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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.
Is precision agriculture likely to be worthwhile financially? 

An investment analysis approach 
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Adapted from an article originally published in the GRDC PA Manual 2006.

Authors: Peter Stone and Lisa Brennan, CSIRO
The key to making money from PA is for individual farmers to choose an aspect of the technology that provides rapid and certain benefits across a wide area of their farm. While PA has been used in Australia for about 15 years, the adoption of the technology had been relatively low in the initial years. A key reason for the low adoption rate was the understandable reluctance of farmers to invest many thousands of dollars in PA without knowing if the technology would return a profit.  
With the advent of cheaper GNSS guidance systems, and growing evidence of the efficiency gains that can be made with them, more growers are buying this part of the PA equipment suite. However, uptake of yield monitoring with VRT remains relatively low. Unfortunately, it will not be possible to gather evidence as to whether and when this aspect of PA is profitable, unless more farmers invest in it. But this circle can be broken — or at least weakened — using a simple investment analysis. An investment analysis developed by CSIRO, indicates whether or not some level of investment in PA is financially feasible for an individual farm. The analysis process using a simple spreadsheet the ‘PA Economics Calculator ’is described in more detail in this section.  
Investment value
A range of factors affect the investment value of PA including:
· current farm gross margin;
· cost of PA equipment;
· area and number of years over which the equipment is used; and 

· rate at which benefits from adoption of PA start to occur. 
The investment analysis uses a ‘discounting’ process that recognises that a dollar received today is worth more than a dollar received next year.  
How the analysis works
Many existing analyses of PA rely on unsubstantiated estimates of the yield or gross margin benefits PA will provide. Rather than guessing how much benefit PA might provide, the CSIRO analysis determines how much benefit the new technology needs to provide to make the investment in PA profitable. This value is presented as a ‘break-even’ increase in gross margin, enabling the investor to aim for a gross margin that is realistic for their farming operation and to choose an investment strategy to achieve the profit increase.
Growers may already be familiar with this type of investment analysis that can be used to evaluate any capital investment.   
Analysis assumptions for the whole farm
The CSIRO analysis illustrates factors that affect the investment value of PA technology. In the following example the analysis assumes:
· all the costs to implement PA technology occur in the first year and that the benefits from using the technology start to occur in the first year of operation;
· the maximum benefit from using the technology will occur in year 10 and that the benefit from investment lasts until year 10;
· PA technologies are used across 1500 hectares of crop;
· the current crop gross margin is $110/ha; and
· the discount rate (interest rate plus risk premium) is 10 per cent.
These assumptions will not apply equally to every farm and advisers/growers are encouraged to modify the assumptions and do their own sums using the CSIRO PA Economics Calculator (located in the archive section of Module H). It is important to remember that not every PA technology will be used across every cropped hectare. For example, investment in variable-rate technology may be used across a smaller area than auto steer or GPS guidance to reduce overlap.
Technology cost affect returns
The amount spent on PA technology will determine the increase in gross margin required to make it pay for itself (Figure 1).

For example, a $20,000 investment in PA needs to increase gross margins by four per cent if it is to breakeven. If after 10 years, the gross margin from PA crops is not at least four per cent higher than the gross margin from crops grown conventionally, the investment in precision agriculture will have made a financial loss. The increase in margin required does not compound, that is an additional four per cent increase is not required in each subsequent year, but the four per cent increase over the ‘no PA’ baseline must be maintained for each of the 10 years used in the analysis.
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Figure 1: Percent change in gross margin (GM) required to breakeven as a function of costs of investment in PA.
Cropping gross margin
For a farm with a current cropping gross margin of $50/ha, $20,000 spent on precision agriculture needs to raise the gross margin by eight per cent to breakeven (Figure 2). But if the current gross margin is $200/ha, the required increase in gross margin needed to break even is only two per cent.
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Figure 2: Percent change in gross margin (GM) required to breakeven as a function of current cropping GM.

The range of percentage gross margin increases required to break-even from an investment in precision agriculture of $10,000, $20,000 and $50,000 are laid out in Table 1. These are based on two gross margin values, $200/ha and $110/ha.
	
