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Abstract 

This report describes four models used to analyse Australian broadacre mixed-grain farm systems. The 

models that are included in this report are: IMAGINE, STEP, LUSO and APSfarm. For each model, we 

include a brief description of how they work, their data requirements and model outputs. IMAGINE is a 

bio-economic model that focuses on the impacts of tree belts on crop yields. The model accounts for the 

interactions between herbaceous and woody crops in terms of water and nutrient competition. Its 

financial analysis includes cash flow reporting. The STEP model simulates the transition from one farm 

system to another (mainly land-use sequence), and gives a full financial analysis of the change. LUSO 

simulates the impact of diseases, weeds and break crops on crop yields. LUSO reports discounted cash 

flows for different management strategies. The APSFarm model focuses on operational decisions. It 

simulates how the allocation of production and factor inputs affect farm business performance and the 

environment. 
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1. IMAGINE 

 

Aim/use Provides financial analysis of alternative land uses 

Objective Simulation and sensitivity analysis 

Time Dynamic 

Scale Paddock/field 

Used by Researchers 

Software Matlab, Microsoft Access 

Developers Cooper and Abadi 

Contact info Dr Amir Abadi 

 Amir.Abadi@DPaW.wa.gov.au 

 Economic Services, Dept of Agriculture and Food Western Australia  

 

1.1 Introduction 

IMAGINE is a bio-economic simulation model for evaluating alternative agricultural land use systems and 

land use sequences (LUSs).  (Abadi and Cooper 2004). The purpose of IMAGINE is to fill the modeling 

and analytical gap that exists between crop growth simulation models such as APSIM and whole-farm 

optimisation models such as MIDAS (Farquharson et al., 2013). IMAGINE is designed to be flexible, 

allowing it to be adapted to different soil and climatic conditions on an adjustable field or paddock level. 

Regarding economic analysis it is able to analyse the impact on cash flow (e.g. NPV and AER) over time 

associated with seasonal and climatic conditions, using a rainfall module. The model allows for long term 

analysis, from one up to 50 years and operates on a monthly step for crop growth and cash flow. It 

accounts for variability in climate and prices. Its analysis can include both herbaceous and woody crops. 

Land-use activities which can be included are annual and perennial crops and pastures as well as tree 

crops. Perennial plants or crops may be in short or long rotation with annual crops. The model allows for 

spatial and temporal interactions between land-use activities within a field. The spatial interactions 

allow different spatial crop, pasture and tree crop configurations to be analysed, for example the 

integration of mallees belts into crops and pastures. Temporal interactions allow the user to analyse the 

sequence of a crop with other crops or pasture, for example the effect of a legume crop on a 

subsequent cereal crop (Abadi and Cooper, 2004). Regarding trees, the model also takes into account 

tree products other than timber, for example biomass, carbon sequestration, oil, fruit and forage. 

IMAGINE includes a sensitivity analysis routine, allowing the user to identify economically important 

parameters. 
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1.2 How IMAGINE works 

A range of subsequent land-use activities can be specified for a single or a block of fields or paddocks 

(see Figure 1). Land-use activities that can be included in the analysis are a range of annual and 

perennial crops and pastures and tree crops.  

 

Figure 1.1 Modeling mixed land-use sequences (source: Abadi, 2013) 
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IMAGINE’s analysis includes interaction between crops and trees, taking into account the competition 

for light, water and nutrients (see Figure 2). Moreover, including trees in paddocks would result in 

indirect benefits for crops (i.e. improving yields due to moisture storage and providing shelter). Crops 

and trees compete for water during dryer periods. However, when rainfall is at certain levels the trees 

store the moisture, keeping water available for future crop growth.  

 
Figure 1.2 Spatial interactions set-up in IMAGINE 
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Figure 3 depicts the benefits and losses resulting from so called “alley farming”, where trees are planted 

in rows and crops grown in-between. 

 

Figure 1.3 Net benefit of tree belts  (source: Abadi and Cooper, 2004) 

The net benefit of integrating tree belts with crops is a combination of the value of the tree product plus 

yield enhancement due to shelter, less the area of land displaced and the crop lost to competition. 

 

 

Crop set-up  

In the crop set-up sheet the user defines the number and types of different land-use activities and its 

sequence on the field area (see Figure 4). Numbers one to 50 represent simulation years. In this section 

the user defines the spatial layout of the field area, as can be seen in the coloured boxes. In this example 

a mallee belt is integrated in an annual crop regime (which is wheat in the first year).   

