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Economics of 
Precision Agriculture in Australian grain crops
The economics of Precision Agriculture (PA) should be considered in a whole farm context, just as all other aspects of farm investment. In PA, the analysis of investment outcomes is often confined to a financial balance sheet because it is simple. This approach certainly provides information to support decisions, but it doesn’t encompass the broader notion of whole-farm economics. A full analysis would include the impacts on time and labour use requirements, as well as the environmental, job satisfaction and social outcomes. Such an analysis is difficult to perform using a single measurement scale such as money. Australian farmers should consider the balance sheet approach to PA as a useful tool to be included along with broader considerations when making decisions about the implementation of PA.  
PA Education and Training Modules for the Grains Industry

These education and training modules have been designed to provide information on the major topics considered relevant to adopting Precision Agriculture (PA) in the Australian grains industry. They are a resource for individual education, for use in developing training workshops or combining with established training materials. Each module focuses on a particular PA subject area and is delivered in up to four sections: 

· basic information - an overview of the important topics in the subject;

· advanced information - a more comprehensive treatment of the subject including expanded detail on the important topics;

· FAQ - common questions, exercises and handy tips; and

· supplementary information and archive - reference material to provide further detail or background knowledge if required.

Individuals can delve to the level of detail they require from each module. Training coordinators can choose the combination of subjects, specific topics and appropriate level of information in each to suit the knowledge of the trainees and the specific goal of a training program. The material in the Basic, Advanced and FAQ sections is provided in ‘open access’ form.  The text, figures and tables can be extracted and used in other presentation formats.  

The modules include some information previously published in the GRDC PA Manual (2006) and also some authorised third party material is included in the supplementary and archive sections. Original references are included for these where necessary and should be used if the material is reproduced or displayed. 

The general reference for the modules is:
PA Education and Training Modules for the Grains Industry.
Produced by Brett Whelan and James Taylor

Australian Centre for Precision Agriculture, University of Sydney 

for the Grains Research and Development Corporation

(2010).

DISCLAIMER

This publication has been prepared in good faith on the basis of information available at the date of publication without any independent verification. The Grains Research and Development Corporation and the Australian Centre for Precision Agriculture do not guarantee or warrant the accuracy, reliability, completeness of currency of the information in this publication nor its usefulness in achieving any purpose.

Readers are responsible for assessing the relevance and accuracy of the content of this publication. The Grains Research and Development Corporation and the Australian Centre for Precision Agriculture will not be liable for any loss, damage, cost or expense incurred or arising by reason of any person using or relying on the information in this publication.

Products may be identified by proprietary or trade names to help readers identify particular types of products but this is not, and is not intended to be, an endorsement or recommendation of any product or manufacturer referred to. Other products may perform as well or better than those specifically referred to.
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Basic information - key points
· In a typical breakdown of cropping gross margin analysis, fertilisers, sprays, seed and labour make up around two thirds of the variable costs. Using PA to reduce some of these costs is the simplest way to maximise the return from a PA investment.

· There are many PA operations that can lead to economic benefits. The major benefits come from two main areas: reduced use of inputs through improved vehicle navigation using Global Navigation Satellite Systems (GNSS) and identifying and managing changes in yield potential through site-specific crop management (SSCM). 

· The acquisition of a high accuracy GNSS navigation system is the most expensive single component of a PA system. A GNSS navigation system is used to increase the precision of vehicle trafficking and input application. This has immediate economic advantages in reduced areas of application overlap or mis-application during field operations and reduced fuel consumption.

· The equipment required to achieve basic SSCM (yield monitor, variable-rate technology (VRT) and software) are less expensive but require more time and consideration in their use.
· Benefits from PA adoption will vary from one farm to another. Especially any benefits from SSCM and the associated costs are, by nature, farm-specific and field-specific.

· PA technology has generally decreased in cost since its introduction and if this trend continues, adoption is likely to increase.
· In addition to economic benefits, improved accuracy of input delivery has certain environmental benefits, such as the reduction of greenhouse gas emissions and offsite contamination from pesticides or fertilisers. Automated navigation also provides social benefits by reducing driver fatigue, stress and error. It allows the operator to concentrate on the application equipment (seeder, sprayer etc) rather than the vehicle.

