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ABSTRACT 

Australian farmers face between three and ten times the level of production risk faced by farmers in 
competing countries worldwide (OECD-FAO, 2011), Consequently, in Australia, identical management 
plans may result in sharply contrasting distributions of financial outcomes. These differences provide 
more complete management information than those based on single-point estimates of average 
outcomes in the average year, which cannot account for the accumulation of financial impacts.  

This study initially uses data of average monthly rainfalls, average crop, pasture and sheep 
production, and average input costs and output prices for a representative farm in the Coolamon area of 

southern NSW (Lat.-34.817, Long. 147.198, Alt. 247m). It compares the profitability of several farming 

system options involving mixtures of annual dryland crops in rotation with annual and perennial 
pastures. These data are presented in the documentation of a linear programming (LP) model by 
Bathgate et al. (2010), to which we refer as the ‘Coolamon LP’. 

In this paper, a parallel simulation using the same average-year Coolamon data and performance 
assumptions, but with Sequential Multivariate Analysis (SMA) (Hutchings, 2013), is specified with the 
aim of comparing this to the long-run average results of the Coolamon LP.  In the process of aligning the 
SMA model to the conditions assumed by the Coolamon LP model it was found that the latter had 
“optimum” solutions too complex to implement on a working farm. 

The comparison revealed highly correlated rankings in average profit, given the different methods 
of calculation in the two models, the variations in sale lamb prices and the difference in financial 
indicators used. However, the SMA analysis included all fixed and variable costs for a typical working 
farm in the region, which were at least $90,000 per annum higher than used in the Coolamon LP model 
analysis. The Coolamon LP model under-estimated the true costs of running a typical 1,000 ha farm in 
the region by almost $200,000 per annum. 

In this paper a separate analysis was run on the SMA platform, using current (2014) costs and 
prices. This analysis showed there was little difference in the long-term risk profiles in cash flows among 
the pasture systems sampled, especially when risks of sub-optimal establishment of the pastures in 
poorer seasons are taken into account. Importantly, using updated inputs, the SMA results showed that 
all systems exhibited greater than 50% risk of negative decadal (10-year) cash flows, thus questioning 
their financial viability. 

The effects of downside risks associated with unfavourable weather and price conditions are 
magnified by the compounding accumulation of debt with interest. This is reflected in the higher 
probabilities of loss with pastures based on annual rather than perennial species. 

These comparisons of the two systems of analysis demonstrate the importance of considering all 
costs, as well as weather and price risks, and of accumulating these effects over time. The SMA 
approach models the 10-year bank account of the subject farm, and by doing so describes the financial 
pressures acting on that farm business. Results for the SMA model showed the overwhelming 
importance of downside risk in determining the financial outcomes of farming systems in such dryland 
farming regions.  This study demonstrates why results generated using an average-season LP model 
cannot fully represent the long-term outcomes of dryland farming systems in Australia where annual 
rainfalls and prices are highly variable. And why an average-season LP model can be a poor, and often 
incorrect, basis for extension advice on crop and pasture systems or stocking rates.    
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1 INTRODUCTION 

High risk is a defining feature of Australian agriculture (Chambers and Quiggin, 2001). Risk is also 
commonly accepted as an important determinant of business performance in other industries. A 
successful business must be able to identify, quantify and act to minimise risk. The ability of a farm 
business to respond to risk can determine the difference between subsequent success or failure. 
Despite the fact that Australian farms are exposed to much greater levels of financial risk than their 
competitors (OECD-FAO, 2011), there is a notable absence of analyses which include and quantify the 
effect of production and price risks on farm performance. Consequently, Australian farm managers have 
been forced rely on experience, intuition and judgment to manage risk (McCarthy & Thompson, 2007).  

All sectors of the industry have largely chosen systems which maximise performance, believing 
that increasing productivity (yield or stocking rate), and therefore income, is the most effective route to 
resilience. Resilience, however, is defined as the capacity to recover from the impact of variability, or 
risk. Resilience can therefore only be evaluated over time, with analysis involving the cumulative 
response to multiple levels, or sets, of inputs, which define multiple states of nature. Conventional 
analyses, which use average inputs to describe a system, incorporating only one state of nature, cannot 
test resilience because they do not include time, or variability. Consequently, risk is often ignored by 
most conventional systems of farm analysis. 

Productivity improvement only results in increased resilience when the cost to income ratio, and the 
income variability, are low. This was the case in Australia for a large part of last century, when 
productivity growth exceeded cost inflation. This situation changed with the advent of modern 
agricultural systems which achieve high water-use efficiencies. As a result productivity plateaued in the 
late 1990s (Hughes et al., 2011; Sheng et al., 2011), and since then the yield variability of dryland 
farming systems has approached the variability of growing season rainfall (Kingwell, 2011; Lobell et al., 
2009). In the same period total farm costs have increased by approximately 40%, which has reduced 
margins to low or negative levels (O'Dea, 2009; O'Donnell, 2011). This, when coupled with the long 
period of drought in the 2000s, has resulted in an exponential increase in farm debt (Reserve Bank, 
2009). 

Given this situation it is important that more resilient farming systems are developed in the near 
future. By definition, such systems must be ‘cash flow positive’ in the long term, and have significantly 
greater upside than downside risks. This makes it imperative that research analyses include a full, long-
term, financial risk profile based on accurate and complete whole-farm costs. 