The user can define the spatial tree layout in any configuration as desired, for example belts, alley 

systems or blocks (see Figure 5). This allows the user to test the performance of the different spatial 

layout configurations and temporal interactions for a field area over a predefined period of time. 
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Figure 1.4 IMAGINE’s crop set-up sheet 

 

 

Figure 1.5 Belt regime spatial configuration 

 



In the belt regime sheet the user enters the type of tree, year and month of planting and the final year. 

Several parameters regarding the tree configuration can be adjusted: number of belts, 

belts, space between rows, exclusion zone (space between trees and crops), etc. Harvesting can take 

place at a predefined month and harvest years. Another option is to implement a biomass threshold, 

triggering harvest when trees reach a user 

 

Rainfall module 

From the crop set-up sheet the user enters the Rainfall module. Here the user enters the amount and 

standard deviation of rainfall for each month throughout the year (see Figure 6). It is also possible to use 

historical weather data as input or to define a probabilistic distribution of variables, using mean values 

and standard deviation. 

 

Figure 1.6 IMAGINE’s rainfall module
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In the belt regime sheet the user enters the type of tree, year and month of planting and the final year. 

Several parameters regarding the tree configuration can be adjusted: number of belts, 

belts, space between rows, exclusion zone (space between trees and crops), etc. Harvesting can take 

place at a predefined month and harvest years. Another option is to implement a biomass threshold, 

triggering harvest when trees reach a user defined quantity of biomass. 

up sheet the user enters the Rainfall module. Here the user enters the amount and 

standard deviation of rainfall for each month throughout the year (see Figure 6). It is also possible to use 

istorical weather data as input or to define a probabilistic distribution of variables, using mean values 

IMAGINE’s rainfall module 

In the belt regime sheet the user enters the type of tree, year and month of planting and the final year. 

Several parameters regarding the tree configuration can be adjusted: number of belts, space between 

belts, space between rows, exclusion zone (space between trees and crops), etc. Harvesting can take 

place at a predefined month and harvest years. Another option is to implement a biomass threshold, 

up sheet the user enters the Rainfall module. Here the user enters the amount and 

standard deviation of rainfall for each month throughout the year (see Figure 6). It is also possible to use 

istorical weather data as input or to define a probabilistic distribution of variables, using mean values 



10 

Grain crop growth module 

In the grain crop growth module (see Figure 7) the user defines yields, temporal interactions between 

crops (the effect a crop has on the yield of the subsequent crop) and spatial interactions between crops 

and trees (competition and yield benefits). 

 

Figure 1.7 Grain crop growth module 
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Pasture and livestock module 

In the livestock module the user enters prices and costs for wool and sheep. IMAGINE includes the 

possibility to import pasture growth data from GrassGro. 

 
Figure 1.8 Livestock module 

 

 

1.3 Model Inputs 

IMAGINE allows the user to enter data such as rainfall, prices and costs from different sources. One 

option is to define a probabilistic distribution of variables, using mean values and standard deviation. 

This option also includes the possibility of defining a trend in the variable distribution, allowing for 

growth and decay in variables over time. Another option for the user is to enter historical data as input 

values. It is also possible to import (manually) yield and growth data from third party software as APSIM 

and GrassGro. 

Model input parameters include yields, prices, costs, crop growth, rainfall, paddock dimensions, layout 

of belts, operating expenditure (establishment and maintenance, harvest, transport and cleanup), 

regimes for land use, harvest and other crops. Repeat bonuses/penalties (e.g. wheat after wheat), 

ravages of time (inflation, decline in yield, etc.) and interactions in space and time (competition and 

shelter, see parameter list below).  

Parameters related to the interactions between crops/pasture and trees:  
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• Competition width  

• Competition factor  

• Shelter width  

• Shelter factor  

• Yield penalty for a cereal crop immediately following a cereal crop of the same species 

• Yield penalty for a cereal crop immediately following a cereal crop of a different species 

• Maximum yield penalty for a cereal crop following another crop – sets a ceiling 

• Yield penalty for a lupin crop immediately following another lupin crop 

• Yield penalty for a lupin crop immediately following another pulse crop - different species 

• Maximum yield penalty for a lupin crop after a lupin or pulse crop – sets a ceiling 

 

 

1.4 Model Output 

IMAGINE reports outputs as tables and charts (see Figure 9). Moreover, there is a possibility to export 

outputs to Microsoft Access for further analysis.  

 

IMAGINE’s outputs include financial/economic data as well as physical and biological data such as 

rainfall and yield of crops. Its outputs can be used to compare profitability and cash flow of the 

alternative land use systems. The economic analysis results include net present value (NPV), annual 

equivalent value (AEV), minimum and maximum values of a cash flow over a period of time, and the 

standard deviation and coefficient of variation (see Figure 10). The NPV is used to calculate discounted 

cash flows of receipts. The AEV is useful to compare discounted receipts from projects with a different 

length, which overcomes the common difficulty of comparing an agroforestry projects with agricultural 

rotations. Variations in cash flow and prices can also be calculated using the standard devitiation and 

coefficient of variation of the income streams. 

