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Introduction

Climate science has made enormousprogress over thelast two decades in
undestanding the nature of Earth'sclimate and the changes that are taking place .
Althoughthe evidence for climate changeis becoming stronger, there is no doubttha
naura climate variability isimportant and will continueto be so. In fact, theundelying
trendsof climate changeare interacting with natural paternsof variability, giving rise
to some interesting effects.

Mean maximum temperatures for thefirst 22 days of February 2004were 5-6 | C above
averagethroughoutlarge areas of eastern Audralia, andreached 7 C aboveaveragein
parts of New South Wales. Abouttwo-thirdsof continental Audraliarecorded
maximum temperatures over 39 jC in February 2004. Januay 2006was the warmest
month ever recorded in NSW with the state experienang a mean temperature 3.5
degrees abovethe Januay average of 24.7%.

These heatwaves are extreme events embeddel in alonge term temperature trend.
Since about1950there has been a steady increase in Audralia's mean temperature. In
2005,Audraliaofficialy recorded its warmest year on record. Thisrise is now above
naural variability andisaclear signd of climate change

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

Changesin rainfall andin the patern of droughs, which are so important for many of
Augdralias agricultural indudries, are much harder than temperature to attribute to
climate changeand to predict for thefuture. Abrupt changes, such astherelatively
recent dropin rainfal in south-west Western Audralia since themid 1970s and
changesin storm paterns are also very difficult to predict.

So dthoughtheeis strongevidence for thereality of climate change thereis still
congderable uncertainty assodated with projectionsof precisely how climate change
will unfold in thefuture, paticularly at regiond andlocal scales where many
management decisonsare made.

These uncertainties will likely remain for some time despite improvementsin our
undestanding of climate change Adgpting to such an uncertain future demandsa
flexible approach based on assessing, andysing and responding to therisks posed by a
changing climate.
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Dealing with Uncertainty

To dae, acommon approach to theissue of adgpting to climate changein agriculture
has been to andyse how climate changecould impact on a patticular crop or indugry,
with resulting scenariosfor sodo-economnic flow-on effects.

However, for an adgptation strategy to beeffective, it mug consder climaterisk asa
nomal pat of decision-making, allowing govenments, busnesses and individuds to
reflect thar risk preferences jug as they would for other risk assessments.

A risk management approach consders how climate, alongwith a variety of factors,
such as technological development, family and soda values, and management
practices, will pose risks to the farm busness enterprise. This method provides a sound
framework for identifying, andysing, evaluaing and dealing with the chdlenges and
oppotunities assodated with climate change

Adaptation strategies will fail if they continuein the longrunto beseen in aGilod
separate from other dimengonsof strategic planning and risk management. To reach
this point, however, is going to require a period of awareness raising, development of
the science, and devel opment of techniques for applying scientific informationin
practical situdions

Theinsurance indugry Bwhich is oneof thefirst mgjor indudries to beimpacted by
climate changebhas adopted arisk management approach to deal with theincreasing
risk of losses from extreme weather events. Application of therisk management
approach by theinsurance indudry provides ingghts into how the approach can be
applied to other sectors, such as agricultural indugries.

Two aspects of theinsurance indugry@® approach to risk management are central to its
success. First, theindugry treats therisks posed by climate changein the context of
other risksto thebusness Bpolitical, econonic, social, technological, environmental
and legidative Drather than as a new and separate phenomenontha isdedt within
isolation from other risks. Second,there isa strongemphasis on review and monitoring
onaregular basis, asinformation on climate risk changes and as other risks to the
indugry evolve. Thus risk management is an ongaing process, not a oneoff remedial
treatment.

Therole of scientific informationis central to theinsurance indugry@ treatment of
climate risk. Probabilistic moddling of cyclonetracks, for example, hdpsto determine
those regionsof Ausraliamos exposed to changing climate risk. CCatastrophe
moddlingGis used to simulate worst-case scenarios and determine the exposure of the
indudry to low probability-high impact events. Such scientific informationis akey pat
of andysing the changing risk of extreme climatic events, which in turn is essential in
setting premiums at levels that maintain theviability of theindudry.

Thegeneric risk management framework is designed to hdp in dealing with a
significant but highly uncertain risk and can be adapted to Audralia's agricultural sector.
There arefive stages:

1. Establishing context Bdetermine the naure of themanagement chdlenge

2. ldentifying therisk Bgan indugry perspectives on sengtivity and
adgptability

3. Andysingtherisk Bandyse climate changewith respect to vulnerability
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4. Evauaingtherisk Bexplore management optionsfor mitigating impacts
and exploiting oppotunities, and,

5. Treating therisk Bimplement strategies for maintaining viable agricultural
indudries

Implementing the risk management framework

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

The perceptionsof climate risk, and how they might changein future, vary widdy
across agricultural indudries, degpending on the characteristics of theindugry and the
climates of theregionsin which they opeate. For example, changesin temperature and
in pests and diseases are important in northern Audralia, while water availability is of
overiding importance in the south. Neverthdess, there are some common features of
indudry responses to climate risk across mog or all indudries and regions Therisk
management approach is a powerful tool to draw out the management implicationsof
those commondities, whilst at the same time accommodéting the differing
characteristics of regionsand indugries tha require strategies to go beyondthe
genadlities. Thus thefirst step in therisk management approach isto deerminethe
implicationsof evolving climate-related risks - ther nature and severity - for
management strategies.