	GM $200/ha
	GM $110/ha

	
	
	

	$10,000
	1%
	2%

	$20,000
	2%
	4%

	$50,000
	5%
	9%


Table 1: Percentage increase in gross margin required to achieve breakeven from three PA investment levels.
Start of benefits
As time erodes or discounts the value of money, the delay between paying for PA technology and receiving a benefit from the investment has a large impact on whether the investment will pay. For this example, if benefits start to occur in the year of a $20,000 investment in PA, the breakeven increase in gross margin is four per cnet. But if the start of benefit is delayed until year five, the breakeven bar is raised to seven per cent (Figure 3).
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Figure 3: Percent change in gross margin (GM) required to breakeven as a function of year of first benefit.
Start of maximum benefits
The time taken to reach maximum benefit from an investment also affects its ability to pay. For this example, $20,000 spent on PA will break-even if it increases the gross margin by two per cent and the maximum benefits occur in the first  year of purchase, but if it takes 10 years to achieve maximum benefit from the investment, the gross margin increase required to break-even rises to four per cent (Figure 4).
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Figure 4 – Percent change in gross margin (GM) required to break-even as a function of first year of maximum benefit.

Duration to pay-back
If the benefits of using PA technology last only one year, then $20,000 spent on the new technology will break-even only if it increases the gross margin by 13 per cent in the year of purchase. However, if the benefits of using PA last for 10 years (a more likely scenario), and the maximum benefits occur in year one, the gross margin required to break-even decreases to two per cent (Figure 5).
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Figure 5: Percent change in gross margin (GM) required to break-even as a function of duration of payback.

Annual fees
While the annual fees required to keep using some forms of PA technology might not seem much compared with initial set-up costs, they can accumulate and subsequently impact significantly on the value of the precision agriculture investment. Adding $1000 of annual fees to the initial implementation costs increases the gross margin required to break-even by almost two per cent (Figure 6).
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Figure 6: Percent change in gross margin (GM) required to break-even as a function of value of annual fees.

Discount rate
The discount rate that needs to be applied to economic analyses depends on the level of inflation and the risk-adjusted return on the use of money. As a result, the discount rate will vary between individuals and can change for a given individual as their business needs and goals evolve. As a rule, the ‘correct’ discount rate lies somewhere between the cost of borrowed funds and the interest rate that can be achieved on invested funds.
Low-risk investments such as term deposits will attract a lower interest rate than more speculative investments such as venture capital funds. Investment in PA probably lies somewhere between these extremes. A 10 per cent discount rate is commonly applied to on-farm investment and adding five per cent to this rate for PA investment raises the gross margin required to break-even by one per cent (Figure 7).
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Figure 7: Percent change in gross margin (GM) required to break-even as a function of discount rate

Area of crop
Increasing the area of land managed using PA from 1000 to 3000ha reduces the change in gross margin required to break-even significantly from six per cent to less than two per cent (Figure 8).
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Figure 8: Percent change in gross margin (GM) required to break-even as a function of area of land managed using PA.
On-farm investment scenarios
Figure 8 summarises and highlights how return on investment in PA is sensitive to a range of factors that can be estimated easily for an individual farm. Note that the assumptions used in these examples will not apply equally to every farm and farmers/advisers are encouraged to use the investment analysis spreadsheet to do their own calculations. Having established the gross margin increases required to justify the investment possible ways that PA could be used to achieve the required profit increase are then considered.
Realising investment benefits
In a typical breakdown of cropping gross margins about two-thirds of income is spent on operating costs, such as fertiliser, sprays, machinery, seed, labour and bank charges. Using PA to reduce some of these costs is the simplest way to maximise the return from a precision agriculture investment. Another way to increase gross margin is by increasing yield. By applying the investment analysis outlined above to a cropping system operating with a $200/ha cropping gross margin, a two per cent increase in the gross margin could be achieved by cutting:
· spraying costs by six per cent; or
· fertiliser costs by four per cent; or

· machinery costs by 10 per cent; or

· by increasing grain yield by 0.8 per cent.

For most growers, the benefits of PA are likely to come from a mix of the above savings.
Reduced spray costs
Cutting spray costs by six per cent, through the use of PA is a possibility and because the benefits can be achieved quickly, the saving probably represents the most immediately profitable benefit from precision agriculture. If the cost of PA is recouped through reduced spray costs, any additional benefits will immediately increase profit.