· To adopt and use PA technologies effectively, producers have to make financial investments in learning skills as well as technology.
· For most growers, the benefits of PA are likely to come from a mix of savings in sprayings costs, fertiliser costs and machinery costs and by increasing grain yield.

· Environmental and social benefits are difficult to put a dollar value on, but will become more significant as PA evolves in Australia.
General introduction
Obviously farming is not undertaken to intentionally loose money and in general this is not the case. But if farming operations are considered over a short time frame (such as a growing season) then financial losses do occur. Precision agriculture, as a form of farm management will be no different, but the risk of short-term financial losses may be minimised by optimising the use of inputs to produce outputs. Profit may also be made from long-term improvements in operability, landscape and environmental management, product marketing, storage of knowledge relevant to enterprise management and our contribution to improving society.

The economics of investment in agriculture is usually broken down into financial costs and returns. However, investment decisions are not always about basic function and finance. An individual investment decision can include the assessment of benefits that cannot be (easily) allocated a financial value. 
Consider the purchase of a television. Figure 1 shows two different types, but the plasma is three times as expensive as the cathode ray tube model. There may be in a difference in quality of the job performed, ease of use and extended functionality, but both will display television broadcasts. The decision to invest in the more expensive television comes down to the desires, goals, financial status, risk profile, and the satisfaction assessment of the individual purchaser.  The same issues can be linked with agricultural investments.
(a)
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Figure 1: (a) 30 inch CRT television and (b) 50 inch plasma television. The plasma is more than three times the price of the CRT but they will both function as a television.  Deciding to invest in the plasma is about more than just function and finance.

Furthermore, there are many different ways that PA can be incorporated into farm management, and it is unlikely that all potential PA applications will be used for any single production system. The diversity in production systems also means that the suite of PA tools that best suit one farm enterprise may be different to those that work on other farms. This makes the level of investment, and the return on investment, region-, farm- and even field-specific.
It is also important to note that any economic analysis is influenced by the capital/input costs and commodity prices of the time. In agriculture especially, the specific relationships between the costs and returns varies with time. As an example, the common decrease in the cost of a technology over time means a financial analysis of an early adopting grower is not likely to reflect the situation two to three years in the future. 
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All financial analysis provided here should be used as a guide only. All prices are quoted in Australian dollars unless specified.      

Balance sheet approach
The balance sheet approach provides a reliable method of incorporating the obvious financial costs and benefits into an assessment of PA investment outcomes. These obvious items are:
· purchase or contract price;
· amortisation and discount rate;
· opportunity cost;
· changes in applied inputs; and
· changes in production income.
Spreadsheet tools to help build a balance sheet analysis are available from a number of sources and are generally applicable to the investment in GNSS-based vehicle navigation and VRT. Adding up the major financial costs for an investment provides a good idea of the size of the financial investment and allows for comparisons between different operational combinations. When these costs are put into a ‘dollar per hectare’ basis ($/ha), it is easy to get a feel for the costs in comparison to other farmwide investments (e.g. tractor ownership and operating costs).
Knowing the costs also provides an idea of the ‘benefit’ that is required to breakeven in financial terms. The ‘benefit’ is often equated to a required reduction in input use or increase in crop yield in dollars per hectare ($/ha). However the main issue here is how to gauge the actual extent of benefits that may be gained in these two areas when it is the variability of each particular farm and its management that will be the determining factor. On top of this is the prospect of achieving other benefits in areas that may be difficult to put into $/ha terms. 
General information about costs of PA

Costs will depend on the degree of adoption, equipment purchased and the amount of support required. Table 1 provides a general guide to the major costs in Australian dollars (2010 prices). Growers should contact their local equipment and service providers to acquire the actual costs for their production system.

