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At a glance
• Extreme weather and climate
events have serious impacts
on our economy society and
environment.
• Climate change most clearly
influences the frequency of
extreme events, such as more
frequent fire weather, more
frequent and longer heatwaves,
and more frequent extreme
rainfall.
• Climate change also influences
the severity of individual extreme
events.
• Some changes to extreme events
have already been observed in
Australia—notably an increase
in fire weather, record-breaking
temperatures and heatwaves.
• Understanding what causes
individual extreme events
is difficult, and is a field of
active research. Improved
understanding of the causes of
extreme weather events helps
to plan for future impacts in
Australia.
• Events relating to warm
temperatures, such as the severity
of individual heatwaves, are more
easily attributed to recent climate
change than rainfall events.
• The Australian Climate Change
Science Programme, which
involves researchers from CSIRO
and the Bureau of Meteorology
in collaboration with universities,
provides information on the
causes, nature, timing and
consequences of climate change.
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EXTREME WEATHER AND CLIMATE EVENTS
Extreme weather and climate events often have a serious impact on our
economy environment and society, and can cause loss of life, property
and livelihoods. Researching extremes and understanding their causes is
crucial for increasing our ability to help manage and predict their impacts.1
Extreme weather events are, by definition, events that are rare at a
particular place and time of year. What is considered rare will vary from
place to place. For example, an average daily temperature in Alice Springs
in the middle of summer would be considered an extreme summer’s day
in Hobart. Similarly, the impact of certain extreme events will also vary with
location. While extreme events can be defined for any climate variable,
reliable Australian weather observations go back only 100 years or so,
limiting our ability to examine changes to some types of extremes.2,3
Extremes can be characterised by the severity, duration and spatial extent
of the event. Extreme weather that persists for some time, such as a
season is often called an extreme climate event.

Examples of recent extreme events
• From 27 January to 8 February 2009, a severe and prolonged heatwave
(12–15 °C above the seasonal average of 28–32 °C) resulted in 374 more
deaths in Victoria than would normally be expected during this time.4
• Black Saturday bushfires on 7 February 2009 ravaged Victoria, causing the
loss of 173 lives, destroying more than 2000 homes and burning more than
430,000 hectares of land. These impacts cost about $4.4 billion and were
more severe than any previous fire event in the recorded history of Australia.5
• Heavy rainfall in Queensland in 2010–11 resulted in extensive flooding,
impacting more than 78% of the state and over 2.5 million people, and
leading to the loss of 33 lives. Around 29,000 homes and businesses suffered
some form of inundation with a cost in excess of $5 billion.6
• Tropical cyclone Yasi made landfall on Mission Beach in Queensland on
3 February 2011 and was one of the most powerful cyclones (rated category 5
with wind speeds of up to 205 km per hour, gusts up to 285 km per hour, and
a 5 m tidal surge) to be recorded since 1918.
• Australian maximum temperature (averaged over the whole country) reached
40.3 °C on 7 January 2013, setting a new record. This was the hottest day of a
national heatwave that was significant for its coverage across the continent.
• The January 2013 national heatwave was also exceptional in duration,
spanning more than two weeks. It was the warmest such period on record
and included a sequence of seven days where the Australian average
temperature exceeded 39 °C. The previous record sequence for national
temperatures above 39 °C was four days, and had only occurred once before,
in 1972. This heatwave contributed to January being Australia’s hottest
month on record and December 2012 to February 2013 being the hottest
summer on record.
• A significant multi-day heatwave affected south-east Australia in January
2014. Victoria recorded its hottest four-day period on record and Adelaide
had a record five consecutive days over 42 °C. The extreme heat experienced
in Melbourne between 14 and 17 January 2014 is estimated to have cost
businesses approximately $37 million in lost revenue.7

Recent and future changes in extreme events
Extreme events have always been a part of our climate and
are a basic feature of a chaotic, complex system. However,
with a warming climate, the frequency and intensity of these
events are likely to change (see Figure 1). There is growing
evidence that some aspects of the weather, such as extreme
high temperatures, are becoming more common and severe
as the planet warms. Warming has also been accompanied
by a decrease in cold weather extremes, such as fewer
frosts.1
In Australia, increases in the frequency, duration and
intensity of heatwaves, more frequent fire weather, more
frequent and severe storm surges, and increases in extreme
rainfall intensity will present significant challenges for future
planning across agriculture, health, coastal management and
infrastructure.
A challenge for scientists is to provide access to the latest
information on how extreme events are likely to vary under
a changing climate, within a range of likely future levels of
greenhouse gas emissions.

