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Outline – our approach. 
Discussion on Australia’s already existing high levels of  
climate variability.  
 
Discussion on long-term shifts in climate, especially those 
relevant to agricultural production and sustainability.  
 
Linking climate forecasts and projection information to 
agricultural management decisions across all time scales.  
 
The value of use of crop simulation models and taking a fully 
integrated approach to seasonal climate forecasting and 
climate change projections.  
 
Recognise the need to address issues across the entire value-
chain in agricultural systems. 
 
Value in utilising aspects of seasonal climate forecasting to 
assist incremental shifts in agricultural management on a year 
to year basis.  
 
Producing outputs that are relevant to agriculture, especially 
extreme events, includes heat stress for cattle/animals.  
 
Some examples for various agricultural industry sectors – eg: 
grains, rice, cotton, grazing. 
 
 

 
 
 



 



 Climate issues dominate - Australia has the world’s highest   

levels of year to year climate variability – which is increasing…  
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(100 years of data for Australia and generally also for the other countries) 

(Love, 2005) 



“The 60-year trend may be particularly important as this is the period during 
which the global climate has moved outside the bounds of experience during 

the last 1,000 years, at least” (Bureau of Rural Sciences, 2004) 

 



Percent change in components 
of the grazing system as 

simulated by AussieGRASS  -  
 

 - changes calculated as the 
average for the period 1991 to 

2007 expressed as a 
percentage of the average for 

the period 1961 to 1990 – 
surface pasture cover and 
forage production/pasture 

growth (McKeon et al, 2009). 

1991-2007 

1991-2007 



Major trends 
in Maximum 

and, 
importantly, 

Minimum 
temperature 

…. 



First and last days of frost at Emerald
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Decision type (eg. only) Frequency (year) 

Logistics (eg. scheduling of planting / harvest 
operations) 

Intraseasonal (>0.2) 

Tactical crop management (eg. fertiliser/pesticide use) Intraseasonal (0.2-0.5) 

Crop type (eg. wheat or chickpeas) Seasonal (0.5-1.0) 

Crop sequence (eg. long or short fallows) Interannual (0.5-2.0) 

Crop rotation (eg. winter or summer crop) Annual/biennial (1-2) 

Crop industry (eg. grain or cotton, phase farming) Decadal (~10) 

Agricultural industry (eg. crop or pasture) Interdecadal (10-20) 

Landuse (eg. Agriculture or natural system) Multidecadal (20+) 

Landuse and adaptation of current systems Climate change 

A ‘whole of climate approach ‘  
Climate systems prevail on many scales  - agricultural 

management decisions occur on many scales  -  
(Meinke and Stone, 2005; Stone and Meinke, 2005).  



Decisions across the value chain – ‘climate forecasting 

has no value unless it changes a management decision’ 

Understand climate related issues across the whole value chain

The Cane

Plant

Sugarcane 

Production

Harvest & 

Transport

Raw Sugar 

Milling

Marketing & 

Shipping

• Best use of scarce/costly

water resources

• Better decisions on

farm operations

• Improved planning

for wet weather

disruption

• Best cane supply

arrangements

- crush start and

finish times

• Better scheduling

of mill operations
- crop estimates

- early season

cane supply

• Better marketing decisions based

on likely sugar quality

• More effective forward selling

based on likely crop size

• Improved efficiency of sugar

shipments based on supply

pattern during harvest season

Y.L. Everingham, R.C. Muchow, R.C. Stone, 
N.G. Inman-Bamber, A. Singels, C.N. 

Bezuidenhout (2002) 



To assist in the decision process? the linking role of crop modelling 
in the application of climate information for agricultural production  - 

the key role is to simulate management scenarios and evaluate 
outcomes and risks relevant to decisions 

 

• yield of crops and pastures  
 

• key soil processes (water, N, 
carbon) 
 

• surface residue dynamics & 
erosion 
 

• range of management options  
 

• crop rotations + fallowing 
• short or long term effects 

 Simulate management scenarios  
 Evaluate outcomes/risks relevant to decisions 

 Agricultural Production Systems Simulator (APSIM) simulates 

APSIM: precise daily time step model that mathematically 
reproduces the physical processes taking place in a 

cropping system – paddock/field scale system   
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New projects 
aim to develop 

linkages 
between 

coupled models 
and crop 
models  

Run APSIM for each 
ensemble member 

for 30 years 

Courtesy Y Everingham, JCU. 
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Farm-level decisions - Australia - Utilising seasonal climate forecasts in management 
and adaptation – eg of forecasts of potential sorghum yields associated with varying climate regimes 

(example for a ‘consistently negative SOI phase’) – varying management decisions (sowing dates) : 
example for Miles, Australia. 