	PA related item
	Cost range

($)
	Potential years of use
(years)
	Costs for 1000 ha annual cropping area

($/ha/year)

	Vehicle navigation
	
	
	

	Light bar
	3,500 to 5,000
	7
	0.60 to 0.86

	Auto-steer 10-30 cm
	15,000 to 25,000
	7
	2.57 to 4.28

	Auto-steer 2cm, own base station
	35,000 to 45,000
	7
	6.00 to 7.71

	
	
	
	

	In–field monitoring 
	  
	
	

	Yield monitor
	4,000 to $6,000
	7
	0.69 to 1.03

	Protein monitor
	15,000 to 25,000
	7
	2.57 to 4.28

	Proximal crop/weed reflectance sensors (4 units) 
	8,000 to 12,000
	7
	1.37 to 2.06

	Data management software
	2,000 to 5,000
	5
	0.34 to 0.86

	
	
	
	

	External monitoring and consultants
	
	
	

	Remotely-sensed crop reflectance imagery
	0.50 to $10 /ha
	1
	500 to 10,000

	Soil ECa and/or gamma radiometric survey
	3 to 5/ha
	25
	0.12 to 0.20

	Soil and crop sampling and analysis
	50 to 200 / sample
	3
	Depends on sampling scale

	Consultant/analyst ($/ha)
	3 to 15/ha
	1
	3,000 to 15,000

	
	
	
	

	Variable-rate application
	
	
	

	Variable-rate components for air seeder/spreader
	5,000 to 30,000
	7
	0.86 to 5.14

	Variable-rate components for chemical application
	5,000 to 15000
	7
	0.86 to 2.57


Table 1: General range of total and amortised costs for the major PA investments.

Several studies have looked at the specific cost of adoption of PA. The figures from Australian farms and adjusted values from the USA generally indicate that the cost will be between $5-25/ha for a simple PA system rising anywhere up to $60/ha for a more advanced system on a smaller farm. These figures are a guide only and will depend on which aspects are adopted and to what degree. Growers are advised to compile a cost guide for themselves based on determined requirements and local costs. 
Annual fees

Some PA technology comes with an annual licensing fee. Such fees are most commonly applied to correction signals for GNSS and data management software. While these may seem small on an annual basis compared to some initial upfront costs, the fees will accrue over time and should be budgeted into any purchase. 

General information about return on investment for PA
In a typical cropping enterprise, inputs such as fertiliser, chemicals, seed and labour make up two thirds of the variable costs. Using PA to reduce some of these costs is the simplest way to gain a return from a precision agriculture investment. Using these inputs more efficiently to produce a higher input to yield ratio, increases returns further. 

In reality, the financial benefits of PA are likely to come from a mix of savings and improved efficiency. 
Vehicle navigation aids (autosteer and guidance)

Vehicle navigation aids (using guidance, steering assist or autosteer) allow growers to reduce areas of application overlap or mis-application during field operations. This produces a benefit to growers through decreased input application and increased operational efficiency.
Application overlap using conventional marking tools can be anywhere from half metre to one and a half metres (i.e. two and a half per cent to seven and a half per cent on a 20 metre wide implement). Reducing overlap down to 10 centimetres (half a percent on a 20 metre wide implement) produces savings in input costs (fuel, fertiliser, chemicals etc.) of two percent  to seven per cent. The size of the benefit on each farm will depend on the quality of vehicle navigation prior to adoption and the operational specifications of the technology purchased. 
The impact these savings have on the farming gross margin will depend on the proportion that these inputs contribute to variable costs on each farm, but generally the improvement in gross margin means that the cost of any investment in auto-steer/guidance is recouped over a few seasons. 

On top of this there are other agronomic benefits from adopting high-precision autosteer systems. These include:
· improved soil condition away from wheel tracks;

· inter-row sowing options; and

· increased opportunity for operational timeliness.
The value of these will vary from field to field and farm to farm depending on the production systems. For example, in the Wimmera, yield increases of 10 to 20 per cent have been reported in lentils sown directly in the inter-row of standing cereal stubble. The lentils are able to use the cereal straw for support, thereby reducing lodging and increasing harvest efficiency. Similarly direct sowing in the inter-row has been shown to reduce the effect of soil-borne diseases on yield in second year wheat-wheat rotations. Auto-steer/guidance also permits operations to be performed at night or in poor visibility (e.g. fog) which may lead to more timely operations. Being able to ensure operations such as sowing and chemical application are performed at the optimum time can dramatically affect yield potential. 
Variable-rate spray application
Spray costs can be further reduced by applying variable rates of chemical across a field. Identifying the locations of weeds and focusing treatment in those areas can dramatically reduce the amount of chemical applied to a field compared to a blanket application. It is rare that more than 40 per cent of a cropping field is infested with weeds, leaving at least 60 per cent of most fields requiring zero or reduced treatment. 