The present paper describes a simulation model, Sequential Multivariate Analysis (SMA) by 
Hutchings (2013) to meet this need. Results are compared with those of the Coolamon linear 
programming (LP) study documented by Bathgate et al. (2010). The Coolamon LP model used long-run 
average productivity levels and prices in the Coolamon district of southern New South Wales (NSW). It 
assumes average monthly rainfalls, average crop, pasture and sheep production, and average input 
costs and output prices for a representative dryland farm. The Coolamon LP was run on the industry 
benchmark MIDAS LP platform (Kingwell and Pannell, 1987). That analysis showed some management 
practices, specifically the inclusion of perennial pastures species, to be more ‘profitable’ than an 
enterprise without perennials. The present study will show that extra care is required in stating the 
conditions that would have to hold for this to be true. By including weather and price variations and all 
costs, results of the different pasture options can be presented simply in probabilistic terms.  In this light, 
as the perennial pastures are viewed in their whole farm financial contexts, their effects are seen to 
depend on those contexts.  
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This comparison is relevant because: 

1. The SMA model provides the potential to audit such linear programming model (LP) outputs as 
those in the study of Coolamon farms. Linear programming models have been the leading 
method for whole-farm systems analysis for decades, although their outputs are rarely 
compared with those of other systems (Janssen & Ittersum, 2009). This comparison is 
important because many current farming practices have been justified and promoted based on 
the results of LP analyses, which are difficult to audit and do not assess variability, or risk. 
There is evidence (Hutchings & Nordblom, 2011) that, as a result, some currently promoted 
“best practice” farming methods may incorporate unsustainable levels of financial risk. 

2. The Coolamon LP is a static budgeting tool in the sense that its output applies only to one set of 
input values. These inputs relate to average rainfall and prices, with no analysis of the 
consequences arising from natural variability in these crucial parameters. Consequently, they 
often evaluate scenarios which may only exist in the analysis and rarely, if ever, occur in reality 
(Bellotti, 2008). In contrast, the SMA model is dynamic. It evaluates and accumulates the 
impacts of the full range of likely variability over multiple decades of historical rainfall, and so 
quantifies both the upside and downside risk associated with the chosen system (Hutchings & 
Nordblom, 2011).  

The SMA model is designed to dynamically account for impacts of variations in growing season rainfall 
(GSR), and commodity prices, for financial outcomes of dryland crop and grazing enterprises in virtually 
any location in the winter rainfall areas of south-eastern Australia. 

 

The SMA process consists of three stages: 

1. The representative Coolamon, NSW, farm data were entered as constraint values and 
production parameters in the whole-farm SMA model of Hutchings (2013). Rainfall data for 
1950 - 2007 for the township of Coolamon were sourced from the Bureau of Meteorology (BOM, 
2013). These provide the relevant long-run local sample sequences of growing season rainfalls 
on which variations in crop yields could be based, after adjusting the water-use efficiencies to 
match the average-year yields given in Bathgate et al. (2010). In addition, the Grassgro® model 
(Donnelly et al., 2002) was used to simulate the monthly energy production for the range of 
pasture species included in the analysis for the same period. Weekly percentiles of commodity 
prices (MS&A, 2011) in the decade from 2000 to 2010 were used to provide a matrix for 
sampling price variations.  

2. From a long history of growing season rainfalls, 1,000 ten-year samples were drawn from the 
period from 1950 to 2007 and combined with randomly drawn weekly prices from the decade to 
2010, as the sources of variation for the SMA model.  In detail:  

 decadal sequences of historic growing season rainfall for the Coolamon area, as decades 
were randomly selected for the period from 1950 to 2007, and  

 the Grassgro model was used to simulate the monthly energy production from the different 
pasture types for each pasture option listed in the Coolamon LP model, and 

 combinations of price percentiles for the crop and livestock commodities from the farm, 
were from randomly drawn weekly market price percentiles in the period 2000-2010. This 
selection maintained the only significant correlation among these commodity prices (i.e., for 
sheep and wool, r2 = 0.58).  

3. The decadal GSR sequences and sampled prices allowed accounting for ten year sequences of 
crop yields and pasture productivities, and costs and incomes, in a financial model that 
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computed 1,000 ending cash balances. The output from this process was used to develop 
cumulative distribution functions (CDFs) of decadal cash margins (the ten-year change in the 
cumulative cash balance, including income tax and interest on the accumulating annual 
balances).  A description of this process is given by Hutchings & Nordblom (2011). These CDFs 
quantify the risk profiles for the Coolamon farm. The median profit could then be compared with 
the output from the Coolamon LP model, which is based on average seasons and prices.  

Data for these comparisons are sourced from the Cooperative Research Centre for Future Farm 
Industries project, the EverCrop Uniform Rainfall Zone (URZ) Project, described in Bathgate et 
al.(2010). That report details the inputs and outputs from an application, here called the “Coolamon LP”, 
which studied the impact of different combinations of pasture species on the financial output of a typical 
farm located at Coolamon in southern New South Wales, Australia. The Coolamon LP model is only one 
example of an application of the MIDAS program, and does not necessarily reflect the wider capabilities 
of that family of whole-farm models (Kingwell and Pannell, 1987).  The Coolamon LP was designed to 
test the impact of different suites of pasture species (Pasture Options) on the “profits” of a 
representative Coolamon farm. Thus, it provides a limited, partial outlook that ignores major cost items 
as well as any risks due to large year to year variations in prices and growing conditions. These major 
cost items and risks are treated explicitly in the present analysis. 

