The ability of CMIP5 models to capture the general 
circulation for this cluster is seen in the reproduction of 
the annual cycle of mean sea level pressure (MSLP). The 
seasonal movement of the sub-tropical ridge is reasonably 
simulated (middle panel in Figure 3.1), although the scatter 
amongst models is large. Individual models have errors up 
to 6 hPa, which is substantial in comparison to an annual 
cycle of 10 hPa, but this is a systematic bias (a systematic 
shift all year around) and the critical movement of the 
annual cycle is well captured. This is important, as the 
movement of the STR is an essential driver of the regional 
rainfall. During the cool season, STR movement explains a 
large amount of the interannual variability of rainfall. It was 
also shown to explain 70 to 80 % of the observed rainfall 
deficit during the Millennium Drought across large parts of 
South-Eastern Australia (Timbal et al., 2010) (see Box 2.1 for 
details).

For rainfall, climate models show a very large scatter 
around the observations (right panel in Figure 3.1). The 
largest errors are found for the warm season rainfall, 
while errors for the cool season, particularly for the early 
part of the season, are less. Some CMIP5 models have a 
poor representation of the annual cycle with a summer 
maximum in rainfall. These models contribute to bias the 
ensemble mean toward a wetter than observed warm 
season rainfall, although the ensemble mean remains close 
to the observations for most of the cool season rainfall.

In addition to the CMIP5 model results, downscaling can 
be used to derive finer spatial information in the regional 
projections, thus potentially capturing processes occurring 
on a finer scale. While downscaling can provide added 
value on finer scale processes, it increases the uncertainty 
in the projections since there is no single best downscaling 
method, but a range of methods that are more or less 
appropriate depending on the application. It is advisable to 
consider more than one technique, as different downscaling 
techniques have different strengths and weaknesses.

For the regional projections we consider downscaled 
projections from two techniques: outputs from a dynamical 
downscaling model, the Conformal Cubic Atmospheric 
Model (CCAM) (McGregor and Dix, 2008) using six CMIP5 
GCMs as input; and the Bureau of Meteorology analogue-
based statistical downscaling model with 22 CMIP5 
GCMs as input for rainfall and 21 CMIP5 GCMs as input 
for temperature (Timbal and McAvaney, 2001). Where 
relevant, projections from these methods are compared 
to those from GCMs (the primary source of climate change 
projections in this report). The downscaled results are 
only emphasised if there are strong reasons for giving the 
downscaled data more credibility than the GCM data (see 
Section 6.3 in the Technical Report for further details on 
downscaling).
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As outlined in the Fifth Assessment Report (IPCC, 2013), 
greenhouse gases, such as carbon dioxide, have a warming 
effect on global climate. These gases absorb heat that 
would otherwise be lost to space, and re-radiate it back 
into the atmosphere and to the Earth’s surface. The IPCC 
concluded that it was extremely likely that more than 
half of the observed increase in global average surface 
air temperature from 1951–2010 has been caused by the 
anthropogenic increase in greenhouse gas emissions 
and other anthropogenic forcings. Further increases in 
greenhouse gas concentrations resulting primarily from 
burning fossil fuel will lead to further warming, as well as 
other physical and chemical changes in the atmosphere, 
ocean and land surface. 

The CMIP5 simulations give the climate response to a set 
of greenhouse gas, aerosol and land-use scenarios that 
are consistent with socio-economic assumptions of how 
the future may evolve. These scenarios are known as the 
Representative Concentration Pathways (RCPs) (Moss  
et al., 2010; van Vuuren et al., 2011). Box 4.1 presents a brief 
introduction to the RCPs.

In its Fifth Assessment Report (IPCC, 2013), the IPCC 
concluded that global mean surface air temperatures 
for 2081–2100 relative to 1986–2005 are likely to be in 
the following ranges: 0.3 to 1.7 °C warmer for RCP2.6 
(representing low emissions); 1.1 to 2.6 °C and 1.4 to 3.1 °C 
warmer for RCP4.5 and RCP6.0 respectively (representing 
intermediate emissions); and 2.6 to 4.8 °C warmer for 
RCP8.5 (representing high emissions).  

The projections for the climate of the Murray Basin cluster 
consider model ranges of change, as simulated by the 
CMIP5 ensemble. However, the projections should be 
viewed in the context of the confidence ratings that are 
provided, which consider a broader range of evidence than 
just the model outputs. The projected change is assessed 
for two 20-year time periods: a near future 2020–2039 
(herein referred to as 2030) and a period late in the 21st 
century, 2080–2099 (herein referred to as 2090) following 
RCPs 2.6, 4.5 and 8.5 (Box 4.1)2. 

4 THE CHANGING CLIMATE OF THE MURRAY BASIN 

This Section presents projections of climate change to the end of the 21st century for a range of climate 
variables (including average and extreme conditions) of relevance to the Murray Basin cluster. Where 
there are relevant observational data available, the report shows historical trends. 

The spread of model results is presented in graphical form 
(Box 4.2) and provided as tabulated percentiles in Table 1 
(10th, 50th and 90th) and Table 3 (5th, 50th and 95th, for 
sea level rise) in the Appendix. CMIP5 results for additional 
time periods between 2030 and 2090 are provided through 
the Climate Change in Australia website (Box 1).

Unless otherwise stated, users of these projections should 
consider the ranges of projected change, as indicated by the 
different plots and tabulated values, as applicable to each 
location within the cluster.

2 For sea level rise and sea allowance, the future averaging periods are 
2020–2040 and 2080–2100. In the report, these are referred to as 2030 
and 2090 respectively.
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4 .1 RANGES OF PROJECTED CLIMATE 
CHANGE AND CONFIDENCE IN 
PROJECTIONS

Quantitative projections of future climate change in the 
Murray Basin cluster are presented as ranges of change. 
This allows for differences in how future climate may 
evolve due to three factors that are not known precisely 
– greenhouse gas and aerosol emissions, the climate 
response and natural variability:

• Future emissions cannot be known precisely and are 
dealt with here by examining several different RCPs 
described in Box 4.1. There is no ‘correct’ scenario, so 
the choice of how many and which scenarios to examine 
is dependent on the decision-making context. 

• The response of the climate system to emissions is well 
known in some respects, but less well known in others. 
The thermodynamic response (direct warming) of the 
atmosphere to greenhouse gases is well understood, 
although the global climate sensitivity varies. However, 
changes to atmospheric circulation in a warmer climate 
are one of the biggest uncertainties regarding the 
climate response. The range between different climate 
models (and downscaled models) gives some indication 
of the possible responses. However, the range of model 
results is not a systematic or quantitative assessment 
of the full range of possibilities, and models have some 
known regional biases that affect confidence. 

• Natural variability (or natural ‘internal variability’ 
within the climate system) can dominate over the 
‘forced’ climate change in some instances, particularly 
over shorter time frames and smaller geographic 
areas. The precise evolution of climate due to natural 
variability (e.g. the sequence of wet years and dry 
years) cannot be predicted (IPCC, 2013, see Chapter 11). 
However, the projections presented here allow for a 
range of outcomes due to natural variability, based on 
the different evolutions of natural climatic variability 
contained within each of the climate model simulations.

The relative importance of each of these factors differs 
for each variable, different timeframes and spatial scale. 
For some variables with large natural variability, such as 
rainfall, the predominant reason for differing projections 
in the early period is likely to be dominated by natural 
variability rather than differences in emission scenarios 
(the influence of which becomes relatively more important 
as greenhouse gas concentrations increase). In addition, 
unpredictable events, such as large volcanic eruptions, and 
processes not included in models, could influence climate 
over the century. See the Fifth Assessment Report (IPCC, 
2013) Chapter 11 for further discussion of these issues.

BOX 4 .1: REPRESENTATIVE 
CONCENTRATION PATHWAYS (RCPs)

The climate projections presented in this report are 
based on climate model simulations following a set 
of greenhouse gas, aerosol and land-use scenarios 
that are consistent with socio-economic assumptions 
of how the future may evolve. The well mixed 
concentrations of greenhouse gases and aerosols in 
the atmosphere are affected by emissions as well as 
absorption through land and ocean sinks. 

There are four Representative Concentration Pathways 
(RCPs) underpinned by different emissions. They 
represent a plausible range of radiative forcing (in  
W/m2) during the 21st century relative to pre-industrial 
levels. Radiative forcing is a measure of the energy 
absorbed and retained in the lower atmosphere. The 
RCPs are:

•  RCP8.5: high radiative forcing (high emissions) 

•  RCP4.5 and 6.0: intermediate radiative forcing 
(intermediate emissions) 

•  RCP2.6: low radiative forcing (low emissions).

RCP8.5, represents a future with little curbing of 
emissions, with carbon dioxide concentrations 
reaching 940 ppm by 2100. The higher of the two 
intermediate concentration pathways (RCP6.0) assumes 
implementation of some mitigation strategies, with 
carbon dioxide reaching 670 ppm by 2100. RCP4.5 
describes somewhat higher emissions than RCP6.0 in 
the early part of the century, with emissions peaking 
earlier then declining, and stabilisation of the carbon 
dioxide concentration at about 540 ppm by 2100. 
RCP2.6 describes emissions that peak around 2020 
and then rapidly decline, with the carbon dioxide 
concentration at about 420 ppm by 2100. It is likely that 
later in the century active removal of carbon dioxide 
from the atmosphere would be required for this 
scenario to be achieved. For further details on all RCPs 
refer to Section 3.2 and Figure 3.2.2 in the Technical 
Report. 

The previous generation of climate model experiments 
that underpins the science of the IPCC’s Fourth 
Assessment Report used a different set of scenarios. 
These are described in the IPCC’s Special Report on 
Emissions Scenarios (SRES) (Nakićenović and Swart, 
2000). The RCPs and SRES scenarios do not correspond 
directly to each other, though carbon dioxide 
concentrations under RCP4.5 and RCP8.5 are similar to 
those of SRES scenarios B1 and A1FI respectively. 

In the Technical and Cluster Reports, RCP6.0 is not 
included due to a smaller sample of model simulations 
available compared to the other RCPs. Remaining RCPs 
are included in most graphical and tabulated material 
of the Cluster Reports, with the text focusing foremost 
on results following RCP4.5 and RCP8.5.
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BOX 4 .2: UNDERSTANDING PROJECTION PLOTS

Projections based on climate model results are illustrated 
using time series (a) and bar plots (b). The model data 
are expressed as anomalies from a reference climate. 
For the time series (a), anomalies are calculated as 
relative to 1950–2005, and for the bar plots (b) anomalies 
are calculated as the change between 1986–2005 and 
2080–2099 (referred to elsewhere as ‘2090’). The graphs 
can be summarised as follows: 

1. The middle (bold) line in both (a) and (b) is the median 
value of the model simulations (20-year moving 
average); half the model results fall above and half 
below this line. 

2. The bars in (b) and dark shaded areas in (a) show the 
range (10th to 90th percentile) of model simulations 
of 20-year average climate. 

3. Line segments in (b) and light shaded areas in 
(a) represent the projected range (10th to 90th 
percentile) of individual years taking into account 
year to year variability in addition to the long-term 
response (20-year moving average).

In the time series (a), where available, an observed time 
series (4) is overlaid to enable comparison between 
observed variability and simulated model spread. A time 
series of the future climate from one model is shown 
to illustrate what a possible future may look like (5). 
ACCESS1-0 was used for RCP4.5 and 8.5, and BCC-CSM-1 
was used for RCP2.6, as ACCESS1-0 was not available. 

In both (a) and (b), different RCPs are shown in different 
colours (6). Throughout this document, green is used for 
RCP2.6, blue for RCP4.5 and purple for RCP8.5, with grey 
bars used in bar plots (b) to illustrate the expected range 
of change due to natural internal climate variability  
alone (7).

The projections presented here are accompanied by a 
confidence rating that follow the system used by the IPCC 
in the Fifth Assessment Report (Mastrandrea et al., 2010), 
whereby the confidence in a projected change is assessed 
based on the type, amount, quality and consistency of 
evidence (which can be process understanding, theory, 
model output, or expert judgment) and the extent of 
agreement amongst the different lines of evidence. 
Hence, this confidence rating does not equate precisely to 

probabilistic confidence. The levels of confidence used here 
are set as low, medium, high or very high. Note that although 
confidence may be high in the direction of change, in some 
cases confidence in magnitude of change may be medium 
or low (e.g. due to some known model deficiency). When 
confidence is low only qualitative assessments are given. 
More information on the method used to assess confidence 
in the projections is provided in Section 6.4 of the Technical 
Report.
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4 .2 TEMPERATURE

Surface air temperatures in the cluster have been increasing 
since national records began in 1910, especially since 1960 
(Figure 4.2.1, Figure 4.2.2). By 2013, mean temperature has 
risen by 0.8 °C using a linear trend. For the same period, 
daytime maximum temperatures have risen by 0.7 °C while 
overnight minimum temperatures have increased by 1.0 °C 
using a linear trend (Figure 4.2.4). 

FIGURE 4.2.1: OBSERVED ANNUAL MEAN TEMPERATURE 
ANOMALIES (°C) FOR 1910–2013 COMPARED TO THE BASELINE 
1986–2005 FOR MURRAY BASIN . CLUSTER AVERAGE DATA ARE 
FROM ACORN-SAT AND GLOBAL DATA ARE FROM HADCRUT3V 
(BROHAN ET AL., 2006) . 

The warming across the cluster is broadly in keeping with 
global temperature changes. However it displays marked 
differences on decadal time-scales, and even more so on 
a year to year basis. This is an important reminder that 
while the warming observed across the cluster is primarily 
driven by global warming, year to year and even decadal 
anomalies are also driven by regional factors, some linked 
to the more variable rainfall trends (see Section 4.4 for 
details). The warming is fairly uniform across the cluster 
with lower warming in South Australia and higher warming 
in the east of the basin.

FIGURE 4.2.2: MAPS OF TREND IN MEAN TEMPERATURE (°C/10YEARS) FOR (A) 1910–2013 AND (B) 1960–2013 (ACORN-SAT) .
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While the observed warming is fairly similar all year 
around for the mean and daily minimum and maximum 
temperature over the last 30 years, the daily minimum 
temperature during the cool season has shown little 
warming (Figure 4.2.4). This explains why large parts of 
the Murray Basin cluster have not experienced a reduction 
of frost occurrences. Instead the cluster has seen more 
damaging frost due to overall warming, which causes 
an earlier start in the year of the growing cycle and thus 
exposure of plants to cooler temperatures earlier in the 
season. The difference in temperature trends between daily 
maximum and minimum temperatures during the cool 
season, leading to an increase in the diurnal temperature 
range, is consistent with the observed rainfall trends during 
the last 30 years; with reduced rainfall in the cool season 
and hence stronger radiative cooling during the night (see 
Section 4.4 for details).

The modelled increase in the mean temperature (averaged 
for the cluster) over the 20th century shows similar rates 
to observed temperatures (Figure 4.2.5). Daily maximum 
and minimum temperatures are roughly consistent with 

the mean warming. For the 21st century, stronger warming 
rates are found for the higher emission scenarios (see right-
hand plots in Figure 4.2.5), as enhanced radiative forcing 
is directly linked to atmospheric warming. Model spread 
increases with time due to variation in model sensitivity to 
forcing. The graphs show sustained warming under RCP8.5, 
which by 2090 reaches a median of 4.2 °C for maximum  
temperature during the warm season and 
3.9 °C during the cool season. The corresponding increases 
for minimum temperature are 3.9 °C and 3.2 °C. In Table 1 
in the Appendix, numbers are provided for four standard 
seasons for RCP2.6, RCP4.5 and RCP8.5 for 20-year periods 
centred on 2030 and 2090. Overall, for 2030, the mean 
warming is around 0.6 to 1.3 °C, with only minor difference 
between RCPs, and for 2090 it is 1.3 to 2.4 °C for RCP4.5 and 
2.7 to 4.5 °C for RCP8.5.

When comparing the projected warming to the spread of 
inter-annual variability estimated by the climate models 
(grey bars in Figure 4.2.5), projected warming is well 
outside the spread of natural variability apart for RCP2.6, 
and therefore highly significant. 