The location of the weeds can be mapped prior to treatment or identified during the treatment operation using reflectance sensors. In either case it is the density of the weeds and their location in each field that controls the size of the benefit to be gained from variable-rate herbicide application. As an example, Tables 2 and 3 show savings made on commercial cropping operations using the WeedSeeker( reflectance system in spray operations. Table 2 shows figures for individual fields where between four and a half per cent and 15 per cent of the area required application. Table 3 records the outcome of spray operations over a number of seasons across a whole farm. On this large operation the cost of the spray program was more than halved during the four seasons.
	
	Field 1

	Field 2

	Seasons
	1
	1

	Area sprayed
	246 hectares
	120 hectares

	Weeds
	Peachvine, milkthistle, fleabane,

volunteer cotton
	Volunteer cotton

	Herbicide
	2.6 L/ha Rup + 4 L/ha Surpass
	1 L/ha Starane + 1 L/ha MCPA

	Area sprayed
	11.8 ha (4.5%) 
	18 ha (15%) 

	Cost of blanket sprayed herbicide
	$7840
	$3360

	Cost of spot sprayed herbicide
	$353
	$504

	Average saving
	$30.43/ha
	$23.80/ha

	Total saving
	$7487
	$2856


Table 2: Operational savings using the Weedseeker® to ‘spot spray’ weeds in single fields. Data provided by David Brownhill, Merrilong Pastoral Company.
	
	Whole Farm

	Seasons
	4

	Area sprayed
	27388 ha

	Average usage
	17% per ha

	Average rate
	1.5 L/ha

	Average cost
	$5/ha

	Average saving
	$6.5/ha

	Total saving
	$172,544.00


Table 3: Operational savings using the Weedseeker® to ‘spot spray’ a variety of weeds over 4 seasons. Data provided by David Brownhill, Merrilong Pastoral Company.
Managing yield variation

When presented with variation in yield, often the first inclination is to try to make the production more even, notably by trying to ‘improve’ the lower performing areas of the paddock. PA tools and techniques can be used to identify low performing areas and help pinpoint the causes, and where they can be rectified by management operations, then improvement may be possible. The application of soil ameliorants such as lime and gypsum fit this scenario. 

However, areas of low production may be caused by natural properties of the soil or location that are altered in a cost effective manner. Soil type, texture and position in the landscape fit this scenario. Here, identifying the yield potential of each area is important and management options should be devised to optimise production at each location. Often it is found that the level of inputs traditionally applied in blanket-rate applications across a whole field are easily enough for maximum production in low production areas, and savings may be made by reducing applications. At the same time, increased returns can often be found by identifying and optimising inputs into the best performing areas of a field. These areas may not have reached their full production potential under blanket-rate field management. 

Variable-rate ameliorant application

Lime and gypsum application is used to correct soil pH or structural problems respectively. The application rates are usually formulated based on a representative soil analysis result for a whole field. The actual requirement for these ameliorants is usually closely linked to soil type, and where this changes within a field, the optimum application rate will usually change. Both these products need to be applied at the correct rates to be effective at improving yield potential. 

Identifying the correct rates for different areas within a field using strategic sampling may involve savings in the amount of ameliorant used compared to a blanket-rate application. Where more ameliorant is required than traditionally applied, the cost will be outweighed by the increased effectiveness of the treatment to improve yield potential. The specific financial benefits will depend on the variability in soil type and previous management practices on every farm. 
As an example, Figure 1 shows a soil ECa map (a) and the subsequent classification of the field into 2 potential management classes (b). Sampling for soil pH within these classes produced the results in Table 4, with 83 per cent of the field requiring no lime application. If the field had not been sampled by management class, and soil from Class 2 used to represent the whole field, then this saving would have been lost. If soil from Class 1 was used to represent the field, then no lime would have been applied and a potentially significant yield loss in Class 1 may have occurred in this and future seasons.      
(a)