2 SMA ANALYSIS USING UPDATED COSTS AND RISK FACTORS 

The SMA results compare the subject crop-pasture-sheep system options in a new light: 

1. The crop/pasture rotations used here are those defined for SMA, which approximate those in 
the Coolamon LP, but are suitable for practical implementation on a real farm. 

2. Optimal establishment of pastures cannot be expected in every season as assumed the 
Coolamon LP, so we allow for different frequencies of poor establishment, given the variable 
seasonal conditions. 

3. The gross margins used were based on current sheep prices and costs charged per head, 
which were substantially higher than in the Coolamon LP. 

4. The annual fixed costs used in the Collamon LP model were approximately $90,000 lower than 
those for a real farm, before allowing for living costs, income tax and accumulated interest. 

5. The Coolamon LP model produced a static output based on one set of input assumptions, 
without the compounding effect of long-term risk and debts. Rather than the positive opening 
bank balance assumed in the Coolamon LP model, the SMA model assumes an opening 
balance reflecting a debt of $741,000, which corresponds to an opening equity of 80%. This 
level of equity is typical of the less indebted wheat/sheep farms in the region (ABARES, 2011; 
O'Dea, 2009).  For contrast, later in the paper, results are shown for higher and nil opening debt 
levels. 

6. This paper uses the SMA model to address each of these problems, and to provide a sound 
basis, within the limitations of the data used, for evaluating results of this research for use in the 
industry.  

 

This part of the analysis uses the simplified rotation system, shown in Table 4, for each farming system 
analysed. While these systems, or Options, may not be “optimal”, they at least represent farming 
systems in current use in the Coolamon area.  The data do not exist to model the performance of a 
mixed-species pasture, so this analysis will continue to use the mixture of areas of pure species as in 
the original Coolamon LP. An attempt is made later in this paper to model the effects of sub-optimal 
establishment. 
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The returns from the cropping enterprises remain the same for all pasture options, while varying 
between iterations of this model, because their area is fixed, and their yields depend on the growing 
season rainfall in each year of each decadal iteration. These crops were assumed to contribute grazing 
of stubble and green growth (in winter) towards determining potential stocking rate (Hutchings & 
Nordblom, 2011). This contribution varied with growing season rainfall, and is useful because of the 
large area of crop, and also because it is contributed during periods of low feed availability, in summer 
and winter. The effects of varying commodity prices, chosen randomly between sample weather 
decades and kept constant within each one-decade iteration, can be assumed to converge on a smooth 
distribution after 1,000 iterations of the model.  

The cropping enterprises contribute equally to the levels and variations of whole farm cash flows 
for all pasture options, assuming no loss of crop yield due to the undersown pasture. This allows us to 
focus on differences in financial performance due to the pastures alone. For these reasons no further 
reference will be made to the impact of the cropping enterprises on whole-farm performance. The 
financial returns from the cropping enterprises are included in all the following figures, contributing to 
common background variations in cash flows, but the differences between the curves are caused by 
accumulated differences among the pasture options. 

3 STATIC COMPARISONS WITH COOLAMON LP INPUTS FOR ALIGNMENT OF SMA MODEL OUTPUTS  

In comparing the two models three topics will be considered: 

1. The crop and pasture sequences used. 
2. The grazing system, including the flock structure and the grazing energy balance. 
3. The financial assumptions modelled. 

 

The farm used in this analysis covers four different soil types, or Land Management Units (LMUs). The 
Coolamon LP model treats each LMU differently, producing a separate optimum crop and pasture 
rotation system for each. The key properties of these LMUs are summarised in Table 1. 

The Coolamon LP analysis compared the physical and financial outcomes of implementing five 
calculated optimal mixtures of annual and perennial pastures, together with annual crops, on each LMU, 
except for LMU 1, which is suited only for permanent, annual species-based pasture use. The optimum 
areas of crop and pasture species rotations, determined by the LP model, are listed in Table 2 
(Bathgate et al. 2010).  

The number of paddocks implied and the average areas implied per paddock, given the ‘optimal’ 
mixes of rotations as prescribed for the Coolamon LP model (Table 2), are calculated in Table 3. Under 
any of the pasture options the result would be a mosaic of paddocks of unequal areas, and contain crop 
and pasture phases of differing durations. In practice this would place extraordinary management 
constraints on any farmer.  Modelling and managing crop and pasture areas in similar proportions, 
designed for implementation on a real farm, or for studying the effects of year to year variations in farm 
financial risk factors, requires a simpler system. 
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Table 1.  Land management units (LMUs) defined by their areas (ha), soil types and relative 
productivities 

 

 

A simpler set of crop-pasture rotation options for practical implementation was specified for the 
SMA analysis (Table 4). This set captures the main features of the “optimal” LP sets of the Coolamon 
LP farm, but reduces the number of treatments by standardising the crop rotation, while fixing the 
pasture phase lengths at four years. The crop rotation phase of each option was standardised by 
assuming a five-year WCWLW rotation (wheat, canola, wheat, lupins, wheat), which is similar to the 
most common option among the Coolamon LP’s set of “optimum” rotations (Tables 2, 3), with the 
exception that wheat is substituted for the terminal barley crop in this analysis. This substitution was 
made because the terminal crop is assumed to be undersown with the pasture species used in this 
analysis, and there was insufficient data on undersowing under barley crops to form the basis for a 
model. Furthermore, district practice is highly likely to use wheat as the terminal crop in this rotation 
because of quality (and therefore price) constraints for barley. 