 

FIGURE 4.2.3: SIMULATED (GREY) AND OBSERVED (BROWN) MONTHLY TRENDS IN TEMPERATURE FROM 1910–2005 (A) AND  
1960–2005 (B) . THE SOLID BLACK LINE IN BOTH PANELS DENOTES THE MULTI-MODEL ENSEMBLE MEAN TREND . DATA ARE FROM 
ACORN-SAT .
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If fitting a linear trend to the full temperature record for 
the Cluster (measurements starting in 1910 for ACORN-
SAT), the rate of increase is somewhat higher for minimum 
temperature relative to maximum temperature in the cool 
and warm seasons. However, for a more recent time period 

FIGURE 4.2.5: TIME SERIES (A) FOR MURRAY BASIN ANNUAL AVERAGE SURFACE AIR TEMPERATURE (°C) FOR 1910–2090, AS 
SIMULATED IN CMIP5 RELATIVE TO THE 1950–2005 MEAN FOR RCP8 .5 (A) . THE CENTRAL LINE IS THE MEDIAN VALUE, AND THE 
SHADING IS THE 10TH AND 90TH PERCENTILE RANGE OF 20-YEAR MEANS (INNER) AND SINGLE YEAR VALUES (OUTER) . THE GREY 
SHADING INDICATES THE PERIOD OF THE HISTORICAL SIMULATION, WHILE THE  FUTURE SCENARIO (RCP8 .5) IS SHOWN WITH 
COLOUR-CODED SHADING (IN PURPLE) . ACORN-SAT OBSERVATIONS AND PROJECTED VALUES FROM A TYPICAL MODEL ARE SHOWN . 
BAR PLOTS IN (B) AND (C) SHOW THE PROJECTED RANGES FOR DAILY MAXIMUM AND MINIMUM TEMPERATURE FOR 2080–99 WITH 
RESPECT TO 1986–2005 FOR NATURAL CLIMATE VARIABILITY ONLY (GREY), RCP2 .6 (GREEN), RCP4 .5 (BLUE) AND RCP8 .5 (PURPLE) . 
TIME SERIES AND BAR PLOTS ARE EXPLAINED IN BOX 4 .2 .

FIGURE 4.2.4: 11-YEAR RUNNING MEAN OF MURRAY BASIN CLUSTER DAILY MINIMUM (BLUE LINE) AND OBSERVED ANNUAL MEAN OF 
DAILY MAXIMUM (ORANGE LINE) AIR TEMPERATURE PRESENTED AS ANOMALIES RELATIVE TO THE 1910–2013 AVERAGE (°C) (ACORN-
SAT); SOLID LINES SHOW THE COOL SEASON (APRIL TO OCTOBER) AND DASHED LINES SHOW THE WARM SEASON (NOVEMBER TO 
MARCH) .

(the past 30 years), minimum temperature increases at 
a much slower rate compared to maximum temperature 
during the cool season (Figure 4.2.4), which is consistent  
with the future rainfall projection presented in Section 4.4.
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Included in the left graph of Figure 4.2.5 is an example 
of a model simulation. The model simulation is included 
to illustrate that individual model runs produce temporal 
variability similar to that of observed temperature, i.e. 
models do not simulate a sequentially steady increase in 
temperature from one year to another, as in an observed 
time series. The projected model data show individual 
years that are warmer or cooler than preceding years. 
When comparing the trajectory of warming to the spread 
of natural variability, the warming signal due to increased 
emissions appears to emerge from the natural variability 
around the 2050s for most RCPs. Here, ‘emergence’ means 
when the range of temperatures in the future moves 
beyond that of the envelope of current climate.

The projected warming across the Murray Basin cluster 
has a small south-west to north-east gradient (Section 
7.1.1 in the Technical Report presents maps illustrating this 
point). It is also worth noting that over the last 40 years, 
the observed warming, while spatially quite homogeneous, 
displayed a similar south-west to north-east gradient 
(Figure 4.2.1). In comparison with the previous generation 
of climate models (CMIP3), the CMIP5 models are showing 
very similar spatial patterns and a slightly lower warming 
trend (see Technical Report for details). 

Here we illustrate what the mean annual temperature might 
become by 2090 following the high emission scenario 
across the south-east of Australia (Figure 4.2.6), for median 
warming. The area that currently has a mean temperature 
below 15 °C is reduced to the south-east corner of the 

FIGURE 4.2.6: ANNUAL MEAN SURFACE AIR TEMPERATURE (°C), FOR THE PRESENT CLIMATE (A), AND FOR 2090 USING GCM 
PROJECTED WARMING (B) OR FOR THE STATISTICAL DOWNSCALING OF THESE MODELS (C) . THE PRESENT CLIMATE IS BASED ON THE 
AWAP DATA SET FOR 1986–2005 (A 0 .25 DEGREE GRID) . THE FUTURE CASE IS USING THE MEDIAN CHANGE AT 2090, UNDER RCP8 .5 
(UNDER A GLOBAL WARMING OF 3 .7 °C CASE) . THE RIGHT PANEL SHOWS THE DOWNSCALED MEDIAN CHANGE BY 2090 OF THE 22 
GCMS FOR WHICH THE STATISTICAL DOWNSCALING WAS PERFORMED . THESE RESULTS WERE PRODUCED ON 0 .05 DEGREE GRID, BUT 
WERE AVERAGED ON A 0 .25 DEGREE GRID . FOR CLARITY, THE  15 AND 20 °C CONTOURS ARE SHOWN WITH SOLID BLACK LINES . IN (B) 
AND (C) THE SAME CONTOURS FROM THE ORIGINAL CLIMATE ARE PLOTTED AS DOTTED LINES .

cluster at the highest elevations. The statistical downscaling 
of the models (right graph in Figure 4.2.6) suggests that the 
cool areas in the Alps could reduce further than in the GCM 
simulations. 

Overall, the two maps of the future mean temperature over 
the Murray Basin cluster are fairly consistent. However, 
compared to the results obtained directly from climate 
models, those obtained by downscaling show a stronger 
increase at the foothills of the Great Dividing Range (i.e. 
the 20 °C contour comes closer to the high elevation 
terrain on the northern flank of the Range), and there 
are small differences along the coast (the most notable 
ones are along the Eastern coast outside the Murray 
Basin cluster). These maps illustrate the potential benefit 
in terms of spatial details of using downscaled climate 
change projections when available and when suitable to 
the particular application (see section 6.3 in the Technical 
Report for a discussion on downscaling methods, their 
abilities and limitations).

Taking into consideration the strong agreement on 
direction and magnitude of change amongst GCMs and 
downscaling results and the robust understanding of the 
driving mechanisms of warming and its seasonal variation, 
there is very high confidence in substantial increase for daily 
mean, maximum and minimum temperature for the Murray 
Basin cluster.
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4 .2 .1 EXTREMES

Changes to temperature extremes often lead to greater 
impacts than changes to the mean climate. To assess these, 
researchers examine CMIP5 projected changes to measures 
such as the warmest day in the year, warm spell duration 
and frost risk days (see definitions below).

FIGURE 4.2.7: PROJECTED CHANGES IN SURFACE AIR 
TEMPERATURE EXTREMES BY 2090 IN (A) MEAN DAILY 
MAXIMUM TEMPERATURE, HOTTEST DAY OF THE YEAR AND 
THE 20-YEAR RETURN VALUE OF THE HOTTEST DAY OF THE 
YEAR (°C); AND (B) CHANGE IN THE NUMBER OF DAYS IN WARM 
SPELLS FOR MURRAY BASIN (SEE TEXT FOR DEFINITION OF 
VARIABLES) . RESULTS ARE SHOWN FOR RCP4 .5 (BLUE) AND 
RCP8 .5 (PURPLE) RELATIVE TO THE 1986–2005 MEAN . NATURAL 
CLIMATE VARIABILITY IS REPRESENTED BY THE GREY BAR . BAR 
PLOTS ARE EXPLAINED IN BOX 4 .2 . 

The annual maximum of the daily maximum temperature 
represents the hottest day within a year. By 2090, this value 
is expected to rise about 2.4 °C (median value) following 
RCP4.5 and 4.5 °C following RCP8.5 (Figure 4.2.7), the 
hottest day in the 20-years (20-year return value, equal 
to a 5 % chance of occurrence within any one year) is also 
projected to increase by a similar amount. Furthermore it 
also supports the application of the projected changes for 
selected time slices and RCPs to the historical daily record 
at selected sites approach to obtain a local estimate of the 
change in frequency of hot days. This is illustrated in Box 
4.3 for Canberra where it can be seen that the number of 
days above 35 °C by 2090 more than doubles under the 
RCP4.5 and median warming, and the number of days over 
40 °C more than triples.

To better define changes in extreme hot temperatures, in 
addition to the hottest day in the year, several metrics can 
be used to quantify the magnitude, frequency and duration 
of maximum/minimum values or rare events. To better 

approximate future behaviour of heatwaves (and cold 
spells), relevant extremes can be thought of as extended 
lengths of cold/warm spells, defined as the annual count 
of days for events with at least six consecutive days with 
minimum/maximum below/above the 10th/90th percentile, 
as estimated from a baseline climate. As an example the 
90th percentile for daily temperature maximum in Canberra 
is 29.8 °C based on Bureau of Meteorology historical data 
for March 1939 to June 2014. The GCM projections indicate 
a marked increase in the warm spell duration index through 
the century, starting from values near zero. There are very 
large increases projected for RCP8.5 by 2090 (Figure 4.2.7): 
median warming gives an increase in warm spells of 75 days 
compared to 1986–2005. 

Strong model agreement and understanding of physical 
mechanisms of warming lead to high confidence in the 
substantial increase in the heat related extremes.
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4 .2 .2 FROST DAYS 

Changes in the frequency of surface frost are of potential 
importance to agriculture, energy and other sectors, and 
to the environment. Assessing frost occurrence directly 
from global model output is not reliable, in part because of 
varying biases in land surface temperatures. For this cluster, 
we were able to examine statistical downscaling of the 22 

BOX 4 .3: HOW WILL THE FREQUENCY OF HOT DAYS AND FROST RISK DAYS CHANGE IN 
CANBERRA? 

To illustrate what the CMIP5 projected warming implies 
for changes to the occurrence of hot days and frost 
days in Canberra, a simple downscaling example was 
conducted.

The type of downscaling used here is commonly referred 
to as Change Factor Approach (see Section 6.3.1. in the 
Technical Report), whereby a change (calculated from the 

simulated model change) is applied to an observed time 
series. In doing so, it is possible to estimate the frequency 
of extreme days under different emission scenarios. 

In Table B4.3, days with maximum temperatures above 35 
and 40 °C, and frost risk days (minimum temperature less 
than 2 °C) are provided for a 30-year period (1981–2010), 
and for downscaled data. 

THRESHOLD CURRENT 2030 RCP4.5 2090 RCP4.5 2090 RCP8.5

Over 35 °C 7.1 12 (9.4 to 14) 17 (13 to 23) 29 (22 to 39)

Over 40 °C 0.3 0.6 (0.4 to 0.8) 1.4 (0.8 to 2.8) 4.8 (2.3 to 7.5)

Below 2 °C 91 81 (87 to 76) 68 (75 to 61) 43 (52 to 35)

FIGURE 4.2.8: SEASONAL PROJECTED CHANGE IN FROST OCCURRENCES FOR 2080–99 IN RELATION TO THE PERIOD 1986–2005 
AVERAGED ACROSS THE MURRAY BASIN CLUSTER IN ABSOLUTE (DAYS, LEFT GRAPH) OR RELATIVE (PERCENTAGE OF THE CURRENT 
CLIMATE, RIGHT GRAPH) TERMS . THE BARS AND HORIZONTAL TICKS DENOTE 10TH, 50TH AND 90TH PERCENTILE OF THE 
STATISTICALLY DOWNSCALED CMIP5 RESULTS . THE SCENARIOS FROM LEFT TO RIGHT ARE: NATURAL VARIABILITY ONLY (GREY), 
RCP4 .5 (BLUE) AND RCP8 .5 (PURPLE) .

CMIP5 models. This technique has the ability to describe 
local temperature with minimal bias and hence it is possible 
to analyse the number of days with minimum temperature 
below 2 °C as a proxy for the risk of frost occurrences. 
Average numbers of frost occurrences across the Murray 
Basin cluster are projected to decrease in all seasons (Figure 
4.2.8). 

TABLE B4.3: CURRENT AVERAGE ANNUAL NUMBER OF DAYS (FOR THE 30-YEAR PERIOD 1981–2010) ABOVE 35 AND 40 °C AND 
BELOW 2 °C (FROSTS) FOR CANBERRA AIRPORT (ACT) BASED ON ACORN-SAT . ESTIMATES FOR THE FUTURE ARE DOWNSCALED 
30-YEAR PERIODS, CALCULATED USING CHANGE FACTORSTHE MEDIAN CMIP5 WARMING FOR 2030 AND 2090 . FOR 2030, ONLY 
RCP4 .5 IS SHOWN, AS THESE RESULTS ARE SIMILAR TO THOSE FOR RCP2 .6, AND RCP8 .5 . THE MEDIAN PROJECTION ACROSS THE 
MODELS IS SHOWN, AND WITHIN BRACKETS THE 10TH AND 90TH PERCENTILE CMIP5 WARMING FOR THESE PERIODS), APPLIED 
TO THE 30-YEAR ACORN-SAT STATION SERIES . NUMBERS ARE TAKEN FROM TABLE 7 .1 .2 AND TABLE 7 .1 .3 IN THE TECHNICAL 
REPORT .

c l u s t e r  r e p o r t :  M U R R AY  B A S I N 23



There is a strong reduction in frost, dependent on the 
emission scenarios, but passing outside the range of natural 
variability by 2090 in the case of RCP8.5. In absolute terms, 
the largest reduction of frost occurrences is seen in winter, 
but in percentage terms it is largest in summer (frost in 
that season is only encountered in the small Alpine region 
within the cluster). It is interesting to note that spring frosts 
decline less rapidly than autumn ones, which combined 
with advanced plant phenology due to generally warmer 
conditions, indicates that risks associated with late frost 
occurrences may not necessarily decline. This is a complex 
area which requires careful modelling based on individual 
plant phenology. 

To give an indication to changes in frost occurrence at 
a representative site, Box 4.3 also illustrates the change 
in frost days at Canberra using the simple approach of 
applying the mean warming to the historical minimum 
temperature record (as was done for hot days). This 
approach does not allow for the effect of any changes in 
variability (unlike the approach described above) but gives 
broadly comparable results (also see Section 7.1 in the 
Technical Report). 

In summary, strong model agreement and understanding of 
physical mechanisms of warming lead to high confidence in 
a projected substantial decrease in the frequency of frost.

4 .3 MEAN SEA LEVEL PRESSURE

As discussed in Box 1, changes in mean sea level pressure 
(MSLP) are important as they relate to rainfall change in 
the Murray Basin cluster, in particular during the cool 
season when the intensity of the sub-tropical ridge (STR) 
has the main influence on rainfall. Analysis of the CMIP5 
simulations confirms that most climate models project 
an increase in the intensity of the STR, dependent on the 
magnitude of the projected warming. Using CMIP3 models, 
Kent et al. (2013) found that the mean intensification is 
0.24 hPa/°C. In addition to intensification, climate models 
indicate a shift poleward of the STR, which will also reduce 
cluster rainfall. The intensification and poleward shift of 
the STR is consistent with the observed trend in the last 30 
years and the observed broadening of the Mean Meridional 
Circulation (MMC) (see Box 2.1). Projections indicate a 
consensus amongst models toward a further broadening of 
the MMC (IPCC, 2013).