Effect of sowing date on sorghum yield at Miles South QLD with a ‘consistently negative’ SOI phase 
for September/October (Other parameters - 150mm PAWC, 2/3 full at sowing, 6pl/m2, medium maturity 

(WhopperCropper) 



Key challenge remains – to effectively link ‘the new 

generation’ of general circulation models in climate 

prediction to agricultural models (Challinor et al) 

general circulation model 

crop model 

At what scale should information pass between models? 



Need for fully integrated systems – example for hydrological modelling for 
agricultural regions on a seasonal or climate change basis  



Climate change projections indicate continued warming for the future for 
Queensland – in all seasons (source: ACSC/USQ 2010,2012).. 



Need to address key variables relevant 
to agriculture: long-term trends 

projected in  key variables between 
now and 2040: 

 
•Precipitation  - increase in summer  

(JFM) but decrease in other seasons. 
 

•Solar Radiation  - increase overall. 
 

•Windspeed  - decrease, especially in 
southern feedlot areas.. 

 
•Humidity - increase in critical summer 

months – decrease in other seasons 
(source: USQ/ACSC, 2010; 2012). 



Drought issues: 
Important  changes are 
being projected in some 
key variables related to 
heat stress – note the 

increases in ‘warm 
nights; and ‘heat wave 

duration’.  
 

(Climate model 
ensemble mean 

projected changes 
(2080-2099 minus 

1980-1999) in extremes 
from the CMIP3 (Tebaldi 

et al., (2006) in 
Alexander and Arblaster, 

2009).  





Major increases in the projected number of days above 35C at key 
Australian locations (using the approach of Suppiah et al (2007; 2010) 



Future Australian agricultural production  - wheat yields - Percentage shire yield change for low and high 
CO2 emission rates for 2020 (a – low, b – high) and 2050 (c – low, d – high) (Potgieter et al., 2008; 2012) 

CSIRO climate model outputs. 

 

2020 

2050 



Simulated median % change in days to flowering (DTF), 
fallow rainfall, in-crop rainfall and yield, for 2020 and 2050 

CC scenarios (Potgieter et al., 2008). 

 
 
 



Excessive Heat Load for feedlot cattle - 20th Century Reanalysis 

has provided improved long-term assessment of the return periods 

and trends of the Accumulated Heat Load Index.  

• Utilising the 20th Century Reanalysis Process, the AHLI has now been calculated from the 

100 year reanalysis data – results shows that in the Darling Downs region the AHLI 
has reached extreme risk levels on six occasions in 100 years – and the number of 

high or extreme values appears to be increasing.  
 

•The ALHI also used to calculate recovery times from excessive heat load (EHL). 
(The best recovery from heat load occurs when the HLI below 74 between four to 
six hours during the night. - longer periods may be needed if exposure to EHL has 

been prolonged).  

 
 

ALHI for 
the 

Darling 
Downs, 
Australia 



Using Seasonal Climate 
Forecasting  so users may 

make incremental 
adjustments –  

eg extremes and key 
components of heat stress – 
this offers the capability for 
improved preparedness for 

climate extremes: the ability 
to forecast extreme levels for 

the coming season of 
Probability of being in Highest 

20% of Maximum and 
Minimum Temperatures and in 

Relative Humidity :  
 

(Stone et al., Nature, 1996b; 
Stone and Marcussen, 2012).  

 
 



Combining all elements - Forecasting Accumulated Heat Load 
Units for the coming season using key climate systems – El 

Niño and La Niña 

Probability of exceedence distributions - Number of excessive heat 
load units exceeding critical thresholds according to ENSO types – 

example for St George, southern inland Queensland. 

‘Warm episodes’ = 
El Niño pattern in 
the Pacific Ocean 

at end of 
December – mean 

number of heat 
load units Jan to 

March=28. 
 

‘Cool episodes’ = 
La Niña pattern in 
the Pacific Ocean 

at end of 
December  - mean 

number of heat 
units Jan to 
March=19. 