 

3.1 Crop rotations 

The WCWLW crop sequence was chosen, as previously stated, because it is similar to the one  most 
commonly identified in the Coolamon LP analysis (Tables 2 & 3). This modified rotation results in a 
paddock size built on units of 22 ha for the arable areas. This paddock size assumes that the crop areas 
will be divided into four 25-ha paddocks, each with an allowance of three ha for non-arable areas 
(roads, firebreaks, dams, rocky outcrops, etc.).  

The SMA model assumes that the pastures are sown under the final (wheat) crop, and these 
pastures are maintained for four years of grazing. The use of a four-year pasture rotation maintains the 
cropped area at 56% of the arable area, which approximates the crop/pasture balance selected by the 
Coolamon LP. A four-year pasture phase is also commonly used by farmers with perennial pastures in 
the area (Dear et al., 2010), although farmers with annual species based pastures tend to use a shorter 
ley period.  

In the SMA model, the rotations were further simplified by disregarding the differences in soil types 
(LMUs) included in the Coolamon LP model. This was justified by assuming the different soil types could 
not each be limited to a contiguous area in practice. In this region the soil types tend to follow prior 
streams and local topography and are distributed somewhat randomly across most existing paddocks 
(CSIRO, 2011). Furthermore, LMU 1 is non-arable and therefore permanently under annual pasture in 
all options considered. LMU 2 is a relatively small area (50 ha) and LMU 3 is expected to have 90% of 
the yield of LMU 4, that is, similar yield performance (Table 1). Therefore, there was little justification for 

LMU 1 LMU 2 LMU 3 LMU 4 Total ha.

Total area 100 50 200 650 1000

Relative crop 

yield, t/ha
0% 60% 90% 100%

Soil type

Non-arable 

Tenosols

Grey Vertosols Light red 

Kandosols

Red Chromosols

Soil properties
Skeletal, shallow 

or rocky, steep
Sodic grey clays

Acidic,  heavy 

sandy loams

Duplex soils, 

acidic at depth

Source: Bathgate et al. (2010), Table 3, p. 9

(%  of LMU 4)
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distinguishing between LMUs in this case, except for considering the non-arable area of LMU 1 
separately from the arable land.  

The five-year crop rotation would require five paddocks, based on the assumption that each phase 
of the rotation has to be present in every year in order to expose each phase to each year’s weather 
(Table 4). Similarly, each year of each pasture species has different production parameters (Figure 1) 
and therefore needs to be individually exposed to each year’s weather in order to calculate the average 
annual productivity over the four-year rotation. As the result of this simplification of system options 
(Table 4), fewer than 20 paddocks are required for the SMA model, compared with 32 to 62 paddocks in 
the LP model (Table 3).  

All pasture options have a grazing phase length of four years, and all crop rotations have a phase 
length of five years, which is a scenario often seen on farms in the region. The rotations in Table 4 can, 
in this sense, be assumed to be both practical and feasible for each of the farming system options being 
analysed. 

 

 

Table 2.  Baseline ‘optimal’ rotations of crops and five pasture options on four LMUs   

 

*Numeral, number of pasture years; PA, Permanent pasture; Y, Chicory; N, Lucerne; H, Phalaris; W, 
Wheat; C, Canola; L, Lupins; B, Barley; P, Annual pasture. 

** Land management units: LMU 1, Non-arable tenosols; LMU 2, Grey vertosols: LMU3, Light red 
kandosols: LMU 4, Red chromosols (see descriptions in Table 1). 

Source:  Bathgate et al. (2010, Table 2). 

 

  

 

LMU Rotation Ha Rotation Ha Rotation Ha Rotation Ha Rotation Ha

1 PA 100   PA 100   PA 100   PA 100   PA 100      

2 WCWB/5P 50 CWLB/5P 50 WCWLB/5P 50 WCWB/5H 50 WCWB/5H 50

3 WCWB/3P 200 WCWLB/3N 132 WCWLB/3N 83 WCWLB/3N 100 WCWLB/4N 85

WCWLB/3Y 117 WCWLB/3Y 100 WCWLB/4Y 19

WCBL/4N 68

WCB/4H 96

4 WCWLB/3P 260 WCWLB/4N 650 WCWLB/4N 650 WCWLB/4N 650 WCWLB/4N 590

390 WCWLB/4Y 60

Ha. 1000 1000 1000 1000 1000

Traditional 

annual pasture Annual + lucerne

Annual + lucerne + 

chicory

Annual + lucerne 

+ phalaris

Annual + lucerne + 

chicory + phalaris

Option 1 Option 2 Option 3 Option 4 Option 5

WCWB/3P

*
*

**
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Table 3.   Optional rotations, each ‘optimised’ by Coolamon LP, with implied paddock numbers 
and paddock sizes calculated by present authors   

 

  

B: Coolamon LP – selected areas per rotation (see Table 2)
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Table 4.  Simplified rotations for SMA analysis of this 1,000 ha farm

 

 

3.2 Pastures in the rotation sequence 

The SMA model assumes only four years of productive grazing due to the presence of a cover-crop 
grown with the pasture in the establishment year, in contrast, to three or as many as five years in the 
Coolamon LP. The grazing capacity in any given month is separately simulated by the Grassgro model 
for each pasture type for each year for the period from 1950 to 2007. 