 



Figure 1.9 Simulation and output sheet

 

 

Figure 1.10 IMAGINE’s output data
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Simulation and output sheet 

IMAGINE’s output data (source: Everfarm data from Farquharson et al 2013, NCCARF report

 

 
ource: Everfarm data from Farquharson et al 2013, NCCARF report) 
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2. STEP 

 

Aim/use Simulate costs of farming system transition 

Objective Simulation 

Time Dynamic 

Scale Whole farm 

Used by Consultants, farmers and researchers 

Software Excel, Visual interface: MS Visual Basic 

Developers Peek, Bennett, Herbert and Rogers  

Contact info Caroline Peek 

 DAFWA, Geraldton, WA 6525 

 Tel: (08) 9956 8519 

 Email: cpeek@agric.wa.gov.au 

 

2.1 Introduction 

STEP (Simulated Transitional Economic Planning) is a tool to simulate whole-farm financial 

consequences of changing from one farm system to another. With STEP it is possible to compare 

different production possibilities and different enterprise options to get a strong indication of the 

viability of a new system compared to the old. The tool assists farm managers in assessing the risk of 

transition strategies as well as comparing rotations, integrating paddock management and whole-farm 

management decisions. The tool has been created in response to farmer demand. With increasing 

economic and environmental pressures farmers are considering changing their farming systems more 

than ever and need a tool to financially evaluate proposed changes. 

STEP fills the gap between generating information from conventional financial tools such as gross 

margins, partial budgets and cost benefit information and practical implementation of a new system.  

After entering a few parameter values STEP automatically generates information over a number of 

years. Given the data links within the spreadsheet, sensitivity analysis of variables is easy and increases 

the user’s overall understanding of the new system.   
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2.2 How STEP works 

STEP is an Excel workbook consisting of a setup, land management unit (LMU), livestock tracking, 

budget, farm summary and a graph sheet (see Figure 1). A farm is represented by a series of land 

management units (LMU’s), which is a grouping of land with the same production characteristics and 

rotation sequence. A LMU could be a group of paddocks or a single paddock. STEP’s analysis only 

considers land that is used for production. 

 

Figure 2.1 Conceptual representation of the STEP model  (source: Bennett et al., 2003) 

 

Setup sheet 

In the set up sheet the user enters the number of years in simulation (between 4 and 50), and 

determines the starting year of the simulation (see Figure 2). 

In the farm set up section of the Set Up sheet the user determines the number of LMU’s and the number 

of paddocks in each LMU. LMU labels that reflect the soil type or production system are most useful 

(e.g. deep sand). 

In the crop and pasture section the user defines the number and types of different pasture and crop 

enterprises that are currently used on the farm or that will be used in the future. Crops and pastures 

that behave differently in terms of for example inputs or yields can be classified as a different enterprise 

(e.g. you could have wheat, wheat after lupins, and wheat on light land or pasture and pasture 

establishment). For each enterprise the user enters its production details (yields/ha, prices received and 

different types of costs/ha). For each enterprise a DSE (Dry Sheep Equivalent) summer and winter rating 

is required, which is used to calculate carrying capacity in the Livestock Sheet. This gives the user an 

indication of feed availability for livestock in winter and summer.  
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In the livestock section the user enters the names of the different livestock enterprises, production 

parameters (DSE rating, death percentage, reproductive percent, prices, etc) and costs. 

After all the data is inserted in the Set Up sheet, the user enters the so called “transitional model”. After 

this, additional LMU and livestock schedule workbooks are created according to the different crop and 

livestock enterprises defined in the Set Up sheet. 

 

Figure 2.2 STEP’s Set Up sheet 

 

LMU sheet 

In the Rotation In formation section of the LMU sheet the user enters the current and future rotation (in 

case rotation changes) (see Figure 3). There is a possibility to include transition years. Transition years 

are years between the current and future rotation, these are typically enterprises that will not be 

repeated in the old or new rotation.  For example, a transition year may be an extra year of pasture to 

reduce weed levels before moving into a new rotation. 

In the Sub Unit Information section the user enters the size of the paddocks in the LMU and specifies the 

corresponding sequence year which the paddocks are in. For each paddock it is possible to include 

transition years. 
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After all the data is entered in the LMU Sheet, de simulation can be run by clicking on the “Run 

simulation” button on the top of the sheet. After the simulation is run, each of the paddock rotations 

can be expanded to show the costs and benefits that have been imported from the Set Up Sheet.  

