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Although the parallels are not exact, understanding 
community, institutional and governance responses to 
climate events, and their interactions, is informative of the 
conditions that may determine the success or failure of 
climate change adaptation strategies.

Through 2010, the NCCARF consortium 
developed a suite of historical case studies to 
examine impacts and management of climate 
variability and the lessons that can be learnt 
for adaptation to future climate.

These seven case studies examine the 
following historical extreme events or conditions 
(see Figure 1.1):

 » Cyclone Tracy, which struck Darwin on 
Christmas Day 1974.

 » Drought in rural communities, looking at: 

 » Agricultural communities: Donald, a dryland agricultural 
community in north-west Victoria, and Mildura, an 
agricultural community also in north-west Victoria but 
dependent on irrigation water from the Murray; and

 » Mining communities: Broken Hill, a mining town 
in western New South Wales with limited water 
availability and Kalgoorlie, a mining community in 
Western Australia that pipes water in to the town.

 » Heatwaves, taking the case of the late January to early 
February 2009 heatwave in Melbourne and Adelaide.

 » Queensland floods in 2008, looking at Charleville in 
southern central Queensland, which was flooded 
from Bradley’s Gully in January, and Mackay, which 
experienced a flash flood in February.

 » Storm tides, looking at the period from the 1950s to the 
mid 1970s when there was a series of severe storm tides 
along the coast of southern Queensland and northern 
New South Wales.

 » An East Coast Low: the Pasha Bulker storm that struck 
Newcastle in June 2007.

The outcome is a set of freestanding case studies that, 
when considered together, provide in-depth explorations of 
our knowledge of present-day adaptation, vulnerabilities and 
resilience to climate variability and change. 

1.1 What is the likely value of these studies?

Climate change may mean more frequent extreme events, 
or more severe extreme events, in the future. Adaptation 
planning for these events will strongly rely on lessons learnt 
in past events. 

Changes of policy, actions and/or infrastructure commonly 
occur following extreme events. These actions are targeted 
at reducing the impact of any future, similar extreme event. 
Thus, there  are parallels between adaptations around past 
historical events and adaptation to future climate extremes. 
The principal difference is that in the future, what is now 
considered an extreme may become closer to the norm, 
leading to a change in adaptation policy and action – a good 
example is planning around heatwaves. 

Decision-makers at all levels, from the community to the 
Australian Government, can relate their experience to 
historical events, and the successes and failures achieved.

Cyclone Tracy

Queensland Floods

Heatwave Southern Australia

Resilience & Water Security

Drought & Small Towns

Storm Tides

East Coast Lows

Darwin

Mackay

Charleville

Broken Hill

Newcastle

Kalgoorlie

Melbourne

Mildura

Donald

Adelaide

Figure 1.1: The 
locations of the seven 
historical case studies

Why study past extreme events?
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1.2 About this report

In this, the eighth report in this series, we summarise 
the seven case studies and, drawing from the evidence 
contained therein, provide a synthesis of lessons learnt for 
developing community adaptive capacity, resilience and 
responses to climate change, and reducing vulnerability. 
In addition, we include a summary of the meteorological 
context of each event type.

The synthesis considers the following questions: 

 » What are the broad lessons that can be learnt across  
all the case studies? 

 » Are there successes from these case studies that can 
be put into practice in the future?

 » Are there ways in which vulnerability can be 
decreased?

 » Why do some events stimulate change and others  
do not? 

 » What are the barriers to effective action?

 » Are there any new insights that can be drawn from the 
case studies that would support policy reform? 

 » What could be done differently to prepare for future 
events?

 » What tools do planners and policy makers need?

 » How can experience from previous events inform the 
development of adaptive strategies for the future?

 » What is the capacity of a range of systems (e.g. policy, 
engineering, building, emergency management, 
communication, institutional coordination, and workforce) 
to support future disaster management and, where 
necessary, reform? 

 » What new problems are created by climate change 
that have not been previously considered in this 
planning?

 » What are some of the approaches government, 
industry and community can use to apply the 
conclusions and recommendations arising from  
these case studies?
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Figure 2.1: Paths of tropical cyclones from 1908–2005. Image: Bureau of Meteorology.

Tropical cyclones

2

2.1 Meteorological context

A tropical cyclone is an intense low pressure system that 
forms over tropical or sub-tropical waters. It gains its 
energy from the warmth of those waters – surface water 
temperatures greater than 26.5 °C are required for a tropical 
cyclone to form. Once the system passes over the land, 
it is removed from its energy source and generally decays 
rapidly. In the Australian region tropical cyclones:

 » have an annular structure of high wind speeds and cloud 
rotating in a circular path (clockwise in the Southern 
Hemisphere) which surrounds a cloud-free eye in which 
wind speeds are much lower

 » occur between November and April

 » typically have an eye around 50 km across; the diameter 
of the whole system may be several hundred kilometres

 » exhibit wind speeds greater than 63 km/h, gusting to over 
90 km/h

 » have intense thunderstorm activity in the cloud wall

 » persist – they can last for around a week, following an  
erratic path

 » can affect north-eastern, northern and north-western 
Australia (see Figure 2.1), but the area of greatest 
occurrence is along the northern coastline from Townsville 
to Port Hedland.

2.2 CASE STUDY: Cyclone Tracy

2.2.1 The event

Cyclone Tracy was a Category 4 cyclone that laid waste to 
the city of Darwin in the Northern Territory early on Christmas 
morning 1974 (Figure 2.2). Cyclone Tracy demonstrated 
just how devastating the impact of a cyclone could be, and 
awoke the local and international engineering community 
to the true risk of cyclonic wind storms. Tracy’s small size 
minimised the spatial extent of damage, but its slow forward 
speed meant the areas beneath its storm track were 
completely devastated. Cyclone Tracy resulted in 71 deaths 
and 650 injuries. Fortunately for Darwin, flooding and storm 
surge were not major issues or these numbers could have 
been far higher. In almost all cases, wind was the dominant 
factor in the ensuing structural damage, which left 94% 
of housing uninhabitable, approximately 40,000 people 
homeless and necessitated the evacuation of 80% of the 
city’s residents.
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2.2.2 Scale of the disaster 

Cyclone Tracy remains one of the most prominent and 
costly natural disasters in Australia’s history. Very rarely 
does a disaster impact an entire major city, as occurred 
during Tracy. Tracy was a small but intense cyclone with 
observed wind gusts up to 217 km/h (60 m/s) prior to 
instrument failure, with estimated storm maximum wind 
gusts up to 20% greater. At the time, the gust of 217 km/h 
was the highest gust speed recorded on mainland Australia 
and still remains the highest recorded in the Darwin area. 
After the cyclone passed, approximately 60% of Darwin’s 
houses were destroyed beyond repair, a further 34% were 
uninhabitable and only 6% were considered immediately 
habitable. The estimated cost of the event is in the order of 
about A$400-500 million (in 1974 dollars), which equates to 
between A$2 billion and A$4 billion in 2010 dollars. 

2.2.3 Characteristics that resulted in the 
damaging impacts of the event

The intensity of Tracy was not unprecedented in Darwin’s 
history, with a number of comparable events affecting the 
region since European settlement. The damaging impacts 
of Cyclone Tracy were the result of a ‘direct hit’ on Darwin. 
Damage to buildings was worse because Tracy was a slow 
moving storm resulting in extended periods of exposure to 
high winds. 

Prior to Tracy, cyclone-resistant housing construction 
practices were largely left to the responsibility of individual 
builders, resulting in variable standards of construction and 

Figure 2.2:The path of Cyclone Tracy in December 1974. (C. 
Arthur, personal communication, 29 October 2009)

a level of design that was inadequate for cyclone-prone 
regions. This situation was coupled with a general lack of 
understanding and appreciation of the impact that cyclone-
force winds can have on housing. 

The community, government and emergency management 
team did very little to prepare for Cyclone Tracy. A number 
of false alarms prior to Tracy had left the community 
complacent. A highly transient population also meant any 
lessons learnt from the last cyclone to make landfall on 
Darwin, 35 years previously, had largely been lost. Therefore, 
household preparations and timely evacuations were not 
undertaken.

2.2.4 Adaptation: during and after the event

The event affected the way engineers and builders design 
and construct buildings, particularly housing. A six-month 
moratorium was enacted to allow a process of assessment 
of building failure and to develop new building standards and 
new enforcement processes.

Tracy also influenced how emergency services prepare 
for, and have subsequently responded to, disasters. The 
devastation caused by Tracy meant that even historically 
reluctant industries, such as the Australian building industry, 
could not avoid change and they rapidly adapted to their 
new understanding of cyclonic wind risk and improved 
building standards. 

Change to a large entrenched system (such as the building 
industry) is often only possible after a disaster when quick 
action is required. Adaptive processes made in the light of 
Cyclone Tracy have led to the development of world-leading 
wind-resistant design practice in this country. In terms of 
disaster management processes, Tracy resulted in the 
implementation of the Disaster Victims Database and Inquiry 
System and was influential in structuring the newly formed 
National Disasters Organisation (NDO).

2.2.5 Vulnerability: pre and post event

It is clear that most of the existing housing in Darwin prior 
to Tracy was not adequately built to withstand a tropical 
cyclone. This included houses built to the new standards 
that were introduced in the wake of Cyclone Althea in 
Townsville in 1971. Research has shown that, in the event 
of recurrence, the average per structure damage would 
be reduced by up to 85% as a result of the adaptation 
measures undertaken in Darwin after Tracy (Arthur et al. 
2008). This, importantly, represents a reduction in damage  
to a level that would no longer necessitate an evacuation. 

Cyclone Tracy highlighted the need for improved disaster 
management processes. Since Cyclone Tracy there has 
been a noticeable increase in public awareness and 
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preparedness measures (e.g. tree trimming, emergency kit, 
securing loose objects, etc.). In fact, long-term residents’ 
knowledge of cyclone impacts is now comparable to that  
of experts in the field. 

It is now understood that it is preferable to provide 
assistance locally in order to keep families and communities 
together. This will be enabled by the fact that local and 
Territory-based government and emergency management 
agencies are now likely to assume control of response and 
recovery efforts in the event of a cyclone, rather than the 
Federal Government, as was the case with Tracy. 

2.2.6 Managing the event: successes and failures

Successes:

 » The Tropical Cyclone Warning Centre had been 
monitoring the storm for several days and correctly issued 
a top priority warning at 12.30 pm on 24 December, but 
this was not heeded by most of the community.

 » The emergency medical team sent to Darwin 
commended the swift evacuation of the injured, which 
greatly reduced their patient load.

 » A coordinated relief effort, led by the Federal Government, 
saw a successful evacuation of a large proportion of 
Darwin’s residents after the cyclone had passed. While 
it is now understood that it is preferable to provide 
assistance locally, arguably the evacuation allowed time 
for rebuilding and prevented other potential health issues.

 » The rebuilding of Darwin was undertaken using improved 
building standards, improving the resilience of the town.

Failures:

 » An Emergency Plan existed but was not followed. For 
example, the emergency committee did not meet, 
schools designated as shelters were locked, and police 
did not take radios home.

 » The newly formed federal NDO was largely untested. 
It was faced with a major disaster at a point when 
full procedures were not yet in place. It responded in 
a military-style command-and-control mode, which 
disaffected many members of the community (e.g. 
separation of families, long-term evacuation of residents). 