(b)
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Figure 1: Soil ECa map (a) and a potential management class map (b) used for a soil pH sampling operation.
	Field portion
	Size (ha)
	Topsoil pH
	Lime recommended (t/ha)
	Cost @ $50/t spread

($/area)
	Cost of whole field treatment at pH 4.8

	
	
	
	
	
	

	Class 1
	79
	5.7
	monitor
	0
	3710

	Class 2
	16
	4.8
	1.3
	1040
	1040

	Total
	95
	
	
	1040
	4750


 Table 4: Soil pH results, lime recommendations and costs for the field in Figure 1. 
Variable-rate fertiliser application

The potential financial benefits associated with variable-rate fertiliser application are also specific to each farm and field. The value of variable-rate fertiliser application will depend on the amount of variation in soil type, landscape, inherent nutrient reserves within a field and the prices for fertiliser and crop product. The suitability of the previous blanket rate applications and the fertiliser timing strategy (e.g. all up-front, the use of top-dressing and whether both up-front and topdressing applications are variable-rate) will also effect the size of financial benefit that may be achieved. 
The best way measure the size of the potential benefit is to determine whether there are different optimum nutrient application rates for areas within a field by conducting response trials. Case studies discussing the design and establishment of these types of experiments are provided in Module G – Yield variability and site-specific crop management. 

Armed with information from in-field experiments, it is possible to compare the gross margin under standard management to the gross margin achievable under optimum-rate management. The gross margin for each scenario is calculated by multiplying the yield by the grain price and deducting the cost for the quantity of fertiliser applied. Where the gross margin of the standard management is less than the gross margin of optimum-rate management, the difference is termed a ‘net wastage’ of standard management. In the opposite scenario the difference would be a ‘net gain’ for standard management. 
Table 5 shows the results of this type of analysis for 18 phosphorus fertiliser response experiments for a number of seasons, crops and sites across Australia. Table 6 shows the results for 15 nitrogen response experiments. 
	Year
	Size (ha)
	Crop
	Yield (t/ha)
	Net Wastage ($/ha)
	Proportion of season P fertiliser costs (%)

	2003
	40
	Wheat
	4.4
	55
	93

	2003
	110
	Wheat
	2.2
	36
	129

	2004
	34
	Wheat
	1.8
	50
	85

	2004
	40
	Faba Beans
	2.0
	50
	85

	2004
	110
	Field peas
	1.0
	8
	30

	2005
	34
	Barley
	4.5
	39
	74

	2005
	39
	Wheat
	4.3
	61
	105

	2005
	40
	Wheat
	5.6
	24
	43

	2005
	110
	Wheat
	3.1
	65
	236

	2006
	55
	Wheat
	0.9
	36
	78

	2006
	110
	Barley
	1.0
	33
	121

	2007
	39
	Wheat
	1.5
	103
	177

	2007
	43
	Canola
	0.9
	58
	169

	2007
	55
	Canola
	0.5
	18
	53

	2007
	91
	Wheat
	1.1
	45
	154

	2008
	39
	Wheat
	1.4
	59
	140

	2008
	43
	Wheat
	2.3
	77
	189

	2008
	55
	Wheat
	1.2
	26
	40

	
	
	
	
	
	

	Minimum
	34
	
	
	8
	30

	Median
	43
	
	
	48
	99

	Maximum
	110
	
	
	103
	236


Table 5: Results of gross margin analysis comparisons between field average application of phosphorus fertiliser and that possible under optimum rate management.
The results show that over the seasons there was always a ‘net wastage’ in gross margin from standard management in all the fields, with a median wastage figure of $48/ha for phosphorus fertiliser and $39/ha for nitrogen fertiliser. These figures are a function of fertiliser costs and crop prices obtained in the specific year of each trial.