Changes made manually in the rotation section to yields and costs will also be shown here.  It is possible 

to alter these costs and benefits for each stage of the rotation in this table.  

 

 

Figure 2.3 STEP’s land management unit (LMU) sheet 
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Stock Schedule sheet 

In the Stock Schedule the user enters the number of livestock present on the farm. According to 

production parameters entered in the Livestock Section of the Set Up sheet, the number of births, 

deaths, sales, purchases and transfers will automatically be calculated. It is the user’s responsibility to 

ensure the total farm dry sheep equivalents (DSE) does not exceed the carrying capacity of the farm. 

 

Figure 2.4 STEP’s Livestock Tracking sheet 
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Budget  

The budget sheet gives an overview of all the income and costs on the farm for the different simulation 

years (see Figure 5), which is mainly calculated from data entered in the Set Up, LMU and Livestock 

Sheet. The user is able to enter a range of variable and fixed costs (labour, machinery, education, etc). It 

is also possible to add additional income and costs in the Budget Sheet. The Budget sheet also requires 

the user to enter tax and interest information. 

 

Figure 2.5 STEP’s Budget sheet 
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Farm Summary sheet 

The Farm Summary Sheet provides an overall summary of the simulation analysis. It gives financial and 

production summary information (see Figure 6). 

 

Figure 2.6 STEP’s Farm Summary sheet 
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2.3 Model inputs 

Set Up sheet 

- Number of years of the simulation and the starting year 

Land management units (LMU’s) 

- Name of the LMU 

- Number of paddocks (or sub units) in each LMU 

Crop and pastures 

- Yield increase per year 

- Enterprise name and code 

- Yield (T/ha) 

- Price ($/t) 

- DSE/ha summer 

- DSE/ha winter 

- Fertiliser ($/ha) 

- Sprays ($/ha) 

- Fuel/oil grease ($/ha) 

- Repairs ($/ha) 

- Crop ins. ($/ha) 

- Seed and or treatment ($/ha) 

- Contractor ($/ha) 

- Other costs ($ / ha) 

Livestock 

- DSE rating 

- Death % 

- Sale price ($/hd) 

- Purchase price ($/hd) 

- Product A (unit/hd) 

- Product A price ($/unit) 

- Product B (unit/hd) 

- Product B price ($/unit) 

- Reproductive percent 

- Age at first joining 

- Age of Cull 
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- Vet costs (dips etc, $/hd) 

- Tags/ mulsing/ branding ($/hd) 

- Harvesting (eg shearing, $/hd) 

- Other costs ($/hd) 

LMU Sheet 

- Current rotation 

- Future rotation 

- Transition years 

- Sizes of paddocks in the LMU 

- Sequence year in current rotation per paddock 

- Transition year per paddock 

Stock schedule sheet 

- Female numbers per age category 

- Castrate numbers per age category 

- Female numbers transferred in per age category 

- Castrate numbers transferred in per age category 

- Female numbers transferred out per age category 

- Castrate numbers transferred out per age category 

- Breeding males sales 

Budget sheet 

- Other income sources (if applicable) 

- Freight expenditure (crops) 

- Repairs and maintenance expenditure (livestock) 

- Fuel, oil and grease expenditure (livestock) 

- Wool Packs expenditure (livestock) 

- Freight expenditure (livestock) 

- Other variable costs (Lime, Other, Labour and Training) 

- Annual depreciation 

- Capital development (crops) 

- Capital development (stock) 

-  Principal repayment on loans 

- Personal drawings/education 

- Overdraft interest rate 
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- Taxation 

- Starting balance 

- Interest rate if deficit 

- Interest rate if surplus 

- Percent increase in returns (term of trade) 

- Percent increase in costs (terms of trade) 

- Discount rate (terms of trade) 

If desired, income and costs can be altered to the user’s specific needs 

 

 

2.4 Model outputs 

 

All output is calculated for the number of simulation years the user enters in the Set Up sheet. 

Budget sheet 

Income 

- Total income 

- Income per hectare 

- Total crop income 

- Income generated per crop enterprise 

- Total livestock income 

- Income generated per livestock enterprise 

Expenditure 

- Total expenditure 

Crop expenditure 

- Total crop expenditure  

- Fertiliser ($/ha) 

- Sprays ($/ha) 

- Fuel/oil grease ($/ha) 

- Repairs ($/ha) 

- Crop ins. ($/ha) 
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- Seed and or treatment ($/ha) 

- Contractor ($/ha) 

- Other costs ($/ha) 

- Freight 

Livestock expenditure 

- Total livestock expenditure 

- Vet costs (dips etc, $/hd) 

- Tags/ mulsing/ branding ($/hd) 

- Harvesting (eg shearing, $/hd) 

- Other costs ($/hd) 

- Purchases 

- Pasture est. & maint. Costs 

- Repairs & maint. 