The annual mean MSLP projections for the Murray Basin 
cluster for RCP8.5 show an increase reaching 1 hPa by 2090 
(left plot in Figure 4.3.1). The annual mean is made up of a 
small increase during the warm season and a large increase 
during the cool season (right graph in Figure 4.3.1), which 
is the time of the year where the relationship between the 
STR intensity and rainfall in the Murray Basin is important. 
For 2090, there is high confidence about the direction of the 

FIGURE 4.3.1: TIME SERIES FOR SOUTHERN AUSTRALIA (INCLUDES THE AREA OF THE MURRAY BASIN, THE SOUTHERN AND SOUTH 
WESTERN FLATLANDS AND THE SOUTHERN SLOPES CLUSTERS) ANNUAL AVERAGE MSLP (HPA), AS SIMULATED IN CMIP5 MODELS 
RELATIVE TO THE 1950–2005 MEAN FOR RCP8 .5 (LEFT) . THE CENTRAL LINE IS THE MEDIAN VALUE, AND THE SHADING IS THE 10TH 
AND 90TH PERCENTILE RANGE OF 20-YEAR MEANS (INNER) AND SINGLE YEAR VALUES (OUTER) . THE GREY SHADING INDICATES THE 
PERIOD OF THE HISTORICAL SIMULATION, WHILE THE FUTURE SCENARIO IS SHOWN WITH COLOUR-CODED SHADING (PURPLE) . 
HADSLP2 OBSERVATIONS ARE SHOWN IN BROWN AND PROJECTED VALUES FROM A TYPICAL MODEL ARE SHOWN INTO THE FUTURE 
IN GREY .  BAR PLOTS (RIGHT) SHOW SEASONAL CHANGES (HPA) FOR SOUTHERN AUSTRALIA FOR 2080–99 WITH RESPECT TO 
1986–2005 FOR NATURAL CLIMATE VARIABILITY ONLY (GREY), RCP2 .6 (GREEN), RCP4 .5 (BLUE) AND RCP8 .5 (PURPLE) . TIME SERIES AND 
BAR PLOTS ARE EXPLAINED IN BOX 4 .2 . 
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change, but the increase is gradual during the 21st century 
and its magnitude depends on the emission scenario. 

In addition, in the Appendix tables, projections are 
provided for 2030 and 2090 relative to the 1986–2005 
period showing the 10th, 50th and 90th percentile change, 
as projected by the CMIP5 model archive for RCP2.6, RCP4.5 
and RCP8.5 scenarios. 

Based on the observed relationship between STR intensity 
and rainfall, we expect these MSLP projections to translate 
into rainfall trends (i.e. drying in the cool season). However, 
a very uneven ability across climate models to reproduce 
the observed STR-rainfall relationship was noted for CMIP3 
models (Kent et al., 2013).

4 .4 RAINFALL 

The Murray Basin cluster has experienced some remarkable 
rainfall variability in the last 15 years, including the record 
breaking Millennium drought affecting most of the Murray-
Darling Basin (Leblanc et al., 2012) included in the Murray 
Basin cluster. The Millennium drought ended with two of 
the wettest years on record for Australia in 2010–11 (Beard 
et al., 2011, Bureau of Meteorology, 2012). For 2010–11, the 
2-year average was 690 mm per year and was the third 
wettest 2-year period (after 1973–74 and 1955–56) on record. 
However, while the Millennium drought was dominated by 

autumn and early winter rainfall declines (primarily within 
the cool season), the very wet La Niña driven 2010–11 period 
was predominantly delivered as warm season rainfall. 
This has contributed to a marked ongoing decrease in the 
difference between cool and warm season rainfall. 

 

FIGURE 4.4.1: MURRAY BASIN CLUSTER AVERAGE OF THE 
OBSERVED ANNUAL RAINFALL ANOMALIES (ORANGE BARS: 
DIFFERENCES IN MM FOR 1901–2013 COMPARED TO THE 
BASELINE 1986–2005) SINCE 1901 INCLUDING THE 11-YEAR 
RUNNING MEAN (BOLD ORANGE LINE), AND THE 11-YEAR 
RUNNING MEAN OF THE DIFFERENCE BETWEEN THE APRIL-
OCTOBER (COOL) AND NOVEMBER-MARCH (WARM) RAINFALL 
(GREY LINE) . DATA ARE FROM AWAP .

FIGURE 4.4.2: SEASONAL MAPS OF RAINFALL TRENDS (MM/DECADE) FOR WARM SEASON (A) 1901–2013 AND (B) 1960–2013, COOL 
SEASON (C) 1901–2013 AND (D) 2060–2013 .
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The spatial extent of the rainfall decline since 1960 covers 
the entire Murray Basin cluster in autumn (the season 
where the decline has been the strongest) and a large part 
of the cluster in winter and spring (Figure 4.4.2). In contrast, 
most of the cluster has experienced increasing summer 
rainfall. Using the cool and warm seasons described in 
this report, their respective trends are mostly opposing 
each other across much of the Murray Basin cluster (not so 
outside the cluster on the Eastern Seaboard). The largest 
trends in both seasons are observed over the complex 
orography in the south-eastern part of the cluster with a 
sharp contrast between the two seasons.  

The observed rainfall decline has strong similarity with the 
STR intensification (see Box 2.1), both in terms of spatial area 
affected, including the Murray Basin cluster (CSIRO, 2012) 
as well as the magnitude. Timbal and Drosdowsky (2013) 
reported that about 70 % of the rainfall deficit during the 
cool season over the Millennium drought was consistent 
with the expected rainfall response to the observed 
strengthening of the STR for an area covering the south-
west of Eastern Australia and hence a large section of the 
Murray Basin cluster. 

The CMIP5 models do capture an expansion of the MMC, 
in particular the Hadley Cell and the strengthening of the 
STR (Nguyen et al., 2014), albeit with a reduced intensity 
compared to the reanalyses and observations. However the 

same GCMs are not able to reproduce the observed rainfall 
trends. There is a large range of responses across models, 
but the ensemble mean shows no tendency toward drying 
during the cool season and a weak tendency toward wetter 
conditions for the warm season (not shown).

Annual mean rainfall projections are shown for 2090 under 
RCP8.5 (left panel in Figure 4.4.3) and for the warm and cool 
seasons for three emissions scenarios (right panel in Figure 
4.4.3). Tabulated results for various emission scenarios, 
2030 and 2090 and for the four traditional seasons are 
given in Appendix Table 1. 

By 2030, the changes are not strongly different to those 
due to natural variability under any RCP. Model spread is 
large and increases with time due to variation in model 
sensitivity to forcing. Hence the very weak long-term 
trend will be hard to identify from the very large natural 
variability, which will continue during the 21st century. 
In the Appendix, numbers are provided using the four 
traditional calendar seasons for three RCPs and for 2030 
and 2090. In 2030, changes under all RCPs are around -10 to 
+5 % annually, and around -15 to +10 % in winter, and -15 to 
+15 % in summer. By 2090 the changes in winter span -20 to 
+5 % under RCP4.5 and -40 to +5 % under RCP8.5, and those 
in summer span -15 to +10 % under RCP4.5 and -15 to +25 % 
under RCP8.5.

FIGURE 4.4.3: TIME SERIES FOR MURRAY BASIN ANNUAL AVERAGE RAINFALL FOR 1910–2090, AS SIMULATED IN CMIP5 RELATIVE 
TO THE 1950–2005 MEAN FOR RCP8 .5 (LEFT) . THE CENTRAL LINE IS THE MEDIAN VALUE, AND THE SHADING IS THE 10TH AND 90TH 
PERCENTILE RANGE OF 20-YEAR MEANS (INNER) AND SINGLE YEAR VALUES (OUTER) . THE GREY SHADING INDICATES THE PERIOD 
OF THE HISTORICAL SIMULATION, WHILE THE FUTURE SCENARIO IS SHOWN WITH COLOUR-CODED SHADING (PURPLE) . AWAP 
OBSERVATIONS ARE SHOWN IN BROWN (BEGINNING 1901) AND PROJECTED VALUES FROM A TYPICAL MODEL ARE SHOWN (PURPLE 
LINE) . BAR PLOTS (RIGHT) SHOW SEASONAL CHANGES (%) FOR MURRAY BASIN FOR 2080–99 WITH RESPECT TO 1986–2005 FOR 
NATURAL CLIMATE VARIABILITY ONLY (GREY), RCP2 .6 (GREEN), RCP4 .5 (BLUE) AND RCP8 .5 (PURPLE) . TIME SERIES AND BAR PLOTS ARE 
EXPLAINED IN BOX 4 .2 .
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It is worth noting that the severity of the observed rainfall 
decline during the cool season over the last 30 years (not 
shown) stands out as exceptional. In comparison to the 
envelope of the climate model simulations of the 20th 
century, it represents a very extreme case, albeit one that 
falls within the modelled range of natural variability. In 
comparison with the future projections, it is on par with the 
most extreme modelled projections by 2090 using RCP8.5. 
It is worth remembering that while climate models do 
reproduce the observed changes driving the observed cool 
season decline (meridional circulation and STR changes), 
they do so with a much reduced magnitude. Hence, it is 
possible that climate models are not as sensitive as the 
real climate system to the overall change in circulation 
impacting the Murray Basin cluster. For this reason, a large 
reduction in cool season rainfall, while at the extreme of 
the modelling results, should not be discarded for planning 
purposes.

Downscaling shows overall agreement with the thrust 
of the CMIP5 model projections (Figure 4.4.4). Some 
differences emerge due to the smaller sample of GCMs 
considered by each downscaling method. The weak warm 
season rainfall increase is enhanced with the dynamical 
downscaling, but not so by the statistical downscaling 
approach. For the cool seasons, both downscaling methods 
agree on a future reduction of the rainfall and enhance 
the magnitude of the decline, although this is partly driven 
by sub-sampling the CMIP5 suite of models. Furthermore, 
current trends in the cool season have a strong signature 
in relation to the orography (Figure 4.4.2), which is a 
characteristic that GCMs cannot capture, but downscaling 
might. Section 3 in this report and Section 6.3 in the 
Technical Report present further details on downscaling 
methods.  

FIGURE 4.4.4: PROJECTED RELATIVE CHANGE IN MURRAY BASIN 
SEASONAL RAINFALL FOR 2090 WITH RESPECT TO 1986–2005 
FOLLOWING RCP8 .5 . BARS SHOW RESULTS ACCORDING TO 
USING CMIP5 GCMS AND TWO DOWNSCALING METHODS 
(CCAM AND SDM) . RAINFALL ANOMALIES ARE GIVEN IN 
PERCENT WITH RESPECT TO 1986–2005 UNDER RCP8 .5 .   
BAR PLOTS ARE EXPLAINED IN BOX 4 .2 .

FIGURE 4.4.5: PROJECTED CHANGES IN MURRAY BASIN 
MEAN RAINFALL, MAGNITUDE OF ANNUAL MAXIMUM 1-DAY 
RAINFALL AND MAGNITUDE OF THE 20-YEAR MAXIMUM 
RETURN VALUE FOR THE 1-DAY RAINFALL FOR 2090 (SEE 
TEXT FOR DEFINITION OF VARIABLES) . RELATIVE RAINFALL 
ANOMALIES ARE GIVEN IN PERCENTAGE WITH RESPECT TO THE 
1986–2005 MEAN FOR THE RCP4 .5 (BLUE) AND RCP8 .5 (PURPLE) 
SCENARIOS .) . NATURAL CLIMATE VARIABILITY IS REPRESENTED 
BY THE GREY BAR . BAR PLOTS ARE EXPLAINED IN BOX 4 .2 . 

In summary, considering (1) the physical understanding of 
the relationship between the Mean Meridional Circulation, 
the sub-tropical ridge and rainfall across the Murray 
Basin cluster; (2) the projections of MSLP increase and STR 
strengthening (see previous section), (3) the difficulties 
that the models have in adequately capturing the observed 
relationship between STR and rainfall, and (4) the results 
from downscaling, there is high confidence that cool season 
rainfall will decline in the future. The magnitude of this 
decline is, however, very uncertain. For the warm season, 
there is medium confidence that future rainfall will remain 
unchanged. There is also high confidence that natural 
variability will remain large relative to any anthropogenic 
changes, at least for the near future (2030).

4 .4 .1 HEAVY RAINFALL EVENTS

Extremes of rainfall can be defined in many different ways, 
although always focusing on aspects of frequency, duration 
and magnitude. This report focuses on indices of extremes 
that capture characteristics of heavy rainfall, such as the 
largest annual 1-day totals and the proportion of total 
rainfall attributed to heavy rainfall. In a warming climate, 
rainfall extremes are expected to increase in magnitude 
mainly due to a warmer atmosphere being able to hold 
more moisture (Sherwood et al., 2010). However, this can be 
enhanced or suppressed in any single region by changes to 
the circulation.
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For the Murray Basin cluster, the CMIP5 models simulate 
an increase in extreme rainfall. Figure 4.4.5 shows the 
projected trends in the annual mean rainfall, the 1-day 
annual maximum value and the 20-year return value of the 
maximum 1-day rainfall for the period 2080–2099 relative 
to the baseline period 1986–2005; where a 20-year return 
value is equivalent to a 5 % chance of occurrence within 
any one year. Comparing the changes in the two extreme 
indices with those of the annual mean rainfall clearly 
shows that while the projection for mean rainfall is tending 
towards a decrease, the extremes are projected to increase. 
Separated into cool and warm seasons (not shown), the 
latter being the season where the largest annual daily totals 
are currently being observed, the increase in 1-day rainfall is 
larger in the warm season.

Understanding of the physical mechanisms that determine 
the rate and amount of rainfall suggest that extreme rainfall 
events are likely to increase in intensity, especially for the 
most extreme events. Thus, there is high confidence that 
the intensity of daily rainfall extremes will increase. The 
magnitude of change is less certain as some smaller scale 
weather systems that generate extreme rainfall are not well 
resolved by GCMs (Fowler and Ekstroem, 2009). Hence, 
there is low confidence in the magnitude of change, and 
thus the time when any change may be evident against 
natural fluctuations. 

4 .4 .2 DROUGHT

In recent history, the Murray Basin cluster has been affected 
by three prolonged droughts: the Federation drought 
and the World War II drought in the first half of the 20th 
century, and the Millennium drought (Figure 4.4.1). The 
Millennium drought was comparable to the World War II 
drought across the cluster but was more severe and longer 
lasting in the south and west (CSIRO, 2012).

To assess the implications of projected climate change for 
drought occurrence, researchers selected a measure of 
meteorological drought, the Standardised Precipitation 
Index (SPI). The amount of time spent in drought and 
changes to the duration and frequency of droughts of 
different severities were calculated. Section 7.2.3 of the 
Technical Report presents details on calculation of the SPI, 
as well as further information on drought.

FIGURE 4.4.7: SIMULATED CHANGES IN DROUGHT BASED 
ON THE STANDARDISED PRECIPITATION INDEX (SPI) . THE 
MULTI-MODEL ENSEMBLE RESULTS FOR MURRAY BASIN 
AVERAGESHOW THE PERCENTAGE OF TIME IN DROUGHT 
PROPORTION(SPI LESS THAN -1) (TOP), DURATION OF 
EXTREME DROUGHT DURATION (MIDDLE) AND FREQUENCY 
OF EXTREME DROUGHT (BOTTOM) FOR EACH 20-YEAR PERIOD 
CENTRED ON 1995, 2030, 2050, 2070 AND 2090 UNDER RCP2 .6 
(GREEN), RCP4 .5 (BLUE) AND RCP8 .5 (PURPLE) . NATURAL 
CLIMATE VARIABILITY IS REPRESENTED BY THE GREY BAR . 
SEE TECHNICAL REPORT CHAPTER 7 .2 .3 FOR DEFINITION OF 
DROUGHT INDICES . BAR PLOTS ARE EXPLAINED IN BOX 4 .2 .
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The projected change in the percentage time spent in 
drought, as well as the projections for duration and 
frequency for extreme drought are shown in Figure 4.4.7. 
Increases tend to dominate for time spent in drought and 
for extreme drought frequency, but not in all cases. This 
result is associated with the projected decline in annual 
and cool season rainfall, but changes in rainfall variability 
could contribute. Changes to extreme drought duration are 
less clear. For all scenarios, the model ensemble median 
indicate an increase in the percentage time spent in 
drought and the frequency of extreme drought for 2090; 
though some models under RCP8.5 show a clear reduction. 
These results are of medium confidence.

4 .4 .3 SNOW

A long-term reconstruction of annual maximum snow 
depth at Cabramurra (Davis, 2013) showed that snow depth 
has experienced considerable inter-annual and decadal 
variability (Figure 4.4.8). This is similar to the variability 
observed for rainfall across the Murray Basin cluster (Figure 
4.4.1). There is no significant trend over the entire record 
(150 years), as natural variability is large. There is however, 
a significant decline if only the last 100 years of the record 
are considered, and even more so for the last 60 years. This 
decline relates to the regional warming trend, rather than 
rainfall trends. This is consistent with previous work across 
the snow-covered Australian Alps (see Section 4.2.8 in the 
Technical Report).