 » The NDO inhibited the psychological recovery process 
by not recognising achievements made by Darwin 
locals immediately after the cyclone. It has since been 
shown that evacuation and separation from family and 
community members potentially delays the physical  
and mental recovery processes of those affected by  
such events.

 » The absence of appropriate building standards in a 
cyclone vulnerable region.

2.2.7 Lessons learnt

Major events, such as Cyclone Tracy, can be used as an 
impetus for governments, industry and the community 
to undertake overdue adaptation measures that may be 
difficult to gain support for during periods in which there is 
no evidence of the immediate need. Cyclone Tracy led to 
a number of significant adaptation actions, including better 
building design and new institutional systems for dealing with 
major catastrophes. 

One of the clearest lessons learnt from the damage caused 
by Cyclone Tracy was that buildings with engineering input 
into their design and construction performed considerably 
better than those without. It was clear that the housing 
design and construction process had to be changed to 
incorporate engineering principles in order to enhance 
their resilience. The introduction of engineering-based 
standards for the design of housing was the outcome, and 
the significantly improved resilience of housing, not just in 
cyclone regions, is a continuing legacy of Cyclone Tracy. 

Tracy also highlighted the problems with using a design 
approach based on the everyday performance of a structure 
(i.e. permissible stress design), and showed how accounting 
for extreme events in design (i.e. limit state design approach) 
was essential. Despite the positive changes made, there 
remain issues with building methods that may unnecessarily 
increase the risk of failure under extreme wind conditions. 
Regular reanalysis of design wind speeds in cyclone-
prone regions using the most up-to date information and 
techniques is required, along with improved understanding 
and design for durability of structural elements. A systematic 
analysis and upgrade of existing housing stock, not 
influenced by changes to design standards, would also 
substantially improve resilience. 

Tracy highlighted the need for improved emergency 
management, including the dissemination of warnings, 
preparedness and response. It showed clearly that longer-
term resilience does not lie simply in improved engineering 
standards, but also in the psychological welfare of individuals 
in the impacted community. 

One of the key failures identified in this case study of 
Cyclone Tracy was the limited preparation in the lead-up 
to landfall. This can be attributed to previous false alarms, 
a transient population with little knowledge of cyclone 
conditions and coincidence of the storm with a holiday 
period (the top priority warning was issued at 12.30 am 
on Christmas day). It highlights the requirement to have an 
emergency warning system that not only reaches a large 
part of the population, but also provides a message that is 
clearly understood in terms of importance and provides clear 
guidance that directs the community to take specific actions.

Cyclone Tracy ruin, Darwin. 
Image: Bentley Smith.



7NCCARF LEARNING FROM EXPERIENCE

3

Drought 

3.1 Meteorological context

The Bureau of Meteorology defines drought as “a prolonged 
abnormally dry period when there is not enough water 
for users’ normal needs”. There are, however, numerous 
other definitions of drought, which in itself is a problem 
when it comes to developing drought adaptation policies. 
Australia has one of the most variable climates in the world, 
and drought is part of the landscape and the culture of its 
people. Because drought is insidious, it can be difficult to 
know or to define when a region passes into a drought. The 
Bureau of Meteorology maintains a Drought Watch system 
that helps identify the need for contingency or drought relief 
action. Droughts may be short, intense and affect a small 
area, or they may be widespread and persist for many years. 
On average, severe drought affects part of Australia about 
once every 18 years. The occurrence is, however, highly 
variable and this average figure can be misleading. 

The most well understood climate driver of drought in 
Australia is the El Niño–Southern Oscillation (ENSO): a major 
air pressure shift between the west and east equatorial 
Pacific Ocean regions. The El Niño phase of ENSO occurs 
when the ocean warms in the eastern Pacific, and high 
surface air pressure develops over the western Pacific. 
This in turn is associated with drought over the eastern half 
of Australia, especially northern and eastern Queensland. 
Another large-scale ocean-atmospheric fluctuation, the 
Indian Ocean Dipole, has been linked to drought occurrence 
in southern Australia as has the Southern Annular Mode 
(Verdon-Kidd and Kiem 2009). 

Over the twentieth and twenty-first centuries, the three most 
significant droughts in terms of spatial extent, magnitude 
and duration of impact (shown in Figure 3.1), are: 

 » The Federation Drought, 1895–1902

 » The World War II Drought, 1937–1945

 » The Big Dry (or Millennium Drought), 1997–2010. 

3.2 CASE STUDY: Drought impacts and 
adaptation in regional Victoria, Australia

3.2.1 The event

The Big Dry, or Millennium Drought, has affected south-
east Australia since the late-1990s. Although wet La Niña 
conditions returned in 2010, some sectors and farming 
regions will require several good seasons before they can 
recover from such a long period of drought. This drought 
had serious impacts on water availability, agricultural 
production (due to lack of rain and decreased irrigation 
allocations), biodiversity (due to prolonged changes in 
habitats), and bushfire regimes (increasing intensity of 
bushfires). Two case studies (Mildura and Donald) were 
chosen to investigate the socio-economic impacts of 
drought, past and present drought adaptation measures, 
and the future adaptation strategies required to deal with 
projected increases to the frequency and magnitude of 
drought events.

3.2.2 Scale of the event

The recent Big Dry was associated with an annual average 
rainfall decrease of 17% for Mildura and 10% for Donald. By 
comparison, Mildura had a 31% decrease in average annual 
rainfall in the Federation Drought and a 19% decrease in the 
World War II Drought. Donald experienced a 23% decrease 
in the Federation Drought and 17% in the World War II 
Drought.

The reduced availability of water during the Big Dry had 
significant, wide-spread secondary effects, including: 

 » Farmer debt in the Mildura region increased from A$15 
million in 2000–01 to A$275 million in 2007–08 

 » The number of farmers receiving ‘exceptional 
circumstances’ assistance increased from ~9,000 in 
2002–03 to more than 25,000 in 2007–08 

 » Farmers’ average income reduced by A$29,000 between 
2005 and 2007

Figure 3.1: The extent of historically significant droughts in Australia (Source: Verdon-Kidd and Kiem 2009).
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3.2.4 Adaptation: during and after the event

Individual farmers responded to drought conditions 
through individual farm management strategies. For many 
landholders this is part of farming in a variable climate. For 
land managers with access to funds, new technologies have 
been adopted. For others, adaptation involves diversifying 
their income base through off-farm employment. The ability 
to adapt to drought conditions is made more difficult by 
other externalities such as market forces.

Planning for climate change in these rural communities 
urgently calls for more accurate (not to be confused with 
precise) and reliable seasonal to multi-decadal climate 
forecasts that are relevant at the farm-scale. Research is 
needed to determine what constitutes a ‘good’ climate 
forecast for farmers and rural communities (e.g. What 
variables? What format? What level of accuracy and/or lead 
time is useful and what is not? What temporal and/or spatial 
resolution?). 

Unfortunately, significant uncertainties currently exist around 
the climate science and modelling needed to produce 
the sort of forecasts farmers say they need. It should be 
noted that, especially for rainfall forecasts at the farm-scale, 
this uncertainty will remain for the foreseeable future. So, 
while there is a need to reduce uncertainty around climate 
forecasting, where possible the more urgent, and more 
achievable, objective should be to robustly quantify this 
uncertainty. There is a need to develop tools to support 
decision-making under uncertainty, and to build resilience 
(i.e. ability to re-configure without crucial loss) such that 
rural communities are capable of adapting to the climatic 
variability that exists in Australia. Farmers are adept at 
dealing with uncertainty, so long as they are aware of what 
the bounds of that uncertainty are and have ongoing, 
consistent and proactive (as opposed to short-term, 
changing and reactive) drought, water, and agricultural policy 
to support them.

 » The number of farms with negative income increased 
from 24% to 42% between 2005 and 2007

 » There was a loss of employment in agriculture 
contributing to a more widespread community loss of 
employment and services.

3.2.3 Characteristics that resulted in the 
damaging impacts of the event

In terms of annual rainfall deficits, the Big Dry was generally 
less severe than previous droughts. However, the Big Dry 
was particularly damaging because: 

 » The majority of the annual rainfall deficit was due to  
the failure of autumn rainfall, a crucial period for  
winter-grown crops

 » The deficit for runoff to river systems was around three 
times greater than the deficit for rainfall

 » This drought affected the whole Murray-Darling Basin. 
So for places like Mildura, reliant on irrigation water from 
the Murray River, the ‘rainfall drought’ coincided with an 
‘irrigation drought’

 » Demand for water, for both agricultural and non-
agricultural use, was much higher than in previous 
droughts due to water allocations made over the past  
40 years

 » External economic factors (i.e. the Global Financial Crisis, 
poor commodity prices, closure of the Australian Wheat 
Board ‘single desk’) are believed to have exacerbated the 
climate-related impacts

 » Drought policy and the management of the Murray-
Darling Basin were under review so high uncertainty 
existed within the farming community

 » The reality of water trading is difficult for most farmers 
to manage for. Allocations are made subject to the 
availability of water and are expressed as probabilities. 
The availability of water becomes uncertain and the 
commercial side of trading complex.
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3.2.5 Vulnerability: pre and post event

The social and economic issues facing some inland (rural) 
communities are not just a product of climate variability 
such as drought. Other factors, such as the age of farmers, 
farm handover issues, level of debt, willingness to change 
practices and farm profitability, all play a part in farming 
resilience and vulnerability. The messages relating to 
uncertainty around climate forecasts are equally applicable 
to uncertainty around economics, commodity prices, policy 
and social demographics. It is not the uncertainty itself 
that is frustrating for farmers, rather that the uncertainties 
seem to be in a state of flux – and that the changes are all 
happening at the same time! 

3.2.6 Managing the event: successes and failures

Successes:

 » Community spirit and support remained strong. 

 » People with the money and knowledge to be  
innovative and implement new science and technology 
can still do well.

 » Some evidence of farmers adapting to water shortages 
and the changing environment is apparent in all farming 
sectors.

Failures:

 » Some farmers view the removal of the Australian Wheat 
Board single desk, deregulation of various agricultural 
industries, reduced funding and staff for government 
agencies that previously supported rural communities 
(e.g. Victorian Department of Primary Industries) as 
negatives that impact on their industry and exacerbate 
climate pressures.

 » Small-block exit grants, exceptional circumstance 
payments, and water trading were very controversial and 
seen by some as a success and by some as a failure with 
respect to assisting rural communities adjust to drought.

3.2.7 Lessons learnt 

There is great advantage in further comparative, case study-
based research into climate change impacts and adaptation. 
Recording the actual experiences of drought and other 
climatic extremes is vital to advancing knowledge of how to 
respond and adapt to such conditions, and how this might 
vary between different locations, sectors and communities. 

Efforts need to address the changing environment and 
climate by shifting from notions of ‘drought-as-crisis’ 
towards acknowledging the variable availability of water and 
the potential for increases in the frequency of multi-year 
periods of drought. 

The value of water to our economic, social and 
environmental well-being should be recognised in a more 
meaningful way. More effort must also be made to re-value 
the farming enterprise as critical to our environmental, 
economic and cultural well-being. 