- Fuel,oil and grease 

- Wool Packs 

- Freight 

- Fodder 

Other variable costs 

- Total other variable costs 

- Lime 

- Other 

- Labour 

- Training 

- Total fixed costs 

- Overheads/fixed costs 

Operating costs 

- Operating costs 

- Operating costs/ha 

Capital and other 

- Capital and other expenditure 
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- Machinery 

- Average annual loan repayments 

- Capital development –crops 

- Capital development –stock 

- Education 

- Personal drawings 

Tax and interest 

- Surplus/Deficit 

- Cumulative position (before interest) 

- Interest paid (-ve as outgoing) 

- Cumulative position (after  

- Interest and tax) 

Operating surplus 

- Operating surplus 

- Operating Surplus/ha 

 

Farm Summary sheet 

- Net Present Value 

Financial information summary 

- Cumulative position (after interest & tax) 

- Operating surplus 

- Operating surplus per ha 

- Gross Income from Crops 

- Gross Income from crops per ha 

- Gross Income from Livestock 

- Gross income from stock per ha 

- Gross Income  

- Gross Income per ha 

- Crop Variable Costs per ha 

- Livestock Variable Costs per ha 
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- Total Variable Costs per ha 

- Fixed Costs per ha 

- Capital costs 

- Capital costs per ha 

- Total Costs 

- Total Costs per ha 

- Annual Surplus/Deficit 

Production information summary 

- Enterprise hectares (total) 

- Total crop hectares 

- Total pasture hectares 

- Hectares per enterprise 

- Total enterprise production (total tonnes) 

- Production per enterprise (tonnes) 

- Carrying capacity (summer) 

- Carrying capacity (winter) 

- Stock DSE at End 

- DSE per livestock enterprise 

 

2.5 Model Limitations 

As with all tools there are a number of limitations to using the STEP model. Some of these are listed 

below. 

• The user is required to be knowledgeable about the farming system being tested. No prices or 

biological interactions are preset in the model. Lack of familiarity with the system interactions 

can result in incorrect and misleading results. Or said another way – rubbish in, rubbish out. 

• Making changes to the STEP framework will require some knowledge of Excel and depending on 

the extent of the changes, possibly Microsoft Visual Basic. 

• Planning of what is going to be tested is essential before starting the analysis. If a farm is 

represented incorrectly in the model it can inhibit extensive analysis. Consequently time spent 

planning how the analysis is undertaken is time worth spending. 
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• STEP does not link into other farm management tools that are currently on the market such as 

PAM and Pinpoint or APSIM. This means that information existing in other computer programs 

needs to be re-entered into STEP. 

• STEP is a simulation not an optimisation model. 

• Climatic risk and inter-year price variation assessment is not easily accommodated by the model 

due to the complexity of relationships. However if this is desired, all figures can be altered on a 

yearly basis. 

  



28 

3. LUSO 

 

Aim/use To analyse strategic break crop decisions 

Objective Simulation, optimisation , sensitivity analysis  

Time Dynamic 

Scale Paddock 

Used by  

Software Python, Excel 

Developers Michael Renton  and Roger Lawes 

Contact info michael.renton@uwa.edu.au or roger.lawes@csiro.au 

 

3.1 Introduction 

LUSO (Land Use Sequence Optimiser) is a tool for finding optimal land use sequences, with a particular 

focus on analysing the role of break crops within these optimal sequences. It is a simulation model for 

analyzing tactical and strategic decisions in agricultural rotations (Renton and Lawes, 2009). Break crops 

are crops included in the system which aren’t primarily grown because of their own profitability, but 

rather because they can improve the overall land-use sequence profitability. For example, in southern 

Australian farming systems, wheat is generally the most profitable crop. In this case “break crops” are 

considered to be crops other than wheat and which are included in the system because of their overall 

“system benefits”.  