In this situation, simply reducing spray overlap within the first year or two of purchasing a GNSS is likely to return a profit. This has been reported by growers who in 2004 responded to a GRDC survey on the uptake of PA. When the benefits of reduced compaction and greater traction are added, the additional costs of moving to controlled traffic farming may become a more certain investment with GPS already installed and paying for itself. With GPS available, the farm is also ready for a further move into zone management and full use of PA, using yield and/or biomass maps and a variable rate applicator.
Is spatial variability worth managing differently for tactical decisions?
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Originally published in the GRDC PA Manual 2006.

Authors: Michael Robertson and Lisa Brennan, CSIRO

The response to managing stable zones differently within a paddock versus managing the paddock as a uniform management unit is confounded greatly by seasonal variation. Seasonal variation impacts on the performance of zones by varying the timing of management events (e.g. sowing, topdressing, harvesting) and varying crop yield and quality. In a wet year zones may respond quite differently to each other and to inputs (e.g. fertiliser), whereas in a drought year zones may yield similarly because water is more limiting than nutrient supply.

It is difficult to apply a consistent strategy for precision fertiliser application to zones because in some seasons a zone may be over fertilised, while in another season it may be under-fertilised. With some idea of the likely seasonal prospects at the time that the input is applied (e.g. nitrogen fertiliser at sowing) it may be possible to maximise the benefits of zone management by not over-fertilising the low-yielding zones in poor years and not under-fertilising the high-yielding zones in the good years. However, because a farmer does not have perfect weather information at the time of applying fertiliser, it is not possible to know if the economically optimal rate is being applied.

CSIRO conducted analyses to see how important is it to predict the season correctly compared to applying accurate spatial management for fertiliser nitrogen management in wheat for the WA environment and for the northern NSW environment. The results were similar in both cases, and the following summary of the NSW case demonstrates this comparison.

Computer simulation scenarios for nitrogen fertiliser applied to wheat at sowing were compared for four management situations over several seasons:

· perfect management - economically-optimal nitrogen rates were applied to each zone and adjusted for each season, based on full knowledge of the in-season climatic conditions. A farmer will never actually experience this situation because all currently-available seasonal forecast are not perfect. This option gives the upper limit of what is possible with seasonal and spatial management combined.
· seasonal management - uniform application of nitrogen across a paddock (no zones) with the economically-optimal nitrogen rate seasonally adjusted using perfect seasonal knowledge.
· zonal management - management by zones, but rates in each zone were not seasonally adjusted. In each year, the economically optimal nitrogen rates for each zone in the average year were applied in all years.

· uniform management - no spatial or seasonal adjustments were made to the nitrogen rate for this option. The economically optimal nitrogen rate for uniform nitrogen management in the ‘medium’ year was applied in all years.

Fertiliser rates for each strategy are summarised in Table 2.

	 
	 
	N fertiliser applied (kg/ha)

	 
	Zone
	Good
	Medium
	Poor

	
	
	
	
	

	Perfect
	1 (shallow)
	114
	24
	7

	management
	2 (medium)
	130
	55
	21

	 
	3 (deep)
	148
	82
	54

	 
	4 (extra deep)
	165
	99
	78

	Seasonal
	1 (shallow)
	142
	70
	42

	management
	2 (medium)
	142
	70
	42

	 
	3 (deep)
	142
	70
	42

	 
	4 (extra deep)
	142
	70
	42

	Zone
	1 (shallow)
	24
	24
	24

	management
	2 (medium)
	55
	55
	55

	 
	3 (deep)
	82
	82
	82

	 
	4 (extra deep)
	99
	99
	99

	Uniform 
	1 (shallow)
	70
	70
	70

	management
	2 (medium)
	70
	70
	70

	 
	3 (deep)
	70
	70
	70

	 
	4 (extra deep)
	70
	70
	70


Table 2: Nitrogen rates (kg/ha) applied to each zone in three season types for four nitrogen management strategies (perfect, seasonal, zone and uniform management).  The four zones varied in soil depth from shallow to extra deep and hence in plant available water capacity.

The seasonal management option has the effect of under-fertilising the good zone and over-fertilising the poor zone within each season, sometimes resulting in a yield decline associated with the crop ‘haying-off’ with too much nitrogen.  The zone management option was under-fertilised in the good years and over-fertilised in the poor years. The economic significance of nitrogen excess was minor compared to nitrogen deficits because the price of nitrogen is low relative to the value of the crop. 