 

A simple analysis was performed using precipitation on 
days when the maximum temperature does not exceed 2 °C 
as a proxy for snowfall from 22 CMIP5 models downscaled 
using the analogue-based statistical approach for two 
elevations: 1,419 m (next to the location of the Cabramurra 
station) and 1,923 m (the highest elevation in the Bureau 
of Meteorology operational 5 km observation grid). The 
two elevations provide an insight into future changes in 
snowfall across the range of elevations spanning the area 
where the snowpack is currently observed and ski resorts 
are located. Snowfall is projected to experience a reduction 
that increases with time, with the magnitude dependent 
on the emission scenarios and the altitude. Late in the 
21st century snow becomes rare under RCP8.5 at 1,400 
m (see Section 7.2.4 of the Technical Report for details). 
More complete projections of snow conditions (snow 
depth, area covered, length of the snow season) require 
offline snow modelling. Such a study was completed using 
CMIP3 climate projections for temperature and rainfall 
used to drive a snow model (Bhend et al., 2012). Results 
highlight a reduction of the snow area, depth and the 
length of the snow season  (see Technical Report, Section 
7.2.4 for details). Taking these two studies into account, 
we have high confidence in substantial reductions in snow 
particularly under RCP8.5.

FIGURE 4.4.8: RECONSTRUCTED ANNUAL MAXIMUM SNOW DEPTH AT CABRAMURRA FROM 1866–2010 WITH 11-YEAR RUNNING 
MEAN (DAVIS, 2013), YEARS WITH NO SNOW ARE MISSING DATA .
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4 .5 WINDS, STORMS AND WEATHER 
SYSTEMS

4 .5 .1 OBSERVED WINDS 

Across the Murray Basin cluster, winds are predominantly 
westerlies. They are stronger during the cool season 
when the sub-tropical ridge is located equator-ward of the 
cluster. During this time of the year the ‘Roaring Forties’ 
and ‘Fifties’ blow in a band of strong westerly winds and 
storms that encircle Antarctica (Sturman and Tapper, 
1996), and become very significant for southern Australia 
climate, when fronts associated with these storms have 
a major impact. They bring the classic ‘cool change’ and 
the associated strong winds, fire danger (Mills, 2005) and 
dust events (Trewin, 2010). In the region to the north of 
the sub-tropical ridge, while frontal systems play a role, 
low pressure systems known as ‘cut-off lows’ are very 
important. 

Trends in observed winds are difficult to establish due 
to sparse coverage of wind observations and difficulties 
with instruments and the changing circumstances of 
anemometer sites (e.g. increased sheltering effects over 
time due to increases in proximate vegetation or structures, 
which slow the winds). McVicar et al. (2012) and Troccoli  
et al. (2012) have reported weak and conflicting trends 
across Australia (although they considered winds at 
different altitudes). Circumventing the surface wind 
observation issues, Alexander et al. (2011) reported, using 
the gradient in MSLP, that storminess affecting south-
eastern Australia has experienced a significant reduction 
during the 20th century. 

4 .5 .2 FUTURE PROJECTIONS FOR WINDS 

For 2030, changes in wind speed are projected with high 
confidence to be small under all RCPs (± 5 %). By 2090 under 
RCP4.5 and RCP8.5, there is an indication in the model 
results of decreased wind speed in winter (Figure 4.5.1). 
This aligns with changes in atmospheric circulation already 
discussed and is of medium confidence. Small or inconsistent 
changes are present in the other seasons. Overall, no large 
changes in surface wind are expected across the Murray 
Basin cluster, except in winter.

FIGURE 4.5.1: PROJECTED NEAR-SURFACE WIND SPEED CHANGE 
(%) BETWEEN THE BASELINE PERIOD 1986–2005 AND CHANGES 
FOR 2090 FOR MURRAY BASIN . ANOMALIES ARE GIVEN IN 
PERCENT WITH RESPECT TO 1986–2005 MEAN FOR RCP2 .6 
(GREEN), RCP4 .5 (BLUE) AND RCP8 .5 (PURPLE), WITH GREY BARS 
SHOWING THE EXTENT OF NATURAL CLIMATE VARIABILITY . 
BAR PLOTS ARE EXPLAINED IN BOX 4 .2 . 

4 .5 .3 EXTREME WINDS 

Cool season extreme winds are due to intense lows or 
associated cold fronts. The fronts and lows were examined 
in a number of CMIP5 models and there is a decrease in 
the number of fronts affecting southern Australia by 2090 
(Catto et al., 2013). Decreases in the annual maximum 
daily wind speed and the 20-year return value of the daily 
maximum are projected by 2090 under RCP4.5 and 8.5 
(Figure 4.5.2), where a 20-year return value is equivalent to 
a 5 % chance of occurrence within any one year. However, 
there are a range of issues affecting the simulation of 
extreme winds in GCMs that influence the confidence in 
these changes (see Technical Report, Chapter 7.3).

Summer extreme winds are primarily due to intense cold 
fronts. In that season, the interactions between frontal 
systems and the continent are markedly different than 
during the cool season due to a stronger thermal contrast 
between the land and the ocean. For example, using a 
selection of CMIP3 models, Hasson et al. (2009) found that 
intense frontal systems affecting south-eastern Australia 
associated with extreme winds and dangerous fire will 
increase strongly by end of the 21st century, although this 
increase is strongly affected by the emission scenario. 
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The projections of extreme wind (1-day annual maximum 
speed) presented here (Figure 4.5.2) need to be considered 
in light of several limitations imposed on this variable. 
These include the limited number of GCMs that provide 
daily wind data. Furthermore, the intensity of observed 
extreme wind speeds across land is strongly modified 
by surrounding terrain (including vegetation and other 
‘obstacles’) that are not resolved at the relevant scale 
in GCMs, and many meteorological systems generating 
extreme winds are not resolved either. For these reasons, 
projected wind changes for the Murray Basin cluster have 
low confidence and their value lies foremost in the direction 
of change rather than magnitude. See further details in the 
Technical Report, Chapter 7.3. 

4 .6 SOLAR RADIATION 

By 2030, the CMIP5 models simulate little change in 
radiation (less that 5 %) for both RCP4.5 and RCP8.5 (Table 
1). By 2090, there is high model agreement for a substantial 
increase of 7 and 15 % respectively for RCP4.5 and RCP8.5 in 
winter and about half that in spring. Projected changes in 
summer and autumn are smaller with models showing both 
increases and decreases (Figure 4.8.1). 

The strongest trend is found in the seasons where the 
largest rainfall decline is projected. It is worth noting 
that an Australia-wide model evaluation suggested that 
some models are not able to adequately reproduce 
the climatology of solar radiation (Watterson et al., 
2013). Globally, CMIP3 and CMIP5 models appear to 
underestimate the observed trends in some regions due 
to underestimation of aerosol direct radiative forcing and 
deficient aerosol emission inventories (Allen et al., 2013). 
Taking this into account, we have high confidence in little 
change for 2030, and high confidence in increased winter 
and spring radiation by 2090.

4 .7 RELATIVE HUMIDITY

Relative humidity depends on the absolute amount of 
moisture in the atmosphere and the ambient temperature 
and pressure. For example, for the same absolute amount 
of moisture, an atmosphere with higher temperature 
will have a lower relative humidity compared to a cooler 
atmosphere. For this reason, without circulation changes, 
absolute atmospheric moisture is expected to increase with 
global warming but relative humidity will decrease.

Across the Murray Basin cluster, the magnitudes of the 
projected decreases in relative humidity depend on the 
emission scenario and are modulated by the direction 
of the rainfall projections (Figure 4.8.1, middle panel and 
Appendix Table 1). By 2030, decreases are up to 4 %, but by 
2090 under RCP8.5 can reach double that, particularly in 
winter and spring. There are, however, models that simulate 
increases in relative humidity, as evident by large positive 
90th percentile values. Climate models have a reasonable 
ability to simulate the climatology of global humidity, and 
we conclude that for summer and autumn there is medium 
confidence in decrease, while for winter and spring there is 
high confidence for substantial decrease.

4 .8 POTENTIAL EVAPOTRANSPIRATION

Amongst the various possible measures of evaporation, 
this report uses Morton’s wet-environmental potential 
evapotranspiration, which is a derived measure of 
evaporation and transpiration assuming a wet environment 
(McMahon et al., 2013). This measure combines inputs of 
air temperature, relative humidity and downward solar 
radiation at the surface. Overall, the Morton method 
compares favourably with other methods used to calculate 
potential evaporation in rainfall-runoff modelling (Chiew 
and McMahon, 1991) and is strongly correlated to the pan 
evaporation observations (Kirono et al., 2009).

FIGURE 4.5.2: PROJECTED NEAR-SURFACE ANNUAL MEAN 
WIND SPEED CHANGES (%) BETWEEN THE BASELINE PERIOD OF 
1986–2005, ANNUAL MAXIMUM DAILY WIND SPEED AND THE 
20-YEAR RETURN VALUE FOR THE ANNUAL MAXIMUM DAILY 
WIND SPEED FOR 2090 FOR MURRAY BASIN . ANOMALIES ARE 
GIVEN IN PER CENT WITH RESPECT TO THE 1986–2005 MEAN 
FOR RCP2 .6 (GREEN), RCP4 .5 (BLUE) AND RCP8 .5 (PURPLE) WITH 
GREY BARS SHOWING THE EXTENT OF NATURAL CLIMATE 
VARIABILITY . THE PLOT SHOWS ANNUAL MEAN WIND SPEED, 
ANNUAL MAXIMUM DAILY WIND SPEED AND 20-YEAR RETURN 
VALUE OF ANNUAL MAXIMUM DAILY WIND SPEED (SEE TEXT 
FOR DEFINITION OF VARIABLES) . BAR PLOTS ARE EXPLAINED IN 
BOX 4 .2 .
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With increasing temperatures due to global warming 
and an intensified hydrological cycle, potential 
evapotranspiration is generally expected to increase 
(Huntington, 2006). For the Murray Basin cluster, projected 
seasonal changes for potential evapotranspiration relative 
to the 1986–2005 baseline period are shown in Figure 
4.8.1 (right panel) and Appendix Table 1. The model results 
strongly indicate an increase of evaporation in all seasons. 
Projected increases in 2030 under all RCPS are about 1 to  
7 % (3 to 13 % for winter). By 2090, the increases are about  
1 to 10 % (about 7 to 20 % for winter) for RCP4.5 and 1 to 20 
% (about 15 to 40 % for winter) for RCP8.5 (Appendix  
Table 1). 

In absolute terms, the largest increases in evaporation are 
found in summer and autumn, with smaller increases in 
winter and spring. Although there is high confidence in an 
increase, there is only medium confidence in the magnitude 
of this change. The method used is able to reproduce 
the spatial pattern and the annual cycle of the observed 
climatology and there is theoretical understanding around 
increases as a response to increasing temperatures and 
an intensified hydrological cycle (Huntington, 2006), 
which adds to confidence. However, there has been no 
clear increase in observed in Pan Evaporation across 
Australia in data available since 1970 (see Technical Report, 
Chapter 4). Also, earlier GCMs were not able to reproduce 
the historical linear trends found in Morton’s potential 
evapotranspiration (Kirono and Kent 2011).

4 .9 SOIL MOISTURE AND RUNOFF

Increases in potential evapotranspiration rates (Figure 
4.8.1) combined with a decrease in rainfall during the cool 
season (Figure 4.4.3) have implications for soil moisture 
and runoff. However, soil moisture and runoff are difficult 
to simulate. This is particularly true in GCMs where, due 
to their relatively coarse resolution, the models cannot 
simulate much of the rainfall detail that is important to 
many hydrological processes, such as the intensity of 
rainfall. For these reasons, and in line with many previous 
studies, we do not present runoff and soil moisture as 
directly-simulated by the GCMs. Instead, the results of 
hydrological models forced by CMIP5 simulated rainfall and 
potential evapotranspiration are presented. Soil moisture 
is estimated using a dynamic hydrological model based on 
an extension of the Budyko framework (Zhang et al., 2008), 
and runoff is estimated by the long-term annual water and 
energy balance using the Budyko framework (Teng et al., 
2012). Runoff is presented as change in 20-year averages, 
derived from output of a water balance model. The latter 
uses input from CMIP5 models as smoothed time series 
(30-year running means), the reason being that 30 years 
is the minimum required for dynamic water balance to 
attain equilibrium using the Budyko framework. For further 
details on methods (including limitations) see Section 7.7 of 
the Technical Report.

FIGURE 4.8.1: PROJECTED CHANGES IN (A) SOLAR RADIATION (%), (B) RELATIVE HUMIDITY (%, ABSOLUTE CHANGE) AND (C) 
WET-ENVIRONMENTAL POTENTIAL EVAPOTRANSPIRATION (%) FOR MURRAY BASIN IN 2090 . THE BAR PLOTS SHOW SEASONAL 
PROJECTIONS WITH RESPECT TO THE 1986–2005 MEAN FOR RCP2 .6 (GREEN), RCP4 .5 (BLUE) AND RCP8 .5 (PURPLE), AND THE EXTENT 
OF NATURAL CLIMATE VARIABILITY IS SHOWN IN GREY . BAR CHARTS ARE EXPLAINED IN BOX 4 .2 .
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The projected seasonal soil moisture changes over the 
Murray Basin cluster for 2090 are summarised in Figure 
4.9.1. Decreases predominate, particularly in winter and 
spring. The annual-mean changes for the high emission 
scenario range from around −10 to -1 %. Consistent with 
the directly simulated surface moisture, the percentage 
changes in soil moisture are strongly influenced by those in 
rainfall, but tend to be more negative due to the increase in 
potential evapotranspiration. Given the potential limitations 
of each method, there is medium confidence that soil 
moisture will decline.

Projected runoff is inferred from 30-year means of rainfall 
and potential evapotranspiration for each CMIP5 model for 
which data are available. The median and ranges for the 
Murray Basin cluster in the final 30-year period are shown in 
Figure 4.9.1. The median change for 2090 under RCP8.5 is a 
decrease of about 20 %, with the majority of models giving 
a decrease. There is low confidence in these projections 
because the method used is not able to consider changes 
to rainfall intensity, seasonality and changes in vegetation 
characteristics, factors that could impact future runoff. 

In the Murray Basin cluster, runoff is concentrated in a small 
part of the cluster: the high elevation catchment of the 
head of the Murray River. Appropriate projections of future 
river flow for these catchments are critical to the cluster. 
Further hydrological modelling with appropriate climate 
scenarios (e.g. Chiew et al., 2009) could provide further 
insights into impacts on future runoff and soil moisture 
characteristics that may be needed in detailed climate 
change impact assessment studies.

   

4 .10 FIRE WEATHER

Bushfire occurrence depends on four ‘switches’: 1) ignition, 
either human-caused or from natural sources such as 
lightning; 2) fuel abundance or load; 3) fuel dryness, where 
lower moisture contents are required for fire, and; 4) 
suitable weather conditions for fire spread, generally hot, 
dry and windy (Bradstock, 2010).

The settings of the switches depend on meteorological 
conditions across a variety of time scales, particularly 
the fuel conditions. Given this strong dependency on the 
weather, climate change will have a significant impact on 
future fire weather (e.g. Hennessy et al., 2005; Lucas  
et al., 2007; Williams et al., 2009; Clarke et al., 2011; Grose  
et al, 2014). The study of Clarke et al., (2013) indicates strong 
increasing trends in fire weather from 1973-2010 at Mildura 
and Wagga in the Murray Basin cluster.

Fire weather is estimated here using the McArthur Forest 
Fire Danger Index (FFDI; (McArthur, 1967), which captures 
two of the four switches (note that it excludes ignition). 
The fuel dryness is summarised by the drought factor (DF) 
component of FFDI, which depends on both long-term 
and short-term rainfall. The FFDI also estimates the ability 
of a fire to spread, as the temperature, relative humidity 
and wind speed are direct inputs into the calculation. Fuel 
abundance is not measured by FFDI, but does depend 
largely on rainfall, with higher rainfall totals generally 
resulting in a larger fuel load, particularly in regions 
dominated by grasslands. However, the relationship 
between fuel abundance and climate change in Australia 
is complex and only poorly understood. Fire weather is 
considered ‘severe’ when FFDI exceeds 50; bushfires have 
potentially greater human impacts at this level (Blanchi, 
2010). 