A southern Australian agricultural system is represented by the model, with one crop or pasture option 

possible each winter and a summer fallow (Renton, 2012). The model operates on a single land-use area 

(i.e. paddock) and simulates how the state of this land-use area changes from year to year according to 

different land-uses. Due to the complexity of possible seasonal variation and unpredictability of seasonal 

factors, LUSO assumes every year to be an “average year” throughout the sequence (Lawes and Renton, 

2010). Its latest version (LUSOvar, which is still under development), however, does take into account 

seasonal variability in its analysis. LUSOvar allows the user to 1) simulate a single given sequence of land 

uses over a given sequence of season types, 2) find the optimal sequence of land uses for a given 

sequence of season types, 3) simulate a single given sequence of land uses over a large number of 

randomly selected sequences of season types, to predict the range of possible outcomes for that land 

use sequence (LUSOvar Instructions). LUSO incorporates weed population dynamics, plant disease loads 

and soil nitrogen levels which have an effect on yield and profit. These biophysical elements are used to 

predict the production and cost of the land use, and provide an over-all long-term value for the land-use 

sequence (Renton and Lawes, 2009).  
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Optimisation and sensitivity analysis 

LUSO’s optimization routines can be used to find answers to long term strategic questions and short-

term tactical questions. With the long-term strategic routines it would, for example, be possible to 

analyse the optimal long-term sequence of crops to grow. For short-term tactical questions, LUSO would 

for example be able to analyse whether to harvest the crop that is currently being grown or not, 

depending on the crop status.  

With the sensitivity routines built into LUSO it is possible to analyse how sensitive the model outcomes 

are to various model parameters, which in turn allows an analysis of what factors are most important in 

choosing between strategic and tactical options (Renton and Lawes, 2009).  

 

3.2 How LUSO works 

The objective of the model is to maximize, over time, economic return (i.e. profit) from a sequence of 

crops in response to weed disease and nitrogen status. The economic return for each crop is influenced 

by the weed population, disease population and nitrogen status at the time of planting. Furthermore, 

the current crop influences weeds, diseases and nitrogen levels for the subsequent crop. The model is 

built around the notion that diseases and weeds have a negative effect on yields. This is translated into 

the model with a yield damage function with weed and disease components. Moreover, crops have a 

nitrogen requirement, which can either be supplied externally by a cost or supplied partly by a crop 

previously planted on the paddock such as legume crops or pasture (Lawes and Renton, 2010).  The 

dynamic weed and disease populations allow the model to estimate the performance of the subsequent 

crop. Therefore, the current land use choice indirectly influences future economic return from this land-

use area or paddock. Depending on the weed, disease and soil nitrogen status, the subsequent crop 

could be a break crop. Although this break crop might not be beneficial in terms of economic return in 

this specific year, it reduces weeds and diseases and has a positive impact on soil nitrogen status leading 

to higher overall economic return. LUSO does its calculations in Python. It accesses input data from 

Excel, and exports its results to Excel. 

The following section describes how nitrogen, weed, disease and economics are modeled in LUSO. 

 

Nitrogen in LUSO 

The objective of the nitrogen module in LUSO is to capture and represent the nitrogen contribution a 

legume crop makes to the following crop as a fertiliser equivalent (Lawes and Renton, 2010). Each crop 

has a certain nitrogen requirement (indicated with “Nreq” in the model), which can be supplied by the 

previous land-use activity (“NboostperTonne”) or externally by a cost as a fertiliser (“Ncost”). The model 

assumes cereal and oilseed crops use all the nitrogen that is available to them. This means when cereal 

or oilseed crops are grown on the same paddock for two subsequent years, all nitrogen requirements in 

the second year must be supplied as a fertiliser. Lupins and pasture do not require nitrogen fertilizer, 

but rather leave nitrogen available for the subsequent crop (see Figure 5), reducing nitrogen fertiliser 

costs if the following crop grown is a cereal or oilseed crop. 
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Weed in LUSO 

The weed module in LUSO is based on the RIM model of annual ryegrass seedbank dynamics (Pannell et 

al., 2004). A paddock or land-use area is assumed to start with a certain inactive weed seedbank 

(“seedbank0” parameter in the input file, see Figure 2). A fixed proportion of the seeds will germinate 

(“weedgermination” parameter) and, depending on the land-use what proportion, germinating weeds 

will set seed (“weedsurvival” parameter, Figure 1). Weeds that didn’t set seed will, depending on the 

land-use what proportion, return to the weed seedbank and will be “available” for the subsequent land-

use (“weedseedreturn” parameter, Figure 1). A maximum of seeds in the seedbank is set by the 

“weedmaxseedset” parameter (30.000 by default, Figure 2). The effect of weed on crops is calculated 

using a crop competitiveness index (“compindex”, Figure 1), weed competitiveness (“weedcompindex”, 

Figure 2), weed density and crop density (“sowdensity”, Figure 1). Crop competitiveness and crop 

density are assumed to depend on the land-use. 

