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1. Executive Summary 

Climate change has the potential to profoundly affect agricultural production in Australia. Previous studies have 
identified that, in general, most agricultural regions in South-East Queensland are likely to have reduced water 
availability in the future due to likely decreases in rainfall, changes in temperature and net evaporation. These 
effects are then likely to exacerbate other climate-related crop production challenges through fruit loss, lower yields 
and reduced water use efficiencies due to higher temperatures. The aim of this project is to provide a detailed 
biophysical and economic assessment of identified adaptation strategies, potential implications and adaptation 
potential under different climate change (CC) scenarios for the Queensland cropping industry. 
 
This project conducted focussed reviews on the adaptation strategies at the regional and national scales for grain 
and sugar cane industries, and on how the impact of elevated CO2 is modelled into the selected crop models in 
order to assess the effect of CO2 enrichment on the study crops. An multi-model ensemble approach (as developed 
in DCAP USQ 7.2) was used to simulated crop yields under 3 different CC scenarios and some of the adaptation 
strategies suggested after consultation with growers and industry experts. The economic modelling involves (1) 
assigning a dollar value to every event in crop models, such as sowing and harvest, and other operations on farm, 
and (ii) quantifying the annual profit according to the strategy. 
 
The reviews of literature identified that many potential adaptation strategies are common across industries. Thus, 
technical adaptation options such as changed sowing/planting dates, use of long-maturing and/or drought-tolerant 
varieties, improved management of limited water supplies, improvement of field-drainage, improved decision 
making regarding herbicide, pesticide or fertilizer application, switch between crops or between cropping and 
livestock production, and switch land to non-agricultural use or bring new land into production, are among the 
common strategies at field and farm levels. At the regional level, since there will be wide variation in CC impacts 
across the growing regions, regional studies to detail the effects of all limiting factors of crop yield including 
moisture, temperature, nitrogen, and phosphorus are needed. A range of potential adaptations also exists. They 
include institutional changes, industry capacity development programs, regional development policies, drought 
support programs, rural adjustment and trade, flexible R&D, etc.  
 
Engagement with some key stakeholders was carried out through interviews and meetings. Overall, for agriculture 
in drylands, farmers have a conservative behaviour which consist to minimizing costs and ensure minimum incomes 
when adverse weather conditions. The adaptation strategies mentioned include changes in sowing/planting dates, 
management practices that help keep the soil moisture as long as possible throughout the cropping season, 
adoption of new crop varieties (e.g., heat/drought, and/or pest and disease tolerant cultivars), efficient use of 
chemicals and fertilizers through precision agriculture, and the use of decision support tools integrating information 
about climate and key crop management practices. 



 
The multi-model ensemble approach (including the models APSIM and DSSAT) was used for assessing some 
adaptation strategies to CC at field level. The study crops were wheat, sorghum, and sugarcane. Simulations results 
using projected climate data from the HADGEM2-ES general circulation model forced with three representative 
concentrations pathways (RCPs) 2.6, 4.5 and 8.5 showed variable and relatively important yield decreases according 
to the site and crop over the 2030-2099 period. 
 
The economic impact of selected adaptation strategies (changes in sowing widows, sowing density, irrigation 
amount, and cultivar) was carried out. Preliminary results indicate that without adaptation overall gross margins 
will decrease. Successful adaptation to climate change will need both strategic preparation and tactical response 
strategies. One of the benefits of farming in a region historically prone to significant annual and seasonal climate 
variability is that producers have relatively high levels of diversification. This may well enable them to consider 
adaptation options with greater ease compared with farmers who have not had to incorporate strategies to 
overcome climate variability. 
 