	Year
	Size (ha)
	Crop
	Yield (t/ha)
	Net Wastage ($/ha)
	Proportion of season N fertiliser costs (%)

	2003
	47
	Wheat
	4.8
	4
	12

	2003
	50
	Wheat
	3.2
	48
	372

	2003
	130
	Canola
	2.3
	12
	30

	2004
	22
	Canola
	1.7
	79
	143

	2004
	43
	Wheat
	3.3
	46
	130

	2004
	50
	Barley
	2.4
	7
	53

	2004
	79
	wheat
	4.5
	25
	45

	2004
	80
	wheat
	4.9
	15
	26

	2004
	130
	Wheat
	2.5
	39
	97

	2005
	43
	Barley
	2.5
	28
	80

	2005
	130
	Barley
	4.4
	74
	177

	2006
	50
	Wheat
	2.0
	51
	334

	2006
	130
	Canola
	0.4
	20
	43

	2008
	97
	Wheat
	3.5
	103
	240

	2008
	130
	Barley
	2.5
	78
	115

	
	
	
	
	
	

	Minimum
	22
	
	
	4
	12

	Median
	79
	
	
	39
	97

	Maximum
	130
	
	
	103
	372


Table 6: Results of gross margin analysis comparisons between field average application of nitrogen fertiliser and that possible under optimum rate management.
To provide a simple way of standardising the wastage figures between the years, the total net wastage for each trial was compared to the total fertiliser bill for the individual field average application in that year. This was calculated as a comparative percentage using Equation 1:
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(Eq. 1)
This provides an estimate of the wastage as a proportion of the specific nutrient input costs, i.e. the investment in fertiliser each year. The median value of 99 per cent for phosphorus and 97 per cent for nitrogen suggests that the potential financial benefit to be gained over a number of seasons by knowing more about the optimum rates of fertiliser for a field could be equal to the amount of money traditionally outlaid on fertiliser. For example, if the average phosphorus inputs were $40/ha/year, then maximum improvements in gross margin of the same amount per year may be possible.

Obviously the seasons do impact on the yield results and the gross margin. The response functions for many of the potential management classes (PMC) across the trials were relatively flat during the 2006 to 2008 seasons where the annual rainfall was generally in the lowest 10 to 20 per cent of years recorded and the in-season rain remained well below average in most of the areas. These types of seasons would be expected to provide poor return to fertiliser outlay, and this is reflected in the low yields and high proportions of fertiliser losses reported for these years in Tables 5 and 6. However, even in 2005 where annual and in-season rainfall was generally above average, significant wastage in fertiliser application was still documented.

It is also important to understand that these optimum fertiliser rates have been determined at the end of the season. Choosing the optimum rates at the time of application is the difficult part, and Module G – yield variability and site-specific management offers options for using PA data to help make these decisions. However these figures do show that there are worthwhile financial gains to be made by exploring improvements in the efficiency of fertiliser use. 
Other benefits
It is also worth considering the impact of potential benefits that the balance sheet approach has difficulty encompassing. The value will be specific to each farming operation and may not be calculable in dollar terms. These benefits may include: 
· increased speed of operations;
· improved timeliness of operations;
· improved ease and efficiency of operations;
· work more hours/shift safely;
· greater flexibility in use of labour;
· potential quality increase; 

· options for commodity differentiation on quality;
· options for commodity tracking/preservation of identity;
· potentially reduced chemical storage and handling;
· spatial recording of operations for future management use; 
· spatial recording of operations to avoid litigation;
· spatial recording of operations for insurance claims;
· increased farm enterprise value with spatial records;
· reduced erosion potential;
· reduced environmental footprint;
· identifying areas for land-use change;
· facilitating carbon auditing based on production variability; and
· increased peace of mind/management confidence.
Triple bottom-line accounting
Triple bottom line accounting involves expanding the traditional accounting framework to take into account environmental and social performance in addition to financial performance. And while it is often difficult to put a dollar value on environmental and social benefits, it is the environmental benefits of SSCM that will likely be the next contributors to the economic benefits in Australia. 