People living and working in rural areas are becoming tired 
and sceptical of ‘yet another’ drought or climate change 
research project. They have been involved in many and 
seen few positive outcomes. Further efforts are needed 
to coordinate ‘outcome-based’ or applied research 
activities – a practice that not only provides the benefits 
of interdisciplinary and interagency knowledge, but also 
respects those we are working with by not overburdening 
them with separate and disconnected research interventions. 

While a body of drought and climate change adaptation 
research has been, and continues to be, conducted, well-
documented facts, key themes and recommendations 
continue to emerge with little evidence of effective 
implementation. Investigation is required into: (a) why the 
already documented solutions and priorities have not 
been implemented, (b) what the barriers are that prevent 
implementation; and (c) how these barriers can  
be overcome. 
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3.3 CASE STUDY: Drought and water 
security in two rural mining towns

3.3.1 The context

Kalgoorlie in Western Australia and Broken Hill in New South 
Wales are rural towns with populations of around 30,000 
and 20,000 respectively in semi-arid environments with 
limited local water supplies. Each has a rich history based 
on mineral resources and, more recently, a developing 
tourism industry. The catalyst for development has been 
the exploitation of mineral resources (silver, zinc and lead in 
Broken Hill, and gold and nickel in Kalgoorlie). In both towns, 
this development has been constrained by water supply 
limitations. Throughout the history of each town, the reaction 
to extreme dry periods and economic booms has been to 
develop new infrastructure and strategies to deliver more 
water and increase efficiencies. The challenges of balancing 
water supply and economic growth are ongoing and likely to 
become more severe in both towns with climate change.

3.3.2 Scale of the challenge

Broken Hill

Broken Hill is situated in an extremely arid area receiving, 
on average, 252 mm of rain each year (records since 
1889). Under a highly variable climate, rain is experienced 
in cycles of drought and flood. Mining of the region has 
been intensive since the discovery of silver in the late 
1800s. Development of flotation extraction of minerals in the 
1900s increased industrial demand for water. As demand 
for water outstripped supply (particularly during periods of 
drought) with the expansion of the town’s population, new 
engineering schemes to supply more water were introduced.

In 1892 the Stephens Creek Reservoir was built and then 
operated by the privately-owned Broken Hill Water Supply 
Company. In 1903 it was completely empty and in 1907 
and 1909 it almost dried up again. It was the only source 
of supply until the government-funded Umberumberka 
Reservoir was completed in 1915, following which the 
government took over responsibility for the supply of water 
to Broken Hill. 

In the 1902–03 drought there was rail-cart delivery of water 
from Silverton, around 26 km away. This was repeated in 
1925–26, 1941–46 and 1948–51. 

In 1952 construction of the Menindee pipeline was 
completed, bringing water from the Darling River to Broken 
Hill (a distance of 99 km). 

Already exposed to hazard in the form of heavy metals from 
mining and smelting operations (lead dust, for example, has 
long been part of the environment), Broken Hill residents are 
also vulnerable to health problems due to poor water quality 
during periods of water shortage. For example, drought 
conditions following the installation of the Menindee pipeline 
led to high salinity in the water pumped from the Darling. 

A recent review considered various water supply options, 
including renewing the transport of water by train (which 
was found not to be cost effective) and the installation of 
a desalination plant for emergency water production. A 
portable desalination plant has been installed at a cost of 
A$4 million. It can treat six million litres of water per day, 
which is about a quarter of normal consumption by the city. 
The plant has not yet been used. 

Quality of available water is an ongoing issue, with highly 
saline water likely to damage infrastructure and household 
appliances. Voluntary water conservation strategies have 
been generally successful, but have created their own 
problems. These include inadequate flushing of toilets and a 
reduction in the amount of green space available to mitigate 
the endemic lead pollution.

Kalgoorlie

Kalgoorlie is the largest regional city in Western Australia. 
It has very strong and prosperous gold and nickel mining 
industries. 

Like Broken Hill, Kalgoorlie is situated in an extremely arid 
region, where the average annual rainfall total is 264 mm. 
The gap between demand and supply for water has been 
historically augmented by transporting water to the town and 
providing engineered water solutions. 

At the end of the nineteenth century, the gold rush brought 
around 30,000 people to Kalgoorlie. With no reliable supply, 
water was carried by rail from Coolgardie at great expense, 
or was supplied from a nearby salt lake by distilling water 
on wood stoves. Lack of fresh water was causing poor 
sanitation, diseases (such as typhoid) and many deaths. 
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The decision was taken in 1896 to build a pipeline from the 
Perth Hills to Kalgoorlie. In 1903 a reservoir was completed 
at Mundaring (in the Perth Hills, some 35 km to the east 
of Perth), with a pipeline to Coolgardie and then on to 
Kalgoorlie (a distance of 526 km). At the time of completion, 
it was the longest fresh water pipeline in the world. The 
storage capacity of the weir at Mundaring was trebled when 
the wall was raised 10 m (completed in 1951) to support 
agricultural expansion into inland areas. The pipeline is 
now a component of the Integrated Water Supply Scheme 
(IWSS), which provides water to approximately 78% of the 
state’s population and has maintained a stable water supply 
to Kalgoorlie until recently. Since 1980, the expansion of 
gold mining activities has created a water demand that 
exceeded the capacity of the pipeline system and new local 
groundwater resources are being found. However, as is 
often the case with groundwater exploitation, extraction is 
outstripping rates of recharge.

3.3.3 Adaptation actions

Broken Hill

The Australian Government is supporting further investigation 
into regional groundwater resources and the potential for 
managed aquifer recharge. There has also been speculation 
about the possibility of a connection to a proposed BHP 
coastal desalinisation plant 350 km away at the head of 
Spencer Gulf in South Australia.

Kalgoorlie

The climate of Perth is drying and runoff from water 
catchments into the main dams has now reached an ‘all 
time low’. The regional water authority, Water Corporation, 
has responded by commissioning a desalination plant and 
has commissioned another to start in late 2011. In addition, 
due to the current demand for water, the Water Corporation 
has requested that it be permitted to take more water from 
the aquifer known as the Gnangara Mound. The Mundaring 
Reservoir is currently (May 2011) at 32.4% capacity. 

3.3.4 Vulnerability 

For both towns, the cycles of drying and flooding throughout 
their histories have caused swings from water supply crisis 
to prosperity and complacency.

Broken Hill

Extensive rain in the Murray-Darling Basin and in the Broken 
Hill region itself in the second half of 2010 has delivered 
about two full years of water security. In the past, such 
drought breakers have slowed engineered solutions and 
encouraged complacency, opening up vulnerability to the 
next drought. 

The Menindee pipeline delivers water only to Broken Hill,  
and that water is of low quality in times of drought. Broken 
Hill seeks to address this through desalination, but only time 
will tell whether this delivers a long-term sustainable solution 
for the community.

Kalgoorlie

A continuation of the current drought over south-western 
Australia will see a major crisis in water supply security and 
potential for failure of the system. But this will be a crisis 
for the whole region, not for Kalgoorlie alone. Building the 
pipeline from the Perth Hills, and integrating the pipeline 
supply into the wider IWSS, has at least ended the isolation 
of Kalgoorlie from its water supply challenges.

3.3.5 Managing water security: successes and 
failures

Both Broken Hill and Kalgoorlie have dealt with a dry climate 
and population- and industry-driven increases in demand 
through water supply engineering solutions. Broken Hill’s 
engineered solutions have been short term and expensive. 
They have failed on many occasions and have had to be 
altered several times. Kalgoorlie’s engineered solutions, 
although over 100 years old, have been progressively 
modernised so as to deliver a high degree of water security. 

In both towns, the economies and the health of residents 
have been compromised during periods of severe drought. 
Water has become an expensive commodity in these 
communities. Neither Kalgoorlie nor Broken Hill has found  
a permanent solution to their problems of reliable water 
supply and, indeed, in economic terms, a permanent 
solution is unlikely to be the most cost-effective approach  
in either town. 

Image (L-R): Wally Irwin, 
Matthew Godfrey.
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3.3.6 Future Challenges

Broken Hill

The planned closure of the large-scale Broken Hill Mine in 
10 years will fundamentally alter the town’s economy. The 
mining businesses heavily subsidise water prices at present 
and the removal of this support will expose residents to 
the full costs of maintaining and upgrading water supply 
infrastructure. However, it will also mean a decrease in water 
demand for the township, potentially making infrastructure 
more affordable. 

Broken Hill’s pipeline is at the end of a hugely complex 
catchment, the Murray-Darling Basin. The Basin is currently 
undergoing a new phase of planning with respect to how 
its water is allocated to various uses (e.g. agriculture, 
nonagricultural industry, town water supply, environmental 
flows, ecological needs, etc.). This will be instrumental in 
determining the ultimate fate of Broken Hill’s water supply 
from the Darling River. 

Kalgoorlie 

Kalgoorlie has experienced a relatively stable water supply 
since the building of the pipeline from Perth in the early 
1900s until recently. However, the increased demands on its 
water supply will be exacerbated by the reduced availability 
of water in the Perth catchment area. Under climate 
change, the region is predicted to experience increased 
temperatures, declining rainfall and increased evaporation,  
all of which would reduce the supply of water, and its quality.
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4.1 Meteorological context

East coast lows (ECLs) are intense, relatively small, low 
pressure systems that occur along the east coast of 
Australia between southern Queensland and Tasmania in 
autumn or winter, most commonly in June (Figure 4.1). They 
derive their energy from the thermal gradient between warm 
air over the sea and cold air over the land. Typically, there will 
be one or two in each year that make landfall, but there have 
been years in which as many as six have occurred. ECLs are 
associated with high wind speeds (but typically lower than 
those in a tropical cyclone), high seas and large amounts of 
very intense rainfall (snow over higher ground). The heaviest 
rain falls on the poleward side of the system. ECLs intensify 
very rapidly, making them difficult to forecast precisely, and 
last only a few (2-3) days, generally tracking along the coast. 

4.2 CASE STUDY: The Newcastle-Central 
Coast Pasha Bulker storm

4.2.1 The event

A total of five ECLs affected coastal regions between the 
Illawarra and the Hunter regions of New South Wales during 
June 2007, which is a rare but not unprecedented sequence 
of events. The first of these storms (8-9 June) was the most 
serious (in terms of impact) and resulted in widespread 
flooding and wind damage, coastal erosion, the grounding 
of the Pasha Bulker (a 40,000 tonne bulk carrier ship, on 
Nobbys Beach, Newcastle (Figure 4.2)) and the loss of nine 
lives. The ‘Pasha Bulker storm’, as it has become known, 
was a significant meteorological event, with large economic 
losses and social disruption due to the loss of critical 
infrastructure. Approximately 300,000 people were without 
mains electricity for four days (some for up to a month), the 
coal export chain halted for two weeks and communications 
were interrupted for days.

4.2.2 Scale of the disaster

The Pasha Bulker storm had three distinct impacts: 

 » Flash flooding on the night of 8 June in the urban area of 
Newcastle and as far south as the Gosford region (about  
1 in 100 year return period, affecting approximately 
800,000 people either through direct flooding or during 
peak travel)

 » More general flooding on the Hunter River three days  
later (about 1 in 40 return period, impacting about 
100,000 people)

 » High winds and extreme wave heights on the night of  
8 June (the worst in the Newcastle-Sydney region since 
the ‘Sygna storm’ in 1974 in which the bulk carrier  
Sygna was grounded on a Newcastle beach during a 

severe, but short duration and lower rainfall ECL than  
the Pasha Bulker storm). 