 

2. Project Background 

Climatic variation is a fundamental determinant of crop production in Australia. Recent reports from the 
Intergovernmental Panel on Climate Change (IPCC) indicate that by the end of the 21st century, meteorological and 
agricultural droughts linked with drier soil are projected to become longer and/or more frequent because of 
reduced rainfall or increased evaporation or both (IPCC, 2014). More intense droughts will impact primary 
production, stress water supply and rural communities (Nelson et al. 2010). The vulnerability to climate change has 
been assessed for several primary industries in Australia including wheat, sugar, grapes, grazing industries, and 
mixed farming enterprises. Negative effects of climate change, i.e. reduced water availability and increased 
evaporation, are then likely to exacerbate other climate-related crop production challenges through fruit loss, lower 
yields and reduced water use efficiencies due to higher temperatures. 

 

This project built on already identified climate risks and adaptation strategies (Howden et al. 2010) by (i) assessing 
the impact of climate change on major Queensland crops (wheat, sorghum, cotton and sugarcane) through an 
innovative approach of integrating climate models into a multi-model crop modelling approach, and (ii) in 
consultation with relevant industry, identify and model the economic/financial impact of commonly used present, 
potential (current & future) and best-practice adaptations strategies under different climate change scenarios. 

 

This project is linked to projects USQ DCAP 7.2 and 13. 

 
 

3. Project Methodology 

The project methodology includes: 

• A review of adaptation strategies (current and potential) to CC, available nationally and internationally. 

This review focused on the climate risks and adaptation strategies for grain, cotton and sugar cane 

industries in different regions of the world, including Australia. 

• A review on how the impact of elevated CO2 is modelled into the selected crop models in order to assess 

the effect of CO2 enrichment on the study crops 

• Meetings and interviews with growers and industry experts in order to get a good picture of the 

adaptation strategies 

• Crop growth and yield simulations for wheat, sorghum, cotton, and sugarcane using the multi-model 

ensemble approach developed in USQ DCAP 7.2 

• An quantification of the gross margin profits of selected adaptation strategies 

 
 
 
 



4. Project Results 

4.1 Achievements and Outcomes 
Below we summarise the achievements and outcomes of the project. Additional details are available in attached 
reports. 

 

• Focused review on adaptation strategies (current and potential) to CC, available nationally and 
internationally. The reviews of literature identified that many potential adaptation strategies are common 
across industries. Thus, technical adaptation options such as changed sowing/planting dates, use of long-
maturing and/or drought-tolerant varieties, improved management of limited water supplies, 
improvement of field-drainage, improved decision making regarding herbicide, pesticide or fertilizer 
application, switch between crops or between cropping and livestock production, and switch land to non-
agricultural use or bring new land into production, are among the common strategies at field and farm 
levels. At the regional level, since there will be wide variation in CC impacts across the growing regions, 
regional studies to detail the effects of all limiting factors of crop yield including moisture, temperature, 
nitrogen, and phosphorus are needed. A range of potential adaptations also exists. They include 
institutional changes, industry capacity development programs, regional development policies, drought 
support programs, rural adjustment and trade, flexible R&D, etc. 
 

• Review on the integration of elevated CO2 (e[CO2]) into crop models. Previous studies have shown the 
critical role of variable ambient CO2 on radiation use and water use efficiencies in plants. With the projected 
e[CO2] and change in climate, the potential effect(s) of combined rising temperatures and e[CO2] need to 
be better characterized in crop models, thereby enhancing their use in the assessment of potential 
adaptation strategies under CC. In both APSIM and DSSAT, the dynamic CO2 response and model’s ability 
to read [CO2] input are well considered. However, using this functionality (dynamic e[CO2] response) 
without further parameterization of the model is possible for wheat and sugarcane, not for sorghum. 
Validation tests of the impacts of e[CO2] on crop growth and yield have been carried out only for wheat 
(namely through Free-Air CO2 Enrichment experiments). In our study the default handling of e[CO2] was 
used in DSSAT for all crops and in APSIM only for wheat. In APSIM-sugar we include the effect of e[CO2] by 
increasing radiation use efficiency and transpiration efficiency following the method described in Webster 
et al. (2009). 