Adaptation to climate change – example of value of plant breeding programs  - TC 
Larry: Effects of Polysora Rust on maize in North Queensland: ability to better 

withstand impacts of through plant breeding programs!! 

Pacific 901 versus AT1 maize variety 



Key examples - Grains. 
•Development of crop varieties with appropriate thermal time 
and vernalisation requirements, heat shock resistance, drought 
tolerance (i.e. ‘staygreen wheat’), high protein levels, resistance to 
new pest and diseases and capability to set flowers in hot/windy 
conditions. 
 

•Alter planting rules to be more opportunistic depending on 
environmental condition (soil moisture), climate (e.g. frost risk), 
markets. 
 

•Develop further risk amelioration approaches (zero tillage/other 
minimum disturbance techniques, retaining residue, extending fallows, 
row spacing, planting density, staggering planting times, erosion 
control infrastructure) controlled traffic approaches. 
 
•Provide tools and extension to enable farmers to access climate 
data at the scale needed for their decisions/analyse alternative 
management and land use options including in real-time using 
approaches akin to DSS ‘Yield Prophet’. 
 

•Research and revise soil fertility management (fertilizer 
application, type and timing, increase legume phase in rotations) on an 
ongoing basis. 
 

•Analyse value-chain and regional adaptation options that translate 
climate scenarios into meaningful quantities for the stakeholders 
involved and that include technical, managerial, structural and policy. 



Key example - Cotton. 
•Improve whole-farm and crop water use efficiencies by enabling 
further improvements in water distribution systems (to reduce leakage 
and evaporation) irrigation practices such as water application methods, 
irrigation scheduling and utilizing moisture monitoring techniques. 
 

•Select varieties with appropriate: heat shock resistance, 
drought tolerance, higher agronomic water use efficiency, improved 
fibre quality, resistance to new pest and diseases (including 
introgression of new transgenic traits). 
 

•Provide information to cotton growers on the likely impacts at 
their business level (downscaling climate change predictions to 
regional scales). Maintain R&D capacity, undertake further adaptation 
studies which include costs/benefits and streamline rapid R&D 
responses. 
 

•Conduct research into the development of cotton systems in 
northern Australia. Research the integrated affects of climate change 
(temperature, CO2, and water stress) on cotton growth and yield need 
further analysis. 
 

•Conduct research into avoiding resistance of pests (both insects 
and weeds) through appropriate integrated pest and weed 
management systems to maintain transgenic technologies. 
 

•Enhance capacity to predict and forecast pest issues in relation to 
climate change and variability… 



Key example: Rice. 
•Assess cost-benefits of investing in more efficient 
irrigation methods and farm layouts, as a function of 
soil type and location. 
 

•Consider cost-benefit of reducing water 
conveyancing losses both on-farm and in irrigation 
districts. 
 

•Increase water productivity of cropping systems, 
through continuing efforts to reduce rice water use, 
consideration of new crops and rotations, irrigation 
technologies and farm layouts. 
 

•Assess potential for aerobic and alternate-wet-and-dry 
(AWD) rice culture in Australian environments; 
investigate potential benefits and limitations; define 
optimal water management strategies. 
 

•Develop approaches to managing water resources that 
take into account climate change projections as well as 
seasonal to decadal drivers of climate variation. 
 

(Stokes and Howden, 2008) . 
 
 
 



Key example - Grazing. 
•Promote and enhance use of seasonal climate 
forecasts in grazing management, and incorporate 
considerations of projected trends in climate change. 
 

•Research and promote greater use of strategic spelling and 
other improvements in grazing land management that 
reduce exposure to risks of climate variability and uncertain 
climate change. 
 

•Develop tools to determine regional safe stocking 
rates and pasture utilization levels linked to seasonal and 
projected climate conditions. 
 

•Improve breeding and management of animal heat stress, 
particularly where livestock are handled more intensively. 
 

•Develop guidelines or building codes for energy and water 
efficient production sheds, particularly focussing on passive 
cooling or heating. Link these to revised capability to assess 
heat stress on livestock. 
 

•Understand the risks to feed supplies due to climate and 
variability or reduction through competition from other users 
of feedstock. 
 



Key issues – summary/conclusions. 
 

Australia has the highest level of rainfall variability in the world – and this 
variability is increasing in many key agricultural zones. 
 