The perspective of the agricultural sector towardschanging climate risksis based
strongly onits experience in dealing with climate variability. Therelatively large
capability of mog Audralian producersto deal with current climate variability means
tha climate changewill become an issueonly if it occurs faster than producers can
adapt, and/or it changes therdliability of climatic patternsin waysthat are difficult to
forecast.

Ongoing changein theagricultural sector that is occurring for reasonsother than
climate can play asignificant role in adgptingto climate changerisk. Therelatively
abrupt changein rainfal in the south-western corner of Western Audralia, in which
average winter rainfall decreased by 10-20% arourd the mid-1970s provides agood
example. Much of theWestern Audralian wheat produdion zoneliesin theregion
affected by therainfall anomaly. Contrary to expectations wheet yield has actudly
increased over the period of decreasingrainfall, owing to arangeof changesin
technology and management tha were adopted over the period for reasonsother than
managing the climate changetha was being experienced. One such management
changewas thewidespread adopion of no-till agriculture, which conserves soil
moisture and allows the same or greater yield to beobtained with less rainfall.

A fundamental prindpleistha theentire process of managing for climate risk needsto
be producr-driven rather than imposed by outsideorganisations In general, Audralian
producers aready have alarge capecity to managefor changes in climate, although
thereisawiderangein adaptive capeacity depending ontheindudry.

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

Produers have already learnt much aboutmaintaining profitability in a variable
climate, and this knowledgewill bedirectly useful in dealing with longe term change
in climate.
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In December 2004,BRS hoded aworkshopin Canberrato provide guidance for the
development of a suite of science-based tools to suppott therisk management approach
to climate change paticularly andysing therisks posd by climate change The
workshop explored the sengtivity of agricultural indugriesto climate, thewaysin
which climate enters the decision-making process and the capability of indugry to adgpt
to potential future climate risk. Over 50 representatives of the agricultura produdion,
govanment and scientific research communities participated in theworkshop. Further
conalltationsbeween producers, the Depatment of Agriculture, Fisheries and Forestry
(DAFF) and Audralian Greenhoug Office (AGO) scientists have taken place at
meetingsin Perth, spon®ored by the Pastoralists and Graziers Assodation of Western
Audralia, andin Brisbane, spon®red by the Queendand Farmers Federation and the
Queendand Regiond GroupsCollective.

Althoughthe naure of climate risk is specific for specific indugries, there are some
genea features of climate to which mog Audralian rural indudries are senstive. Mo
of these are related to the hydrological cycle. Moisture availability, and paticularly its
timing, through agrowing season, was identified at the workshop as an overriding,
critical issue across mog agricultural indudries. Two major time scales of interest were
also identified Bwithin-season variability and multi-decadd planning horizon.

3. Analysing climate change wit h respect to vulnerability

Theinvestigative program arising fromthe 2004 Canbera workshopis oriented around
assessing vulnerability to climate changein Audraian agriculture. Vulnerability isa
fundion of expoaure to changing climate factors, sengtivity to changeand thecurrent
capecity to adgpt to that change Systems tha are highly exposed, sendtive and less able
to adgpt are vulnerable.

Vulnerability andyses can bebuilt aroundlayers of data estimating thelevel of
expogure from achanging climate, the sengtivity of aregion or sector to climate risks,
and the current adgptive capecity of aregion or sector (its ability to copewith climate
risks). Data and mapstha could contiibute to anationd level vulnerability andysisin
Audraliaindude

¥ Rainfall and temperature reliability Bindicators of sengtivity to climate
Andyses of shiftsin reliability in thehistorical record.
Econonic indicators Bprofitability, retum oninvestment, export earnings etc.

KK

Diversity of indugries within aregion Bflexibility in livelihood& employment

.|.K

Sodal indicators of adgptive capecity (e.g., educationd level, soda networks,
etc.)

However, thislist isindicative only. Developing an appropriate set of indicatorsisan
important part of theresearch effort.

Oneway in which expodure to changing climate risk can be assessed is throughhigh
resolution, statistical climate information on within-season paternsof 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, Augug) rainfall
for Audralia, based on 100years of monthly rainfall data from the Bureau of
Meteorology. Thezoneof 125175mm rainfall, shown as pde green, represents a
significant propottion of Australia® whest bdt. Two locationshave been chogen for the
purpo< of thisilludration: onein Western Audralia and onein northern New South
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Wales. Thewinter mean rainfall for theWA siteis144mm, only slightly highe than
the NSW site(3 137 mm. Themeansfor each of the respective monthsare similarly
close. If oneused only themeansas a guide, these siteswould look very similar.