At the time of writing, the event ranks as the eighth most 
costly natural disaster to affect Australia, when adjusted for 
inflation and current development levels (i.e. all disasters 
based on current rebuilding costs), or the fourth largest 
adjusted for inflation alone. Estimates of insured losses stand 
at around A$1.35 billion with the bulk of the losses arising 
from the excessive rainfall and subsequent flooding, rather 
than from wind damage. 

4.2.3 Characteristics that resulted in the 
damaging impacts of the event

The Pasha Bulker storm had extensive impacts because 
of its location and persistence rather than because of its 
intensity, which was high but by no means unprecedented.  
It developed close to shore, with the area of maximum 
rainfall centered on a highly developed part of the coast.  
The intensity of the rain combined with the steep topography 
of the local catchments resulted in flash flooding throughout 
many areas of Newcastle and Lake Macquarie. Flooding 
was exacerbated by debris blockages within the stormwater 
drainage system (such as garbage/recycling wheelie bins, 
corrugated iron and other fence panels, shopping trolleys 
and cars). Flooding was responsible for damage to roads 
and other infrastructure including a large number of waste 
water pumping stations. Gale force winds were sustained 
for approximately 20 hours during the event. Wind gusts of 
more than 120 km/h uprooted trees, damaging and washing 
away power lines in the flood waters. Tree throw was higher 
than expected because the storm was preceded by above-
average daily rainfall so that soils were saturated and tree 
root stability was reduced. 

4

East Coast Lows

Figure 4.1: Mean sea level pressure on 8-9 June 2007 
during the east coast low event that resulted in the Pasha 
Bulker storm. Blue shading indicates precipitation. Image: 
Bureau of Meteorology
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4.2.4 Adaptation: during and after the event

Since the storm, Newcastle City Council has initiated a 
flash flood warning system for Newcastle. The system 
involves telemetered rainfall and water level gauges at 
numerous locations across Newcastle, linked to the Bureau 
of Meteorology. Information is then broadcast through local 
ABC Radio and the Bureau of Meteorology website. 

The Councils affected by the event have carried out a 
number of community awareness/preparedness campaigns 
aimed at reducing vulnerability to future storm events. 
Floodplain management plans have also been revised. In 
addition, priority (high-risk) catchments have been identified, 
in which new studies are currently underway to address 
current storm/flooding risk and to consider the implications 
of climate change. 

The Eastern Seaboard Climate Change Initiative is a 
research program funded by the NSW Government and 
the Bureau of Meteorology, set up to investigate historical 
variability and future changes in ECLs.

4.2.5 Vulnerability: pre and post the event

The storms and resulting flooding came as a ‘surprise’ to 
most of the community, many of whom did not even realise 
that they lived on a floodplain. Since the event, community 
awareness campaigns have been aimed at reducing this  
key vulnerability. 

During the storm there was no standard procedure in place 
for communication. Formal arrangements have now been 
made with local ABC Radio for provision of emergency 
information during a disaster. The new flood warning system 
has the potential to reduce community vulnerability.

The storm stretched the available capacity of health  
services in the affected regions, highlighting the difficulty 
health staff would have had in responding to a longer-term 
disaster or secondary event, such as an outbreak of food  
or waterborne disease.

4.2.6 Managing the event: successes and failures

Successes:

 » Communication – ABC Radio Newcastle supported the 
community by suspending normal programming and 
providing on-going radio coverage of the event and 
information on how people could access support services

 » Emergency services (fire, police, ambulance, SES, 
community services and health services) all worked  
well together to manage the event

 » Community spirit – many volunteers assisted

Figure 4.2:The grounded 
Pasha Bulker on Nobby’s 
Beach following the east coast 
low event on 8 June 2007. 
Image: Webster Chen.

 » The existing levee system, which was previously  
untested, worked as predicted and prevented flooding 
from that source.

Failures:

 » There was a lack of community awareness around safe 
behaviour during flood events and warnings were ignored

 » There was a lack of community storm preparedness (first 
aid kits, torches, batteries, radios, etc.)

 » There was a lack of accessible emergency services 
vehicles and dedicated Disaster Recovery Centres due to 
their locations being isolated by flood waters.

4.2.7 Key questions and lessons learnt

The Pasha Bulker storm prompted a broad recognition by 
both State and Federal government of the importance of 
ECLs and the need to better understand their historical 
variability and potential future changes under climate 
change. An improved understanding of the impacts of 
ECLs on coastal cities and the most appropriate adaptation 
response is also required. Key questions that need to be 
answered include: 

 » What causes periods of enhanced ECL activity? 

 » How likely is it to get back-to-back ECLs (e.g. five or 
more during a month such as in June 2007)? 

 » What is the likelihood of similar events occurring 
elsewhere in Australia? 

 » What are the climatological/oceanographic conditions 
that result in ECLs occurring close to the coastline  
(as was the case with this event) rather than out to sea? 

 » How is climate change likely to alter the frequency  
and/or magnitude of ECLs in the future? 

A consistent policy for coastal developments (agreement  
at Federal, State and local levels of government) is needed 
to deal with existing coastal infrastructure/housing and 
planning guidelines around new infrastructure/housing to 
ensure development appropriately accounts for extreme 
flash flood events. 

The case study highlighted the need for increased 
community awareness of emergency procedures 
and processes, along with information and education 
opportunities which strengthen the community’s sense  
of safety and confidence in preparedness for future  
disaster events.
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5

Queensland floods

5.2 CASE STUDY: The 2008 Floods in 
Queensland – Charleville and Mackay

5.2.1 The events

This case study compares the impact of flooding, the 
response at the time and subsequent adaptations in two 
Queensland towns, Charleville and Mackay. In January 2008, 
flood-producing rains occurred along the Queensland coast 
between Townsville and Mackay, and inland over central 
and south-western Queensland. These heavy rains were 
associated with a low pressure centre tracking southward 
across the state, the remnant of Tropical Cyclone Helen. 
Coastal and inland river catchments flooded.

The coastal region of Mackay experienced minor flooding in 
the January event. However, on 15 February, an intense and 
localised rain storm produced a flash flood that damaged 
4000 houses, caused schools to close, and damaged the 
local road network. Power was lost to 6200 homes and 
mobile and land line communications were disrupted.

5.2.2 Scale of the disaster

Charleville

The town of Charleville is located on the floodplain of the 
Warrego River, with the tributary Bradley’s Gully flowing 
through the centre of the town. Flood events are relatively 
common: according to the Bureau of Meteorology there 
were 10 major flood peaks and 10 moderate flood 
peaks of the Warrego at Charleville between 1924 and 
2008. It is a characteristic of Charleville floods that they 
are slow to develop (generally giving residents some 
time to prepare), spatially extensive and slow to retreat 
(meaning roads and communications may be cut for 
several days). The floods in January 2008 were not 
the worst in Charleville’s history, but the Warrego River 
reached a peak of 6.1 m (the highest since 1997) and 
flood waters in Bradley’s Gully reached 3.1 m, its biggest 
flood event since 1963. Charleville is protected from the 
Warrego by a levee, built following the floods of 1990, 
but currently there is no protection from Bradley’s Gully.

Mackay

The Pioneer River runs out to sea through the city of Mackay. 
Relatively small in area, with steep slopes in parts of the 
upper reaches, the catchment of the Pioneer poses a flood 
threat to the town. Major flood levels have been reached 20 
times since 1884. The rainfall event on 15 February 2008 

5.1 Meteorological context

The type and severity of floods in Queensland depend on (i) 
the characteristics of the rainfall – the amount, the intensity 
and the prior conditions (e.g. is the ground already saturated 
by earlier rainfall events?) and (ii) the morphology of the river 
and its catchment – is it a large, open catchment prone to 
slowly developing floods, or is it a small enclosed catchment 
in which flash floods may develop? Is the catchment in good 
condition or is it degraded? 

The case studies presented here, both river flooding events 
as opposed to coastal inundation, consider the January 
2008 flood at Charleville and the February 2008 flood in 
Mackay. The Charleville flood was caused by rainfall from 
a tropical low pressure system which was the remnant of 
Tropical Cyclone Helen. It tracked south across Queensland 
from Townsville on 14 January to Cunnamulla on 18 January, 
passing to the west of Charleville. Charleville received 
258 mm rainfall from this system, but it is the very large 
catchment area affected by heavy rainfall that contributed 
to the flooding. The Warrego peak flood at Charleville 
reached 6.1 m (Figure 5.1), and Bradley’s Gully, which was 
responsible for the damage, reached 3 m. 

The flash flood at Mackay in the early hours of 15 February 
2008 was caused by a convergence zone in the lower 
atmosphere combined with the passage of an upper  
trough. This produced very intense rainfall in just a few 
hours: in two hours Mackay received 268 mm while  
Mackay East received 625mm. 

The severity of the Mackay flood also related to the 
topography of the region. The Pioneer River is just 120 km 
in length, with a small catchment that is steeply sloped in 
the upper reaches. This combination of intense rainfall on a 
small, steep catchment inevitably led to a flash flood which 
reached a depth of 7 m (Figure 5.2).
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Figure 5.1: History of flood events in the Warrego River, Charleville.  
Source: Bureau of Meteorology.

Figure 5.2: History of flood events in the Pioneer River, Mackay.  
Source: Bureau of Meteorology
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5.2.4 Adaptation during and after the events

Charleville

The local government covering Charleville, the Murweh 
Shire Council, has a flood overlay as part of the Town Plan. 
New industrial and residential areas are deliberately located 
outside the flood prone area. New commercial premises 
are required to have a safe upstairs area or an Evacuation 
Management Plan.

Lack of insurance coverage impeded recovery. However 
flood insurance cover is difficult to obtain in this region due 
to the frequency of flooding.

The Charleville Levee Bank Reconstruction Group has been 
formed to lobby for protection against flooding of Bradley’s 
Gully.

Mackay

The Mackay Regional Council (MRC) intends to implement 
mitigation strategies including various engineering solutions 
to direct floodwaters away from at-risk areas. MRC has also 
funded art workshops and a documentary to address the 
psychological rebuilding of the Mackay community.

5.2.5 Vulnerability pre and post the event

Since February 2008, a large proportion of Mackay and 
Charleville residents and businesses have developed 
emergency flood plans. This includes checking electrical 
appliances for damage prior to use after flooding, and 
making arrangements to be able to boil tap water before 
use, in the absence of electric power. Most are keeping 
drains and ditches free and clear of debris and have 
identified irreplaceable items and made plans for them to be 
easily and quickly moved above ground level. This vigilance, 
if continued, is likely to reduce vulnerability during future 
flood events. 

Due to a transient population, this study identified that some 
50% of Mackay residents surveyed had not experienced a 
flood event. Along with flood-free years running up to 2008, 
this resulted in a lack of disaster preparedness and planning 
(e.g. planning of evacuation routes, having an emergency 
plan and kits, etc.) among many residents. In comparison 
the Charleville community has a history of being active in 
sourcing information on flood risk, and was better prepared 
for the event.

was extremely intense and rare (100 year average recurrence 
interval). Mackay has a flood levee system to protect it from 
the Pioneer River but in this event flooding was the result of 
overland flow (i.e. flash flooding). Houses in low-lying, low 
socio-economic areas were worst affected. 