The SMA model assumes all nine phases of this crop-pasture option are present on the farm, in 
their specified proportions of area, for each year of weather in 10-year samples of the longer weather 
record. Thus, the productivity of all crop and pasture phases of the rotation are affected negatively in a 
drought year, and positively in years with higher rainfalls. 

The Coolamon LP model assumes the pastures included in its analysis are swards containing a 
single perennial species and 25% subterranean clover by weight. So this is also assumed in the SMA 
model.  For example, Option 4 (in Table 4) calls for separate paddocks for lucerne, phalaris and chicory. 
In contrast, Option 1 has 400 ha of pure annual pasture and the 100 ha of permanent pasture common 
to all Options on this 1,000 ha farm. Thus, the assumption made in both models is that the chosen 
pastures can be represented by a number of paddocks of swards, each with optimal establishment.  
Both assumptions are open to question, ie: 

1. The assumption that the performance of a mixture of paddocks of single perennial species can 
represent the performance of a pasture with mixed species is doubtful, as demonstrated by the 
results of Wolfe & Southwood (1980).  

2. Optimal establishment of pure swards is also unlikely for pastures sown under cereal cover 
crops, as demonstrated by the results of the EverCrop URZ Project. This project has shown that 

1 2 3 4 5

Crop ha. WCWLB (ha.) WCWLB (ha.) WCWLB (ha.) WCWLB (ha.) WCWLB (ha.)

Wheat (hard) 100 100 100 100 100

Wheat (soft) 100 100 100 100 100

Canola 100 100 100 100 100

Barley 100 100 100 100 100

Lupins 100 100 100 100 100

Total 500 500 500 500 500

Crop paddocks 5 5 5 5 5

Pasture ha. 4P (ha.) 4(P,N) ha. 4(N,C,P) ha. 4(C,H,N) ha. 4(C,H,N) ha.

Permanent 100 100 100 100 100

Annual 400 22 22

Chicory 44 44 43

Phalaris 44 64

Lucerne 378 333 311 279

Total 500 500 500 500 500

% crop 50% 50% 50% 50% 50%

Crop as % arable 

ha. 56% 56% 56% 56% 56%

Pasture paddocks 5 9 13 13 13

Total paddocks 10 14 18 18 18

Pasture codes: Annual (P), Lucerne (N), Chicory (C), Phalaris (H)

Note: 100 ha. non-arable land is permanent pasture consisting mostly of native species.

Option
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perennial pasture establishment under a dryland cereal cover-crop in this region is rarely 
perfect, but varies with weather conditions and cover-crop density (Li et al., 2010; Peoples et 
al., 2010; Norton and Koetz, 2013).  

3. The monthly dry matter production of each pasture type (Figure 1) was based on the 
experience of an expert panel, rather than on any more objective analysis.  

 

Figure 1.   Calculated stocking rates (dse/ha) for the Coolamon LP over the life of each pasture 
type. All pasture species assumed sown with (and under the cover of) the final crop 
in the rotation (wheat) 

 

Sources integrated for this figure:  

Bathgate et al. (2010), Tables 9, 10a,b,c, 11a,b,c and Appendix 2 

 

4 DESCRIPTION OF THE SMA MODEL 

In contrast, for the SMA analysis, the monthly energy production, in megajoules (mJ) per hectare, was 
simulated using the Grassgro model (Figure 2), using a report developed specifically for this analysis (A. 
Moore, April, 2014). These curves appear similar in shape to the monthly growth curves included in the 
Coolamon analysis. However, the phalaris pastures appear less productive, and the native and annual 
pastures more productive, than in the Coolamon LP model. Furthermore, the Coolamon LP model did 
not allow any grazing of growing crop, which was included in the SMA analysis, and is common 
practice. 
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Figure 2. Median monthly energy production by different pasture types 

 

 

 

These GrassGro simulations shown are the result of several adjustments to meet deficiencies in the 
GrassGro data;  

1. Allowing for lower production in the establishment year. These allowances were calculated by 
comparing the annual production for the first and second year for each pasture type, as 
specified in the Coolamon LP model (Table 5). 

Note that these adjustments allow for both the lower production in the establishment 
year, and the reduction in output due to September/October fallowing in the final year before 
cropping. Because every age of each pasture was considered to be present each year, the 
annual production was adjusted by the average reduction in yield, over all years, as shown in 
the bottom row of Table 5 above.  

In addition, the ungrazed component of each monthly production was added to the total 
available for the following month to represent likely total Feed on Offer (FOO) to the grazing 
animals. 

The calculated energy production included energy contributed by the crop, both in 
stubble grazing (January and February) and from the grazing of growing crops. The energy 
contribution from growing crops was assumed to be equal to that of annual pasture in June 
and July, as simulated by Grassgro. 
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Table 5. Adjustments to the Grassgro simulations to allow for changes in pasture output 
over the four years of pasture grazing 

 

 

2. The monthly energy production for each pasture was also adjusted for the expected utilisation 
rate, using the following relationship provided by A. Moore (April 2014): 

Utilization % = 0.06 x ANPP x  (1 - 0.03 ANPP)  

where ANPP is long-term Average annual above-ground Net Primary Productivity in t/ha. 