Major trends occurring in both temperature (incl min temp) and precipitation – 
although in a country as large as Australia these trends are not uniform across 
the country. 
 
Key in agricultural applications is to recognise management responses relevant 
to varying the temporal scales in climate systems  - these intersect with the 
long-term temporal scale of climate change. 
 
Further key in agricultural applications is to address issues across the entire 
value-chain in agricultural systems. 
 
Need to include integrated climate-agricultural modelling systems, although the 
challenge is to address scale issues between GCMs and crop/pasture models. 
 
Value in utilising 20th Century reanalysis and similar to detect important shifts in 
major impact variables – such as heat stress in feedlots. 
 
Value in utilising aspects of seasonal climate forecasting to assist capability to 
manage increased levels of climate variability – and to assist incremental shifts 
in agricultural management on a year to year basis.  
 

 
 
 



Summary/Conclusions Cont’d: 
 

Utilise options that are extensions or enhancements of existing 
activities and aimed at managing the impacts of existing climate 
variability. 
 

Climate change (adaptation) R&D needs to be undertaken in a participatory 
way with industry groups so as to deal effectively with their key concerns, 
draw on their valuable expertise. 

 

Develop crop varieties with appropriate thermal time and vernalisation 
requirements, heat shock resistance, drought tolerance (i.e. ‘staygreen 
wheat’), high protein levels, resistance to new pest and diseases and 
capability to set flowers in hot/windy conditions. 

 

Improve whole-farm and crop water use efficiencies by enabling further 
improvements in water distribution systems (to reduce leakage and 
evaporation) + irrigation practices such as water application methods, 
irrigation scheduling/moisture monitoring techniques. 

 

Increase water productivity of cropping systems, through efforts to reduce 
rice water use, use of new crops and rotations, irrigation technologies. 

 

Improve breeding and management of animal heat stress, particularly where 
livestock are handled more intensively such as feedlots. 

 

 

 

 

 

 

 

  
 
 
 

 
 
 
 
 
 



THANK YOU 



AussieGRASS Pasture Model 

Rangeland condition depends 

on more than cumulative 

rainfall e.g. pattern of rainfall; 

soil moisture; grass basal 

area; grazing etc 

• Pasture growth & water balance 
daily model run nationally each 
month  

• Products: rainfall, pasture biomass, 
growth, cover, ‘streamflow’, soil 
moisture  

• Products in near real time as 
absolute values and percentiles 
relative to >100 years 

• Linked to climate outlook to provide 
climate risk assessment  

• General environmental calculator  



Climate assessment for the Wyaralong Catchment and Mary 
River areas of South-East Queensland. 

 
6 October 2010 

 

Roger Stone, Torben Marcussen, Shahbaz Mushtaq;  
Australian Centre for Sustainable Catchments, University of Southern Queensland 

 
 

 
As the La Niña pattern continues to become stronger the probability of higher than 

normal rainfall and streamflow will increase as the year progresses. There are 
aspects related to an excessively wet summer and associated flood risk for some 

areas including SE Qld. 
 

Use seasonal 
forecasting to gain 

incremental advances 
in management 



Sugar. 
Improve farming practices, especially precision irrigation, on-paddock water 
use and off-paddock water quality impacts and the management of 
increased climate variability through seasonal forecasting. 
 
Promote innovative farming and processing systems that take an integrated 
and sustainable approach to risk and opportunity across all inputs. 
 
Capitalise bio-energy opportunities and carbon trading potential for value 
adding, preferably integrated within innovative farming and processing 
systems to maximise cross industry benefits. 
 
Focus research on sugarcane physiology and plant improvement in varietal 
characteristics that enhance resilience to climate change, linked to industry 
adaptation to higher temperatures, reduced water availability, and extreme 
events. This will also require knowledge of the genetic x environment x 
management (G*E*M) interactions.  
 
Enhance human capital through building skills and enhance science 
capability in climate understanding and risk management across the 
sugarcane industry. 
 
Include climate change considerations in biosecurity management. 
Develop an understanding of the global context of climate change impacts 
on worldwide production, profitability and markets relative to the Australian 
sugarcane industry. 