5.2.3 Impacts of the events

Charleville

Some 15 commercial premises and 30 residences had to 
be evacuated, involving a total of 55 people. Power was 
cut to some areas. At the time of the flood, Charleville’s 
permanent levee system along the Warrego River was still 
under construction. Emergency Management Queensland 
coordinated the supply and transport of a flood barrier 
system into Charleville to plug two gaps in the Warrego levee 
system. Support personnel from New Zealand and New 
South Wales were flown in to assist with the construction 
of a temporary flood barrier which was put in place in 21 
hours, however there was no protection against flooding 
of Bradley’s Gully. Following the floods, 920 families were 
provided assistance through the Natural Disaster Relief 
and Recovery Arrangements (NDRRA) grants, totalling over 
A$446,000. 

The cost of restoration of essential public assets by 
the State Government totalled A$482,000 and a grant 
of A$2.5 million was provided by NDRRA to repair the 
Murweh Shire road network. The large distances between 
Charleville and its outlying satellite communities, and 
between Charleville and the next town of comparable 
size, affects evacuation planning and implementation. 
In the 2008 event, acute patients had to be transferred 
to Roma, Brisbane and Toowoomba by air, with 
the potential to compromise patient welfare.

Mackay

Flood damage was caused to around 4000 residences, 
disrupting power and telecommunications and causing 
overflow of sewerage pumping stations. People were 
trapped in their homes and vehicles due to the speed 
with which events unfolded and their failure to heed 
warnings and prepare adequately. Overall the event 
is estimated to have cost A$410 million in claims for 
flood damage to private residences and A$9.3 million 
for reconstruction of roads and infrastructure.
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5.2.6 Managing the events: successes and failures

Charleville

Successes: 

 » A flood warning was sounded in the early hours of the 
morning to alert residents who understood the warning 
and responded accordingly

 » There was high community involvement in the 
management of the event and post-event clean-up 
activities

 » The response by local, state and federal governments 
to construct the temporary flood barrier was well 
coordinated

 » An evacuation centre was established at the 
showgrounds, precautionary sandbagging was carried 
out and several homes were successfully evacuated by 
emergency services personnel.

Failures: 

 » There were limited radio channels for accessing 
information

 » The levee system was incomplete.

Mackay

Successes: 

 » Queensland Fire and Rescue Service were well equipped

 » Local radio provided a forum for communication to 
facilitate physical and mental recovery.

Failures: 

 » Many emergency management staff were unable to reach 
their bases, which were cut off by flood waters. As a 
result, there was a lack of trained personnel to implement 
emergency management plans 

 » Communication via telephone land lines failed and the 
mobile network was overloaded

 » The preparedness of the community was poor despite a 
history of floods in the area.

5.2.7 Lessons Learnt

This case study found that in areas that are vulnerable to 
regular flooding, it is long-established residents, with strong 
connections within the community and generally prior 
experience of flood events, who display greater resilience in 
a flood event. For example, the Charleville community was 
found to be staunch in the face of flood, with high levels of a 
sense of belonging and commitment to remain on the part of 
residents, businesses and institutions, irrespective of future 
flood events. 

In comparison, Mackay had lower levels of coping capacity, 
indicated by:

 » low community participation rates, as demonstrated by 
low formal volunteerism rates

 » a belief that individuals have a limited personal 
responsibility to prepare for floods

 » a limited sense of belonging to the Mackay community. 

Increasing the resilience of communities that do not have 
long-term residents or strong sense of community may 
require:

 » facilitating community involvement in volunteer 
organisations and identifying vulnerable community 
members

 » education, information and communication campaigns to 
address community inexperience and indifference

 » development of Emergency Management Plans that can 
be implemented by unskilled personnel if key staff are 
unable to attend

 » strategies for dealing with areas that are frequently 
affected by flooding – be that development restrictions  
or some form of ‘community insurance’.

Charleville floodway. 
Image: Flickrsquared.
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6.1 Meteorological context

A heatwave is a prolonged period of excessive and unusual 
heat. Defining or identifying a heatwave requires relating 
immediate conditions with the climatology of the area. 
Thus, several days of temperatures over 40°C in western 
Queensland in January do not constitute a heatwave, 
because these temperatures are usual and expected. The 
same conditions in Adelaide and Melbourne, however, most 
certainly do represent a heatwave. 

Hot air over central Australia in summer may extend 
southwards under certain meteorological conditions 
– creating the conditions for a heatwave in southern 
Australia. When a high pressure system lies to the east 
of the continent, and a cold front is advancing from 
the west, hot air from the centre will be channelled 
southwards. Over south-western Australia, the same 
situation arises when a low pressure system lies over the 
mid-west coast, channelling hot air eastwards. Normally, 
as these meteorological systems progress eastwards, the 
atmospheric circulation will change and cooler air from the 
oceans or higher latitudes will return. However, sometimes 
these systems will stagnate, leading to a heatwave: very high 
temperatures (i.e. greater than 38°C) for days over coastal 
regions, and for weeks in inland areas. 

6.2 CASE STUDY: The southern Australian 
heatwave of 2009

6.2.1 The event

During the summer of 2009, between 27 January and 8 
February, south-eastern Australia experienced an extreme 
heatwave. The event registered as one of the nation’s most 
severe episodes of high temperatures over an extended 
period of time. Deaths attributed to the high heat are 
estimated to be from 424 to over 500 people. Financial 
losses, mainly as a consequence of power outages, 
transport service disruptions and response costs, have 
been estimated at A$800 million. Governments, councils, 
hospitals and emergency response organizations, and the 
community were largely under-prepared for a heatwave 
of this magnitude. While the event affected a broad 
geographical area, we focused in this case study on two 
capital cities: Melbourne and Adelaide.

6

Heatwaves

6.2.2 Scale of the disaster

Maximum daytime temperatures during the event in south-
eastern Australia were 12–15°C above average. Similar 
historical events occurred in 1908 and 1939, however 
in 2009 Melbourne recorded three consecutive days of 
temperatures at or above 43°C (the first occurrence since 
records began), while Adelaide recorded its hottest day 
for 70 years (45.7°C on 28 January) and its hottest night 
on record (minimum night-time temperature 33.9°C on 29 
January). 

In cities, there is a point at which the number of adverse 
health effects start to significantly increase as temperature 
increases. A considerable increase in heat-related deaths 
has been identified for Victoria, with information for Adelaide 
still pending.

There were 374 deaths across Victoria in excess of what 
would be expected for the state (Figure 6.1) with the greatest 
number among people over 75 years of age. Dispatch of 
ambulance service to heat related conditions increased by 
3326% (up from 15 to 514) compared to the same time in 
the previous year.

There was no official death toll in Adelaide, however 
estimates range at between 50 and 150 deaths. Media 
reports indicated that up to 690 people were treated at 
hospital for heat-related illness and there were up to 80 
sudden deaths.

While health services responded through standard escalation 
procedures, the physical conditions had an impact on 
emergency services personnel as well. Had the hot weather 
lasted any longer, this could have seriously compromised the 
capacity of the emergency services.

Both cities experienced costly service interruptions resulting 
from failure in the heat-sensitive components of power 
and transport infrastructure. In Melbourne heat induced 
the shutdown of ‘Bass Link‘ (supplying 6% of Victoria’s 
electricity) and necessitated load-shedding and power black-
outs for more than 500,000 residents. Major interruptions to 
train services (24% of services cancelled) also occurred due 
to buckling lines and power loss. Adelaide’s power supply 
was also impacted by shutdown of ‘Bass Link’. There was 
some track buckling and train service cancellations (7% of 
services), but not as severe as Melbourne.
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6.2.3 Characteristics that resulted in the 
damaging impacts of the event 

The insidious nature of heatwaves in general, the 
severity of this event and its co-occurrence with an 
emerging bushfire threat, meant that this event caught 
many communities under-prepared and without full 
emergency service support. The following features 
contributed to the dramatic impacts:

 » There were prolonged high temperatures from  
25 January to 7 February.

 » 7 February saw a new daily maximum temperature  
record for many locations in Victoria, Tasmania, 
and South Australia.

 » There were prolonged high nighttime minimum 
temperatures with no remission from heat stress  
(Figure 6.2).

 » The changing morphology of cities, with few green 
spaces and large areas of concrete and tarmac 
and enhanced urban heat-island effects.

 » The lack of government and public awareness that  
this heatwave was of greater severity than most 
previous hot spells.

 » Transport and energy infrastructure did not have 
the capacity to operate under such extreme 
temperatures.

6.2.4 Adaptation: during and after the event

Coping during the heatwave was the result of reactive 
competence and capacity rather than proactive 
planning. Reactive management of human health 
impacts was relatively good in some areas (e.g. 
emergency and medical services). In health-related 
areas basic incident response, management and 
escalation process procedures were already in place. 

Since the event, planning and preparation for 
heatwave events in Melbourne has been undertaken, 
incorporating the lessons learnt in 2009. Some 
community agencies are also actively improving 
listing/contact/monitoring procedures for vulnerable 
groups. 

Previous severe weather planning in Adelaide had 
focused on storms and floods, not heatwaves. 

Figure 6.1: The relationship between maximum daily temperature 
and deaths in Victoria in January 2009 shows a spike in deaths 
during the period of the heatwave when compared to the average 
number of deaths in the same period across the previous five 
years. Source: Victorian Department of Health and Bureau of 
Meteorology.

Figure 6.2: Minimum and maximum temperatures 
for Adelaide and Melbourne during the peak of 
2009 heatwave (based on Bureau of Meteorology 
information). Note that daily maximum and night-
time minimum temperatures are taken at 2 m above 
ground level.
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South Australia State Emergency Service led the response. 
Warnings were issued from 31 January, including mobile 
phone text messages, and a cooperative communication 
strategy was developed to prevent misinformation. Support 
agencies called the elderly and vulnerable, and ‘bush 
shelters’ were set up for homeless people.

Development of comprehensive heatwave plans have 
been undertaken in both cities. Victoria has developed a 
‘bottom up’ plan dependent upon local governments to 
develop localised plans. Victorian Police have emerged as 
the coordinating agency. South Australia has implemented 
clearer communication, escalation and coordination 
processes, developing a whole of Government ‘all hazards’ 
approach to manage future events. New temperature 
triggers have been developed with a system of watch and 
warning categories. Activities have also been undertaken  
to promote community awareness.

6.2.5 Vulnerability: pre and post event 

The event highlighted the vulnerability of the electricity supply 
(asset failures due to heat), transport (trains in particular) 
and ports (melting of bitumen surfaces). Power utilities and 
transport (especially rail) companies find it difficult to invest 
in adaptation because of regulatory barriers (they are unable 
to recoup their investments through pricing, for example), 
limiting their potential to enhance their adaptive capacity.

In addition to infrastructure and services, the event also 
highlighted the vulnerability of various ‘at risk’ groups (e.g. 
the very young, those with pre-existing medical conditions 
and the elderly). The study found that post-event actions 
taken will most likely result in only marginal improvements 
in resilience to such events. It is likely that public education 
will have improved population preparedness in some 
jurisdictions. However, the lack of a structured response has 
impeded any major improvements to reduce vulnerability. 