In this case the ANPP was estimated from the median annual dry matter production 
(ANPP) for the period from 1950 to 2007, as simulated by Grassgro for each pasture type 
(Table 6). 

 

Table 6.  Percent utilisation of pasture by grazing animals 

 

 

The pasture energy yields, shown in Figure 2, were adjusted by this percentage to indicate the 
normal pasture wastage expected with grazing.  

3. The monthly energy production profiles for chicory were derived by adjusting the monthly 
lucerne energy yields by percentages derived from the differences between lucerne and 
chicory pasture in the Coolamon LP model. This was the most practical option in the absence 
of chicory models in Grassgro. 

Similarly, the permanent (native) pasture productivity was calculated by adjusting the 
annual pasture output by the same factor used in the Coolamon LP model. This model 
assumed that the native pasture was only 60% as productive as the sown annual pasture. 
However, because this pasture was permanent, and did not need to allow for an 
establishment year, the average annual production from the permanent pastures was 
assumed to equal 80% of the average production from the annual pastures. 

 

  

Adjustment Native Annual Chicory Phalaris Lucerne

Year 1 100% 76% 50% 57% 51%

Year 2 100% 100% 100% 100% 100%

Year 3 100% 100% 100% 100% 100%

Year 4 100% 96% 94% 94% 94%

Av.adjust 100% 93% 86% 88% 86%

Pasture type

Percent 

utilisation 

Annual 40%

Lucerne 39%

Phalaris 38%

Chicory 39%
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4.1 Crop budgets 

The specific crop budgets follow the DPI budget values of Scott et al. (2011). These budgets were 
adjusted to remove machinery costs, as these were assumed to be included in the farm operating 
overheads. Similarly, the cost of applied nitrogen was calculated separately by the simulation procedure 
contained in the SMA model. 

1. Wheat (long fallow following pasture) 

2. Wheat (short fallow) 

3. Canola - after cereal 

This budget was modified to allow for the costs of lime (2 t/ha) for each canola year (that is, 
every nine calendar years).  

4. Narrow leaf lupins, sown  for grain harvest. 

5. Wheat (short fallow), adjusted for a lower crop seeding rate.  

 

The pasture budgets were developed separately within the SMA model. Such budgets were adjusted to 
allow for the costs of wheat seed (20 kg/ha), and pasture seed costs for lucerne (4kg/ha), phalaris (2 
kg/ha), or chicory (2.25 kg/ha) and subterranean clover (6 kg/ha) as required by the pasture option 
being evaluated. 

Crop yields were calculated from growing season rainfall, using the method described in Hutchings 
and Nordblom (2011). This method gave yields consistent with the Coolamon LP analysis, assuming 
80% water-use efficiency. This level of efficiency is achieved by the best farmers in the area.  

 

4.2 Livestock budgets 

The livestock budgets were also obtained from the same source (Scott, et al., 2011), using the 
published DPI budget costs for Merino Ewes (wether lambs finished).  

These variable costs were adjusted to allow for the additional cost of: 

1. Ewe lambs retained for breeding being vaccinated for Ovine Johnes Disease (OJD) at $0.80 
per head. 

2. The cost of tagging and performance-testing these same ewes, at $1.80 per head. 
3. Supplementary feed costs, calculated on a monthly basis, using the method described in 

Hutchings and Nordblom (2011). 

Income for this enterprise was calculated from the sale numbers for each livestock class, taken from the 
reconciliation statement for the selected stocking rate, using the method described in Hutchings and 
Nordblom (2011). Likewise, sale prices for all classes of sheep were randomly chosen, for each 
iteration, from a matrix of weekly sale price percentiles for the period 2000-2010. 

 

4.3 Fixed and capital costs 

These costs are those for the South West Slopes farm, as described in Hutchings and Nordblom (2011), 
which are considered typical for an owner-operated farm in the Coolamon area. All costs were inflated 
by 3% for each component year of the selected decade.  

1. The plant (equipment) was valued at $544,700, based on clearing sale prices. 



13 

 

2. The machinery replacement cost was calculated by assuming that the replacement cost was 
equal to the difference between the depreciation cost (at 10% per annum) and the inflating cost 
of new machinery (at 2% per annum).  Consequently, the replacement costs were calculated as 
12% of the total market value of the machinery inventory. 

3. Income tax was calculated each year using the method described in Hutchings and Nordblom 
(2011).  

4. Interest was charged on the accumulated balance, including income tax, at the rates of 7% p.a. 
for debit balances, and 3% p.a. earned on credit balances. 

 

4.4 Calculation of decadal margins 

This calculation was based on the yields and stocking rates calculated from the growing season rainfall 
for the individual years of randomly selected decades. Income was calculated from these yields using 
randomly selected historic, individual, weekly commodity market price percentiles for the period 2000-
2010.  This method is discussed in detail in Hutchings and Nordblom (2011). Annual ‘earnings before 
interest and taxes’ (EBITs) were accumulated after the addition of income tax and compounded to 
produce decadal cash flows. This randomised iterative process (for 1,000 iterations) was managed 
using @Risk software (Palisade, 2009), where the output was a CDF (cumulative distribution function) 
of differences between the opening and closing cash balance after 10 years, termed the decadal cash 
margin (Hutchings & Nordblom, 2011). 