Climate model features 

 

Four main components: the atmosphere, the land surface and biosphere, 

the oceans and polar ice 

Data are computed in 30-minute time-steps over a global grid for a series of 

months or years 

Models adequately simulate observed daily weather and average climate 

patterns  

  



Assisting sustainable catchment  
management under climate variability and climate change - key 

aspect: integrated climate and hydrological models – underpinning 
climate science capability 

General Circulation Model 

“Downscaling” 
Regional Climate Model  

or Statistical Model 

Hydrologic Model 

Crop Model 

Reservoir Operation Model 

Economic Model 

Regional Climate Predictors 

Statistical Model 

Reservoir Inflows 







Combining all elements - Forecasting Accumulated Heat Load Units for 
the coming season using key climate systems – El Niño and La Niña 

Number of excessive heat load units exceeding critical thresholds 
according to ENSO types – example for Moree, northern inland New 

South Wales. 

Warm episodes’ = El 
Niño pattern in the 
Pacific Ocean at end 
of October– mean 

number of heat load 
units November to 

February=30. 
 

‘Cool episodes’ = La 
Niña pattern in the 
Pacific Ocean at end 
of December  - mean 
number of heat units 

Jan to March=21. 
 

Also, the diagram 
shows there is just a 

30% risk of more 
than 25 ALHUs 

following a La Niña 
event compared to 
almost an 80% risk 

following 
development of an El 

Niño event. 



GCM  Description 

Hadley Centre (UK) HADCM3 

Geophysical Fluid Dynamics Laboratories (US) GFDL2.0 -also referred to as 

GFCM2.0. 

Geophysical Fluid Dynamics Laboratories (US)    GFDL2.1 -slightly different 

structure to GFDL2.0 - also 

referred to as GFCM2.1 

Center for Climate System Research (CCSR), 

Japan 

MIROC 3.2 

Max Planck Institute for Meteorology DKRZ 

(Germany) 

ECHAM5 - also referred to as 

MPEH5. 

Careful selection of GCMs 
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annual + 

 

 

seasonal 

 

 

monthly 

 

daily 

Country +       district       field 

 

Crop 
models 

 
 

A core 
challenge 

Challinor et al 
2003 



Climate Change Projections CSIRO/BoM 
(2008) 



 









Adapting to climate change - potential options”  
 
•Many options are extensions or enhancements of 
existing activities that are aimed at managing the 
impacts of existing climate variability and 
improving the sustainability and efficiency in the use 
of natural resources. 
 

•Few of these potential adaptation options have been 
evaluated for their utility in reducing the risks or 
taking advantage of climate change impacts!  - Only a 
couple of adaptations have been evaluated in relation 
to the broader costs and benefits of their use. 
 
•Analyses show that practicable and financially-viable 
adaptations will have very significant benefits in 
ameliorating risks of negative climate changes and 
enhancing opportunities where they occur - benefit to 
cost ratio of undertaking R&D into these adaptations 
is very large (indicative ratios greatly exceed 
100:1)(Stokes and Howden, 2008). 



• This R&D needs to be undertaken in a participatory way 
with industry groups so as to deal effectively with their key 
concerns, draw on their valuable expertise and also contribute to 
enhanced knowledge in the agricultural community. 

  
• A key recommendation is to progress more adaptation 

studies which analyse the costs and benefits of 
implementation of adaptations (including socio-economic 
aspects as well as potential feedbacks through greenhouse 
emissions).  

 
 



Key issue - Water Resources. 
 
•Develop approaches to managing water resources 
that take into account climate change projections as 
well as seasonal to decadal drivers of climate 
variation. 
 

•Evaluate the costs and benefits of: increasing on-farm and 
systems efficiencies via better use of technology, co-
ordination of delivery mechanisms, evaporation control, 
retrofitting leaky systems, the provision of probabilistic 
seasonal forecasts, improved scheduling and better 
understanding of what is needed to implement such 
measures in a range of different circumstances. 
 

•Incorporate climate change considerations more effectively 
into integrated catchment management, addressing the 
relationships between water quality, surface and 
groundwater extraction, waterway management and land-
use,. Institutional arrangements may need reviewing to 
encourage such integration. 
 

•Evaluate the implications of moving to full cost pricing and 
water trading so as to maximise the potential for adaptation 
and minimise perverse incentives. 
 

•Evaluate whether there are clear thresholds in irrigated 
agriculture (e.g. loss of flows from the Murray Darling Basin 
leading to the death of tree crops; in-stream salinity 
becoming too high for irrigation).. 