6.2.6 Managing the event: successes and failures

Successes:

 » Individual agencies and services managed the impacts 
of the heatwave professionally – emergency and health 
services in particular. In South Australia, daily briefings 
at the State Emergency Centre enabled consistent 
messages to be produced

 » Load shedding of power managed impacts- the 
controlled system management prevented further, 
potentially system-wide failure.

Failures:

 » There was no clear public information or warning strategy, 
no clear thresholds for initiating public information 

campaigns, and no clear thresholds to invoke emergency 
management or incident response. This resulted in mixed 
messages to the media and public (although this was 
later addressed in Adelaide)

 » With cause of death not officially linked to heatwave (for 
example, heart failure due to excess heat will be listed 
only as heart failure), it is difficult to assess the magnitude 
of the impact on mortality. In general, estimates of total 
deaths during heatwaves are based on a comparison 
of the mean deaths for the same period during previous 
years with greater than expected deaths attributed to high 
heat conditions

 » Some critical infrastructure and services 
interdependencies were exposed (e.g. loss of electricity 
affecting traffic lights and trains)

 » The necessity for power load shedding to safeguard the 
energy supply system creates stresses and failures in 
other parts of the community (e.g. loss of cooling capacity 
in homes, cancellation of transport services, etc.).

6.2.7 Lessons learnt 

The heatwave highlighted the reality that such events can 
increase exponentially with marginal increases in duration 
and temperature. This demonstrates the need for integrated 
weather prediction products over a wide spectrum of time 
and space scales to forecast and monitor such events, as 
well as to produce an early warning product. In addition, 
compounding influences (i.e. urban heat-islands, thermal 
mass, building typologies) need to be better understood to 
robustly quantify risk at the fine spatial scales required. 

The 2009 heatwave highlighted the problems associated 
with demographic changes in Australia, including the 
ageing population. Clearer definition and understanding 
of vulnerable groups, and effective coping and adaptation 
strategies, are needed to increase their resilience. 

Issues relating to current forms of development, urbanisation 
and housing typologies need to be further explored. 
In the short term, catastrophe and stress modelling of 
key infrastructure needs to be carried out to identify 
vulnerabilities and interdependencies to inform adaptation 
and management strategies, while in the long term strategies 
such as climate responsive design of both public and private 
spaces need to be developed.

It is also clear from the experience in South Australia, that 
an ‘all hazards’ approach to heatwave management will 
provide the best opportunity to satisfactorily manage such 
events through clear control and coordination protocols. It is 
recommended that this approach is adopted nationwide. 
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7.1 Meteorological context

A storm tide occurs when a storm surge coincides with 
the normal (astronomical) high tide. A storm surge occurs 
along a shoreline when there are strong onshore winds 
and/or when an intense low pressure system crosses the 
coast (Figure 7.1). Storm surge is associated with landfall 
of tropical cyclones in northern Australia and, further south, 
of intense low pressure systems such as East Coast Lows. 
The surge may extend several hundred kilometres along the 
coast. The surge height depends on: 

 » wind speed – higher speeds lead to higher seas

 » the speed of passage of the low pressure system – higher 
speeds lead to faster and more powerful storm surges

 » the angle at which the low pressure system crosses the 
coast – generally if it crosses at right angles the impact 
will be greater

 » the topography of the coastal region and the sea-bed.

Because the cycle of low tide to high tide and back to low 
tide is generally around 12 hours long (except in southern 
Western Australia), and because cyclone tracks are erratic, 
storm tides are difficult to predict accurately. If a low 
pressure system crosses the coast at high tide the flood and 
wave damage will be much more extensive, up to several 
kilometres inland in low-lying areas, than if it crosses at low 
tide. For example, the damage caused by Cyclone Tracy 
would have been much greater if it had crossed the coast at 
high tide.

7.2 CASE STUDY: Storm tides along  
east-coast Australia

7.2.1 The events

Australia’s coastal communities are vulnerable to coastal 
erosion and inundation as a result of major storm surges 
and storm tides. Throughout the 1950s until the mid 
1970s, Australia’s east coast experienced a particularly 
stormy period. One of the worst years was 1967, when five 
tropical cyclones (TCs) and three east coast lows (ECLs) 
caused extensive damage during the first half of the year. 
Many coastal communities experienced severe erosion 
and flooding. Since the mid 1970s, calmer weather has 
prevailed and the knowledge of how to prepare and respond 
to storm tide impacts is in danger of being forgotten as the 
memory of past events fades. This case study focuses on 
the adaptive response of three coastal communities – Gold 
Coast, Byron Bay and the Collaroy–Narrabeen regions – to 
the stormy period from the 1950s to the mid 1970s. 

7.2.2 Scale of the disaster 

The Gold Coast had particularly severe beach erosion in 
1967, when it was affected by five TCs and three ECLs. This 
resulted in an estimated 8 million m3 of sand being removed 
from Gold Coast beaches. Tropical Cyclone Dinah was, at 
the time, considered a 1-in-100 year event, with a surge of 
1.5 m. Natural and economic recovery took three years. 

Figure 7.1: Schematic of storm tide generation. (Adapted from Middelmann 2007)

7

Storm tides
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Byron Bay experienced severe beach erosion throughout 
the stormy period. There was extensive damage to public 
infrastructure and coastal properties. The Byron Bay jetty 
and 22 vessels in the fishing fleet were destroyed, and part 
of the town flooded as a result of a tropical cyclone in 1954. 
Tropical Cyclone Pam struck in 1974. Storm surge breached 
the dunes, and destroyed a number of residences. 

The Collaroy–Narrabeen beach front is the most highly 
capitalised in New South Wales, and is highly vulnerable to 
coastal erosion. It experienced severe erosion in 1967 and 
1974, with beach loss and property damage. The impacts 
on coastal properties stemmed from the fact that the initial 
sub-division was too close to the shore. 

7.2.3 Characteristics of storm tides 

Storm tides are a natural hazard for coastal communities. 
Associated risks include: drowning, dune damage, foreshore 
structure damage, sewage contamination, undermining of 
building foundations and erosion. Permanent changes to 
coastal features occur during high storm energy periods. 
The occurrence of severe coastal storms, leading to storm 
tides, is widely variable in time, but phases of high storm 
energy are frequently related to the negative phase of the 
Inter-decadal Pacific Oscillation (IPO) and/or a predominantly 
positive Southern Oscillation Index (SOI) (a positive SOI is 
usually associated with La Niña events). Storm occurrence 
is highly variable. For example, the Gold Coast experienced 
more severe storms in the first six months of 1967 than the 
total experienced over the last two decades. 

7.2.4 Adaptation during and after the event 

Because of the high number of storms and the extent of 
impacts, councils in all three areas undertook protective 
actions and developed protection policies during and after 
this period. The following actions were undertaken: 

Gold Coast 

 » Formation of the Queensland Beach Protection Authority 
in 1968

 » The coming into force of the Queensland Coastal 
Management Act in 1973

 » A major coastal processes report (the Delft Report)  
was commissioned in the 1960s. It was followed by 
gradual implementation of the recommendations, 
including building seawalls and groynes, entrance 
training and beach nourishment or replenishment 
Community protests in 2004 led to the dropping of these 
recommendations. A new strategy is enshrined in the 
Shoreline Management Plan

 » Note that Gold Coast City Council never considered a 
retreat policy. 

Byron Bay 

 » A study of coastal processes identified long-term coast 
recession

 » Identification of hazard lines based on storm event return 
periods, defining three development zones

 » Development of a planned retreat policy. 

Collaroy–Narabeen 

 » Introduction of beach nourishment schemes

 » New building lines were established, up to 23 m behind 
the old lines

 » There has been a voluntary Council buy-back scheme at 
market prices, but this has proved unsustainable in the 
long term

 » Plans to upgrade the seawall were dropped in 2003 
following community protests

 » No private seawalls are allowed. 
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7.2.5 Vulnerability: pre and post event 

Increased vulnerability is likely to result from the rapid 
development of beach-front areas since the 1960s 
and 70s, increasing the population at risk and reducing 
designated coastal reserves. Risks associated with storm 
tides are not generally reflected in planning or community 
attitudes, generally because these conditions have not been 
experienced for 30 years. Loss of corporate memory (staff 
turnover) has also tended to lead to a gradual easing of 
planning policy restrictions. 

Planned retreat schemes (i.e. schemes which give ownership 
of the land on which a building stands until erosion 
endangers the building, at which time it must be relocated 
and the land surrendered) are difficult to implement because 
existing common law property rights do not support these 
arrangements. If property buy-back schemes (i.e. the 
purchase of properties in high risk areas by local government 
authorities) are relied on, arguably all properties in an at-risk 
area must be purchased to create a continuous buffer.

Oscillations between stormy and calm periods have created 
a cycle of coastline erosion and accretion. However, since 
the 1970s no accretion has occurred, possibly due to the 
effects of sea level rise. The inability of coastlines to ‘recover’ 
is likely to mean that low impact storms now present a 
greater risk of significant impacts. 

7.2.6 Managing the event: successes and failures

Successes

The army, along with state and local government, were 
mobilised in some events to sandbag and place rocks.

Failures

During the stormy period of the 1950s to early 1970s, 
actions were largely ad hoc and undertaken by individuals. 
Examples include dumping of car bodies, concrete blocks 
and old tyres by residents to protect property and reduce 
dune erosion. Some of these ad hoc actions taken by 
individuals would protect their property from erosion, but 
would create flow-on problems that exacerbated erosion 
elsewhere. The lack of a coordinated response is seen  
as a failure. 

7.2.6 Lessons learnt 

Past adaptive strategies have yet to be tested by severe 
weather. In 2009, the responses to Tropical Cyclone Hamish 
and a subsequent east coast low demonstrated the success 
of early warning and evacuation procedures. With few 
exceptions (e.g. major erosion on Fraser Island), only minor 
beach loss was experienced in south-east Queensland due 
to these events. With events that are sporadic, yet potentially 
devastating, the capacity to respond quickly after an event to 
change policy or implement adaptive strategies is necessary 
to avoid a return to ‘calm-weather planning’.

There is a need for long-term planning for these coastal 
regions that, according to available climate change 
projections, will be subject to greater storm intensity and 
rising sea levels. Moves to incorporate climate change 
impacts into planning activities are beginning to emerge. For 
example, Warringah Council (Collaroy–Narabeen) is revising 
its hazard lines to take into account sea level rise and coastal 
recession on 50 year timescales. However, there continues 
to be a general failure by coastal communities, researchers, 
and policy makers to recognise, quantify and account for the 
risks associated with the interaction between climate change 
(sea level rise) and naturally occurring inter-annual to multi-
decadal climate variability. The quantification of the variable 
and changing impacts of sea level rise and storm tides, and 
the development of policy to address the associated risks 
and vulnerabilities, represents a significant knowledge gap 
and requires urgent focus.

Image: Michael Mitchell.
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This section reflects on the events recorded by the historical 
case studies as a whole and how these relate to learnings 
about climate change adaptation. A summary of the relative 
impacts of each event is presented in Table 8.1.

8.1 The event: before, during and after

8.1.1 Preparedness and vulnerability

In most of the case studies we considered, there was some 
history of similar events in the recent or distant past. In some 
of these instances this translated into adaptation actions 
and the potential for reduced vulnerability. For example, in 
Charleville, Mackay (floods) and Newcastle (east coast lows), 
systems of flood mitigation (i.e. levee systems) were already 
in place or under construction. In the case of Cyclone Tracy, 
some of Darwin’s buildings had been constructed under 
new standards that were a response to the destruction 
experienced in Townsville during Cyclone Althea in 1971. 

