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Summary
Climate variability is a major risk for agricultural production, and this risk is likely to increase
under future climate change. The key climate risk faced by Australian farmers is drought;
policies that treat extreme climatic events such as droughts as an integral part of the agricultural
environment will therefore continue to be required. Risk management will continue to be the
most appropriate way to deal with climate risks such as droughts.
Australian farmers have a range of available options for managing climate risks. The two climate
risk management options reviewed in this paper, decision support systems and financial
products (such as insurance), have played relatively minor roles thus far, but are likely to play
increasingly important roles in managing future climate risks. Decision support systems are
expected to play a more significant role in supporting farm decisions in an uncertain, variable
and changing climate. Financial products may also be used more widely by farmers but are only
likely to cover a limited range of climate risks or liabilities.
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1 Introduction
Australian farmers face two major climate risks: climate variability and climate change. Climate
variability refers to the short-term fluctuations in temperature, rainfall and other climatic
conditions over a day, month, season or year/s. In contrast, climate change describes longerterm trends (decadal or longer) in the underlying average climate and climate variability. Future
climate change is predicted to lead to warmer average temperatures across Australia, increased
rainfall variability, and increases in the frequency and severity of extreme climatic events such
as droughts and floods. As a result of climate variability and climate change, Australian farmers
could well be exposed to significant production risks, which are likely to increase in the future.
This paper examines the risks of climate variability and climate change to agricultural
production, and discusses, in particular, risk management as the most effective tool for
agricultural producers to manage these risks. Two risk management options, decision support
systems and insurance and other financial products, are reviewed for their efficacy in managing
current risks of climate variability and their potential role in managing future risks of climate
change.
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2 Risks from climate variability
Australia is the driest and has one of the most variable rainfall patterns of all inhabited
continents (CSIRO & Bureau of Meteorology 2007). As a result, climate variability is one of the
greatest sources of risk for Australian agriculture (Kimura & Antón 2011). In agriculture, climate
variability usually relates to rainfall and temperature variability. Rainfall variability is generally
a greater climatic risk than temperature variability for rain-fed cropping and pasture systems,
which dominate the Australian farming landscape. The key rainfall risks for Australian farmers
are extended periods of dryness or droughts and excessive rainfall over short or long periods of
time. The timing of periods of dryness or rainfall is also important because it may affect critical
stages of plant growth and development such as germination, flowering and fruiting.
One useful measure of rainfall is rainfall reliability, which describes the consistency of rainfall
over a period of time; that is, the probability or frequency of a defined minimum amount of
rainfall being exceeded during a month, season or growing season (Laughlin et al. 2003).
Information on rainfall reliability can be used to examine the rainfall pattern of an agricultural
area and to assess the likelihood of receiving the minimum rainfall required to maintain soil
moisture for successful germination and growth of a crop or pasture. The defined minimum
amount of rainfall depends on the farming situation (for example, location, time of year and
crop). High rainfall reliability means there is a high likelihood of exceeding the defined minimum
rainfall, whereas low rainfall reliability refers to rainfall that is not likely to meet the defined
minimum rainfall.
Rainfall reliability is particularly important for grain and livestock producers in southern
Australia that rely on the autumn break. The autumn break is the first major rainfall event that
provides sufficient moisture for germination and early growth of winter crops and pastures
(Pook et al. 2009). There are several definitions for the autumn break, one of which is a
minimum of 25 millimetres monthly rainfall in any of the months between March and June.
The Rainfall Reliability Wizard developed by the former Bureau of Rural Sciences (Laughlin et al.
