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1. Executive Summary 

Given the variety of crop growth models and their relative strengths and weaknesses, ensembles of crop models 

are being progressively developed for yield/production forecasting purposes, quantification of the impact on yield 

of changes due to climate or crop management. Such approach helps improve accuracy and consistency in 

simulating growth dynamics under various environmental conditions. The aim of the project is to develop an 

operational integrated seasonal climate-crop modelling system for yield and production forecasting of major crops 

in Queensland (wheat, sorghum, sugarcane and cotton). 

 
A focused literature review was conducted in order to select potential crop models for the multi-model Ensemble. 

The main criteria used include: (1) the popularity of the model (at national and international levels), (2) its 

performance as reported in published studies, (3) the model structure and easiness of use within the project time 

frame (e.g., implementation, data collection and calibration, etc.), (4) the availability of model updates, and (5) a 

crop model which considers the various aspects of climate change as drivers (including rainfall, atmospheric CO2, 

temperature and ozone). The models APSIM (Agricultural Production Systems sIMulator) and DSSAT (Decision 

Support System for Agrotechnology Transfer) were then selected after review. 

 
We also conducted a calibration/parameterisation of the selected models and performed the growth and yield 

simulation for wheat, sorghum, sugarcane and cotton. Different combinations of factors (crop management 

practices) were used to evaluate the ability of these models to give reasonable results in such various conditions at 

10 to 19 selected simulation sites across the agricultural landscape in Queensland. Because the simulation 

configurations represent a range of crop management practices, soil types, crop varieties, etc., the aim was not to 

predict “one single” yield value. Rather, the objective was to configure the models so that it can be used for impact 

analysis and/or be coupled to other forecasting systems. 

 
Comparing the simulated yields (from each model or the mean simulated value from the Ensemble) to the observed 

yield (available at regional scale) the overall trend in year to year variability is satisfactorily captured for cotton 

across the different sets of configurations, whereas for the other crops, there is generally a trend to yield 

overestimation or underestimation depending on the site and year. A statistical assessment of model performance 

revealed RMSE values as low as 0.27 t ha-1 and 0.40 t ha-1 for cotton and sorghum, respectively, in APSIM simulations; 

the respective values in DSSAT being 0.17 t ha-1 and 0.37 t ha-1, and 0.24 t ha-1 and 0.45 t ha-1, for the Ensemble. The 



spread of RMSE variation however was lesser for wheat and cotton compared to sorghum, regardless of the model. 

Similar pattern is observed with MAE values. Regarding sugarcane the variations of RMSE and MAE in DSSAT 

simulations and the Ensemble were the lowest. 

 

A modelling framework was thus developed through the project with interesting potentialities for decision support 

system tools. This framework as well as the simulated variables have served in the sister projects DCAP USQ 6 

(“Enhanced multi-peril crop insurance”), DCAP USQ 14 (“Crop production modelling under climate change and 

regional adaptation”), and DCAP USQ 15 (“Value of seasonal climate forecasts”). 

 

2. Project Background 

Agricultural production depends upon a variety of interconnected factors (e.g. environmental, crop genetics, 

agronomic practices). Crop models have many current and potential uses for answering questions in research, crop 

management, and policy. Models can assist in synthesis of research understanding about the interactions of 

genetics, physiology, and the environment. They can assist in pre-season and in-season management decisions on 

cultural practices, fertilization, irrigation, and pesticide use. Mechanistic models use biophysical principles of plant, 

soil, weather and management interactions to simulate the crop yield. Because of the need to describe biophysical 

processes using the best science available, there is a considerable requirement to have detailed crop, soil and 

management parameters to allow the processes to be expressed in mathematical terms. Often at larger spatial 

scales, the data is sparse and not available. 

 
Given the variety of crop growth models and their relative strengths and weaknesses, ensembles of crop models 

are being progressively developed for yield/production forecasting purposes, quantification of the impact on yield 

of changes due to climate or crop management (e.g. Asseng et al., 2013; Martre et al., 2014). This approach helps 

improve accuracy and consistency in simulating growth dynamics under various environmental conditions. 

