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Introduction 
Climate science has made enormous progress over the last two decades in 
understanding the nature of Earth's climate and the changes that are taking place . 
Although the evidence for climate change is becoming stronger, there is no doubt that 
natural climate variability is important and will continue to be so. In fact, the underlying 
trends of climate change are interacting with natural patterns of variability, giving rise 
to some interesting effects.  

Mean maximum temperatures for the first 22 days of February 2004 were 5-6 ¡C above 
average throughout large areas of eastern Australia, and reached 7 ¡C above average in 
parts of New South Wales. About two-thirds of continental Australia recorded 
maximum temperatures over 39 ¡C in February 2004. January 2006 was the warmest 
month ever recorded in NSW with the state experiencing a mean temperature 3.5 
degrees above the January average of 24.7¼C. 

These heatwaves are extreme events embedded in a longer term temperature trend. 
Since about 1950 there has been a steady increase in Australia's mean temperature. In 
2005, Australia officially recorded its warmest year on record. This rise is now above 
natural variability and is a clear signal of climate change. 

We can now say with some confidence that the Australian climate will continue to 
become hotter, and temperature-related extreme events will increase. However, we 
cannot yet project changes to rainfall and drought with any reasonable level of 
confidence. 

Changes in rainfall and in the pattern of droughts, which are so important for many of 
Australia's agricultural industries, are much harder than temperature to attribute to 
climate change and to predict for the future. Abrupt changes, such as the relatively 
recent drop in rainfall in south-west Western Australia since the mid 1970s, and 
changes in storm patterns are also very difficult to predict. 

So although there is strong evidence for the reality of climate change, there is still 
considerable uncertainty associated with projections of precisely how climate change 
will unfold in the future, particularly at regional and local scales where many 
management decisions are made. 

These uncertainties will likely remain for some time despite improvements in our 
understanding of climate change. Adapting to such an uncertain future demands a 
flexible approach based on assessing, analysing and responding to the risks posed by a 
changing climate. 
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Dealing with Uncertainty  
To date, a common approach to the issue of adapting to climate change in agriculture 
has been to analyse how climate change could impact on a particular crop or industry, 
with resulting scenarios for socio-economic flow-on effects. 

However, for an adaptation strategy to be effective, it must consider climate risk as a 
normal part of decision-making, allowing governments, businesses and individuals to 
reflect their risk preferences just as they would for other risk assessments. 

A risk management approach considers how climate, along with a variety of factors, 
such as technological development, family and social values, and management 
practices, will pose risks to the farm business enterprise. This method provides a sound 
framework for identifying, analysing, evaluating and dealing with the challenges and 
opportunities associated with climate change. 

Adaptation strategies will fail if they continue in the long run to be seen in a ÔsiloÕ 
separate from other dimensions of strategic planning and risk management. To reach 
this point, however, is going to require a period of awareness raising, development of 
the science, and development of techniques for applying scientific information in 
practical situations. 

The insurance industry Ð which is one of the first major industries to be impacted by 
climate change Ð has adopted a risk management approach to deal with the increasing 
risk of losses from extreme weather events. Application of the risk management 
approach by the insurance industry provides insights into how the approach can be 
applied to other sectors, such as agricultural industries.  

Two aspects of the insurance industryÕs approach to risk management are central to its 
success. First, the industry treats the risks posed by climate change in the context of 
other risks to the business Ð political, economic, social, technological, environmental 
and legislative Ð rather than as a new and separate phenomenon that is dealt with in 
isolation from other risks. Second, there is a strong emphasis on review and monitoring 
on a regular basis, as information on climate risk changes and as other risks to the 
industry evolve. Thus, risk management is an ongoing process, not a one-off remedial 
treatment.  

The role of scientific information is central to the insurance industryÕs treatment of 
climate risk. Probabilistic modelling of cyclone tracks, for example, helps to determine 
those regions of Australia most exposed to changing climate risk. ÒCatastrophe 
modellingÓ is used to simulate worst-case scenarios and determine the exposure of the 
industry to low probability-high impact events. Such scientific information is a key part 
of analysing the changing risk of extreme climatic events, which in turn is essential in 
setting premiums at levels that maintain the viability of the industry. 

The generic risk management framework is designed to help in dealing with a 
significant but highly uncertain risk and can be adapted to Australia's agricultural sector.  
There are five stages: 

1. Establishing context Ð determine the nature of the management challenge 

2. Identifying the risk Ð gain industry perspectives on sensitivity and 
adaptability 

3. Analysing the risk Ð analyse climate change with respect to vulnerability 
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4. Evaluating the risk Ð explore management options for mitigating impacts 
and exploiting opportunities, and, 

5. Treating the risk Ð implement strategies for maintaining viable agricultural 
industries 

Implementing the risk management framework 

1. Determining the na ture of the m anagem ent challenge  

The perceptions of climate risk, and how they might change in future, vary widely 
across agricultural industries, depending on the characteristics of the industry and the 
climates of the regions in which they operate. For example, changes in temperature and 
in pests and diseases are important in northern Australia, while water availability is of 
overriding importance in the south. Nevertheless, there are some common features of 
industry responses to climate risk across most or all industries and regions. The risk 
management approach is a powerful tool to draw out the management implications of 
those commonalities, whilst at the same time accommodating the differing 
characteristics of regions and industries that require strategies to go beyond the 
generalities. Thus, the first step in the risk management approach is to determine the 
implications of evolving climate-related risks - their nature and severity - for 
management strategies. 