In some cases these pre-existing adaptation measures did 
indeed decrease the vulnerability of some geographical 
areas (e.g. the Hunter levee system operated as it should 
during the Pasha Bulker storm). However, in several cases 
additional un-addressed vulnerabilities were exposed (e.g. 
flooding from Bradley’s Gully in Charleville, flash flooding 
in Mackay and Newcastle). In others, the adaptations did 
not perform to expectations, as was the case with the 
destruction of buildings built to the post-Althea standards in 
Darwin.

In many case studies, community awareness and 
preparedness was identified as a strong factor in reducing 
the impact of extreme events. For example, Charleville 
residents are aware of the potential for regular flooding 
and levels of preparedness and response were high in 
the run up to the 2008 floods. In contrast, a significant 
proportion of the population in Mackay was unaware that 
they lived on a floodplain and that they were susceptible to 
flooding impacts. Little flood preparation or awareness was 
evidenced among the Mackay community, although it should 
be noted that the 2008 event was a flash flood, leaving little 
time for action. 

Following from the previous point, the nature of the event will 
contribute to the vulnerability of a community. In the case of 
those events that are difficult to predict or forecast, and/or 
develop very rapidly, the capacity to warn a community and 
therefore for the community to prepare is reduced. In areas 
where these types of events are a risk, then the adaptive 
response is likely to require a more permanent state of ‘all 
hazards’ response preparedness.

Certain sectors of the community may be more vulnerable, 
based on social, demographic, cultural and economic 
factors. For example, in the case of the heatwave that 
affected the southern parts of Australia in 2009, elderly 
people and the very young were particularly vulnerable to 
the health impacts of the extreme heat. In the case of the 
Mackay flood event, areas of lower socio-economic status 
were most vulnerable, because they were located in low-
lying regions.

8.2 Immediate impacts and response

In each of the case studies, we were able to identify a 
number of successes and failures in managing the event 
(see Table 8.2). In most case studies, the response of the 
emergency management services was well co-ordinated, 
with good escalation of response. However, sometimes 
the emergency management services were working very 
close to full capacity, and a small increase in event severity 
or duration would have compromised their ability to meet 
demands. Moreover, there were sometimes obstacles 
beyond their control which affected their ability to perform 
to their fullest potential. For example, the location of service 
vehicles or centres was cut-off in some flooding events (e.g. 
the Pasha Bulker storm and the Charleville 2008 floods), and 
during the 2009 heatwave, emergency management staff 
health was impacted by the conditions and the workload 
demand.

In many case studies, the sense of community was strong 
and was reflected in the willingness of community to 
volunteer. For the smaller communities, particularly those 
with stable populations (e.g. Charleville), the sense of 
community is very strong and adds to the coping capacity 
of the town. However, in several case study events, the lack 
of community awareness or preparedness worsened the 
impact of the event (e.g. the Pasha Bulker storm).

8

Findings from the case studies
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8.2.1 Post-event responses and actions: 
adaptation to extreme events

As would be expected, the shocking and overwhelming 
impacts of extreme events are a strong catalyst for 
adaptation actions. In almost all of the case studies 
summarised in this report, there were government and 
community responses that were targeted at reducing the 
impact of similar events in the future. Some ‘adaptation 
actions’ were expensive and long-lasting such as the 
rebuilding of Darwin and the post-cyclone implementation 
of new building standards; and the development of coastal 
protection legislation, policies and measures along the east 
coast of Australia to address the risk of flooding during storm 
tides. In other case studies, the response so far has been 
largely restricted to information gathering or campaigns of 
community awareness building (e.g. droughts, heatwaves).

Cyclone Tracy is well established in the Australian psyche 
due to the extreme scale of the disaster. It was the catalyst 
for a complete, Australia-wide overhaul of the traditionally 
conservative building sector. In the response to this event, 
there was a deliberate delay by the Federal Government in 
the rebuilding process to allow the gathering of information 
on reasons why buildings failed so universally throughout the 
township, so as to ensure the response was the right one 
for future events. In this case, the passage of time allowed 
the implementation of very successful adaptation measures. 
Delay can, however, be detrimental to the success of 
adaptation measures. For example, the calm weather that 
followed the stormy period of the 1960s and 70s along 
the east coast of Australia has meant that community and 
corporate memory with respect to managing the response 
to storm tides is lost. In such situations, complacency in 
maintaining and complying with post-event adaptation policy 
can emerge.

Table 8.1: Summary of the key impact and adaptive response in each of the case studies

Event Deaths
Total number of 
people affected

Cost of the 
impact (A$)

History 
of similar 
events? Response

Cyclone Tracy 71 40 000+ 2-4 billion (today)
Last landfall 35 
years prior

Extensive and long lasting, new 
building code and practice

Drought Donald 
& Mildura* ?

Unable to 
estimate

Unable to 
estimate Yes No coordinated response

Drought & 
water scarcity 
(Kalgoorlie & 
Broken Hill)* ?

Unable to 
estimate

Unable to 
estimate Yes

Ongoing engineering and transport 
solutions

East Coast Lows 9 300000+ 1.35 billion Yes

Warning system, increased 
community awareness, research to 
identify areas of flood risk and to 
increase understanding of ECLs.

2008 Floods 
Mackay 0 4000 420 million

20 times since 
1884 Planning for future floods

2008 Floods 
Charleville 0 960 3.5 million

10 floods since 
1910 Changing community practices

Heatwave 2009 500 >1million 800 million 1908 & 1939
Increased planning and 
coordination of response

Storm tides ?
Unable to 
estimate

3 yrs to recover 
economy Yes

Engineering actions, buy-backs, 
research

*Note: the number of people affected and the costs associated with drought cannot be estimated due to the combination of 
immediate impacts and costs to communities directly affected in addition to longer term national and global impacts on food 
processing, employment, transportation etc. For storm tides, information relating to the number of people affected in the 
1960s and 1970s was not available and could not be estimated.
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Table 8.2: Summary of the successes and failures in the management of the documented events

Event Successes Failures

Queensland Floods 2008: 
Charleville

 » Flood warning sounded

 » Construction of temporary barrier

 » Evacuation centre set up

 » Limited radio channels

Queensland Floods 2008: Mackay  » Emergency management services well 
equipped

 » Local radio provided communication

 » Emergency management services cut 
off from workplace or base by floods

 » Telephone lines failed

 » Mobile network overloaded

East coast low  » Local radio provided communication

 » Emergency management services 
worked well to manage event

 » Community spirit high

 » Community awareness was low

 » Poor storm preparedness

 » Emergency management services 
vehicles isolated by flood waters

Drought & water security  » Engineering solutions (short-term 
success only in Broken Hill)

 » Installation of pipeline to reliable water 
source (Kalgoorlie)

Drought & rural communities  » Community spirit high

 » Technologies in place for those who 
can afford them

 » Removal of Australian Wheat Board 
single desk

 » Exit grants, exceptional circumstances 
payments and water trading (some 
view these as successes)

Cyclone Tracy  » Cyclone warning correctly issued

 » Emergency management services 
dealt with medical situation rapidly

 » The Emergency Plan was not followed

 » National Disaster Organisation had no 
experience

 » Psychological impact of evacuation

Storm tides  » Army, state and local government 
action

 » Ad hoc property protection (car 
bodies)

 » Lack of co-ordinated response

Heatwave: southern cities  » Emergency management services 
worked well to manage event

 » Load shedding prevented further 
potentially system-wide failure

 » No clear public information or warning 
strategy

 » Cause of death not linked to heatwave 
making magnitude difficult to assess

 » Interdependencies of critical 
infrastructure exposed

 » The need to load shed power



28

8.3 Key lessons for adaptation

Eight lessons can be drawn from the evaluation of the case 
study results. These relate to enabling adaptation, timeliness 
of adaptation, awareness and adaptation and practicality of 
adaptation.

8.3.1 Enabling adaptation

Lesson 1 
Governments at all levels need to provide 
frameworks to enable adaptation through 
incentives and regulation.

In Darwin, following Cyclone Tracy, buildings that withstood 
the storm were most commonly those that not only had 
an engineering standard on which their construction was 
based, but also a system of certification. Such frameworks 
of regulation are essential in ensuring best knowledge is 
employed rather than traditional or historical techniques or 
knowledge that is adequate for daily conditions, but not for 
extreme events.

Provision of incentives might also need to be included, 
for example, offers to purchase properties vulnerable to 
flooding (or exposed to bushfire, not an extreme considered 
here). This solution is rarely used in Australia, has had 
limited success and not supported by government policy. 
Nevertheless it may have to be considered as a potential 
option under climate change.

8.3.2 Timeliness of adaptation

Lesson 2 
Adaptation actions should be realistic, pragmatic 
and forward thinking. 

Adaptation measures may not be fit for purpose. Two 
examples are:

 » In Charleville, although protection was put in place 
to address the risk from the Warrego River, the flood 
alleviation scheme failed to take into account the risks 
posed by Bradley’s Gully, leaving the town exposed 
during the 2008 floods.

 » In Broken Hill, the town has struggled for many years  
to find a long-term solution to the provision of a reliable, 
potable water supply. Whether or not the construction  
of a desalination plant offers such a solution remains to 
be seen.

By contrast, the actions after Cyclone Tracy in Darwin 
were thoughtful and measured. As a result, the town 
was successfully reconstructed. Subsequent analysis 
suggests that the wholesale evacuation may have caused 
psychological problems, but this needs to be weighed 
against the risk of disease if there had been no evacuation.

Lesson 3 
Non-holistic adaptation to a specific historical 
event may be inappropriate and lead to 
maladaptation. 

In the aftermath of an extreme event, there is usually a move 
to identify the reasons for system failures, and to implement 
solutions to address these failures. It is essential that such 
adaptation strategies and resulting planning is undertaken in 
an holistic manner. That an account is made of not only the 
most recent extreme event, but any projected future events 
(e.g. change in frequency or intensity). Clear examples of 
this include both the Charleville and Mackay levee systems 
that were constructed following previous floods, but in the 
January–February 2008 events the floodwaters came from, 
in the case of Charleville, a second tributary and, in the case 
of Mackay, from overland flow (i.e. flash flooding). Similarly, 
in the case of storm tides, localised property protection 
has been shown to exacerbate problems elsewhere. It 
is necessary in any adaptation strategy to consider for 
a type of extreme event whether those actions might be 
maladaptation for something else (e.g. adapting to cyclones 
might be a maladaptation for heatwaves; adapting to 
drought by conserving water may magnify flood impacts 
when heavy rain eventually occurs).

Lesson 4 
Short-term solutions are not always suitable for 
the long term. 

Strategies to deal with extreme events can become out-of-
date under climate change. In the case study of the towns 
of Mildura and Donald, some stakeholders argued that the 
provision of ‘exceptional circumstances’ payments, which 
were originally enacted as an emergency response, can 
actually work against rural communities adapting to drought 
and drier conditions.
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Lesson 5 
Recognising a new type of disaster or knowing 
when to call a situation an emergency is critical to 
successful adaptation.