There are two main concepts involved in the potential environmental benefits of SSCM that may be transformed into economic benefits: 

· reduced pollution – minimising the escape of nutrients and chemicals from the farm system into the environment. Fines or regulations limiting the use of these products in certain areas would bring an economic value to efficiently using these resources while optimising production. There are a number of European countries where this is now a reality for the management of nitrogen. Threshold values for water and air quality are used to provide limits that must be met. The challenge is then to minimise the costs of achieving such limits by creative use of innovative management techniques, including SSCM; and
· product differentiation – products with enhanced attributes, such as a perceived better quality (due to fewer chemicals used), environmental friendliness (reduced environmental impact) and traceability would be expected to command a price premium over a conventionally produced product. The use of SSCM offers the ability to fulfil all these requirements. 
It is also highly likely that environmentally (and socially) responsible growers will be rewarded in the future for good management practices. Currently only the concept of penalising degrading practices is considered and there remains a poor understanding of the monetary value of benefits from sustainable practices to both the grower and society. There is some movement towards the concept of payments for ‘ecological services’ provided by farmers, but in Australia it remains outside the accounting process
Summary
This discussion and the data presented do not guarantee financial benefit. Together they show the scale of financial gain that may be achieved, against which the financial costs must be balanced, to determine a financial outcome. What this information does show is that such financial analysis must be treated site-specifically because it will need field/farm specific data for an analysis of the true financial position. Understanding what may be gained on each farm then allows a more informed consideration of which of the many options (extra costs) of PA may be most suitable in each case.
However, it is management progress on a whole farm basis that is the goal of PA and should be the realistic point of financial assessment of PA. 
Whole-farm assessment
A number of surveys have been undertaken in Australia in an effort to quantify the financial outcome of PA investment on a whole-farm scale. It is a difficult task due to the assumptions that must be made about the extent of application across the farm, the real source (amongst the many listed above), and size of contributions to changes in financial returns and the effective life of the equipment over which to spread the cost. It is also difficult to transfer the conclusions because, as with the field-scale analyses described above, the outcomes are based on costs and prices at the time of investment or sale. 

However, two surveys that have provided worthwhile attempts at quantifying and partitioning whole-farm investment costs and benefits of PA across a number of individual farms are summarised here. The benefit figures they arrive at are similar, and within the range shown from the individual field experiments above. The full reports are provided in the Module H – archive documents.   
The economic benefits of Precision Agriculture: case studies from Australian grain farms (CSIRO)
This survey comprised six early PA adopters with farms spread across the eastern and western grain growing regions of Australia. The results showed that at the field level the gross margin per field ranged from –$28 to +$57/ha/year and at the whole farm scale, the benefits ranged from $14 to $30/ha, with an average of $22/ha. At the whole-farm scale variable-rate application (VRA) produced higher returns per hectare than improved vehicle navigation (overlap). In general VRA (predominantly fertiliser) provided returns of $12 to 22/ha across the production systems compared to $1 to $8/ha for improved vehicle navigation (Table 7).  

The farmers noted a number of benefits other than improvements from reduced overlap and VRA. They included: more efficient harvesting, reduced fuel use, reduced soil compaction, more timely sowing, the ability to conduct trials, increased knowledge of field variability, increased confidence to vary fertiliser rates and improved weed control. The authors concluded that the survey results “demonstrate that Australian grain growers have adopted systems that are profitable and recovering the initial capital outlay within a few years, and they also see a number of intangible benefits from the use of the technology. The results illustrates that the use of, and benefits from, PA technology varies farm to farm, in line with farmer preferences and circumstances”.
[image: image16.jpg]Grains
Research &
Development
Corporation




[image: image6.emf]  Location    Size  (ha)    Crops    Outlay   ($)    Technology  Benefits ($/ha)     Total       VRA    Overlap     Other    Years to  Payback              Casuarinas  WA  2600  wheat, lupin  barley  90,000  Guidance,   VRA fert iliser    21    16    5     4     Cunderdin  WA    5800    wheat, lupin,   barley    189,000  guidance,   autosteer,  controlled traffic ,  shielded spray,   VRA fertiliser    22    13    7    2    2     Buntine WA    3400    wheat, lupin,  barley, canola    65,000    guidance,   autosteer,  controlled traffic ,   VRA fertiliser    21    12    1    8    2     Moree NSW    1250    wh eat, barley,  sorghum,  chickpea,  canola,  sunflower    55,000    guidance,   autosteer,  controlled traffic ,   VRA fert iliser  & pesticide    30    22    8     2     Gunnedah  NSW    3430    wheat, barley,  f aba, canola,  sorghum, maize,  sunflower    95,000    guidance,   autosteer,  contr olled traffic ,   VRA fert iliser , in - season  reflectance    24    20     4    3     Barmedman  NSW    4000    wheat, canola    51,000    guidance   VRA fert iliser , in - season  reflectance    14     7    7    5     Average        22    1 7    6    5    3  