 
An integrated crop yield/production forecasting system (which combines crop growth and climate models, and 

statistical tools) may provide industry stakeholders such as growers, commodity traders and policy developers with 

early warning of the potential climate risks, the likely impacts and their severity to expected crop yields at different 

lead times. 

 

3. Project Methodology 

The project methodology includes: 

• A review of suitable crop models: this review focused on internationally renowned models used for the 

simulation of wheat, sorghum, sugarcane and cotton 

• A review on the data sources for the calibration/parameterisation of the selected models to be used and 

their availability 

• Development of the modelling framework: Model parameterisation and testing (See attached Final 

report) 

• An investigation study related to upscaling methodology of simulated crop yields (using ASPIM) and 

modelled soil moisture data (i.e., Australian Water Resource Assessment Landscape model, AWRA-L) (See 

attached supplementary report) 

• Crop growth and yield simulations for wheat, sorghum, sugarcane and cotton (in link with DCAP USQ 6) 

• A performance assessment of the single model and multi-model ensemble approaches 

 

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 suitable crop models for the simulation of wheat, sorghum, sugarcane and cotton. 
Four main criteria were used during the literature including the popularity of the model (at national and 
international levels), its performance as reported in published studies, its easiness of use within the project 
time frame (e.g., implementation, data collection and calibration, etc.), the availability of model updates, 
and the model’s capacity to integrate the various aspects of climate change as drivers. After review two 
models were selected. They were APSIM (Agricultural Production Systems sIMulator; Keating et al. 2003) 
and DSSAT (Decision Support System for Agrotechnology Transfer; Jones et al. 2003). 
 

• Models calibration/parameterisation and crop growth simulations. Data from published papers, technical 
reports and online resources from Agricultural Industry bodies were used to parameterize the models, 
namely DSSAT which has not been used widely in Australia (unlike APSIM). We have simulated wheat, 
sorghum, cotton and sugarcane growth at selected sites across Queensland using > 73 years (1940-2017) 
daily climate data and for various crop management factors (cultivars, sowing density and date, N 
fertilization, soil moisture availability, irrigation) (See attached Final report). 

 

• Investigation study related to upscaling methodology of simulated crop yields and modelled soil 

moisture data (i.e., Australian Water Resource Assessment Landscape model, AWRA-L). The Australian 

Landscape Water dataset is a grid based distributed water balance model, conceptualised as a small 

catchment with a grid cell size of 5 x 5 km. A case study using ASPIM simulated data for sorghum, the soil 

moisture retrieved from the AWRA-L database, and historical yield data at the agroecological zone scale, 

did not confirm a way to upscale APSIM simulated yields by using the AWRA-L data. However, it highlighted 

important relationships between simulated yields and soil types in a given agroecological zone and how 

such information can be used to define a default soil for the crop growth simulation at larger spatial scales. 

(See attached thesis report) 

 

• Development of a crop modelling framework including single models and one Ensemble. The 

performance of each model and the multi-model Ensemble was assessed. The visual assessment based on 

comparisons with the observed yields (available at regional scale) indicated that the overall trend in year 

to year variability is satisfactorily captured for cotton across the different sets of configurations, whereas 

for the other crops, there is generally a trend to yield overestimation or underestimation depending on the 

site and year. The statistical assessment of model performance showed that RMSE values as low as 0.27 t 

ha-1 and 0.40 t ha-1 for cotton and sorghum, respectively, can be obtained in APSIM simulations; the 

respective values in DSSAT being 0.17 t ha-1 and 0.37 t ha-1, and 0.24 t ha-1 and 0.45 t ha-1 for the Ensemble. 

The spread of RMSE variation however was lesser for wheat and cotton compared to sorghum, regardless 

of the model. Similar pattern is observed with MAE values. Regarding sugarcane the variations of RMSE 

and MAE in DSSAT simulations and the Ensemble were the lowest. (See attached Final report and 

supplementary document) 

 

• Modelling framework and simulation outcomes used in collaborative DCAP projects. The multi-model 
Ensemble approach allowing the simulation of various management options was used within DCAP 14 
(“Crop production modelling under climate change and regional adaptation”) to assess the likely crop 
production outcomes under projected climate change and some adaptation strategies (See DCAP 14 
report). The parameterisation undertaken here also served for the simulation of sugarcane yield and the 
quantification of the value of seasonal climate forecasts for that industry (See DCAP 15 report). 
Additionally, the modelling framework was used to obtain improved crop simulation outcomes (for cotton 
and sugarcane), relevant for the development of new insurance designs and a prototype ‘climate and 
agricultural risk assessment and reporting tool’ (See DCAP 6 report). 