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

Thedifference between thetwo sitesis now obvious TheWA site experiences at |east
25 mm pe month in each month of Jung July and Augug in 80% of theyears assessed,
much highe than the equivaent figure of 2% for the NSW location. The WA siteis
very much morereliable at theintra-season scale, yet is virtudly identical in terms of
mean winter rainfall.
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Fig. 2. Winter rainfall reliablity
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Thetake-home message here is that mean rainfall is not necessarily a goodguideto
agronomic reliability. Inter- andintra-season reliabilities are much more direct
measures of rainfall patern tha have agrononic significance.

Thechdlengeisto expand this knowedgeand thetools to deal with undelying climate
changeaswell as current reliability, particularly in terms of changesin reliability
paternsover the past 30-50 years, the period for which there is now strong evidence of
anthropogaenic climate change BRS is now working on tools to hdp deect these
changes.

4. Exploring manage ment options for mini mising the risk

An essential aspect of defining vulnerability is thedegree to which producers, indugries
and rural communities have the capability to adgpt to change Ultimately, it isthis
resilience to a changing climate tha will deerminewhether the agricultural sector can
deal successfully with climate changerisk or not

An important overall adgptation strategy in agriculture is to increase the rangeof
optionsto which farmers have access. for example, the number of crop and cattle
varieties (continud changein crop varietiesisanormal pat of thefarming busness, as
is breedsof cattle), thetypes of management practices, and technological changes, such
as modification of micro-climates. For animal based indugries, for example, a shift to
Bos indicus cattle and to non-merino breeds of sheep better adapted to hot, dry
conditionsrepresent viable management optionsfor a changing climate. Another
strategy is assodated with a sodal decision to increase off-farm income oppotunities,
althoughthis option may sometimes have adverse outcomes.

Climate changewill bring additiond chdlengesto Audralian producrs as internaiond
competitors also adgpt thar systems to a changing climate and thuschangethe naure of
internationd markets. For example, the Canadian agricultural indugry is aready
planning to take advantage of thewarmer temperatures tha are occurring in Canadaand
expand thar grainsindugry northwards across the North American prairies. In general,
thealready strongagricultural produdng naionsin the northern pat of thenorthern
hemispheae (Canada USA, Russia, Ukraine Scandinavia) are expected to benefit from
climate change

Decision-suppot tools will beimportantin hdping producers deal with a changing
climate, particularly changein thewithin-season situation. BRS is continuing to develop
producer focussed decision-suppot tools such asthe Meat and Livestock Audralia
spon®red Rainfall to Pasture Growth Outlook Tod
(http://daa.brs.gov.au/growthoutooktool/index_login.php).

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

Thefind stage of therisk management approach of course isto implement thedecision
or decisonsmadefollowingtheevauaion stage It isimpaortant to remember however,
tha arisk management approach isiterative and ongoing. As mentioned earlier in
relation to theinsurance indudry, thereis a strongemphasis on review and monitoring
onaregular basis, asinformation on climate risk changes and as other risks to busness
or indugry evolve. Risk management is an ongoing process, nat aoneoff remedial
treatment.
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Conclusions

To condude arisk management approach that treats therisks posed by climate change
in the context of othe risks to the busness, and places a strongemphasis on review and
monitoring onaregular basis, provides a soundframework for identifying, andysing,
evaluaing and dealing with the chdlenges and opportunities assodated with climate
change

Climate changemitigaion and adaptation are linked and would ben€fit from being
consdered in amore holistic and integrated way.

Adaptation strategies need to involve theidentification of sectors/systems/regions
vulnerable to changeand an examindion of the scopeto increase the coping capecity of
those systems N ther resilience N which in tum will decrease their vulnerability to
climate change Prioritisation will depend onidentifying vulnerable systems or regions
likely to carry themog significant consequences. Our framework for assessing
comparative risk thusincorporates assessment of system vulnerability, the
consquences of system failure, and the scopeto maintain and improve produdion
outcomes throughplanned adgptation.

Audralias climate research community mug continueto movetowards more
integrative, collaborative approaches and away from the somewha seemingly
fragmented and compeitive modetha has sometimes typified climate research in the
past. As apat of this approach, theindugry-based Research and Development
Corporationscould consder identifying and setting priorities for their contributionsto
climate changeresearch.

A more coordinated approach linking science and management on climate issues could
have significant bendfits if developed at thenational level. A central role undetaken by
the Natural Resource Management sector in terms of integrating climate issues with
other, related issues, such asfire, pests and water resource management could beafirst
step.

Findly, communication aboutthescience of climate changeneedsto be better tailored
for andtargeted towardsrural indudries and, in paticular, it needsto meet the
management needs of producers.
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