Here, estimates of future fire weather using FFDI are derived 
from three CMIP5 models (GFDL-ESM2M, MIROC5 and 
CESM-CAM5), chosen to provide a spread of results across 
all clusters. Using a method similar to that of Hennessy et al. 
(2005), monthly-mean changes to maximum temperature, 
rainfall, relative humidity and wind speed from these 
models are applied to observation-based high-quality 
historical fire weather records (Lucas, 2010). A period 
centred on 1995 (i.e. 1981–2010) serves as the baseline. 
These records are modified using the changes from the 
three models for four 30-year time slices (centred on 2030, 
2050, 2070 and 2090) and the RCP4.5 and RCP8.5 emission 
scenarios. In Southern and Eastern Australia, significant fire 
activity occurs primarily in areas characterised by forests 
and woodlands; fuel is abundant and the ‘weather switch’, 
well-characterized by FFDI, is key to fire occurrence. Four 
stations are used in the analysis for this cluster: Mt Gambier, 
Wagga, Mildura and Canberra.

Focusing on the 2030 and 2090 time slices, the results 
indicate increased fire weather risk in the future (Table 
4.10.1). Increased temperature combined with lower annual-
average rainfall results in a higher drought factor (DF). 

FIGURE 4.9.1: PROJECTED CHANGE IN SEASONAL SOIL 
MOISTURE (LEFT) AND ANNUAL RUNOFF (RIGHT) (BUDYKO 
METHOD – SEE TEXT) IN MURRAY BASIN FOR 2080–2099 . 
ANOMALIES ARE GIVEN IN PER CENT WITH RESPECT TO THE 
1986–2005 MEAN FOR RCP4 .5 (BLUE) AND RCP8 .5 (PURPLE) 
WITH GREY BARS SHOWING THE EXTENT OF NATURAL 
VARIABILITY . BAR CHARTS ARE EXPLAINED IN BOX 4 .2 .
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Across the cluster, the sum of all daily FFDI values over 
a year (ΣFFDI from July to June) is broadly indicative of 
general fire weather risk. This index increases by about 10 % 
by 2030, 15 % under RCP4.5 by 2090, and 35 % under RCP8.5, 
by 2090. The number of days with a ‘severe’ fire danger 
rating increases by about 30 % by 2030, and from  
45 % (RCP4.5) to 110 % (RCP8.5) by 2090.

If considering indices on individual station and model 
basis, there is considerable variability from the cluster 
mean values (Table 2 in the Appendix). The baseline fire 
climate varies considerably between the stations. Mildura, 
being warmer and receiving considerably less rainfall than 
the other stations, has a high fire-weather climate more 
similar to stations in the Rangelands cluster to the north. 
Percentage changes are larger at the cooler and wetter 
stations in the cluster (Canberra and Mt Gambier). This is 
particularly true for the 2090 RCP8.5 scenario, where the 
number of severe days is 175-300 % above its baseline value 
at these two stations.

Considerable variability in the projections is driven by 
the choice of models for this analysis. While projected 
temperatures show some variation, rainfall variability is 
particularly large. On the whole, the wetter models show 
smaller increases in fire weather. This reflects the interplay 
between the variables influencing fire danger. Increased 
temperatures by themselves result in some level of 
increased fire weather. This temperature effect is modulated 
by rainfall, as significant reductions in rainfall lead to 
more severe fire weather (e.g. Mt Gambier for 2090 under 
RCP8.5), even for the smaller temperature changes. The 
seasonal timing of the rainfall changes in this cluster also 
matters. In 2030 under RCP8.5, rainfall is lowest in the GFDL 
model and ΣFFDI is largest. However, the number of ‘severe’ 
days is less than in the wetter CESM simulation, as the 
summer rainfall in GFDL is enhanced in this simulation. The 
higher summer rainfall acts to moisten the fuel (captured by 
the lower DF) during the peak fire season, hence reducing 
the overall fire weather risk. In the mean, changes to 
relative humidity and wind speed have little influence on 
future fire-weather climate.

In summary, there is high confidence that climate change 
will result in a harsher fire-weather climate in the future. 

TABLE 4.10.1: CLUSTER-MEAN ANNUAL VALUES OF MAXIMUM TEMPERATURE (T; °C), RAINFALL (R; MM), DROUGHT FACTOR (DF; NO 
UNITS), THE NUMBER OF SEVERE FIRE DANGER DAYS (SEV; FFDI GREATER THAN 50 ) AND CUMULATIVE FFDI (ΣFFDI; NO UNITS) FOR 
THE 1995 BASELINE AND PROJECTIONS FOR 2030 AND 2090 UNDER RCP4 .5 AND RCP8 .5 SCENARIOS . AVERAGES ARE COMPUTED 
ACROSS ALL STATIONS AND MODELS IN EACH SCENARIO . FOUR STATIONS ARE USED IN THE AVERAGING: MT GAMBIER, MILDURA, 
CANBERRA, AND WAGGA .

VARIABLE 1995 BASELINE 2030 RCP4.5 2030 RCP8.5 2090 RCP4.5 2090 RCP8.5

T 21.3 22.6 22.5 23.6 25.4

R 549 472 488 475 460

DF 6.6 6.9 6.8 7.1 7.5

SEV 3.6 4.9 4.6 5.3 7.6

ΣFFDI 3437 3802 3723 3957 4563

This is seen in the mean changes (Table 4.10.1) and when 
examining individual models and scenarios (Table 2). 
Rainfall and temperature projections across the models 
are robust in an annual sense. However, there is low 
confidence in the magnitude of the change to fire weather. 
This depends on the rainfall projection and its seasonal 
variation.

4 .11 MARINE PROJECTIONS

Changes in sea levels and their extremes, sea surface 
temperatures and ocean pH (acidity) have the potential 
to impact both the coastal terrestrial and marine 
environments. This is discussed at length in Chapter 8 of 
the Technical Report. Of particular significance for the 
terrestrial environment of the lower Murray Basin is the 
impact of sea level rise and changes to the frequency of 
extreme sea levels. Impacts will be felt through coastal 
flooding and erosion. For the adjacent marine environment, 
increases in ocean temperatures and acidity may alter the 
distribution and composition of marine ecosystems and 
impact vegetation (e.g. sea grass and kelp forests) and 
coastal fisheries. 

4 .11 .1 SEA LEVEL

Changes in sea level are caused primarily by changes in 
ocean density (e.g. (‘thermal expansion’) and changes 
in ocean mass due to the exchange of water with the 
terrestrial environment, including from glaciers and ice 
sheets (e.g. Church et al., 2014; also see Technical Report, 
Section 8.1 for details). Over 1966–2009, the average of the 
relative tide gauge trends around Australia is a rise of 1.4 
± 0.2 mm/yr. After the influence of the El Niño Southern 
Oscillation (ENSO) on sea level is removed, the average 
trend is 1.6 ± 0.2 mm/yr. After accounting for and removing 
the effects of vertical land movements due to glacial 
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rebound and the effects of natural climate variability and 
changes in atmospheric pressure, sea levels have risen 
around the Australian coastline at an average rate of 2.1 
mm/yr over 1966–2009 and 3.1 mm/yr over 1993–2009.
These observed rates of rise for Australia are consistent 
with global average values (White et al., 2014).

Projections of future sea level changes are shown for Victor 
Harbour (Figure 4.11.1), the nearest tide gauge location from 
the Murray River entrance, with values for this location 
being indicative of those along the entire Bonney coast. 
Table 3 in the Appendix provides numbers for the 2030 and 
2090 periods relative to the 1986–2005 period for Victor 
Harbour as well as for the sites of Port Stanvac and Portland 
that are adjacent to the cluster coastline.

Continued increase in sea levels for the Murray Basin 
cluster is projected with very high confidence. The rate of 
sea level rise during the 21st century will be larger than the 
average rate during the 20th century as greenhouse gas 
emissions grow (Figure 4.11.1). For the first decades of the 
21st century the projections are almost independent of the 
emission scenario, but they begin to separate significantly 
from about 2050. For higher greenhouse gas emissions, 
particularly for RCP8.5, the rate of rise continues to increase 
through the 21st century and results in sea level rise about 
30 % higher than the RCP4.5 level by 2100. Significant 
inter-annual variability will likely continue through the 
21st century. An indication of its magnitude is given by the 
dashed lines in Figure 4.11.1. Beyond 2100, global mean sea 
level will continue to increase (see section 8.1 in Technical 
Report for details). In the near future (2030), the projected 
range of sea level rise for the Murray Basin cluster coastline 
is 0.07 to 0.18 m above 1986–2005, with only minor 
differences between RCPs. For late in the century (2090) it is 
in the range 0.28 to 0.64 m for RCP4.5 and 0.39 to 
0.84 m for RCP8.5. These ranges of sea level rise are 
considered likely (at least 66 % probability), however, if a 
collapse in the marine based sectors of the Antarctic ice 
sheet were initiated, these projections could be several 
tenths of a metre higher by late in the century (Church et al., 
2014).

Extreme coastal sea levels are caused by a combination 
of factors including astronomical tides, storm surges and 
wind-waves, exacerbated by rising sea levels. Along the 
south coast, the majority of storm surges occur with the 
passage of cold fronts during the winter months (McInnes 
and Hubbert, 2003). Return period curves of extreme sea 
levels are commonly used to define vertical thresholds for 
coastal development. 

Using the method of Hunter (2012), an allowance has been 
calculated based on the mean sea level rise, the uncertainty 
around the rise, and taking into account the nature of 
extreme sea levels along the Murray Basin coastline (Haigh 
et al., 2014). The allowance is the minimum distance 
required to raise an asset to maintain current frequency of 
breaches under projected sea level rise. When uncertainty 
in mean sea level rise is high (e.g. in 2090), this allowance 
approaches the upper end of the range of projected mean 
sea level rise. For the Murray Basin in 2030 the vertical 
allowances along the cluster coastline are in the range of 
0.12 to 0.13 m for all RCPs; and 0.48 to 0.54 for RCP4.5 by 
2090; and 0.66 to 0.74 m for RCP8.5 by 2090 (see Table 3 in 
the Appendix).

FIGURE 4.11.1: OBSERVED AND PROJECTED RELATIVE SEA LEVEL 
CHANGE (M) FOR VICTOR HARBOUR (WHICH HAS CONTINUOUS 
RECORDS AVAILABLE FOR THE PERIOD 1966–2010) . THE 
OBSERVED TIDE GAUGE RELATIVE SEA LEVEL RECORDS ARE 
INDICATED IN BLACK, WITH THE SATELLITE RECORD (SINCE 
1993) IN MUSTARD AND TIDE GAUGE RECONSTRUCTION 
(WHICH HAS LOWER VARIABILITY) IN CYAN . MULTI-MODEL 
MEAN PROJECTIONS (THICK PURPLE AND OLIVE LINES) FOR 
THE RCP8 .5 AND RCP2 .6 SCENARIOS WITH UNCERTAINTY 
RANGES ARE SHOWN BY THE PURPLE AND OLIVE SHADED 
REGIONS FROM 2006–2100 . THE MUSTARD AND CYAN DASHED 
LINES ARE ESTIMATES OF INTER-ANNUAL VARIABILITY IN SEA 
LEVEL (UNCERTAINTY RANGE ABOUT THE PROJECTIONS) AND 
INDICATE THAT INDIVIDUAL MONTHLY AVERAGES OF SEA 
LEVEL CAN BE ABOVE OR BELOW LONGER TERM AVERAGES . 
NOTE THAT THE RANGES OF SEA LEVEL RISE SHOULD BE 
CONSIDERED LIKELY (AT LEAST 66 % PROBABILITY) AND 
THAT IF A COLLAPSE IN THE MARINE BASED SECTORS OF THE 
ANTARCTIC ICE SHEET WERE INITIATED, THESE PROJECTIONS 
COULD BE SEVERAL TENTHS OF A METRE HIGHER BY LATE IN 
THE CENTURY .
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4 .11 .2 SEA SURFACE TEMPERATURE, SALINITY AND 
ACIDIFICATION

Sea surface temperature (SST) has increased significantly 
across the globe over recent decades (IPCC, 2013). Increases 
in SST pose a significant threat to the marine environment 
through biological changes in marine species, including in 
local abundance and community structure. For 2030, the 
range of projected SST increase for Victor Harbour is 0.3 
to 0.8 °C under both RCP 2.6 and RCP 8.5 (see Table 3). For 
2090, there is a much larger range of warming between 
the different RCPs. For Victor Harbour the range of increase 
is projected to be 0.3 to 0.9 °C for RCP 2.6 and 1.6 to 3.4 °C 
for RCP 8.5. Variations along the Murray Basin coastline are 
expected to be small (Table 3).

Ocean salinity in coastal waters will be affected by changes 
to rainfall and evaporation and this in turn can affect 
stratification and mixing, and potentially nutrient supply. 
Changes to salinity across the coastal waters of the Murray 
Basin cluster span a large range that includes possible 
increase and decrease, particularly over the longer term and 
higher emission scenarios as indicated in Table 3. Locally, 
salinity can also be affected by riverine input.

About 30 % of the anthropogenic carbon dioxide emitted 
into the atmosphere over the past 200 years has been 
absorbed by the oceans (Ciais et al., 2013) and this has 
led to a 0.1 unit decrease in the ocean’s surface water pH, 
which represents a 26 % increase in the concentration 
of hydrogen ions in seawater (Raven et al., 2005). As the 
carbon dioxide enters the ocean it reacts with the seawater 
to cause a decrease in pH and carbonate concentration, 
collectively known as ocean acidification. Carbonate is 
used in conjunction with calcium as aragonite by many 
marine organisms such as corals, oysters, clams and some 
plankton such as foraminifera and pteropods, to form 
their hard skeletons or shells. A reduction in shell mass has 
already been detected in foraminifera and pteropods in the 
Southern Ocean (Moy et al., 2009; Bednaršek  
et al., 2012). Ocean acidification lowers the temperature 
at which corals bleach, reducing resilience to natural 
variability. Ocean acidification can affect fin and shellfish 
fisheries, aquaculture, tourism and coastal protection. In 
the cluster by 2030, pH change is projected to be another 
0.08 units lower. By 2090 it is projected to be up to 0.15 
units lower under RCP4.5 and up to 0.33 units lower for 
RCP8.5. This represents an additional increase in hydrogen 
ion concentration of 40 % and 110 % respectively. These 
changes are also accompanied by reductions in aragonite 
saturation state (see Table 3) and together with SST changes 
will affect all levels of the marine food web, and make it 
harder for calcifying marine organisms to build their hard 
shells, potentially affecting resilience and viability of marine 
ecosystems. 

In summary, there is very high confidence that sea surface 
temperatures will continue to rise along the Murray Basin 
coastline, with the magnitude of the warming dependent 
on emission scenarios. Changes in salinity are related to 
changes in the hydrological cycle and are of low confidence. 
There is very high confidence that around Australia the 
ocean will become more acidic, showing a net reduction 
in pH. There is also high confidence that the rate of ocean 
acidification will be proportional to carbon dioxide 
emissions.

4 .12 OTHER PROJECTION MATERIAL FOR THE 
CLUSTER

Whilst the projections in this report are based solely on 
CMIP5 outputs, we recognise that readers may want to 
investigate what impact the new climate projections have 
on existing impact and adaptation work using earlier 
projections products and data (see Appendix A in the 
Technical Report for a discussion on CMIP3 and CMIP5 
model-based projections). The most relevant previous 
projection dataset was the nationwide Climate Change in 
Australia projections, produced jointly by CSIRO and the 
Bureau of Meteorology (CSIRO and Bureau of Meteorology, 
2007). Additional projections were generated for surface 
runoff by CSIRO as part of the sustainable yields programme 
in 2009. Furthermore, a long-standing regional climate 
research program: the South-Eastern Climate Initiative 
(SEACI)3 focused on the lower part of the Murray-Darling 
basin and the state of Victoria. The key conclusions from 
this program were summarised in two synthesis reports 
in 2010 (CSIRO, 2010) and 2012 (CSIRO, 2012). This report is 
making extensive use of the understanding of the climate 
system relevant to the Murray Basin cluster developed 
as part of that program. Currently, state-based initiatives 
relevant to the cluster exist in NSW and ACT (NSW/
ACT Regional Climate Modelling project, also known as 
NARCliM)4, and South Australia (Goyder Institute research 
program) and Victoria (Victorian Climate Initiative or 
VicCI)5.

Some of the projection products that are currently available 
made use of previous generation models (e.g. CMIP3). These 
projections are still relevant, particularly if placed in the 
context of the latest modelling results (see Appendix A in 
the Technical Report for a discussion on CMIP3 and CMIP5 
model-based projections). 