 



• Project report, milestone reports and publication (in preparation). The project has produced 1 detail 
report, 1 B.Sc. thesis report (See attachments), and 2 milestone reports. A scientific paper linked to the 
general modelling framework developed is underway. 

 
 

4.2 Unintended Outcomes 
 
 

4.3 Partnership Formation 
Several meetings took place with Willis Towers Watson (WTW) and Queensland Farmers Federation (QFF) for 
activities related to the development of a “climate and agricultural risk assessment and reporting” tool (See 
DCAP USQ 6) (prototype). 
 
 

4.4 Lessons Learned 
This activity has highlighted the necessity of regular updates of information regarding sensitive crop 
parameters and new varieties in models such as APSIM which is widely used in Australia for operational 
purpose. The project has also confirmed that individual crop models are able to simulate yields accurately 
under a range of environmental conditions, particularly if the input information is sufficient. Building up a multi-
model Ensemble approach presents interesting potentialities for the application of crop models under changed 
management or climatic conditions. 
 
 

4.5 Implications for the Future 
The project has shown the potential of using a multi-model Ensemble approach for crop growth modelling in 
Queensland agricultural landscape. The crop modelling framework can be easily integrated into a decision 
support tool for impact analysis. 
 

 

5. Conclusion 

Agricultural production depends upon a variety of interconnected factors (e.g. environmental, crop genetics, 
agronomic practices). Crop models are widely used in agricultural impact studies. However, recent research had 
indicated that outputs from a single crop model simulation showed large uncertainties, potentially leading to biased 
conclusions and decisions, suggesting the need for multi-model simulation capabilities. 
 
Here we developed an approach of Ensemble crop modelling using APSIM and DSSAT for simulating the yield of 
wheat, cotton, sorghum and sugarcane under diverse environmental and management conditions across 
Queensland. Several papers have reported the use of such ensemble crop modelling approach for wheat, maize and 
rice, a few (or nil) on cotton, sorghum and sugarcane. In this sense the activities undertaken here could serve as a 
pathway for future research in terms of data requirement and suitable models. 
 
Multi-model ensemble medians have been shown to be better predictors of yields and many other cropping system 
variables across a wide range of environments. Literature suggested that three or more crop models are required 
to reduce model uncertainty of model-ensemble medians to be comparable to field experiment errors. Here the 
ensemble was limited to 2 models due to time constraints and relevant data acquisition for model parameterisation. 
However, our findings provide insightful information on whether one should weight the models in the ensemble 
differently for a given crop and specific cropping conditions. 
 
 
 
 
 
 
 



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

 
 
 
TBA 
 
 
 
 
 
 
 
 

7. Additional Information 

• Various meetings with a QFF project leader and insurance brokers (WTW) for activities relating to crop 
modelling and DCAP USQ 6 
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9. Appendices/Attachments 



9.1 Milestone Reports 
 

9.2 Case Studies 
Not applicable 
 

9.3 Project Reports 
Appendix 1.  Final report - Developing products for use in drought monitoring: Improved crop yield and 
production forecasts (multi-crop models approach) 
 

9.4 Scientific Papers 
1 Paper (in progress) 
 

9.5 Products/Product Descriptions 
Not applicable 
 

9.6 Other Relevant Attachments 
- Appendix 2. Thesis report (from a visiting undergraduate student) related to the upscaling methodology 

of simulated crop yields 
- Appendix 3. Supplementary material to the final report (see “Boxplots_errors_all_crops.pdf”) 
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Appendix 2. Thesis report (from a visiting undergraduate student) related to the upscaling methodology of simulated 
crop yields 
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Kusters.pdf
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