Table 7: Summary of the estimated investment, benefits and cost recovery period for six farmer case studies. (adapted from ‘Robertson, M., Carberry, P, and Brennan, L. (2007). The economic benefits of precision agriculture: case studies from Australian farms. GRDC)
Farmer case studies on the economics of PA Technolgies (SPAA) 
This survey was conducted with six early PA adopters on farms across South Australia.  At the whole-farm scale, PA technology was found to return benefits ranging from $11 to $37/ha, with an average of $18/ha annually (Table 8). Improved vehicle navigation provided an average benefit of $5/ha and the benefits of VRA averaged $8/ha. Additional financial benefit was attributed to interrow sowing and reduced soil compaction by half of the respondents. 
It was also noted in the survey that all farmers valued reduced fatigue as a benefit of improved vehicle navigation and one third believed the ability to run and monitor on-farm trials improved decision-making.

Importantly, it was concluded that as the cost of PA technology continues to fall from the prices paid by these early adopters, the time to payback should decrease and profitability of adopting PA technologies should rise for those newly adopting.  

	South Australian

Region
	Annual rainfall
	Area cropped
	Capital invested in PA
	Annual benefit
	Years to payback

	
	(mm)
	(ha)
	Total $
	$/ha
	Total $
	$/ha
	Navigation aids
	VRT

	Mallee
	250
	3000
	68,500
	23
	32,850
	11
	4-5
	1

	Upper Eyre Peninsula
	300
	4475
	52,000
	12
	47,842
	10
	5
	-

	Mid North
	400
	1600
	98,500
	62
	20,180
	13
	1-5
	10

	Mid North
	400
	2340
	34,432
	15
	35,100
	15
	1
	6

	Lower Eyre Peninsula
	425
	2700
	73,000
	27
	57,240
	21
	1-2
	-

	Lower North
	475
	1200
	73,800
	62
	44,880
	37
	3
	9

	
	
	
	
	
	
	
	
	

	Average
	375
	2550
	66,705
	34
	39,682
	18
	3
	7


Table 8: Summary of the estimated investment, benefits and cost recovery period for six farmer case studies. (adapted from ‘McCallum, M. (2008). Farmer case studies on the economics of PA Technolgies (SPAA). [image: image7.png]
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		Location

		Size (ha)

		Crops

		Outlay


($)

		Technology

		Benefits ($/ha)

Total       VRA    Overlap    Other

		Years to Payback



		

		

		

		

		

		

		

		

		

		



		Casuarinas WA

		2600

		wheat, lupin barley

		90,000

		Guidance,


VRA fertiliser

		21

		16

		5

		

		4



		Cunderdin WA

		5800

		wheat, lupin, barley

		189,000

		guidance,


autosteer, controlled traffic, shielded spray,


VRA fertiliser

		22

		13

		7

		2

		2



		Buntine WA

		3400

		wheat, lupin, barley, canola

		65,000

		guidance,


autosteer, controlled traffic,


VRA fertiliser

		21

		12

		1

		8

		2



		Moree NSW

		1250

		wheat, barley, sorghum, chickpea, canola, sunflower

		55,000

		guidance,


autosteer, controlled traffic,


VRA fertiliser & pesticide

		30

		22

		8

		

		2



		Gunnedah NSW

		3430

		wheat, barley, faba, canola, sorghum, maize, sunflower

		95,000

		guidance,


autosteer, controlled traffic,


VRA fertiliser, in-season reflectance

		24

		20

		

		4

		3



		Barmedman NSW

		4000

		wheat, canola

		51,000

		guidance


VRA fertiliser, in-season reflectance

		14

		

		7

		7

		5



		Average

		

		

		

		

		22

		17

		6

		5

		3