2003, available at adl.brs.gov.au/rainfall) can be used to calculate the percentage rainfall
reliability across different months and seasons, and is useful for comparing the rainfall reliability
across different farming locations. The percentage reliability of at least 25 millimetres of rainfall
in April and May is presented in maps 1 and 2, respectively. Three cropping and pasture
locations—Merredin in Western Australia, Minnipa in South Australia and Condobolin in New
South Wales—are shown on each map. These three locations have similar latitudes, lie within
the grain cropping zone (Hamblin and Kyneur 1993), and have mean average rainfalls of
approximately 250 millimetres for the April–October growing season. The maps show that
rainfall reliability varies greatly between locations and over time. Rainfall reliabilities for
Merredin and Minnipa are 35 per cent and 27 per cent, respectively, in April, and rise to 68 per
cent and 60 per cent, respectively, in May. There is also a difference, albeit smaller, in the rainfall
reliability at Condobolin between April (44 per cent) and May (50 per cent). These results
indicate that the autumn break is more reliable in May than April at all three locations. Results
also show that there is a risk of no autumn break or a false autumn break where insufficient
follow-up rainfall leads to crop failure.
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Map 1 Percentage reliability of at least 25 mm of rainfall in April across Australia

Source: ABARES Rainfall Reliability Wizard (data 1900–2009), available at adl.brs.gov.au/rainfall. Grain cropping zone from
Hamblin & Kyneur 1993).
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Map 2 Percentage reliability of at least 25 mm of rainfall in May across Australia

Source: ABARES Rainfall Reliability Wizard (data 1900–2009), available at adl.brs.gov.au/rainfall. Grain cropping zone from
Hamblin & Kyneur 1993).

Reliability of growing season rainfall is also important for primary producers in southern
Australia to ensure the growth of a successful crop or pasture. Map 3 shows the percentage
reliability of at least 175 millimetres of rainfall between April and October, or 25 millimetres a
month (on average). This level of rainfall is regarded as the threshold to develop and set wheat
grain (Nix 1975). The reliability of at least 175 millimetres of rainfall during the growing season
ranges from 77 per cent to 90 per cent at all three locations. This indicates high rainfall
reliability but also suggests that between one and two seasons in every 10 are at risk of crop
failure.
These rainfall reliability maps are derived from the historical climate record; in these examples,
the years 1900–2009. If rainfall patterns were to change in the future as a result of climate
change, then the reliabilities would change as well (see Section 3).
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Map 3 Percentage reliability of at least 175 mm of rainfall between April and October
across Australia

Source: ABARES Rainfall Reliability Wizard (data 1900–2009), available at adl.brs.gov.au/rainfall. Grain cropping zone from
Hamblin & Kyneur 1993).

Temperature is the other main climate variability risk for farming. In general, higher
temperatures during the growing season accelerate plant growth and development, leading to
opportunities such as longer and earlier starting growing seasons, faster maturity and harvest,
and increases in animal production through improved pasture growth. However, increased
growth and development from higher temperatures can occur at the expense of quality and
yield. For example, heat stress at critical stages of development in grain crops (Barnabas et al.
2008) and wine grapes (Webb et al. 2008a, b) can lead to significant reductions in quality and
yield. Heat stress can also affect livestock; affected animals typically show reduced meat and
milk production and quality (West 2003). In addition, higher minimum temperatures can
adversely affect the quality and yield of horticultural crop varieties with high chill requirements,
such as apples and cherries (Hennessy & Clayton-Greene 1995). Water use by crops and
livestock, and evaporation from agricultural land and water storages also increase at higher
temperatures. Lower temperatures can also present risks to farming by increasing the chances
of cold stress mortality in lambs and calves, and damage or mortality to frost or cold-sensitive
crops.
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3 Climate change and changing risks
The risks of climate change to Australian agriculture vary across Australia and industry. Current
model projections of climate change suggest that southern Australia may become hotter and
drier, whereas rainfall could increase over northern Australia (CSIRO & Bureau of Meteorology
2007). In addition, the severity and frequency of extreme climatic events such as droughts and
floods are projected to increase.
There are a number of different climate change models that provide a range of predictions of
Australia’s future climate. In this paper we explore, through a case study, the effect of four
representative future climates on rainfall reliability of the autumn break at Merredin, Minnipa
and Condobolin in the year 2050. We investigate the increased risks and uncertainty of climate
change through exploring the projected changes in rainfall reliability and its impact on
agriculture.