The perspective of the agricultural sector towards changing climate risks is based 
strongly on its experience in dealing with climate variability. The relatively large 
capability of most Australian producers to deal with current climate variability means 
that climate change will become an issue only if it occurs faster than producers can 
adapt, and/or it changes the reliability of climatic patterns in ways that are difficult to 
forecast. 

Ongoing change in the agricultural sector that is occurring for reasons other than 
climate can play a significant role in adapting to climate change risk. The relatively 
abrupt change in rainfall in the south-western corner of Western Australia, in which 
average winter rainfall decreased by 10-20% around the mid-1970s, provides a good 
example. Much of the Western Australian wheat production zone lies in the region 
affected by the rainfall anomaly. Contrary to expectations, wheat yield has actually 
increased over the period of decreasing rainfall, owing to a range of changes in 
technology and management that were adopted over the period for reasons other than 
managing the climate change that was being experienced. One such management 
change was the widespread adoption of no-till agriculture, which conserves soil 
moisture and allows the same or greater yield to be obtained with less rainfall. 

A fundamental principle is that the entire process of managing for climate risk needs to 
be producer-driven rather than imposed by outside organisations. In general, Australian 
producers already have a large capacity to manage for changes in climate, although 
there is a wide range in adaptive capacity depending on the industry.  

2. Gaining industry p erspective s on sensi tivity and adapta bility  

Producers have already learnt much about maintaining profitability in a variable 
climate, and this knowledge will be directly useful in dealing with longer term change 
in climate. 
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In December 2004, BRS hosted a workshop in Canberra to provide guidance for the 
development of a suite of science-based tools to support the risk management approach 
to climate change, particularly analysing the risks posed by climate change. The 
workshop explored the sensitivity of agricultural industries to climate, the ways in 
which climate enters the decision-making process and the capability of industry to adapt 
to potential future climate risk. Over 50 representatives of the agricultural production, 
government and scientific research communities participated in the workshop. Further 
consultations between producers, the Department of Agriculture, Fisheries and Forestry 
(DAFF) and Australian Greenhouse Office (AGO) scientists have taken place at 
meetings in Perth, sponsored by the Pastoralists and Graziers Association of Western 
Australia, and in Brisbane, sponsored by the Queensland Farmers Federation and the 
Queensland Regional Groups Collective. 

Although the nature of climate risk is specific for specific industries, there are some 
general features of climate to which most Australian rural industries are sensitive. Most 
of these are related to the hydrological cycle. Moisture availability, and particularly its 
timing, through a growing season, was identified at the workshop as an overriding, 
critical issue across most agricultural industries. Two major time scales of interest were 
also identified Ð within-season variability and multi-decadal planning horizon. 

3. Analys ing  clima te change wit h respect to vulnerability  

The investigative program arising from the 2004 Canberra workshop is oriented around 
assessing vulnerability to climate change in Australian agriculture. Vulnerability is a 
function of exposure to changing climate factors, sensitivity to change and the current 
capacity to adapt to that change. Systems that are highly exposed, sensitive and less able 
to adapt are vulnerable. 

Vulnerability analyses can be built around layers of data estimating the level of 
exposure from a changing climate, the sensitivity of a region or sector to climate risks, 
and the current adaptive capacity of a region or sector (its ability to cope with climate 
risks). Data and maps that could contribute to a national level vulnerability analysis in 
Australia include: 

¥ Rainfall and temperature reliability Ð indicators of sensitivity to climate 

¥ Analyses of shifts in reliability in the historical record. 

¥ Economic indicators Ð profitability, return on investment, export earnings, etc. 

¥ Diversity of industries within a region Ð flexibility in livelihood & employment 

¥ Social indicators of adaptive capacity (e.g., educational level, social networks, 
etc.) 

However, this list is indicative only. Developing an appropriate set of indicators is an 
important part of the research effort. 

One way in which exposure to changing climate risk can be assessed is through high 
resolution, statistical climate information on within-season patterns of variability and 
reliability. Outputs of the Rainfall Wizard tool developed by BRS are an example of this 
type of information. Figure 1 shows a map of mean winter (June, July, August) rainfall 
for Australia, based on 100 years of monthly rainfall data from the Bureau of 
Meteorology.  The zone of 125-175 mm rainfall, shown as pale green, represents a 
significant proportion of AustraliaÕs wheat belt. Two locations have been chosen for the 
purpose of this illustration: one in Western Australia and one in northern New South 
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Wales. The winter mean rainfall for the WA site is 144 mm, only slightly higher than 
the NSW siteÕs 137 mm. The means for each of the respective months are similarly 
close. If one used only the means as a guide, these sites would look very similar. 