3   http://www.seaci.org

4   http://www.ccrc.unsw.edu.au/NARCliM/

5 http://cawcr.gov.au/projects/vicci/
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5 APPLYING THE REGIONAL PROJECTIONS IN ADAPTATION PLANNING 

The fundamental role of adaptation is to reduce the adverse impacts of climate change on vulnerable 
systems, using a wide range of actions directed by the needs of the vulnerable system. Adaptation 
also identifies and incorporates new opportunities that become feasible under climate change. For 
adaptation actions to be effective, all stakeholders need to be engaged, resources must be available 
and planners must have information on ‘what to adapt to’ and ‘how to adapt’ (Füssel and Klein, 2006). 

This report presents information about ‘what to adapt 
to’ by describing how future climates may respond to 
increasing greenhouse gas concentrations. This Section 
gives guidance on how climate projections can be framed 
in the context of climate scenarios (Section 5.1) using tools 
such as the Climate Futures web tool, available on the 
Climate Change in Australia website (Box 5.1). The examples 
of its use presented here are not exhaustive, but rather an 
illustration of what can be done. 

5 .1 IDENTIFYING FUTURE CLIMATE 
SCENARIOS

In Chapter 4 of this report, projected changes are expressed 
as a range of plausible change for individual variables as 
simulated by CMIP5 models or derived from their outputs. 
However, many practitioners are interested in information 
on how the climate may change, not just changes in one 
climate variable. To consider how several climate variables 
may change in the future, data from individual models 
should be considered because each model simulates 
changes that are internally consistent across many variables. 
For example, the projected rainfall from one model with 
temperature from another, as these would represent the 
climate responses of unrelated simulations.

The challenge for practitioners lies in selecting which 
models to look at, since models can vary in their simulated 
response to increasing greenhouse gas emissions. Climate 
models can be organised according to their simulated 
climate response to assist with this selection. For example, 
sorting according to rainfall and temperature responses 
would give an immediate feel for how models fall into a set 
of discrete climate scenarios framed in terms such as: much 
drier and slightly warmer, much wetter and slightly warmer, 
much drier and much hotter, and much wetter and much 
hotter.

The Climate Futures web tool described in Box 9.1 of 
the Technical Report presents a scenario approach to 
investigating the range of climate model simulations for 
projected future periods. The following Section describes 
how this tool can be used to facilitate the use of model 
output in impact and adaptation assessment.

5 .2 DEVELOPING CLIMATE SCENARIOS 
USING THE CLIMATE FUTURES TOOL

The example presented in Figure 5.1 represents the changes 
in temperature and rainfall in the SSWF for 2060 (years 
2050–2069) under the RCP4.5 scenario. The table organises 
the models into groupings according to their simulated 
changes in rainfall (rows) and temperatures (columns). 
Regarding rainfall, models simulate increases and decreases 
from much drier (less than -15 %) to much wetter (greater 
than 15 %), with 18 of 34 models showing drying conditions 
(less than -5 %) compared to 1 model showing rainfall 
increases (greater than 5 %) and 5 models showing little 
change (-5 to 5 % change). With regard to temperature, 
most models show results ranging from warmer (0.5 to 1.5 
°C warmer) to hotter (1.5 to 3 °C warmer), with no models 
falling into the lowest category slightly warmer (0 to 0.5 °C 
warmer) nor the highest category much hotter (greater than 
3.0 °C warming). The largest number of models falls into 

BOX 5 .1: USER RESOURCES ON THE 
CLIMATE CHANGE IN AUSTRALIA WEBSITE

The Climate Change in Australia website provides 
information on the science of climate change in a 
global and Australian context with material supporting 
regional planning activities. For example, whilst this 
report focuses on a selected set of emission scenarios, 
time horizons and variables, the website enables 
generation of graphs tailored to specific needs, such as 
a different time period or emission scenario.

The website includes a decision tree yielding 
application-relevant information, report-ready 
projected change information and the web tool Climate 
Futures (Whetton et al., 2012). The web tool facilitates 
the visualisation and categorisation of model results 
and selection of data sets that are representative of 
futures that are of interest to the user. These products 
are described in detail in Chapter 9 of the Technical 
Report. 

www.climatechangeinaustralia.gov.au

c l u s t e r  r e p o r t :  M U R R AY  B A S I N 37



the ‘warmer’ category (23 of 34 models). When considering 
the two variables together, we see that the most commonly 
simulated climate for the 2060 under RCP4.5 is a warmer 
and drier climate (8 of 34 models), but many model 
simulations fall in other categories. 

In viewing the projection data in this way, the user can 
gain an overview of what responses are possible when 
considering the CMIP5 model archive for a given set of 
constraints. In a risk assessment context, a user may want 
to consider not only the maximum consensus climate 
(simulated by most models), but also the best case and 
worst case scenarios. Their nature will depend on the 
application. A water-supply manager, for example, is likely 
to determine from Figure 5.1 that the best case scenario 
would be a much wetter and warmer climate and the worst 
case the hotter and much drier scenario.

Assuming that the user has identified what futures are likely 
to be of most relevance to the system of interest, Climate 
Futures allows exploration of the numerical values for 
each of the models that populates the scenarios. Further, 
it provides a function for choosing a single model that 
most closely represents the particular future climate of 
interest, but also taking into account models that have 
been identified as sub-optimal for particular regions based 
on model evaluation information (described in Chapter 5 

of the Technical Report). Through this approach users can 
select a small set of models to provide scenarios for their 
application, taking into consideration model spread and the 
sensitivity of their application to climate change.

Alternatively, the user may wish to consider a small set of 
scenarios defined irrespective of emission scenario or date 
(but with their likelihood of occurrence being time and 
emission scenario sensitive). This may be in circumstances 
where the focus is on critical climate change thresholds. 
This strategy is illustrated for the Murray Basin cluster in 
Box 5.2, where results are produced in Climate Futures by 
comparing model simulations from separate time slices 
and emission scenarios. This box also illustrates each of 
these scenarios with current climate analogues (comparable 
climates) for selected sites.

Another user case could be the desire to compare 
simulations from different climate model ensembles (such 
as the earlier CMIP3 ensemble, or ensembles of downscaled 
results such as the NARCliM results for NSW). Comparing 
model spread simulated by different generations of GCMs 
in Climate Futures allows assessment of the on-going 
relevance of existing impact studies based on selected 
CMIP3 models, as well as to compare scenarios developed 
using downscaled and GCM results.

FIGURE 5.1: AN EXAMPLE TABLE BASED ON OUTPUT FROM THE CLIMATE FUTURES WEB TOOL SHOWING RESULTS FOR THE MURRAY 
BASIN CLUSTER WHEN ASSESSING PLAUSIBLE CLIMATE FUTURES FOR 2060 UNDER RCP4 .5, AS DEFINED BY GCM SIMULATED 
CHANGES IN WINTER RAINFALL (% CHANGE) AND TEMPERATURE (°C WARMING) . 
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BOX 5 .2: INDICATIVE CLIMATE SCENARIOS FOR THE MURRAY BASIN AND ANALOGUE 
FUTURE CLIMATES

Users may wish to consider the future climate of their 
region in terms of a small set of scenarios defined 
irrespective of emission scenario or date (but with 
their likelihood of occurrence being time and emission 
scenario sensitive). An example of using this strategy for 
the Murray Basin cluster is illustrated here. Combining 
the results in Climate Futures for 2030, 2050, and 2090, 
under RCP2.6, RCP4.5, and RCP8.5 gives a set of future 
climate scenarios (see Figure B5.2). These five highlighted 
scenarios (below) are considered representative of the 
spread of results (with other potential scenarios excluded 
as less likely than the selected cases or lying within the 
range of climates specified by the selected cases). For 
each case, when available, the current climate analogue 
for the future climate of Mildura is given as an example 
based on matching annual average climate conditions. 
These were generated using the method described in 
Chapter 89.3.5 of the Technical Report and are based 
on matching annual average rainfall (within +/- 5 %) 
and maximum temperature (within +/- 1 °C). Note that 
other potentially important aspects of local climate are 
not matched, such as rainfall seasonality, and thus the 
analogues should not be used directly in adaptation 
planning without considering more detailed information. 
 
 
 
 

• Warmer (0.5 to 1.5 °C warmer) with little change in 
rainfall (-5 to +5 %). This could occur by 2030 under 
any emission scenario, but may persist through to late 
in the 21st century under RCP2.6. In this case, Mildura’s 
future climate would be more like the current climate 
of Menindee (NSW).

• Hotter (greater than 3.0 °C warmer), and drier (5 to  
15 % reduction). This is possible mid century under an 
RCP 8.5 emission scenario, or late in the century under 
RCP4.5. In this case, Mildura’s future climate would be 
more like Mount Magnet (WA). 

• Much hotter (greater than 3.0 °C warmer) and much 
drier (greater than 15 % reduction). This is possible 
by late in the 21st century under an RCP 8.5 emission 
scenario. In this case Mildura’s climate would be more 
like that of Carnarvon (WA).

• Warmer (0.5 to 1.5 °C warmer), but drier (5 to 15 % 
reduction). This is also possible by 2030 under any 
emission scenario, and again may persist through 
to late in the 21st century under RCP2.6. In this case 
Mildura’s climate would be more like that of Broken 
Hill (NSW) or Port Augusta (SA). 

• Warmer (0.5 to 1.5 °C warmer), but wetter (5 to 15 % 
increase). This is also possible by 2030 under higher 
emission scenarios or by mid-century under any 
emission scenario, though less likely than other drier 
futures. In this case Mildura’s climate would be more 
like that of Coolgardie (WA). 
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FIGURE B5.2: A TABLE BASED OUTPUT FROM CLIMATE FUTURES SHOWING CATEGORIES OF FUTURE CLIMATE PROJECTIONS 
FOR THE MURRAY BASIN CLUSTER, AS DEFINED BY CHANGE IN ANNUAL TEMPERATURE (COLUMN) AND CHANGE IN RAINFALL 
(ROWS) . WITHIN EACH FUTURE CLIMATE CATEGORY, MODEL SIMULATIONS ARE SORTED ACCORDING TO TIME (2030, 2050, 
AND 2090) AND CONCENTRATION PATHWAY (RCP2 .6, RCP4 .5, AND RCP8 .5); THE NUMBER INDICATING HOW MANY MODEL 
SIMULATIONS OF THAT PARTICULAR SUB-CATEGORY FALL INTO THE CLIMATE CATEGORY OF THE TABLE (THE NUMBER 
OF MODELS USED IN THIS EXAMPLE VARIES FOR DIFFERENT CONCENTRATION PATHWAYS) . A COLOUR CODE INDICATES 
HOW OFTEN A PARTICULAR CLIMATE IS SIMULATED AMONGST THE CONSIDERED MODELS (PER CENT OCCURRENCE) . THE 
SCENARIOS DESCRIBED IN THE TEXT ARE HIGHLIGHTED IN BOLD .
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APPENDIX

TABLE 1: GCM SIMULATED CHANGES IN A RANGE OF CLIMATE VARIABLES FOR THE 2020–2039 (2030) AND 2080–2099 (2090) 
PERIODS RELATIVE TO THE 1986–2005 PERIOD FOR THE MURRAY BASIN CLUSTER . THE TABLE GIVES THE MEDIAN (50TH PERCENTILE) 
CHANGE, AS PROJECTED BY THE CMIP5 MODEL ARCHIVE, WITH 10TH TO 90TH PERCENTILE RANGE GIVEN WITHIN BRACKETS . 
RESULTS ARE GIVEN FOR RCP2 .6, RCP4 .5, AND RCP8 .5 FOR ANNUAL AND SEASONAL AVERAGES . ‘DJF’ REFERS TO SUMMER (DECEMBER 
TO FEBRUARY), ‘MAM’ TO AUTUMN (MARCH TO MAY), ‘JJA’ TO WINTER (JUNE TO AUGUST) AND ‘SON’ TO SPRING (SEPTEMBER TO 
NOVEMBER) . THE PROJECTIONS ARE PRESENTED AS EITHER PERCENTAGE OR ABSOLUTE CHANGES . THE COLOURING (SEE LEGEND) 
INDICATES CMIP5 MODEL AGREEMENT, WITH ‘MEDIUM’ BEING MORE THAN 60 % OF MODELS, ‘HIGH’ MORE THAN 75 %, ‘VERY 
HIGH’ MORE THAN 90 %, AND ‘SUBSTANTIAL’ AGREEMENT ON A CHANGE OUTSIDE THE 10TH TO 90TH PERCENTILE RANGE OF 
MODEL NATURAL VARIABILITY . NOTE THAT ‘VERY HIGH AGREEMENT’ CATEGORIES ARE RARELY OCCUPIED EXCEPT FOR ‘VERY 
HIGH AGREEMENT ON SUBSTANTIAL INCREASE’, AND SO TO REDUCE COMPLEXITY THE OTHER CASES ARE INCLUDED WITHIN THE 
RELEVANT ‘HIGH AGREEMENT’ CATEGORY .

VARIABLE SEASON 2030, RCP2.6 2030, RCP4.5 2030, RCP8.5 2090, RCP2.6 2090, RCP4.5 2090, RCP8.5

Temperature 
Mean (°C)

Annual 0 .8 (0 .6 to 1) 0 .8 (0 .6 to 1 .1) 0 .9 (0 .7 to 1 .3) 1 (0 .6 to 1 .5) 1 .8 (1 .3 to 2 .4) 3 .8 (2 .7 to 4 .5)

DJF 1 (0.5 to 1.4) 0.9 (0.4 to 1.4) 1.1 (0.6 to 1.5) 1.1 (0.6 to 1.8) 2 (1.2 to 2.9) 3.9 (2.7 to 5.4)

MAM 0.8 (0.5 to 1.1) 0.8 (0.4 to 1.2) 0.9 (0.5 to 1.4) 1 (0.6 to 1.4) 1.7 (1.3 to 2.3) 3.7 (2.8 to 4.7)

JJA 0.7 (0.4 to 0.8) 0.7 (0.5 to 0.9) 0.8 (0.6 to 1) 0.8 (0.5 to 1.2) 1.5 (1.1 to 1.9) 3.3 (2.6 to 3.8)

SON 0.8 (0.4 to 1.2) 0.8 (0.4 to 1.2) 1 (0.7 to 1.4) 1 (0.4 to 1.6) 1.9 (1.4 to 2.6) 3.9 (2.9 to 4.8)

Temperature 
maximum (°C)

Annual 0 .9 (0 .6 to 1 .1) 0 .9 (0 .6 to 1 .3) 1 .1 (0 .8 to 1 .4) 1 .1 (0 .7 to 1 .7) 2 (1 .3 to 2 .6) 4 .1 (2 .9 to 5)

DJF 1 (0.6 to 1.4) 1 (0.6 to 1.6) 1.1 (0.6 to 1.5) 1.3 (0.8 to 2.1) 2.1 (1.4 to 3.1) 4.1 (2.9 to 5.1)

MAM 0.9 (0.5 to 1.2) 0.8 (0.2 to 1.4) 0.9 (0.5 to 1.5) 1.1 (0.5 to 1.6) 1.8 (1.2 to 2.5) 3.8 (2.7 to 4.9)

JJA 0.7 (0.5 to 0.9) 0.8 (0.5 to 1.2) 1 (0.7 to 1.4) 0.9 (0.6 to 1.2) 1.7 (1.3 to 2.4) 3.8 (2.8 to 4.5)

SON 1 (0.4 to 1.4) 1 (0.6 to 1.4) 1.1 (0.7 to 1.7) 1.3 (0.4 to 1.9) 2.2 (1.5 to 3) 4.5 (3.1 to 5.8)

Temperature 
minimum (°C)

Annual 0 .8 (0 .4 to 1) 0 .7 (0 .5 to 1) 0 .9 (0 .7 to 1 .2) 0 .9 (0 .4 to 1 .4) 1 .7 (1 .1 to 2 .1) 3 .5 (2 .8 to 4 .2)

DJF 1 (0.3 to 1.3) 0.9 (0.6 to 1.3) 1 (0.7 to 1.5) 1.2 (0.5 to 1.7) 1.9 (1.1 to 2.7) 3.9 (2.8 to 5)

MAM 0.8 (0.4 to 1) 0.7 (0.4 to 1.2) 1 (0.4 to 1.4) 0.9 (0.5 to 1.3) 1.7 (1.2 to 2.2) 3.8 (2.9 to 4.6)