The four representative future climates explored in this case study are those proposed by
Watterson (2012).
1. Hot Indian, which describes a warmer eastern Indian Ocean than the western Pacific
Ocean leading to hotter temperatures and generally a drier southwestern region and
wetter northeastern region.
2. Hot Pacific, which describes a warmer western Pacific Ocean than the eastern Indian
Ocean producing hotter temperatures and generally a much drier continent than the
other three representative future climates.
3. Warm Indian, which describes a warmer eastern Indian Ocean than the western Pacific
Ocean leading to warmer temperatures and generally a drier continent with wetter
conditions in northern Australia.
4. Warm Pacific, which describes a warmer western Pacific Ocean than the eastern Indian
Ocean producing warmer temperatures and generally a much drier continent than the
Hot Indian and Warm Indian future climates but not as severe as the Hot Pacific future
climate.
These representative future climates are modelled on the most extreme greenhouse gas
emissions scenario (A1FI), which provides the closest estimate, albeit a slight underestimate, of
the world’s current emissions path (Raupach et al. 2007). This scenario is characterised by rapid
economic growth, a global population peak of 9 billion in 2050 that then gradually declines,
rapid spread of new and efficient technologies, and an emphasis on fossil fuels (Randall et al.
2007). Future climates are also modelled assuming median climate sensitivity.
For the four future climates, the reliability of at least 25 millimetres of rainfall during April is
predicted to have little or no change in 2050 at Merredin and Minnipa (Figure 1). At Condobolin,
the reliability of at least 25 millimetres of rainfall during April in 2050 is predicted to decrease
by 4 per cent and 9 per cent for the Warm Indian and Warm Pacific future climates, respectively.
In general, the reliability of at least 25 millimetres of rainfall in May is projected to decrease
across the three locations for most future climates (Figure 2). The results of this case study
indicate that the future impact of climate change on autumn rainfall reliability is uncertain but it
could have a negative impact on the autumn break, leading to a higher risk of false and no
autumn breaks. This has consequences for how agriculture can manage the future risks of, and
adapt to, climate change.
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Figure 1 Historical and projected (2050) percentage reliability of at least 25 mm of rainfall
during April at Merredin, Minnipa and Condobolin
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Note: Percentage chance of obtaining at least 25 mm of rainfall during April at Merredin, Minnipa and Condobolin based on
historical climatic conditions and 2050 climate change projections.
Source: Historical rainfall data (1900–2009) and projected climate change data for 2050 for the Hot Indian, Hot Pacific,
Warm Indian and Warm Pacific representative future climates (Watterson 2012), based on the A1FI emissions scenario and
median climate sensitivity (Bruget et al. 2011).

Figure 2 Historical and projected (2050) percentage reliability of at least 25 mm of rainfall
during May at Merredin, Minnipa and Condobolin
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Note: Percentage chance of obtaining at least 25 mm of rainfall during May at Merredin, Minnipa and Condobolin based on
historical climatic conditions and 2050 climate change projections.
Source: Historical rainfall data (1900–2009) and projected climate change data for 2050 for the Hot Indian, Hot Pacific,
Warm Indian and Warm Pacific representative future climates (Watterson 2012), based on the A1FI emissions scenario and
median climate sensitivity (Bruget et al. 2011).
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4 What is risk management?
Risk management offers the most effective approach for Australia’s agricultural industry to
respond and adapt to climate change and variability. Risk management is a formalised method of
dealing with uncertainty or a process of implementing decisions about accepting or altering
risks (Beer & Forhan 2000; Pritchard 2000). Risk management is a five-step process that
identifies, analyses and evaluates a risk, and plans and implements a strategy to reduce the
chances of the undesirable event occurring or reduce the scale of damage caused by the event
(Standards Australia & Standards New Zealand 2009). Risk management does not necessarily
eliminate risk but achieves a balance between risk and return that suits the needs and desired
outcomes of an individual farmer or agricultural business. All risk management options have a
cost, either directly through the purchase of risk protection such as insurance or hedging, or
indirectly through relinquishing some potential gains; for example, by reducing stocking rates
and crop inputs. Farmers and businesses must weigh up the relative gains and losses when
considering the most appropriate risk management option in any situation.