The SMA method can be used to provide a number of reports. Most of these reports are from the 
basic (CDF) curve (or risk profile) derived with a Monte Carlo analysis using the @Risk software. The 
specific reports which are relevant to this analysis are: 

1. CDF curves and stocking rate response curves for each farming system analysed. 
2. Calculated risk of loss for each farming system. 
3. Analysis of the effect of pasture establishment failure on the risk profiles and probability of loss 

for each farming system. 

 

4.5 The livestock system 

Both analyses were based on a Merino ewe flock, in which the older ewes (five and six years old) were 
joined to meat-breed rams to produce prime lambs (Bathgate et al., 2010, p. 16). The production 
parameters for this flock are set out in Table 7. 

These parameters shown in Table 8 were chosen to maintain approximately constant breeding ewe 
numbers over time. For this reason they vary from the parameters used in the Coolamon LP analysis, 
which would not have produced this longer-term stability in flock structure.   

The most notable deviation from the Coolamon LP model flock structure is the overall lower 
weaning percentages assumed for the SMA model. This is includes a lower and more reasonable 
lambing percentage (75%) for the maiden ewes.  

The reconciliation statement (Table 8) was used as the basis for calculating the energy budget, and 
the gross margins for the sheep enterprise (Table 9). The energy budget was based on the energy 
requirements for each livestock type, bodyweight and growth rate, jointly published by Meat and 
Livestock Australia (MLA) and the Australian Wool Innovation (AWI) (see 
www.makingmorefromsheep.com.au/healthy-contented-sheep/tool_11.1.htm). 

  

http://www.makingmorefromsheep.com.au/healthy-contented-sheep/tool_11.1.htm
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Table 7.  Flock production parameters used for the analysis 

 

(Note: CFA means ‘culled for age’; XB lambs are from Merino ewes joined with meat breed sires and 
sold for human consumption) 

 

Table 8. Flock reconciliation statements for the sheep flock analysed 

 

 

 

The monthly DSE demands in Table 9 were used to chart the energy requirements for each livestock 
type in the above analysis, expressed in Dry Sheep Equivalents (DSE), where each DSE was assumed 
to equal approximately 2,500 mJ of energy per year. The individual DSE loadings could then be 
multiplied by the number of sheep of each type (Table 8) to give the total monthly energy demand (in 
GJ) for the whole flock (Table 9), reflecting the monthly program of purchases, sales and deaths (Figure 
3). 

  

Flock parameters Wean % Death % Sales % Transfer Purchases

Ewes 91% 3% 0% 32%

CFA ewes 5yo 91% 3% 0%

CFA ewes 6yo 91% 3% 100%

Maidens 75% 4% 20%

Wethers 2% 100%

Merino male lambs 4% 80%

Merino ewe lambs 5% 20%

XB lambs 4% 100%

Rams 4% 25% 1.50%

Reconciliation

Opening 

numbers Births Purchases Deaths Sales

Closing 

numbers

Next 

year

Ewes 4,000                 3,640                 108              -             3,892          4,027        

CFA ewes 5yo 1,280                 3,640                 44                -             1,236          1,245        

CFA ewes 6yo 1,236                 3,640                 37                1,199         -               1,236        

Maidens 1,797                 3,000                 72                345             1,380          1,762        

Wethers 1,380                 28                1,353         -               89              

Merino male lambs 464                     19                356             89                2,493        

Merino ewe lambs 2,319                 116              441             1,762          2,493        

XB lambs 2,290                 92                2,198         -               2,259        

Rams 125                     34                    5                   30               90                124            

Total 14,891               13,920               8,450              14,891        519             5,922          15,729      

Ewe numbers Opening Closing

Merino ewes joined 5,797                 5,789                 

XB ewes joined 2,516                 2,482                 

Total 8,314                 8,271                 
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Table 9.  Monthly energy demand for the Merino flock  

 

 

 

Figure 3.  Energy (DSE) requirements for the flock 

 

 

  

Ewes Rams Maidens Wethers

Merino 

lambs XB lambs DSE GJ

DSE DSE DSE DSE DSE DSE Demand Demand

Jan 292      10        109      7          -       -       418 1,046

Feb 276      10        115      7          -       -       408 1,019

Mar 259      9          121      8          -       -       397 993

Apr 414      9          127      8          -       -       558 1,395

May 436      9          91        6          -       -       542 1,354

Jun 436      9          63        4          -       -       513 1,282

Jul 616      12        121      8          -       -       757 1,893

Aug 584      12        127      8          -       -       731 1,827

Sep 519      12        132      6          498      789      1956 4,891

Oct 454      11        110      -       647      455      1678 4,195

Nov 357      11        110      -       664      182      1324 3,311

Dec 357      11        110      -       664      36        1179 2,947

Total demand, GJ 26153
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4.6 Stocking rates 

The potential stocking rates for each pasture option in the Coolamon LP model were based on pasture 
dry matter yields and digestibility associated with pasture growth rates, modelled over 10 consecutive 
periods during the average year. These pasture growth rates were adjusted by percentage for each 
LMU (Table 1). The percentage values used for the adjustments were derived by expert consensus by 
several of that study’s authors, and rounded to the nearest 10%.  Based on local experience such 
estimates will have greater validity for the purpose than any general reference for other regions with 
different climates and soils. 