So, what is known about the link between human-induced
climate change and individual weather events?
A typical answer to date has been that the frequency and
intensity of weather extremes are expected to vary under
climate change, but that it is not possible to say that climate
change caused a specific event. However, more recently,
scientists are attempting to directly tackle this question.8,9,10
Researchers can quantify how the probability of an individual,
observed extreme weather event occurring has changed due
to human influences or other causes.
This emerging area of research—called ‘attribution of climaterelated events’—is attracting more attention due to the
already observed changes in the frequency and intensity of
extremes. New methods have been tested on larger samples
of weather events, resulting in more information about the
influence of climate change on some types of extremes,
including heatwaves and intense rainfall events leading to
floods.11,12
An increase in mean
temperature due to increasing
greenhouse gases will result
in more hot weather and more
extreme hot weather
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Figure 1: The effects of changes in mean temperature on the occurrence and intensity of extremes (After Special Report on Managing the
Risks of Extreme Events and Disasters to Advance Climate Change Adaptation Summary for Policy Makers, Figure SPM.3)13
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The science of attribution
Attribution is the process of evaluating the most likely cause
or causes of an observed change, with some defined level
of confidence. Climate scientists ‘connect the dots’ to
find the most important features of extreme events. They
use observational data, climate models, an understanding
of physical processes and statistical analysis for these
attribution assessments.

Attribution has been used extensively to measure the
contribution of human activities to observed, long-term mean
changes in the climate system over the past century.14 This
includes attribution of changes in the frequency of extreme
events. Recent attribution studies find that the increase
in greenhouse gases due to human activities is likely to
have more than doubled the probability of occurrence of
heatwaves in some locations since the mid-20th century.13 In
Australia, days of extreme heat have increased markedly over
the 20th century.15,16

attribution OF EXTREME EVENTS

Not all extreme events can be attributed using the same
methods or as easily (see Figure 2). Successful attribution
is affected by how well we can both observe and model
an individual extreme event. The rarer the event, the more
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This approach can also be used to determine the influence
of natural climate variability on the risk of extreme events.
For example, the FAR can be used to assess the change
in risk of extreme events associated with El Niño events,
which typically bring drier and warmer conditions to much of
Australia.
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In the climate context, the population samples are replaced
with climate model simulations of a world with and without
increases in greenhouse gas concentrations due to human
activity. The risk of a particular extreme weather or climatic
event occurring in each of these two worlds is quantified,
with the FAR indicating the change in risk under climate
change. For example, a FAR value of 0.5 indicates that 50%
of the increased risk is due to climate change or, in other
words, the extreme is twice as likely to occur now compared
to pre-industrial times.

Events relating to temperature extremes
(red) are more easily attributed than
rainfall-related extreme events (blue)
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One method for attributing extreme event likelihood is called
Fraction of Attributable Risk (FAR).17,18,19 This method is also
used in medical research, where the risks of health problems
are attributed to various factors through statistical analysis of
medical records. For example, early studies using population
samples determined that smokers were fifty times more likely
to contract lung cancer than non-smokers.
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Event attribution studies can be separated into two
main streams. One examines how the likelihood or risk
of an extreme event occurring has changed as global
temperatures have risen. Another looks at the intensity of the
current event and attempts to understand its causes.

The large natural range of extreme events also causes
difficulties for attribution in a climate change context.
Considering the extent of global warming that we have
experienced to date, changes in the frequency or
likelihood of extreme events—rather than their intensity or
magnitude—are more readily attributed to climate change.
For example, analyses of the Russian heatwave in 2010
determined that while the risk of the heatwave occurring had
increased three-fold due to climate change, the intensity
of the heatwave was still consistent with extreme natural
climate variability. However, as further warming is very likely,
there is a high probability that the intensity of extreme events
will increase over time, becoming more easily distinguished
from the natural variations of climate.
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Methods

difficult it is to identify the causes of any changes, as there
are fewer cases to evaluate (e.g. tropical cyclones). Similarly,
the smaller and more localised the event (e.g. extreme
rainfall events), the more difficult the analysis, as small events
are difficult to observe and model clearly. For small-scale
and shorter-duration events, the effect of natural variability is
more significant relative to the climate change influence.