Risk management does not have to be a ‘one size fits all’ approach (Harwood et al. 1999).
Although most farmers tend to be risk averse, there are also farmers who are risk takers.
Farmers are therefore likely to apply different risk management strategies to the same situation
based on their personal preference for risk. Risk management decisions need to consider a range
of factors, including climate, yields and commodity prices. Also, past experience, goals,
expectations and financial situation influence risk management decisions.
Australian farmers’ perceptions of, and abilities to adapt to, climate change vary widely, with
most farmers yet to adapt their farming practices to an increasingly changing and variable
climate (Hogan et al. 2010). Australian farmers have learnt to adapt to an uncertain and variable
climate, and this past experience could assist farmers adapt to climate change. However, climate
change is likely to create a gap in information that farmers have about their local climatic
conditions, because past climates become a less reliable indicator of future climates. As a result,
past experience and previously effective risk management options may not be as relevant in the
future if the rate or degree of climate change is significant. If this occurs, new risk management
options may need to be sought (Howden et al. 2007, 2010).
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5 Climate risk management options
There is a wide range of risk management options available to Australian farmers, including
strategies for transferring risk to third parties and reducing risk. Options available to farmers to
manage drought and other extreme weather events include:
diversifying output
building and maintaining stores of fodder for livestock
building and maintaining financial reserves
adopting water conserving farming techniques
improving irrigation systems and practices to improve water use efficiency
improving access to reliable water supplies
using insurance and insurance-like products
using climate forecasts to guide production decisions
using off-farm employment and investment.
This paper does not provide a comprehensive discussion of each of the available risk
management options. Instead, it focuses on two groups of risk management options—decision
support systems (DSS), and insurance and other financial products—and reviews the
effectiveness of these options in managing current risks of climate variability and the future
risks of a changing and increasingly variable climate.

Decision support systems
Agricultural DSS are computer-based tools developed by scientists to provide farmers with
information and procedures to assist management decisions (McCown 2002; Hayman 2004;
Matthews et al. 2008). There are a range of climate-related DSS available in Australia, which can
assist with weather and climate forecasting, crop growth and management, irrigation and
fertiliser management, and livestock and pasture growth and management (Table 1).

Table 1 Examples of decision support systems in Australian agriculture
Management information
Weather and climate forecasting
Crop forecasting and management
Pasture growth and management
Livestock production and management

Decision support system examples
Rainfall Reliability Wizard, Water and the Land
Whopper Cropper, Yield Prophet
GRASP, GrassGro
GrazFeed

Despite the availability of climate-related DSS in Australia, adoption by farmers has been very
slow and low in most instances (McCown 2002; Hayman 2004; Nguyen et al. 2006; Nguyen
2007). Many reasons have been proposed for the low and slow adoption rate including: time
constraints; tool complexity; little or no extension, marketing and support; lack of relevance to
local conditions; lack of confidence or understanding of outputs; failure to involve end users in
9
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tool development; and mismatched aims and expectations of tool developers and users.
Addressing these issues would assist in increasing the rate of uptake and acceptance of DSS by
Australian farmers.
To date, farm advisors and consultants, who in turn advise farmers, have tended to be the major
users of DSS in agriculture (Hayman 2004). This may change in the future as a result of
intergenerational change on Australian farms, as more educated farmers are more likely to
adopt computer-based technologies such as DSS (Nguyen et al. 2006; Nguyen 2007). Decision
support systems have also had wider applications than simply aiding on-farm decisions; they
have been used as simulators by consultants and educators, and to enable and support
regulation of farming practices such as irrigation and fertilising (McCown 2002).