JJA 0.6 (0.3 to 0.8) 0.6 (0.4 to 0.8) 0.7 (0.5 to 1) 0.7 (0.3 to 1.2) 1.4 (0.9 to 1.7) 2.9 (2.3 to 3.6)

SON 0.7 (0.3 to 1.1) 0.7 (0.3 to 1.1) 0.9 (0.6 to 1.3) 0.8 (0.3 to 1.4) 1.7 (1.1 to 2.1) 3.6 (2.7 to 4.2)

Sea level 
pressure (hPa)

Annual 0 .3 (-0 .1 to 0 .7) 0 .2 (-0 .1 to 0 .7) 0 .4 (-0 .1 to 0 .8) 0 .2 (-0 .1 to 0 .7) 0 .5 (-0 .1 to 1) 0 .9 (0 .1 to 1 .9)

DJF 0.1 (-0.3 to 0.6) 0.1 (-0.4 to 0.5) 0.1 (-0.3 to 0.7) 0.1 (-0.5 to 0.6) 0.1 (-0.6 to 0.7) 0.2 (-0.9 to 0.8)

MAM 0.1 (-0.3 to 0.5) 0.1 (-0.4 to 0.7) 0.3 (-0.4 to 0.7) 0.1 (-0.4 to 0.7) 0.2 (-0.4 to 0.7) 0.4 (-0.6 to 1.2)

JJA 0.4 (-0.4 to 1.5) 0.5 (-0.5 to 1.4) 0.7 (-0.3 to 1.4) 0.4 (-0.7 to 1.3) 0.8 (-0.2 to 2.3) 1.6 (0.2 to 3.7)

SON 0.5 (0 to 1.4) 0.4 (-0.2 to 1.2) 0.6 (0 to 1.3) 0.4 (-0.1 to 1.1) 0.7 (0 to 1.6) 1.3 (0.3 to 3.2)

Rainfall (%) Annual -1 (-11 to +4) -2 (-9 to +5) -1 (-11 to +5) -4 (-19 to +3) -6 (-16 to +4) -5 (-27 to +9)

DJF -2 (-15 to +14) 0 (-15 to +13) +1 (-9 to +16) -5 (-27 to +6) -2 (-17 to +10) +6 (-13 to +27)

MAM -3 (-21 to +14) -1 (-24 to +12) -1 (-21 to +12) -4 (-25 to +16) -3 (-23 to +18) 0 (-29 to +26)

JJA -2 (-12 to +7) -3 (-15 to +8) -5 (-17 to +7) -2 (-13 to +6) -8 (-21 to +7) -13 (-38 to +4)

SON -4 (-17 to +12) -3 (-16 to +12) -6 (-17 to +7) -4 (-31 to +10) -11 (-28 to +5) -12 (-48 to +6)

Wind speed 
(%)

Annual 0 .7 (-1 .3 to 3 .1) -1 (-2 .9 to 1 .5) 0 .1 (-2 .6 to 2 .4) 1 .3 (-1 .7 to 3 .7) -1 .3 (-4 .6 to 0 .8) -0 .6 (-5 to 2 .6)

DJF 0.5 (-1.9 to 3.1) -0.8 (-2.1 to 1.1) 0.1 (-2 to 2.2) 1.1 (-1.7 to 4.4) -1.1 (-3.2 to 1.2) 0.2 (-4.2 to 4.5)

MAM 0.9 (-1.8 to 3.9) -0.4 (-3.6 to 2.2) -0.5 (-4 to 3.5) 1 (-2.1 to 5.1) -1.7 (-3.9 to 1.2) -1.5 (-5.1 to 0.7)

JJA 1 (-3.5 to 5) 0.1 (-6 to 3.8) 0.3 (-3 to 3.2) 1.3 (-3.5 to 5.3) -1.8 (-7.4 to 3.1) -2.6 (-8.2 to 4.4)

SON 0.1 (-2.2 to 3.4) -1.2 (-3.8 to 1.8) 0.1 (-4 to 3.6) 1.2 (-3.3 to 3.8) -1.1 (-6.3 to 2.9) 0 (-4.4 to 4.2)
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VARIABLE SEASON 2030, RCP2.6 2030, RCP4.5 2030, RCP8.5 2090, RCP2.6 2090, RCP4.5 2090, RCP8.5

Soil moisture 
(Budyko) (%)

Annual NA -2 .5 (-4 .4 to 0 .3) -3 .1 (-5 .1 to -0 .4) NA -2 .6 (-8 .3 to 1 .2) -7 (-10 to -1)

DJF NA -0.7 (-2.8 to 0.6) -0.7 (-4.7 to 0.1) NA -1.4 (-3.9 to 0.4) -1.6 (-5.5 to 0.2)

MAM NA -1.5 (-3.5 to 2.1) -0.7 (-4 to 1.2) NA -1.2 (-4.7 to 1.6) -2.1 (-7.9 to 1.8)

JJA NA -3.2 (-5.7 to 2.1) -3.1 (-8.4 to 1.7) NA -2.8 (-12.2 to 2.8) -8.2 (-17 to -1.6)

SON NA -3.1 (-8.2 to -0.6) -4.3 (-8.2 to -0.5) NA -4.4 (-11.7 to 1) -10.6 (-18.3 to -3)

Solar  
radiation (%)

Annual 1 .1 (0 .4 to 2 .9) 0 .7 (-0 .1 to 1 .7) 1 (-0 .4 to 2) 1 .6 (0 .1 to 3 .7) 1 .5 (0 .1 to 3 .2) 2 .2 (0 to 4 .9)

DJF 1.2 (-0.4 to 2.9) 0.5 (-1.1 to 1.7) 0.2 (-1.2 to 1.7) 1.7 (0.1 to 4.3) 0.7 (-1 to 2.8) 0.6 (-1.9 to 2.2)

MAM 1 (-1.4 to 4.2) 0.5 (-1.4 to 3) 0.6 (-1.6 to 2.6) 1.5 (-2 to 3.9) 0.9 (-1.2 to 4.2) 0.8 (-2.7 to 4.7)

JJA 2.4 (0.6 to 4.3) 1.8 (-0.7 to 5.1) 2.6 (0.4 to 6.4) 2.7 (0.3 to 4.7) 3.3 (1.5 to 7.4) 6.5 (3.3 to 15.5)

SON 1.4 (-0.2 to 3.7) 1.1 (-0.5 to 2.2) 1.4 (-0.7 to 3.3) 1.5 (-0.3 to 4) 2.3 (0.1 to 4.1) 3.4 (0.6 to 6.6)

Relative 
humidity 
(%, absolute)

Annual -0 .8 (-3 .3 to +0 .1) -0 .7 (-1 .6 to +0 .5) -0 .9 (-2 .3 to +0 .2) -1 .3 (-2 .7 to +0 .1) -1 .6 (-4 .1 to -0 .3) -2 .7 (-5 .8 to -0 .8)

DJF -0.9 (-2.7 to +0.5) -0.5 (-1.9 to +2) -0.6 (-2.8 to +0.8) -1.4 (-3.6 to -0.3) -1.1 (-2.8 to +0.7) -1.5 (-3.6 to +1.4)

MAM -0.9 (-3.4 to +1.4) -0.2 (-3.4 to +1.3) -0.3 (-2.8 to +1.2) -1.6 (-4 to +0.7) -1 (-4.3 to +1) -1.9 (-6.4 to +1.5)

JJA -0.5 (-2.2 to +0.6) -0.8 (-2.4 to +0.6) -0.7 (-3.5 to +0.2) -1.1 (-2.9 to +0.4) -1.3 (-4 to +0.2) -3.4 (-7.1 to -1.2)

SON -0.4 (-3.7 to +0.7) -1.2 (-2.7 to +0.5) -1 (-4.1 to +0.5) -1 (-3.7 to +0.9) -2.7 (-6.4 to -0.4) -4.7 (-8.4 to -1.8)

Evapo-
transpiration 
(%)

Annual 3 .5 (2 .3 to 5) 2 .6 (1 to 4 .5) 3 .1 (1 .9 to 5 .1) 3 (1 .8 to 5 .5) 5 .4 (2 .9 to 8 .5) 12 (7 .6 to 18 .1)

DJF 3.1 (2.3 to 4.7) 2.6 (0.7 to 4.1) 3.2 (1.2 to 4.6) 2.6 (0.5 to 5.2) 5 (2.2 to 8.8) 11.3 (7.3 to 19.3)

MAM 3.7 (1.6 to 6.9) 2.5 (0.7 to 5.9) 4.4 (2.3 to 6.3) 4.4 (0.6 to 6.8) 7 (4.7 to 10.1) 15 (9.7 to 21.6)

JJA 5.4 (2.8 to 8.7) 4.5 (2.2 to 12.8) 6.8 (3.3 to 12.2) 6.6 (3.2 to 9.8) 10.4 (7.4 to 21.4) 24 (14.9 to 39.7)

SON 2.8 (1.3 to 5.4) 2.6 (0.2 to 5.1) 2.8 (-0.4 to 5.9) 1.9 (0.3 to 6.6) 4.7 (0 to 8.5) 10 (1.3 to 15.6)

LEGEND

Very high model agreement on substantial increase

High model agreement on substantial increase

Medium model agreement on substantial increase

High model agreement on increase

Medium model agreement on increase

High model agreement on little change

Medium model agreement on little change

High model agreement on substantial decrease

Medium model agreement on substantial decrease

High model agreement on decrease

Medium model agreement on decrease
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TABLE 2: ANNUAL VALUES OF MAXIMUM TEMPERATURE (T; °C), RAINFALL (R; MM), DROUGHT FACTOR (DF; NO UNITS), THE NUMBER 
OF SEVERE FIRE DANGER DAYS (SEV: FFDI GREATER THAN 50 DAYS PER YEAR) AND CUMULATIVE FFDI (ΣFFDI; NO UNITS) FOR THE 
1995 BASELINE AND PROJECTIONS FOR 2030 AND 2090 UNDER RCP4 .5 AND RCP8 .5 . VALUES .

STATION VARIABLE
1995 

BASELINE

2030, RCP4.5 2030, RCP8.5 2090, RCP4.5 2090, RCP8.5

CESM GFDL MIROC CESM GFDL MIROC CESM GFDL MIROC CESM GFDL MIROC

Mt 
Gambier

T 19.1 20.2 20.7 20.3 20.5 20.4 20.2 22.0 21.3 21.1 24.2 23.3 22.1

R 712 671 502 696 674 557 678 654 539 690 613 386 793

DF 5.7 5.8 6.3 5.8 5.8 6.0 5.9 6.1 6.3 6.0 6.5 7.6 5.8

SEV 1.6 1.9 2.8 1.9 2.3 1.8 1.8 2.8 2.1 2.6 3.9 4.4 2.4

ΣFFDI 2026 2105 2613 2134 2208 2281 2157 2412 2423 2301 2898 3475 2161

Mildura T 23.9 24.9 25.5 25.1 25.2 25.1 24.9 26.8 26.0 25.8 28.9 28.0 26.9

R 289 257 191 262 258 222 257 248 212 257 237 153 302

DF 8.6 8.7 9.2 8.6 8.7 9.0 8.7 8.9 9.1 8.7 9.0 9.5 8.5

SEV 7.2 8.5 12.0 8.2 9.6 9.4 8.6 10.8 10.1 9.8 15.7 17.2 9.1

ΣFFDI 5488 5605 6617 5658 5820 6157 5687 6220 6346 5926 7089 7775 5717

Wagga T 22.3 23.3 23.9 23.5 23.6 23.6 23.4 25.2 24.4 24.2 27.3 26.4 25.3

R 575 540 401 549 539 465 537 522 443 533 499 325 635

DF 6.4 6.5 7.3 6.4 6.6 6.9 6.4 6.8 7.2 6.6 7.3 8.4 6.4

SEV 4.3 5.3 7.0 5.1 5.8 5.5 5.1 6.6 6.1 5.9 9.7 10.6 5.5

ΣFFDI 3599 3742 4523 3758 3896 4063 3770 4214 4302 4012 4948 5668 3828

Canberra T 19.9 21.0 21.5 21.2 21.3 21.2 21.0 22.8 22.1 21.9 25.0 24.1 23.0

R 623 583 435 588 583 511 577 561 483 564.3 541 357 685

DF 5.8 5.9 6.7 5.9 6.0 6.2 5.9 6.3 6.5 6.2 6.9 7.8 5.9

SEV 1.4 1.9 2.8 1.7 2.1 2.0 1.7 2.6 2.3 2.2 4.9 5.9 2.1

ΣFFDI 2634 2704 3433 2737 2859 3025 2748 3138 3229 2963 3804 4595 2796

c l u s t e r  r e p o r t :  M U R R AY  B A S I N 47



TABLE 3: PROJECTED ANNUAL CHANGE IN SIMULATED MARINE CLIMATE VARIABLES FOR 2020–2039 (2030) AND 2080–2099 (2090) 
PERIODS RELATIVE TO 1986–2005 PERIOD FOR MURRAY BASIN, WHERE SEA ALLOWANCE IS THE MINIMUM DISTANCE REQUIRED TO 
RAISE AN ASSET TO MAINTAIN CURRENT FREQUENCY OF BREACHES UNDER PROJECTED SEA LEVEL RISE . FOR SEA LEVEL RISE, THE 
RANGE WITHIN THE BRACKETS REPRESENTS THE 5TH AND 95TH PERCENTILE CHANGE, AS PROJECTED BY THE CMIP5 MODEL ARCHIVE 
WHEREAS FOR SEA SURFACE TEMPERATURE, SALINITY, OCEAN PH AND ARAGONITE CONCENTRATION THE RANGE REPRESENTS 
THE 10TH TO 90TH PERCENTILE RANGE . ANNUAL RESULTS ARE GIVEN FOR RCP2 .6, RCP4 .5, AND RCP8 .5 . NOTE THAT THE RANGES OF 
SEA LEVEL RISE SHOULD BE CONSIDERED LIKELY (AT LEAST 66 % PROBABILITY), AND THAT IF A COLLAPSE IN THE MARINE BASED 
SECTORS OF THE ANTARCTIC ICE SHEET WERE INITIATED, THESE PROJECTIONS COULD BE SEVERAL TENTHS OF A METRE HIGHER BY 
LATE IN THE CENTURY . 
 