 

Disease in LUSO 

The effect of a disease is simulated in the model with a disease damage function (ddf), which depends 

on the disease level and the crop’s resilience to disease. The model assumes only cereal crops can be 

affected by disease. Non-cereal crops and legumes or pastures are believed to have a positive impact on 

cereal disease when planted subsequent to cereal crops. There are two main variables that represent 

disease in the LUSO model: disease incidence (DI) and disease damage (DD). Disease incidence is a 

representation of the amount of the disease-causing organisms early in the growing season. It is 

affected by:  the disease incidence of the previous year, the previous crop, the season and a random 

factor (everything for which isn’t an explanation). The disease damage is the proportion of yield lost due 

to disease. It is affected by: the current incidence, the current crop, the season and again a random 

factor. 

 

Economics in LUSO 

The economics part of LUSO consists of a yield function and a profit function. 

The yield function reads: 

�� =	�� 	×	 (1	–

�) 	×	(1	–��) 
Where �� represents the potential yield, which is affected by disease and weed damage. ddf is the 

disease damage function and wcf is the weed damage function. Both functions are scaled between 0 

and 1, where 0 is no damage and 1 is full damage. The by weed and disease affected potential yield 

results in the actual yield (��), which is used in the profit function to calculate profits. Note that nitrogen 

requirement is not constraining yields, and is therefore not included in the yield function. The model 

assumes all nitrogen requirement by crops is met trough either nitrogen available in the soil (left by the 

previous crop) or as a nitrogen fertiliser.  
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The profit function, as the net present value of a land-use sequence, reads: 

�((����� 	– 	��	 −	���� 	– 	�����(���� 	− 	����))(1	– 	
��
�

�	�	�
)� !) 	− 	"#����	 ×	�$%	 

Where y represents yield, n is the year in the sequence and I the land-use. 

The first part between brackets indicates income minus costs. ����� 	 is the income, calculated as the 

actual yield of the crop  times its price minus the fixed costs (Cf), variable cost (excl. nitrogen costs) per 

hectare for the land use (����) and the nitrogen fertiliser cost per unit ((Ncost) times the additional 

required nitrogen (total required nitrogen minus nitrogen available in the soil, ���� 	−	����). 

Subsequently, the income is discounted using discount rate dis, after which the costs of the remaining 

seeds in the seedbank is subtracted. 
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3.3 Model inputs 

The model must be provided with a list of possible land-uses, each defined by a set of parameter values (“_LUSdetails_used.csv” excel File), and 

another set of ‘general’ parameter values that are not specific to a particular land-use (“parameters_used.csv” Excel File). 

'_LUSdetails_used.csv': all land-use-specific information for an average season (see Figure 1). 

Figure 3.1 LUSO’s land-use parameters input sheet 

 

In this sheet the user enters all the land-use (crop and/or pasture) specific parameters. In the first column the user enters the land-use (crop or 

pasture and its specification). Yields are per hectare, price per tonne and (variable) costs per hectare. “Nreq” is nitrogen requirement per 

hectare for the specific crop. “IEprevcrop” stands for “incidence effect previous crop” and is a land-use specific parameter that controls the 

effect of the previous land-use. “DE crop” represents the “average” damage effect on a specific crop. “NboostperTonne” represents the nitrogen 

provided for the following crop per hectare per tonne of yield. The weedsurvival parameter represents the proportion of weeds that survive 

harvest and other farmer practices (i.e. herbicides). Weedseedreturn is the proportion of the weed seed set that is returned to the seedbank for 

following years. By answering “Hide” with “y” or “n” the user can include or exclude certain land-uses from the analysis. 

'_parameters_used.csv': all non-land-use-specific information for an average season (see Figure 2). 

 

 

Figure 3.2 LUSO’s non-land-use parameter input sheet 
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In this sheet the user enters parameters other than land-use specific parameters.  “nyears” is the number of years for the simulation to run, 

“seendbank0” is the size of the initial seedbank, “weedgermination” the propotion of weeds that germinate, “weedcompindex” is the weed 

competitiveness index (used for calculating the effect of weed on crops), “weedmaxseedset” is the maximum amount of seeds in the seedbank, 

Ncost is the cost if nitrogen fertiliser (variable cost), N0 the initial amount of nitrogen available for the land-use, DI0 the initial disease incidence,   

 

'_stochasticParameters_used.csv': all information on how parameters vary in other-than-average seasons – this is NOT needed to run the basic 

LUSO analyses, but is needed to run LUSOvar analyses (see Figure 3). 

 

Figure 3.3 Stochastic parameters input sheet for LUSOvar 
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Additionally, small changes in Python files may be required, for example to define land-use sequence (crop/pasture rotation), in the top line of 

the document (see Figure 1.4). Numbers 1 and 4 correspond with a predefined crop or pasture type.  