DSS have also had, and will continue to have, a significant role in guiding the development and
deployment of agricultural policy. DSS developed by ABARES such as the former National
Agricultural Monitoring System (NAMS) and The Monitor (www.daff.gov.au/abares/monitor),
which replaced NAMS, deliver a range of climatic, production, biophysical and economic
information on Australian agricultural regions for farmers and policymakers. The information
can be used to monitor and identify where production conditions are deteriorating due to
adverse climatic conditions and to support the assessment of areas experiencing Exceptional
Circumstances events (Nicholson et al. 2011). The Monitor features improved operational
functionality to assist a broader range of government decision-makers, industry groups and
producers with their risk management decisions relating to climate variability.
Although DSS have had a difficult beginning, recent developments and improvements suggest
that DSS for climate variability in agriculture will play a more important role in future farming
(for example, Carberry et al. 2009; Hochman et al. 2009; McCown et al. 2009). There is scope for
DSS to play a significant role in exploring and managing the risks of future climate change for
Australian agriculture. At present, there are two main climate change-related DSS that can be
used in Australian agriculture: OzClim and the Agricultural Production Systems Simulator
(APSIM). OzClim is a climate change scenarios generator developed by the CSIRO that allows
users to explore projected changes in temperature and rainfall between 2020 and 2100
(www.csiro.au/ozclim/home.do). APSIM is a simulator of agricultural systems that can be used
to model the impact of climate change and adaptation options (www.apsim.info/Wiki/).
However, both of these tools tend to be used more for research or education purposes than in
supporting on-farm decisions, although APSIM (mainly through the online interface Yield
Prophet) is being increasingly used by farmers and farm advisors to support on-farm
management decisions (Carberry et al. 2009).
Further developments in climate-related DSS in Australian agriculture can be expected in the
near future. Developments in climate downscaling have helped ‘…bridge the spatial and
temporal resolution gaps between what climate modellers are currently able to provide and
what impact assessors require’ (Wilby et al. 2002). In addition, tools that integrate climate and
plant growth modelling will continue to be developed to help assess future impacts and
adaptation options (Betts 2005; White et al. 2011). Future climate-related DSS are therefore
likely to provide information on the current farming season, and potential changes in climate
and farming risks for future seasons.
However, the greatest challenge facing climate change DSS in agriculture is the high level of
uncertainty about future climate projections (Lempert et al. 2004; Stainforth et al. 2007a, b).
This uncertainty means that a wide range of future outcomes are possible, which makes
decision-making by farmers (and policymakers) challenging. There is also the possibility of
misinterpretation or over-interpretation of future climate projections, which could lead to
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incorrect conclusions and decisions being made at the farm or policy level. While there will
undoubtedly be future improvements in climate change models, uncertainty will remain and the
range of uncertainty may even increase (Stainforth et al. 2007a, b). Despite this uncertainty,
decisions will still need to be made by farmers and policymakers alike. As a result, an adaptive
strategic approach has been recommended, which allows decisions to change as new
information becomes available, but also provides resilience to climate change if there is no new
information or uncertainty is not reduced (Mearns 2010). Therefore, the challenge for future
climate change DSS in agriculture will be to present uncertainty clearly as a range of likely future
possibilities, which will allow farmers and policymakers to make appropriate risk management
decisions.

Insurance and other financial products
Many of the risks faced by farmers are ‘insurable’ in the sense that farm managers are typically
able to neutralise the effect of a risk by taking direct action or precaution, including the purchase
of formal insurance products through the private sector (Topp & Shafron 2006). However, not
all risks faced by farmers are insurable. Production risk is one of the most significant risks faced
by farmers. Markets for insuring agricultural production from drought and other climate risks in
Australia and elsewhere are uncommon. Apart from insurance for fire and hail damage, there
are limited options for agricultural producers to insure themselves against production risk
(Productivity Commission 2009).