 

• Meetings and interviews with growers and industry experts.  

o Interviews conducted with sugarcane famers (4) and an irrigation consultant (1) in the Burdekin 
and Burnett regions. These included questions about the use of DS tools and modification of farm 
investment and crop/irrigation management strategies. 
o Interview conducted with an extension agronomist (1) and wheat and sorghum farmers in the 
Darling Downs in order to get a good picture of growers’ perception to climate change and adaptation 
strategies. 
Overall, for agriculture in drylands, farmers have a conservative behaviour which consist to minimizing 
costs and ensure minimum incomes when adverse weather conditions. The adaptation strategies 
mentioned include changes in sowing/planting dates, management practices that help keep the soil 
moisture as long as possible throughout the cropping season, adoption of new crop varieties (e.g., 
heat/drought, and/or pest and disease tolerant cultivars), efficient use of chemicals and fertilizers through 
precision agriculture, and the use of decision support tools integrating information about climate and key 
crop management practices. 
 

• Biophysical assessment of selected adaptation strategies. The multi-model Ensemble approach allowing 
the simulation of various management options was used to assess the likely crop production outcomes 
under projected climate change and some adaptation strategies (change of sowing dates, fertilizer 
amounts, and cultivars). The study crops were wheat, sorghum, and sugarcane. Simulations results using 
projected climate data from the HADGEM2-ES general circulation model forced with three representative 
concentrations pathways (RCPs) 2.6, 4.5 and 8.5 showed relatively important yields decreases according 
to the site and crop for the 2030-2099 period. 

 



• Gross margin / total revenue quantification of selected adaptation strategies. A quantification of total 

revenues for the simulated yield data was carried out using the average revenue (Yield × Crop price) of 

baseline periods, i.e. 1981-2010 for wheat, 1998-2014 for sorghum and cotton, and 1942-2014 for 

sugarcane. All prices used in the estimation assume the current terms of trade continue into all future 

climate scenarios. This may be an oversimplification of realty. The percentage change in total revenue 

varied greatly according to the site, crop and period considered: on average -70% to 50% with interesting 

results achieved for cotton and sugarcane (See attachments). This was in line with previous studies, namely 

for cotton (Williams et al., 2015; Luo et al., 2017). 

 
 

4.2 Unintended Outcomes 
 
 
 
 

4.3 Partnership Formation 
 
 
 
 

4.4 Lessons Learned 
As already mentioned in previous studies, and confirmed here, there are many adaptive strategies producers 
can follow depending on the relevant scale. Adaptation measures will have to reflect and enhance current 
‘best-practices’ designed to cope with adverse conditions such as drought. 
 
 
 

4.5 Implications for the Future 
An effective monitoring and evaluation system to learn which adaptations work well, which do not and why 
would be crucial. Successful adaptation to climate change will need both strategic preparation and tactical 
response strategies. 
 
 
 
 
 
 
 

 

5. Conclusion 

The key aim of this project was to assess the effect of climate change on the production (yield) of different crops 
(wheat, sorghum, and sugarcane) in selected growing locations in Queensland, based on some of the identified 
adaptation strategies to CC. 
 
For most field crops grown in Australia, temperature and radiation are the climatic variables that determines the 
rate at which the crop reaches maturity. The selected GCM suggests that by 2030 maximum temperatures will 
increase by approximately 1°C across all seasons, and an increase in minimum and maximum temperatures with 
the maximum temperatures increasing more than the minimum by 2050. Variable in-season rainfall amounts could 
also be observed. Simulation results showed variable and relatively important yield decreases according to the site 
and crop for the 2030-2099 period based on projected climate data, with noticeable decrease under the RCP 8.5, 
regardless of the crop. Under the simulation configurations, the change in climate parameters outweighed the 
benefit of CO2 fertilisation (as reported in FACE or chamber experiments). This demonstrates the importance of in 
crop-climate change impact analysis of incorporating CO2 fertilisation effects and using caution when interpreting 



results based on climate information alone. Such climate change impact assessments are important as they provide 
a means of reducing uncertainty regarding climate change impacts that will enhance decision-making. 
 