But what of the reliability of that rainfall? Figure 2 presents the results of an analysis of 
winter rainfall reliability which combines inter- and intra-seasonal reliability.  

The difference between the two sites is now obvious.  The WA site experiences at least 
25 mm per month in each month of June, July and August in 80% of the years assessed, 
much higher than the equivalent figure of 29% for the NSW location. The WA site is 
very much more reliable at the intra-season scale, yet is virtually identical in terms of 
mean winter rainfall. 

 

 

Fig. 1. Mean winter (JJA) rainfall in mm 
 

 
Fig. 2. Winter rainfall reliability 
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The take-home message here is that mean rainfall is not necessarily a good guide to 
agronomic reliability.  Inter- and intra-season reliabilities are much more direct 
measures of rainfall pattern that have agronomic significance. 

The challenge is to expand this knowledge and the tools to deal with underlying climate 
change as well as current reliability, particularly in terms of changes in reliability 
patterns over the past 30-50 years, the period for which there is now strong evidence of 
anthropogenic climate change. BRS is now working on tools to help detect these 
changes. 

4. Exploring manage ment options for mini mising the risk  

An essential aspect of defining vulnerability is the degree to which producers, industries 
and rural communities have the capability to adapt to change. Ultimately, it is this 
resilience to a changing climate that will determine whether the agricultural sector can 
deal successfully with climate change risk or not. 

An important overall adaptation strategy in agriculture is to increase the range of 
options to which farmers have access: for example, the number of crop and cattle 
varieties (continual change in crop varieties is a normal part of the farming business, as 
is breeds of cattle), the types of management practices, and technological changes, such 
as modification of micro-climates. For animal based industries, for example, a shift to 
Bos indicus cattle and to non-merino breeds of sheep better adapted to hot, dry 
conditions represent viable management options for a changing climate. Another 
strategy is associated with a social decision to increase off-farm income opportunities, 
although this option may sometimes have adverse outcomes. 

Climate change will bring additional challenges to Australian producers as international 
competitors also adapt their systems to a changing climate and thus change the nature of 
international markets. For example, the Canadian agricultural industry is already 
planning to take advantage of the warmer temperatures that are occurring in Canada and 
expand their grains industry northwards across the North American prairies. In general, 
the already strong agricultural producing nations in the northern part of the northern 
hemisphere (Canada, USA, Russia, Ukraine, Scandinavia) are expected to benefit from 
climate change. 

Decision-support tools will be important in helping producers deal with a changing 
climate, particularly change in the within-season situation. BRS is continuing to develop 
producer focussed decision-support tools such as the Meat and Livestock Australia 
sponsored Rainfall to Pasture Growth Outlook Tool 
(http://data.brs.gov.au/growthoutlooktool/index_login.php). 

5. Implementing strat egies for m aintainin g viable agricultu ral 
industries  

The final stage of the risk management approach of course is to implement the decision 
or decisions made following the evaluation stage.  It is important to remember however, 
that a risk management approach is iterative and ongoing.  As mentioned earlier in 
relation to the insurance industry, there is a strong emphasis on review and monitoring 
on a regular basis, as information on climate risk changes and as other risks to business 
or industry evolve. Risk management is an ongoing process, not a one-off remedial 
treatment. 
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Conclusions 
To conclude, a risk management approach that treats the risks posed by climate change 
in the context of other risks to the business, and places a strong emphasis on review and 
monitoring on a regular basis, provides a sound framework for identifying, analysing, 
evaluating and dealing with the challenges and opportunities associated with climate 
change.  

Climate change mitigation and adaptation are linked and would benefit from being 
considered in a more holistic and integrated way. 

Adaptation strategies need to involve the identification of sectors/systems/regions 
vulnerable to change and an examination of the scope to increase the coping capacity of 
those systems Ñ  their resilience Ñ  which in turn will decrease their vulnerability to 
climate change. Prioritisation will depend on identifying vulnerable systems or regions 
likely to carry the most significant consequences. Our framework for assessing 
comparative risk thus incorporates assessment of system vulnerability, the 
consequences of system failure, and the scope to maintain and improve production 
outcomes through planned adaptation. 

Australia's climate research community must continue to move towards more 
integrative, collaborative approaches and away from the somewhat seemingly 
fragmented and competitive mode that has sometimes typified climate research in the 
past. As a part of this approach, the industry-based Research and Development 
Corporations could consider identifying and setting priorities for their contributions to 
climate change research. 

A more coordinated approach linking science and management on climate issues could 
have significant benefits if developed at the national level. A central role undertaken by 
the Natural Resource Management sector in terms of integrating climate issues with 
other, related issues, such as fire, pests and water resource management could be a first 
step. 

Finally, communication about the science of climate change needs to be better tailored 
for and targeted towards rural industries and, in particular, it needs to meet the 
management needs of producers. 
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