Production risk that results from climatic events such as droughts has a number of
characteristics that prevent the development of affordable private sector insurance. In
particular, ‘…crop insurance has not solved the problems of moral hazard, adverse selection,
transactions costs and systemic risk and is not commercially viable’ (Hertzler 2005). These
problems, described in further detail below, must be moderated or resolved to reduce premiums
to affordable levels in any insurance market.
Systemic risk—which occurs when insurers have limited opportunities to spread risk among
their clients—is a particular problem in agriculture, with private insurance companies
unwilling to offer insurance contracts because many farmers can be simultaneously affected
by a drought. Another issue is information asymmetry, which occurs when the insurer does
not have access to all the information needed. In agriculture, information asymmetry occurs
because farmers have more accurate information (such as historical average and variability
of crop yields) than insurance companies at the farm level. Verifiable data on farm yields at
the farm level rarely exists (Hertzler 2005). Information asymmetry can lead to problems of:
adverse selection, which occurs when the insurer is unable to distinguish between high risk
and low risk clients. With adverse selection, the indemnities paid out by the insurer can
exceed the premiums paid by farmers resulting in a loss
moral hazard, which occurs when farmers alter their behaviour after they purchase
insurance by making riskier decisions than they would otherwise.
Multi-peril crop insurance (MPCI) is a form of insurance that allows producers to insure a
percentage of crop yield production. It may protect a producer against multiple natural perils,
including adverse weather, fire, hail, floods, insects and disease. MPCI schemes are widespread
in Canada, the United States and India and are gaining increasing popularity in Brazil, parts of
the European Union and, more recently, China. However, in all cases MPCI is heavily subsidised
by governments (Department of Agriculture and Food Western Australia 2009; Productivity
Commission 2009).
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In Australia there is farmer interest in MPCI and other risk management approaches, and
commercial interest in establishing more risk products for farm businesses (Drought Pilot
Review Panel 2011). MPCI is not viable in Australia without significant government subsidies,
and state and federal governments in Australia have historically opted to assist farmers in
managing their risks through programs such as those delivered under the National Drought
Policy. Therefore, apart from insurance for fire and hail damage, there are limited options for
Australian agricultural producers to insure themselves against production risk (Productivity
Commission 2009).
Given the lack of traditional insurance products to protect against production risk, under future
climate variability and change, new and innovative ways of managing risk need to be developed
and adopted. In recent years there have been new types of financial products entering the
market to fill the gap left by traditional insurance-style products. Uptake of these products by
farmers has been limited to date. One example is crop yield simulation insurance, which is based
on simulated yields rather than actual yields. In crop yield simulation insurance, payments are
triggered by a simulation model. To have a claim, the model must show a yield loss, retrieved
from the difference of the modelled start-of-season yield average and the end-of-season average
yield. An appointed agronomist must then validate the on-farm loss.
There is currently one example of crop yield simulation insurance being offered in Australia,
which combines insurance with DSS by using APSIM crop models to develop simulated yields. A
recent study found that ‘although the policy design looks quite promising, farmers’ participation
is still relatively low’ (Molnar 2010). A survey conducted as part of the study found that despite
the advantages of crop simulation insurance, ‘... the concept faces difficulties as the product is
perceived as relatively complex and farmers do not always trust the validity of the simulated
yields’ (Molnar 2010). The study also found that Australian farmers may perceive commodity
price risk as more important than climate risk, and that they view other risk management tools
such as water management and diversification as being more important than buying crop
insurance.
Weather derivatives are a relatively new financial product developed to manage weather risks.
They are offered by global financial institutions to insure against changes in weather variables
such as temperature or rainfall. Weather derivatives pay out a pre-defined amount for every day
over a defined time period that rainfall or temperature is above or below a specified level. The
major problem with weather derivatives is that they need to be uniform to reduce transaction
costs (Hertzler 2005). However, weather and climate-related events tend to be localised, which
means that weather derivatives will not match local weather patterns and risks on each
individual farm.