Over the period tested, the ‘seasonal management’ strategy generated a greater proportion of the potential ‘perfect management’ returns than the ‘zone management’ and ‘uniform management’ options. The failure of the ‘zone management’ option to match the returns from the ‘seasonal management’ option, and even the ‘uniform management’ option, in the good year was its inability to exploit the potential yields of the good year with sufficient nitrogen. As Table 3 highlights, the penalty for ignoring the season in the nitrogen management decision - failing to adjust rates to account for seasonal variation - was, in this case, greater than the penalty for ignoring spatial variability. 

	 
	Paddock returns by zone ($)



	Management
	Zone
	Good year
	Medium year
	Poor year
	Total

	
	
	
	
	
	

	Perfect
	1 (shallow)
	 8,514 
	1,887 
	 663 
	 

	management
	2 (medium)
	 13,495 
	 5,645 
	2,790 
	 

	 
	3 (deep)
	 13,637 
	8,247 
	 6,650 
	 

	 
	4 (extra deep)
	 17,220 
	10,192 
	8,840 
	 

	 
	total
	 52,866 
	25,971 
	 18,943 
	97,781 

	Seasonal
	1 (shallow)
	 8,052 
	1,125 
	-202 
	 

	management
	2 (medium)
	 13,153 
	5,227 
	2,230 
	 

	 
	3 (deep)
	 13,137 
	6,350 
	4,161 
	 

	 
	4 (extra deep)
	 10,368 
	7,137 
	 4,121 
	 

	 
	total
	 44,710 
	19,839 
	10,311 
	74,859 

	Zone
	1 (shallow)
	 580 
	1,887 
	388 
	 

	management
	2 (medium)
	 3,182 
	5,645 
	1,873 
	 

	 
	3 (deep)
	 4,981 
	8,247 
	5,925 
	 

	 
	4 (extra deep)
	 6,967 
	10,192 
	 8,210 
	 

	 
	total
	 15,709 
	25,971 
	 16,395 
	58,075 

	Uniform 
	1 (shallow)
	 3,937 
	1,125 
	-967 
	 

	management
	2 (medium)
	 4,284 
	5,227 
	964 
	 

	 
	3 (deep)
	 4,177 
	6,350 
	6,230 
	 

	 
	4 (extra deep)
	 4,695 
	7,137 
	7,951 
	 

	 
	total
	17,094 
	 19,839 
	14,178 
	51,111 


Table 3. Paddock returns ($) by zone for each nitrogen management strategy under three season types.  This example is for a 100 hectare paddock and a wheat price of $250/t and fertiliser valued at $1/kg nitrogen.

Further analyses have suggested that the economically optimal rates for each zone for the good season were also applied by growers in the medium seasons.  Farmers have some confidence in being able to anticipate a poorer season at the time of applying nitrogen – for example, from a late sowing, low starting soil water and/or negative SOI at the time of the nitrogen application decision. So if nitrogen rate is only reduced in the poor seasons and one deliberately fertilises for a good season in all other years then this improves returns over both the zone management strategy and the seasonal management strategy.

In summary
It is more important to predict the season correctly and the space incorrectly than vice versa. Seasonal variation is twice as big and hence seasonal knowledge is twice as valuable. The best result is achieved if season and spatial variation are correctly assessed.

Archive documents 

PA in Practice 
Author: SPAA 

Grain growers' experience of using variable rate and other PA technologies. Eighty pages of grower cases studies from Western Australia, South Australia, Victoria and New South Wales that demonstrate the benefits that investing in Precision Agriculture technology can bring to grain growing businesses in terms of productivity, profitability and environmental management. 
Ten case studies focus on how growers are using PA especially in relation to varying the rate of fertiliser, lime and gypsum. The remaining 14 case studies detail the economic implications of investing in PA.

On average the case study growers: 
· have eight years of experience with PA; 
· increased return per hectare by $20 per year by using PA; 
· invested $30 per hectare on PA technology; and
· paid off their PA equipment in less than 5 years.
Farmer case studies on the economics of PA technologies. 
(published by SPAA)
Author: Matthew McCallum

The economic benefits of precision agriculture: case studies from Australian farms.
(published by GRDC)
Authors: Michael Robertson, Peter Carberry and Lisa Brennan (CSIRO)
PA economics calculator. 
(Excel worksheet published by the GRDC)
Author: Peter Stone (CSIRO). Contact Michael Robertson (CSIRO) for further information.
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PA Training for the Grains Industry           
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