Figure 3.4 LUSO in Python 
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3.4 Model outputs 

 

LUSO mainly reports its results in Excel (in the “Output” folder). LUSO’s output data consists of the 

optimal rotation sequence (when using the optimiser routin), economic data (profit, income and costs) 

and disease and weed information (see Figure 5). Column B represents the simulation years (as defined 

in the non-land-use parameter sheet, see Figure 2).  Column C represents the optimal land-use sequence 

given the input data. 

Figure 3.5 LUSO’s Excel output data 

 

At the end of the model run Python states a short summary, including the optimal rotation (or land-use 

sequence) and overall and annualized profit (see Figure 6). 

 

Figure 3.6 LUSO output in Python  

Additionally, it is possible for Phyton to produce output graphs (see Figure 7) when typing “show()” at 

the end in the Python shell. 

 

 

 



Figure 3.7 LUSO output graph 
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4. APSFarm 

 

Aim/use To simulate the opportunistic cropping system based on farm  and paddock level criteria 

Objective Simulation 

Time Dynamic 

Scale Whole-farm / multi-paddock 

Used by Researchers  

Software APSIM 

Developers Agri-Science Queensland 

Contact info Daniel Rodriguez (University of Queensland) 

 d.rodriguez@uq.edu.au 

 

 

4.1 Introduction 

APSFarm is a dynamic simulation model that uses the APSIM model to simulate the allocation of land, 

labour, time, irrigation water, livestock, machinery and other finance resources at the whole-farm level 

(Rodriguez et al., 2007). It was developed to improve the economic and environmental performance of 

farm businesses. It helps farmers make decisions by simulating how changes to their management 

practices will affect farm business performance and profits, and what the environmental impacts might 

be. It also provides information how the farm can adapt to change in climate, markets and government 

polivies. APSFarm simulates a multi-field, a collection of fields or management units, configuration 

where each field can have different size, soil characteristics, cropping history or management (Power et 

al., 2011).  

 

Farm level management is controlled in a “farm level manager” that includes tactical and strategic 

decisions. Tactical decisions are considered short term seasonal decisions that are specific to particular 

fields (e.g. fertiliser rates, sowing densities and irrigation management). Strategic decisions relate to 

operations affecting, or being informed, by the availability of resources at the whole farm level (e.g. 

implementing crop rotations and setting priorities for irrigating alternative crops) (Power et  al., 2011). 

Farm management is modeled as a set of state and transition networks. Each field has a current state 

(i.e. the current crop or pasture), the transition from one state to another (i.e. crop/pasture rotation) is 

bound to rules or constraints which represent the capacity. These rules can be physical constraints such 

as availability of machinery, land, labour and rainfall, but also agronomic and technical skills and farmer 

preferences such as farm business strategies and risk attitude. These rules are usually expressed as a 

Boolean value (true for feasible, false otherwise), but can also be given a real value where higher values 



38 

represent the desirability of a particular management action. The model examines daily all paths leading 

away from the current state to another state, and chooses the highest ranked path. The process repeats 

until nothing more can be done for that day (Rodriguez, 2011). 

 

The use of APSFarm involves interviews and discussions with farmers, consultants, agronomists and 

agribusinesses, to identify relevant rules, decision making processes, quantify model parameters and 

validate model outputs. Once the model outputs are accepted as realistic by the participating farmers, 

scenario analyses are developed - based on participants interests - to explore opportunities for 

improvement or to adapt to present drivers for change e.g. climate, markets, regulatory.  

 

 

4.2 How APSFarm works 

 

Rotations 

Figure 1 is the rotation set-up sheet of APSFarm. The circles represent the state (crop or fallow) of each 

field on the farm, the arrows connecting the circles represent the rules and actions required for any 

transition between states. The model evaluates the rules each day for each paddock, and when they are 

met the transition is made. Rules for transition from fallow to wheat could for example be (see also 

Figure 2): sowing date window, minimum water availability in the soil, minimum/maximum number of 

days since the last harvest, machinery availability, etc. When one of these rules is not met, the next 

state of the paddock will still be fallow. 

 

 



39 

 

Figure 4.1 APSFarm’s rotation sheet 

 

 

Figure 4.2 Transition rules in APSIM 
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Livestock 

Figure 3 below depicts how groups of animals (called “mobs” in the model), are moved around the farm 

based on the feed availability.  

 

 

 

Figure 4.3 Flow diagram of how groups of animals are moved around the farm based on feed availability 

(source: Owens et al., 2009) 
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4.3 Model input 

Economic input parameters 
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Machinery input parameters 
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4.4 Model Outputs 

Economic activity 
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Cropping events and soil and climate data 
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Livestock allocation 
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