VARIABLE
LOCATION 

(°E, °S)
2030, RCP2.6 2030, RCP4.5 2030, RCP8.5 2090, RCP2.6 2090, RCP4.5 2090, RCP8.5

Sea level 
rise 
(m)

Port Stanvac 
(138.47E, 35.11S)

0.12  
(0.07-0.16)

0.12  
(0.08-0.16)

0.13  
(0.08-0.17)

0.39  
(0.23-0.55)

0.46  
(0.29-0.63)

0.61  
(0.40-0.84)

Victor Harbour

(138.64, -35.56)

0.12 
(0.07-0.16)

0.12 
 (0.08-0.16)

0.13  
(0.08-0.17)

0.38 
 (0.23-0.55)

0.45  
(0.28-0.63)

0.60  
(0.39-0.83)

Portland 
(141.61, -38.34)

0.12  
(0.08-0.17)

0.12  
(0.08-0.16)

0.13  
(0.08-0.18)

0.39  
(0.23-0.55)

0.46  
(0.29-0.64)

0.61 
 (0.39-0.84)

Sea 
allowance 
(m)

Port Stanvac 
(138.47E, 35.11S)

0.12 0.12 0.12 0.41 0.48 0.66

Victor Harbour 
(138.64, -35.56)

0.12 0.12 0.13 0.43 0.50 0.69

Portland 
(141.61, -38.34)

0.12 0.12 0.13 0.46 0.54 0.74

Sea surface 
temperature 
(°C)

Port Stanvac 
(138.47, -35.11)

0.5  
(03 to 0.8)

0.5  
(0.3 to 0.6)

0.5  
(0.3 to 0.9)

0.6 
 (0.3 to 0.9)

1.2  
(0.7 to 1.7)

2.2  
(1.5 to 3.4)

Victor Harbour 
(138.64, -35.56)

0.5  
(0.3 to 0.8)

0.5  
(0.3 to 0.6)

0.5 
(0.3 to 0.8)

0.6  
(0.3 to 0.9)

1.2  
(0.8 to 1.7)

2.2  
(1.6 to 3.4)

Portland 
(141.61, -38.34)

0.5  
(0.2 to 0.7)

0.5  
(0.3 to 0.7)

0.5  
(0.3 to 0.8)

0.6  
(0.3 to 0.9)

1.1  
(0.7 to 1.6)

2.2  
(1.6 to 3.4)

Sea surface 
salinity

Port Stanvac 
(138.47, -35.11)

-0.02  
(-0.13 to 0.12)

-0.06  
(-0.12 to 0.15)

-0.06  
(-0.12 to 0.11)

-0.01 
(-0.12 to 0.12)

-0.02  
(-0.18 to 0.20)

-0.09  
(-1.09 to 0.36)

Victor Harbour 
(138.64, -35.56)

-0.01  
(-0.15 to 0.12)

-0.06  
(-0.12 to 0.15)

-0.06  
(-0.12 to 0.10)

-0.01  
(-0.14 to 0.12)

-0.04 
 (-0.19 to 0.21)

-0.09  
(-1.12 to 0.37)

Portland 
(141.61, -38.34)

-0.03  
(-0.08 to 0.11)

-0.03 
(-0.09 to 0.13)

-0.04  
(-0.11 to 0.08)

-0.05  
(-0.10 to 0.07)

-0.05  
(-0.16 to 0.18)

-0.03  
(-0.32 to 0.38)

Ocean pH Port Stanvac 
(138.47, -35.11)

-0.07  
(-0.07 to -0.06)

-0.07  
(-0.07 to -0.07)

-0.08  
(-0.08 to -0.08)

-0.07  
(-0.07 to -0.06)

-0.15  
(-0.16 to -0.15)

-0.33  
(-0.33 to -0.32)

Victor Harbour 
(138.64, -35.56)

-0.07  
(-0.07 to -0.06)

-0.07  
(-0.07 to -0.07)

-0.08  
(-0.08 to -0.08)

-0.07  
(-0.07 to -0.06)

-0.15  
(-0.15 to -0.15)

-0.32  
(-0.33 to -0.32)

Portland 
(141.61, -38.34)

-0.07  
(-0.07 to -0.06)

-0.07  
(-0.08 to -0.07)

-0.08  
(-0.09 to -0.08)

-0.07  
(-0.07 to -0.06)

-0.15  
(-0.16 to -0.15)

-0.33 
(-0.33 to -0.32)

Aragonite 
saturation

Port Stanvac 
(138.47, -35.11)

-0.29  
(-0.30 to -0.26)

-0.30  
(-0.32 to -0.28)

-0.34 
(-0.38 to -0.31)

-0.28  
(-0.29 to -0.24)

-0.60  
(-0.65 to -0.56)

-1.14  
(-1.28 to -1.11)

Victor Harbour 
(138.64, -35.56)

-0.29  
(-0.29 to -0.25)

-0.30  
(-0.32 to -0.28)

-0.34  
(-0.38 to -0.31)

-0.27  
(-0.29 to -0.25)

-0.58 
(-0.65 to -0.56)

-1.14  
(-1.29 to -1.10)

Portland 
(141.61, -38.34)

-0.29  
(-0.29 to -0.25)

-0.29  
(-0.31 to -0.28)

-0.35  
(-0.36 to -0.30)

-0.27  
(-0.29 to -0.24)

-0.60  
(-0.65 to -0.53)

-1.1  
(-1.3 to -1.1)
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ACORN-SAT Australian Climate Observations Reference Network – Surface Air Temperature

AWAP Australian Water Availability Project

BOM Australian Bureau of Meteorology

CCAM Conformal Cubic Atmospheric Model

CCIA Climate Change in Australia

CMIP5 Coupled Model Intercomparison Project (Phase 5)

CO2 Carbon Dioxide

CSIRO Commonwealth Scientific and Industrial Research Organisation

ENSO El Niño Southern Oscillation

FFDI Forest Fire Danger Index

GCMs General Circulation Models or Global Climate Models

GDR Great Dividing Range

IOD Indian Ocean Dipole

IPCC Intergovernmental Panel on Climate Change

LLS Local Land Service

MB Murray Basin cluster

MD Millennium Drought

MSLP Mean Sea level Pressure

NARCliM NSW/ACT Regional Climate Modelling project

NRM Natural Resource Management

RCP Representative Concentration Pathway

SAM Southern Annular Mode

SEACI South Eastern Australian Climate Initiative

SPI Standardised Precipitation Index

SRES Special Report on Emissions Scenarios

SST Sea Surface Temperature

STR Sub-tropical Ridge

VicCI Victorian Climate Initiative

ABBREVIATIONS
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NRM GLOSSARY OF TERMS

Adaptation The process of adjustment to actual or expected climate and its effects. Adaptation can be 
autonomous or planned. 

Incremental adaptation

Adaptation actions where the central aim is to maintain the essence and integrity of a system 
or process at a given scale. 

Transformational adaptation

Adaptation that changes the fundamental attributes of a system in response to climate and its 
effects. 

Aerosol A suspension of very small solid or liquid particles in the air, residing in the atmosphere for at 
least several hours.

Aragonite saturation state The saturation state of seawater with respect to aragonite (Ω) is the product of the 
concentrations of dissolved calcium and carbonate ions in seawater divided by their product at 
equilibrium: ( [Ca2+] × [CO3

2-] ) / [CaCO3] = Ω

Atmosphere The gaseous envelope surrounding the Earth. The dry atmosphere consists almost entirely 
of nitrogen and oxygen, together with a number of trace gases (e.g. argon, helium) and 
greenhouse gases (e.g. carbon dioxide, methane, nitrous oxide). The atmosphere also contains 
aerosols and clouds. 

Carbon dioxide A naturally occurring gas, also a by-product of burning fossil fuels from fossil carbon deposits, 
such as oil, gas and coal, of burning biomass, of land use changes and of industrial processes 
(e.g. cement production). It is the principle anthropogenic greenhouse gas that affects the 
Earth’s radiative balance. 

Climate The average weather experienced at a site or region over a period of many years, ranging from 
months to many thousands of years. The relevant measured quantities are most often surface 
variables such as temperature, rainfall and wind.

Climate change A change in the state of the climate that can be identified (e.g. by statistical tests) by changes in 
the mean and/or variability of its properties, and that persists for an extended period of time, 
typically decades or longer. 

Climate feedback An interaction in which a perturbation in one climate quantity causes a change in a second, and 
that change ultimately leads to an additional (positive or negative) change in the first. 

Climate projection A climate projection is the simulated response of the climate system to a scenario of future 
emission or concentration of greenhouse gases and aerosols, generally derived using climate 
models. Climate projections are distinguished from climate predictions by their dependence 
on the emission/concentration/radiative forcing scenario used, which in turn is based on 
assumptions concerning, for example, future socioeconomic and technological developments 
that may or may not be realised. 

Climate scenario A plausible and often simplified representation of the future climate, based on an internally consistent 
set of climatological relationships that has been constructed for explicit use in investigating the 
potential consequences of anthropogenic climate change, often serving as input to impact models.

Climate sensitivity The effective climate sensitivity (units; °C) is an estimate of the global mean surface 
temperature response to doubled carbon dioxide concentration that is evaluated from model 
output or observations for evolving non-equilibrium conditions. 

Climate variability Climate variability refers to variations in the mean state and other statistics (such as standard 
deviations, the occurrence of extremes, etc.) of the climate on all spatial and temporal scales 
beyond that of individual weather events. Variability may be due to natural internal processes 
within the climate system (internal variability), or to variations in natural or anthropogenic 
external forcing (external variability). 

Cloud condensation nuclei  Airborne particles that serve as an initial site for the condensation of liquid water, which can 
lead to the formation of cloud droplets. A subset of aerosols that are of a particular size. 
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CMIP3 and CMIP5 Phases three and five of the Coupled Model Intercomparison Project (CMIP3 and CMIP5), which 
coordinated and archived climate model simulations based on shared model inputs by modelling 
groups from around the world. The CMIP3 multi-model dataset includes projections using SRES 
emission scenarios. The CMIP5 dataset includes projections using the Representative Concentration 
Pathways (RCPs).

Confidence The validity of a finding based on the type, amount, quality, and consistency of evidence (e.g. 
mechanistic understanding, theory, data, models, expert judgment) and on the degree of 
agreement.

Decadal variability Fluctuations, or ups-and-downs of a climate feature or variable at the scale of approximately a 
decade (typically taken as longer than a few years such as ENSO, but shorter than the 20–30 years of 
the IPO).

Detection and attribution Detection of change is defined as the process of demonstrating that climate or a system affected by 
climate has changed in some defined statistical sense, without providing a reason for that change. 
An identified change is detected in observations if its likelihood of occurrence by chance due to 
internal variability alone is determined to be small, for example, less than 10 per cent. Attribution is 
defined as the process of evaluating the relative contributions of multiple causal factors to a change 
or event with an assignment of statistical confidence. 

Downscaling Downscaling is a method that derives local to regional-scale information from larger-scale models or 
data analyses. Different methods exist e.g. dynamical, statistical and empirical downscaling.

El Niño Southern 
Oscillation (ENSO)

A fluctuation in global scale tropical and subtropical surface pressure, wind, sea surface 
temperature, and rainfall, and an exchange of air between the south-east Pacific subtropical high 
and the Indonesian equatorial low. Often measured by the surface pressure anomaly difference 
between Tahiti and Darwin or the sea surface temperatures in the central and eastern equatorial 
Pacific. There are three phases: neutral, El Niño and La Niña. During an El Niño event the prevailing 
trade winds weaken, reducing upwelling and altering ocean currents such that the eastern tropical 
surface temperatures warm, further weakening the trade winds. The opposite occurs during a La 
Niña event.

Emissions scenario A plausible representation of the future development of emissions of substances that are potentially 
radiatively active (e.g. greenhouse gases, aerosols) based on a coherent and internally consistent 
set of assumptions about driving forces (such as demographic and socioeconomic development, 
technological change) and their key relationships.

Extreme weather An extreme weather event is an event that is rare at a particular place and time of year. Definitions 
of rare vary, but an extreme weather event would normally be as rare as or rarer than the 10th or 
90th percentile of a probability density function estimated from observations.

Fire weather Weather conditions conducive to triggering and sustaining wild fires, usually based on a set of 
indicators and combinations of indicators including temperature, soil moisture, humidity, and wind. 
Fire weather does not include the presence or absence of fuel load.

Global Climate Model or 
General Circulation Model 
(GCM) 

A numerical representation of the climate system that is based on the physical, chemical and 
biological properties of its components, their interactions and feedback processes. The climate 
system can be represented by models of varying complexity and differ in such aspects as the spatial 
resolution (size of grid-cells), the extent to which physical, chemical, or biological processes are 
explicitly represented, or the level at which empirical parameterisations are involved.

Greenhouse gas Greenhouse gases are those gaseous constituents of the atmosphere, both natural and 
anthropogenic, that absorb and emit radiation at specific wavelengths within the spectrum of 
terrestrial radiation emitted by the Earth’s surface, the atmosphere itself, and by clouds. Water 
vapour (H2O), carbon dioxide (CO2), nitrous oxide (N2O), methane (CH4) and ozone (O3) are the 
primary greenhouse gases in the Earth’s atmosphere.

Hadley Cell/Circulation A direct, thermally driven circulation in the atmosphere consisting of poleward flow in the upper 
troposphere, descending air into the subtropical high-pressure cells, return flow as part of the 
trade winds near the surface, and with rising air near the equator in the so-called Inter-Tropical 
Convergence zone. 
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Indian Ocean Dipole (IOD) Large-scale mode of interannual variability of sea surface temperature in the Indian Ocean. This 
pattern manifests through a zonal gradient of tropical sea surface temperature, which in its positive 
phase in September to November shows cooling off Sumatra and warming off Somalia in the west, 
combined with anomalous easterlies along the equator.

Inter-decadal Pacific 
Oscillation

A fluctuation in the sea surface temperature (SST) and mean sea level pressure (MSLP) of both the 
north and south Pacific Ocean with a cycle of 15–30 years. Unlike ENSO, the IPO may not be a single 
physical ‘mode’ of variability, but be the result of a few processes with different origins. The IPO 
interacts with the ENSO to affect the climate variability over Australia.

A related phenomena, the Pacific Decadal Oscillation (PDO), is also an oscillation of SST that 
primarily affects the northern Pacific.

Jet stream A narrow and fast-moving westerly air current that circles the globe near the top of the troposphere. 
The jet streams are related to the global Hadley circulation.

In the southern hemisphere the two main jet streams are the polar jet that circles Antarctica at 
around 60 °S and 7–12 km above sea level, and the subtropical jet that passes through the mid-
latitudes at around 30 °S and 10–16 km above sea level.

Madden Julian Oscillation 
(MJO) 

The largest single component of tropical atmospheric intra-seasonal variability (periods from 30 
to 90 days). The MJO propagates eastwards at around 5 m s-1 in the form of a large-scale coupling 
between atmospheric circulation and deep convection. As it progresses, it is associated with large 
regions of both enhanced and suppressed rainfall, mainly over the Indian and western Pacific 
Oceans. 

Monsoon A monsoon is a tropical and subtropical seasonal reversal in both the surface winds and associated 
rainfall, caused by differential heating between a continental-scale land mass and the adjacent 
ocean. Monsoon rains occur mainly over land in summer. 

Percentile A percentile is a value on a scale of one hundred that indicates the percentage of the data set values 
that is equal to, or below it. The percentile is often used to estimate the extremes of a distribution. 
For example, the 90th (or 10th) percentile may be used to refer to the threshold for the upper (or 
lower) extremes. 

Radiative forcing Radiative forcing is the change in the net, downward minus upward, radiative flux (expressed in W 
m-2) at the tropopause or top of atmosphere due to a change in an external driver of climate change, 
such as a change in the concentration of carbon dioxide or the output of the Sun. 

Representative 
Concentration Pathways 
(RCPs) 

Representative Concentration Pathways follow a set of greenhouse gas, air pollution (e.g. aerosols) 
and land-use scenarios that are consistent with certain socio-economic assumptions of how the 
future may evolve over time.  The well mixed concentrations of greenhouse gases and aerosols in 
the atmosphere are affected by emissions as well as absorption through land and ocean sinks. There 
are four Representative Concentration Pathways (RCPs) that represent the range of plausible futures 
from the published literature.

Return period An estimate of the average time interval between occurrences of an event (e.g. flood or extreme 
rainfall) of a defined size or intensity. 

Risk The potential for consequences where something of value is at stake and where the outcome is 
uncertain. Risk is often represented as a probability of occurrence of hazardous events or trends 
multiplied by the consequences if these events occur.

Risk assessment The qualitative and/or quantitative scientific estimation of risks. 

Risk management The plans, actions, or policies implemented to reduce the likelihood and/or consequences of risks or 
to respond to consequences.

Sub-tropical ridge (STR) The sub-tropical ridge runs across a belt of high pressure that encircles the globe in the middle 
latitudes. It is part of the global circulation of the atmosphere. The position of the sub-tropical ridge 
plays an important part in the way the weather in Australia varies from season to season.
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Southern Annular Mode 
(SAM)

The leading mode of variability of Southern Hemisphere geopotential height, which is associated 
with shifts in the latitude of the mid-latitude jet.

SAM index The SAM Index, otherwise known as the Antarctic Oscillation Index (AOI) is a measure of the 
strength of SAM. The index is based on mean sea level pressure (MSLP) around the whole 
hemisphere at 40 °S compared to 65 °S. A positive index means a positive or high phase of the SAM, 
while a negative index means a negative or low SAM. This index shows a relationship to rainfall 
variability in some parts of Australia in some seasons.

SRES scenarios SRES scenarios are emissions scenarios developed by Nakićenović and Swart (2000) and used, 
among others, as a basis for some of the climate projections shown in Chapters 9 to 11 of IPCC (2001) 
and Chapters 10 and 11 of IPCC (2007).

Uncertainty A state of incomplete knowledge that can result from a lack of information or from disagreement 
about what is known or even knowable. It may have many types of sources, from imprecision in the 
data to ambiguously defined concepts or terminology, or uncertain projections of human behaviour. 
Uncertainty can therefore be represented by quantitative measures (e.g. a probability density 
function) or by qualitative statements (e.g. reflecting the judgment of a team of experts). 

Walker Circulation An east-west circulation of the atmosphere above the tropical Pacific, with air rising above warmer 
ocean regions (normally in the west), and descending over the cooler ocean areas (normally in the 
east). Its strength fluctuates with that of the Southern Oscillation.
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