The January–February 2009 heatwave that affected parts 
of South Australia and Victoria challenged emergency 
management services and government capacity to respond 
and had catastrophic impacts on the community. Yet, there 
was no clear threshold, which would trigger its management 
as a disaster, or warning strategy to increase community 
awareness of the risks. This failure to declare an emergency 
emerges with insidious events, such as heatwaves, that 
develop over a number of days.

Similar challenges and problems of definition exist with 
drought, which might be declared a disaster at the outset, 
but after a period of frequent or successive events becomes 
the norm. The role of financial assistance to farmers under 
the circumstances of a long drought becomes problematic, 
and this challenge can only intensify in a changing climate 
where the frequency and duration of drought is projected 
to increase for Australia. At what point does a government 
declare that what we think of now as a drought is the 
new average climate, and so cease to make emergency 
payments to farmers for losses? How can the impacts of 
such a decision on farmers be managed? How then can 
farmers be supported to transform their activities under a 
changing climate?

8.3.3 Awareness and adaptation

Lesson 6 
Communities need to be aware and prepared. 

This lesson is not new, but was a recurrent theme across 
all the case studies. In the case of the east coast low event 
in Newcastle and the floods in Mackay, the message is 
around safe flood behaviour and flood preparation. In both 
these situations, the onset of the event was very rapid and 
there was little opportunity for warnings to be issued. In 
this type of event it is essential that community members 
have knowledge to respond appropriately without extensive 
communication at the time.

Lesson 7 
Communities may have to recognise that 
something has to change. 

Communities where extremes are becoming more common, 
or where resources are being used unsustainably, may 
ultimately have to recognise that the only long-term solution 
is transformational change.

The farming communities of the Murray-Darling Basin, such 
as Mildura, find themselves in such a situation. Persistent 
drought, combined with the over-allocation of water from 
the river system, has resulted in a situation where the rural 
economy is no longer in equilibrium with the water supply 
available to sustain it.

In Broken Hill, the town’s history is a repeated cycle 
of prosperity, expansion, drought, water shortage and 
investment in water solutions that are inadequate for the next 
wave of expansion and growth. In this example, planning 
future adaptation measures would need to recognise that 
it is time to change the style of response to water scarcity. 
This can be achieved through realistic, pragmatic and 
forward thinking planning, but must be preceded by an 
acknowledgement that past strategies may not always be 
appropriate for the future.

8.3.4 Practicality of adaptation

Lesson 8 
Some communities are simply more vulnerable 
because of their geographical, social, cultural 
and/or economic situation.

This lesson is well illustrated by the different experiences 
of Kalgoorlie and Broken Hill in seeking to secure their 
water supply. The Kalgoorlie pipeline is part of the Western 
Australia Integrated Water Supply System that also supplies 
an extensive and highly productive agricultural region. The 
water supply of Kalgoorlie, through integration with the wider 
regional supply, is therefore secure.

Broken Hill, however, relies on a pipeline which brings 
sometimes highly-saline water from the Darling River. This 
supply only serves Broken Hill, a town of 21,000 people in 
far west New South Wales. Although the volume is broadly 
sufficient, the quality in drought years is poor. The cost of 
supply is borne mainly by the mining company. The water 
supply in Broken Hill is not secure, due to its isolation from a 
secure water supply.

Kalgoorlie. 
Image: Amanda Slater.
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9.1 Resilience or stoicism? 

In undertaking the case studies, the researchers identified 
that stakeholders commonly used the term ‘resilient’ to 
describe the response of communities to an extreme 
event. However, different definitions or understandings of 
the term were apparent and in some cases resilience was 
perceived as a positive and in others as a negative. One 
definition of resilience that was common was the ability 
to ‘bounce back’. However, returning a community to its 
pre-disaster state is not always the optimal action, and 
moves to do this should always be questioned. Another 
understanding of resilience, common amongst the drought 
affected communities, was the ‘ability to hold on until things 
got better or the problem goes away’. This is stoicism and 
not resilience and is actually a barrier to increasing adaptive 
capacity, as people who are stoic are generally reluctant to 
change or implement new strategies.

In its Fourth Assessment, the Intergovernmental Panel on 
Climate Change (IPCC) defines resilience as: “The ability of 
a social or ecological system to absorb disturbances while 
retaining the same basic structure and ways of functioning, 
the capacity for self-organisation, and the capacity to adapt 
to stress and change.” What is implicit in this definition is 
that a resilient community is capable of self-organisation 
and has a capacity to learn and change. In some case 
study communities, the identification of resilience did not 
necessarily mean learning from past events and changing 
behaviour. For example, on the one hand, the community of 
Broken Hill has shown great resilience to continue to survive 
water shortages and drought over its history. However, it 
has not yet found a long-term solution to a permanent water 
supply, and the town’s long-term viability is not assured.

Members of a resilient community will accept the burden 
of risk associated with living where they do, undertake 
adaptation actions, be aware of the risks and prepare for 
extreme events. A resilient community is likely to be: 

 » Convinced – about the reality of climate change and the 
need for action

 » Informed – about what is likely to happen, and realistic 
about the uncertainties

 » Prepared – to act to respond to climate change 

 » Responsive – to new knowledge about the risks from 
climate change and the potential for response

 » Connected – knows about and supports its vulnerable 
members 

 » Flexible – willing to take on board new ways of doing 
things, even transformational changes.

Research recommendation: There is clearly confusion 
around what is meant by the term resilience in the field of 
climate change adaptation. Since increasing resilience is 
strongly related to increasing adaptive capacity, projects 
are needed to educate stakeholders, researchers, and 
policy makers as to what resilience means and why, 
when properly understood and not mistaken for stoicism 
or ‘bouncing back’, it is crucial to successfully adapting 
to climate change.

9

Reflections and recommendations
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9.2 Why does nothing happen? Barriers to 
translating knowledge into actions

Many of the common lessons or reoccurring failures in 
each of the events documented are widely recognised 
by stakeholders as needing to be addressed. Moreover, 
the knowledge and tools to underpin action are available. 
What was not able to be identified is precisely why, if the 
information is well-known, adaptation actions are not 
being implemented. In essence, what are the barriers to 
adaptation? 

Research recommendation: Understanding the 
barriers to adaptation is identified as an important 
research gap which needs to be addressed now.

9.3 The cost and benefits of adaptation 
versus the cost of impacts

Where a clear adaptation strategy presents itself, there is the 
temptation to implement it without full consideration of the 
costs involved nor the potential multiple benefits. The cost 
of adaptation should be weighed against the costs of the 
impact. If the cost of the impact is less than the cost of the 
adaptation, then it may be a preferable strategy to bear the 
impact cost. 

While the cost of extreme event impacts (usually the 
emergency response and repair of damaged infrastructure) 
is generally readily quantifiable, little work has been done 
estimating the comparative costs and benefits of adaptation 
measures to prevent similar impacts. Such an analysis is not 
easy and requires an assessment of non-monetised benefits, 
not only the financial costs. 

Research recommendation: Understanding the 
relative costs of impacts and adaptation is identified  
as an important research gap that needs to be 
addressed now.

9.4 Who bears the cost? The burden of risk 
and the role of government

When an extreme event occurs, a portion of the ‘burden’ 
of the impact remains with the community – personal 
loss, adjustment, health risks, insurance costs, social 
displacement. It is a ‘resilient’ community that best recovers 
and adapts to this burden. Some part of the recovery 
process has historically been seen as the responsibility of  
the government – repair of infrastructure, provision of 
emergency services and disaster funds. 

The placing of the line between community and government 
responsibility will fluctuate in response to a number of 
factors: the wealth of the community, government policy, etc. 

Due to the chaotic nature of extreme events there will 
always be limits to adaptation and there will always be a 
role for government in absorbing some portion of the cost 
associated with natural disasters – at the very least when 
pre-emptive adaptation measures have not been undertaken 
or are insufficient, then some burden of cost remains with 
the government. 

Research recommendation: What are the limits to 
adaptation (and mitigation of greenhouse gases)? What 
proportion of the cost of extreme events, and costs of 
adaptation strategies to deal with extreme events, should 
be covered by the government and, who, if not the 
government, is the ‘insurer of last resort’?



32

9.5 Adaptation in an uncertain climate

Even using the best available science, the ability to 
realistically predict or project what will happen to extreme 
events seasons and/or decades into the future is associated 
with a high degree of uncertainty – particularly at the 
city or town scale and particularly for extreme events 
involving precipitation, cyclones, or localised storms. While 
incremental advances in our scientific understanding and the 
models used to project future climate will continue, it should 
be recognised that the uncertainty around what will happen 
to extreme events under climate change will remain for the 
foreseeable future (i.e. at least the next decade, since the 
issues will not be resolved by the next IPCC report which is 
due for approval in 2014 and the gap between IPCC reports 
is usually 6-7 years). Therefore, there is an urgent (and more 
achievable) need to quantify the uncertainties and develop 
tools to support decision making under uncertainty so as to 
build resilience (i.e. ability to reconfigure without crucial loss).

Ties between existing weather and climate forecasting 
(e.g. fluctuations in the ENSO cycle) and the known 
meteorological patterns of past extreme events could be 
used in the development of flexible policy arrangements. 
For example, the link between a positive SOI (i.e. La 
Niña conditions) and ECL events could trigger a process 
of notification or policy shift to prepare communities 
for the increased potential of flood events in that year. 
This may mean developing briefing chains across levels 
and departments of government to ensure optimal and 
appropriate response.

Research recommendation: Research projects are 
required that quantify the uncertainty associated with 
climate extremes which will lead to the development of 
‘win-win’ adaptation strategies – rather than just doing 
nothing in the naïve hope that one day the science will 
be certain. 

9.6 Disconnect between science, policy 
makers, and end users

Significant amounts of funding are being, and will continue 
to be, allocated to the area of adapting to climate change. 
However, a fundamental roadblock exists in that climate 
scientists do not properly understand the needs of the 
various stakeholders (i.e. end users such as policy makers, 
farmers, water resource managers, emergency response, 
etc.) and stakeholders do not properly understand 
climate science outputs (in particular the limitations and 
uncertainties). This is a major hurdle since climate scientists 
do not know what the stakeholders want/need or how they 
want the information, and users do not understand what is 
currently possible and what is not given the current state of 
climate science. There are also problems associated with the 
communication and format of the science when and where it 
does exist and vice-versa the communication of stakeholder 
requirements (and satisfaction levels with existing science 
‘products’). The historical case studies all demonstrate that 
this disconnect is real and is significant and will need to be 
addressed in order to successfully integrate climate science 
and adaptation to maximise the chance of long-term social, 
economic and environmental sustainability. 

In essence, with reference to climate related risk and 
adaptation, currently what policy makers and various end 
users of climate science information see as a problem, and 
the potential solution to the problem, does not match what 
people in the local community think (or know) is the problem/
solution. Further compounding this is the fact that needs of 
policy makers and other end users do not seem to match 
the current priorities of the climate science researchers. 

Research recommendation: Assess the disconnect 
between climate science and people who require and 
use climate science information. Who are the end users 
of climate science information and what information do 
they require? What are the sources of the disconnect? 
Why does the disconnect exist? How significant is the 
disconnect as a barrier or limit to adaptation? How can 
the disconnect be overcome?

NSW State 
Emergency Service.
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