The economic analysis indicates that without adaptation overall gross margins will decrease. Successful adaptation 
to climate change will need both strategic preparation and tactical response strategies. One of the benefits of 
farming in a region historically prone to significant annual and seasonal climate variability is that producers have 
relatively high levels of diversification. This may well enable them to consider adaptation options with greater ease 
compared with farmers who have not had to incorporate strategies to overcome climate variability. 
 
The uncertainty in future projections of climate is well documented and often regarded as inhibiting the 
development of agricultural policy to minimise impacts on agricultural industries. Regardless of the uncertainties, it 
is likely that water stress will increase due to the increase in temperatures and irrigation requirements. As already 
mentioned in previous studies, and confirmed here, there are many adaptive strategies producers can follow 
depending on the relevant scale. At a field level adaptive strategies include, managing for the effect of both weather 
and climate variability, choice of variety, levels of fertiliser and irrigation requirements. At a farm level, strategies 
include altering the mix of irrigated versus dry land cropping. Adaptation measures will have to reflect and enhance 
current ‘best-practices’ designed to cope with adverse conditions such as drought. Furthermore, an effective 
monitoring and evaluation system to learn which adaptations work well, which do not and why would be crucial. 
Successful adaptation to climate change will need both strategic preparation and tactical response strategies. 
 
 
 
 
 
 
 
 

6. Financial Statement (Revenue received/Expenses paid/Revenue unspent 

 
 
 
 
TBA 
 
 
 
 
 
 
 
 

7. Additional Information 

 
 
 
 
 
 
 
 
 
 
 
 



8. References 

 
Howden, M., Crimp, S., Nelson, R., Jubb, I., Holper, P., and Cai, W. (2010). Australian agriculture in a climate of 
change. Paper presented at: the GREENHOUSE 2009 Conference, Perth, 23-26 March 2009. CSIRO Publishing. 
 
IPCC (2014). Climate Change 2014: Impacts, adaptation, and vulnerability. Part A: Global and sectoral aspects. 
Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate 
Change. Cambridge, UK, Cambridge, United Kingdom, and New York, NY, USA, 1132pp. 
 
Luo, Q., Behrendt, K., and Bange, M. (2017). Economics and risk of adaptation options in the Australian cotton 
industry. Agricultural Systems 150: 46-53. 
 
Nelson, R., Kokic, P., Crimp, S., Meinke, H., and Howden, S.M. (2010). The vulnerability of Australian rural 
communities to climate variability and change: Part I - Conceptualising and measuring vulnerability. Environmental 
Science and Policy 13: 8-17. 
 
Webster, A. J., Thorburn, P. J., Roebeling, P. C., Horan, H. L., and Biggs, J. S. (2009). The expected impact of 
climate change on nitrogen losses from wet tropical sugarcane production in the Great Barrier Reef region. Marine 
and Freshwater Research 60: 1159-1164. 
 
Williams, A., White, N., Mushtaq, S., Cockfield, G., et al. (2015). Quantifying the response of cotton production in 
eastern Australia to climate change. Climatic Change 129: 183-196. 

 
 

9. Appendices/Attachments 

9.1 Milestone Reports 
 
 

9.2 Case Studies 
Not applicable 
 

9.3 Project Reports 
Appendix 1. Final report - Crop production modelling under climate change and regional adaptation 

9.4 Scientific Papers 
1 Paper (in progress) 
 

9.5 Products/Product Descriptions 
Not applicable 
 

9.6 Other Relevant Attachments 
Appendix 2. Supplementary material to the final report 

 
 
 

 
Appendix 1.  Final report - Crop production modelling under climate change and regional adaptation 
 

DCAP USQ 14 Final report.pdf
 

 
Appendix 2. Supplementary material to the final report 

Percentage_changes_all_sites_crops_rcps.pdf
 