Traditional MPCI products have been shown to be unviable both in Australia and elsewhere
without government support (Department of Agriculture and Food Western Australia 2009;
Productivity Commission 2009). Therefore, financial risk management tools that cover a limited
range of agricultural or climate outcomes or have limited liability are likely to be the most
effective.
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6 Role for governments in managing
climate risks
Although climate risk management in agriculture is ultimately the responsibility of farmers and
agribusinesses, governments can assist them to manage climate risks. Governments have a key
role to play in developing policy that effectively addresses inadequacies and failures in current
risk management strategies. Ideally, governments should adopt a holistic approach to policy
development by considering not only the specific risk addressed by a given policy, but also the
policy impact on, and links with, other related risks (OECD 2009). For example, policy on climate
risks could have implications for production risks, resource risks, market risks and regulatory or
institutional risks. Agricultural climate policy also needs to be flexible to ensure the policy
framework remains relevant in a constantly changing and uncertain climatic environment.
Australia’s agricultural policy framework includes policies directly related to climate risk
management, such as drought policy, climate change adjustment (Australia’s Farming Future),
and natural disaster relief. Several policies also indirectly address climate risks by managing
farm income variability (for example, farm management deposit scheme, tax averaging), water
irrigation markets, biosecurity, trade market access and investment in research and
development. Together, these policies help reduce the risk of climate variability on farm
production and income, and assist farmers to adapt or become more resilient to changing
climate risks.
The main climate risk faced by Australian farmers is drought, and the agricultural impact and
effective management of extreme events such as droughts is particularly important to
government. Since the announcement of the National Drought Policy in 1992, the Australian
Government has supported farmers in responding to climate variability by encouraging selfreliance and risk management. Australian drought policy has historically provided income
support and interest rate subsidies to farmers and agribusinesses affected by droughts through
the Exceptional Circumstances (EC) program (Kimura & Antón 2011). However, droughts being
treated as exceptional delays the development of farm systems that are adaptive and resilient to
changing climate risks, and encourages risky practices (for example, overstocking). An
important Australian Government initiative is to move away from a crisis management approach
to droughts to an increased emphasis on climate risk management. This means focusing on
enhancing the ability, preparedness and responsibility of farmers to manage climate risks.
Effective management of current and future agricultural climate risks will require continued
government and private sector investment and involvement in agricultural research,
development and extension. Research into climate change adaptation options such as new crop
varieties and improved irrigation techniques is needed to develop effective and profitable
approaches for farmers to adapt to climate change. Research on potential climate change
mitigation options such as tree planting and methods to reduce livestock emissions will also
allow farmers to play a key role in mitigating greenhouse gas emissions. The development and
extension of strategies, tools and practices will also be vital in providing farmers with effective
solutions to risks of climate variability.
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7 Conclusions
Climate variability is a major risk for agricultural production, and this risk is likely to increase
under future climate change. Australian farmers should be planning for a future climate that is
warmer, with increasingly variable and unreliable seasonal rainfall and more extreme climatic
events. As a result, risk management will become an increasingly important process for farmers
to respond and adapt to risks of climate variability and climate change.
Australian farmers have a wide range of available options for managing climate risks. The two
climate risk management options reviewed in this paper, DSS and insurance and other financial
products, have played relatively minor roles thus far, but are likely to play increasingly
important roles in managing future climate risks. DSS are expected to play a more significant
role in supporting farm decisions in an uncertain, variable and changing climate. Insurance and
other financial products may also be used more widely by farmers but are only likely to cover a
limited range of climate risks. In addition, a combination of DSS and insurance and other
financial products may be employed more in the future, as demonstrated by the example of crop
yield simulation insurance.
Although climate risk management in agriculture is ultimately the responsibility of farmers and
agribusinesses, government policy will continue to play a key role in increasing the
preparedness, responsibility and capacity of farmers to manage climate risks. The main climate
risk faced by Australian farmers is drought, and this risk is set to increase under future climate
change. Policies that treat extreme climatic events such as droughts as an integral part of the
agricultural environment, and promote risk management as the most appropriate means to deal
with such events, will continue to be required.
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