ESTIMATED
ATTRIBUTION CAPABILITY

The attribution of individual extreme events has great
potential for furthering our understanding of extreme
weather. Extreme event attribution is more challenging
than attributing long-term changes. This is because
extreme weather events are rare, and the result of
complex meteorological influences. Most events are not
exclusively due to either human or natural causes but some
combination of both. However, with a thorough assessment
of the physical factors leading to the extreme event, a
quantification of the human contribution can be made.

Smaller events such as tropical cyclones
are harder to attribute than widespread
events such as heatwaves

Figure 2: Estimate of attribution capability for different extreme events.
Capability is classified as low, medium or high based on current
research. The arrow indicates that the spatial scale (size) of the events
increases from left to right. Predominantly temperature-based extreme
events are shaded in red and rainfall-based events in blue.

What can we now say about the link between
climate change and extreme events?
The Australian Climate Change Science Programme has
been investigating extreme events to improve understanding
of their nature and consequences. Collectively, scientists
at the Bureau of Meteorology, CSIRO and Australian
universities, including the ARC Centre of Excellence for
Climate System Science, are examining changes in, and
the causes of, individual extreme events in Australia and
other parts of the world. Reflecting the increased interest
in extreme weather attribution, the Bulletin of the American
Meteorological Society now publishes an annual collection
of research articles explaining the significant extremes of the
previous year.11,12,20

Temperature

An increasing number of studies have attributed periods of
extreme heat around the world to increasing greenhouse
gases. Studies on the European heatwave of 20038, the
Russian heatwave of 201021,22,23 and record temperatures
in the USA during 201124,25 demonstrate a much higher
risk of such temperatures occurring due to human-induced
warming. In Australia, the record hot summer of 2012–13
was examined using the FAR method. The odds of this
event occurring were found to have increased five-fold
due to human influences.26 2013 also saw record-breaking
September and spring temperatures and was the warmest
calendar year on record. Using the FAR method, it was found
to be virtually impossible to achieve the 2013 calendar year

Australian-average temperatures without the presence of
human influences on the climate.27 Additional studies, using
various methods, also found that human influences have
increased the likelihood and strength of the Australian heat
events in 2013.15,28,29,30

Rainfall

Rainfall extremes are harder to attribute than temperature
extremes due to the relatively small scale of the events and
the large range of natural variability (see Figure 2). A number
of attribution studies investigated the cause of the heavy
rainfall events in eastern Australia from 2010–11 through
various methods.31,32,33,34
Australia experienced its wettest spring on record in 2010
leading to extensive flooding in eastern Australia the following
summer. The spring and summer of the following year (2011–
12) also had above-normal rainfall. These exceptionally wet
periods coincided with two consecutive La Niña phases of
the El Niño-Southern Oscillation (ENSO), which are typically
associated with cool, wet summers in eastern Australia.
The October 2011–March 2012 extreme rainfall over southeast Australia was studied using various attribution methods
in separate studies. These found that the record rainfall was
most likely attributable to natural variability associated with
La Niña32, with a small contribution from human influences on
the climate system.33,34
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What does this mean for future events?
Climate model projections indicate an additional warming of
between 1 and 5°C for Australia by the end of this century,
depending on the emissions scenario.11,31 As a result, high
temperature extremes will increase in frequency, duration and
intensity in the future.
The projections also show that the record heat observed
during 2013 is likely to become the norm by the mid-21st
century, following a mid-range greenhouse gas emissions

scenario. For rainfall extremes, projections for 2100 show
longer dry spells interspersed with periods of increased
extreme rainfall over much of Australia. Extreme fire weather
will become more frequent and intense in the south and east,
with a shorter period for controlled fuel-reduction burning.
Droughts will be more frequent in the south. Tropical cyclones
will occur less often but with a greater proportion of high
intensity storms.31

How can we use this information?
An understanding of how climate change may have
influenced extreme or severe weather has the potential to
help planners provide for a variety of adaptation activities
throughout Australia, and across sectors including local
government, emergency services, tourism, finance and
infrastructure. Such research could also lead to increased
skill in the prediction of extreme events for improved
prevention, preparedness, response and recovery.
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The attribution of climate-related events is a rapidly evolving
area of research and new methods and applications continue
to be developed. As this research grows, so too will our
understanding of the capability of, and challenges involved in,
event attribution for our region.
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