For the SMA model, estimates of monthly pasture energy production for each year were taken from 
Grassgro outputs for each year in the period 1950 to 2007, (see Figure 2).  This was matched to the 
calculated energy demand, which could be adjusted to represent any desired stocking rate by adjusting 
the number of mature ewes in the flock, which are the source of all other livestock classes in the 
reconciliation statement. The monthly energy demands, resulting from the chosen stocking rates, were 
subtracted from the estimates of monthly energy supply from all pasture and crop areas. These deficits 
were then accumulated and converted to tonnes of grain (of known energy content), as shown in Figure 
4. 

 

Figure 4. Calculated supplementary feed requirements (whole wheat grain) for pasture Option 5, 
at various stocking rates in low, median & high pasture deficit years 
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4.7 Sheep and lamb prices 

Values sourced from Bathgate et al. (2010) indicate these lambs were sold at between $26 and $58 per 
head (Table 7).  The lower figure represents a value less than the 10% price decile for Merino lambs, 
based on the average weekly prices since 2000. The higher figure represents a value approximating the 
20% percentile price for prime lambs for the same period. Both prices seem unrealistically low, when it 
would seem logical that median prices should be used in the Coolamon LP analysis, which is otherwise 
based on average rainfall and costs.  

The SMA analysis used prices randomly selected (on a decile basis) from a grid of historical prices, 
prepared from weekly market prices for each livestock type for the period from 2000 to 2010 (Table 10). 
Prices were adjusted for typical variations in quality, type and quantity for a farm in the Coolamon area 
for each class of livestock (Hutchings, 2013).  
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Table 10.  Prices for crop and livestock products

 

Crop 10% 20% 30% 40% 50% 60% 70% 80% 90% Max

Canola 300 333 367 400 433 467 500 533 567 600

Wheat 140 166 191 217 242 268 293 319 344 370

Triticale 125 148 171 193 216 239 262 284 307 330

Oats 110 131 152 173 194 216 237 258 279 300

Lupins 160 192 224 257 289 321 353 386 418 450

Pasture

Fieldpeas 180 210 240 270 300 330 360 390 420 450

Fallow

Barley 130 149 168 187 206 224 243 262 281 300

Lucerne

Sheep 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Ewes - CFA 17.80 31.42 36.40 39.40 41.90 43.90 45.98 48.55 51.70 64.30

Ewes 19.58 34.56 40.04 43.34 46.09 48.29 50.58 53.40 56.87 70.73

Ewes 1-2yo 24.48 43.20 50.05 54.18 57.61 60.36 63.22 66.75 71.09 88.41

Ewes <1yo 37.42 31.42 36.40 39.40 41.90 43.90 45.98 48.55 51.70 64.30

Wethers 22.98 32.61 38.07 42.60 45.65 47.91 50.30 53.16 56.20 78.00

Wethers 1-2yo 22.98 32.61 38.07 42.60 45.65 47.91 50.30 53.16 56.20 78.00

Wethers <1yo 37.42 31.42 36.40 39.40 41.90 43.90 45.98 48.55 51.70 64.30

Ram lambs < 1 yo 22.98 32.61 38.07 42.60 45.65 47.91 50.30 53.16 56.20 78.00

Rams 1-2 yo 22.98 32.61 38.07 42.60 45.65 47.91 50.30 53.16 56.20 78.00

Rams 27.58 39.13 45.68 51.12 54.78 57.49 60.35 63.79 67.44 93.60

Ewe lambs 38.80 57.58 68.40 73.42 77.10 80.36 83.37 86.68 94.89 130.50

Wether lambs 38.80 57.58 68.40 73.42 77.10 80.36 83.37 86.68 94.89 130.50

Wool 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Ewes - CFA 375 387 396 411 426 449 476 493 518 660

Ewes 395 408 417 433 448 472 501 519 545 694

Ewes 1-2yo 395 408 417 433 448 472 501 519 545 694

Ewes <1yo 434 448 458 476 493 520 551 570 600 764

Wethers 355 367 375 390 403 425 451 467 491 625

Wethers 1-2yo 375 387 396 411 426 449 476 493 518 660

Wethers <1yo 434 448 458 476 493 520 551 570 600 764

Ram lambs < 1 yo 415 428 437 455 470 496 526 544 573 729

Rams 1-2 yo 355 367 375 390 403 425 451 467 491 625

Rams 355 367 375 390 403 425 451 467 491 625

Ewe lambs 454 469 479 498 515 543 576 596 627 799

Wether lambs 454 469 479 498 515 543 576 596 627 799

Wool 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Ewes - CFA 201 207 212 220 228 240 255 264 278 353

Ewes 212 218 223 232 240 253 268 278 292 372

Ewes 1-2yo 212 218 223 232 240 253 268 278 292 372

Ewes <1yo 233 240 246 255 264 278 295 306 321 409

Wethers 190 197 201 209 216 228 241 250 263 335

Wethers 1-2yo 201 207 212 220 228 240 255 264 278 353

Wethers <1yo 233 240 246 255 264 278 295 306 321 409

Ram lambs < 1 yo 222 229 234 243 252 266 282 292 307 391

Rams 1-2 yo 190 197 201 209 216 228 241 250 263 335

Rams 190 197 201 209 216 228 241 250 263 335

Ewe lambs 243 251 257 267 276 291 308 319 336 428

Wether lambs 243 251 257 267 276 291 308 319 336 428

Decile Prices, $/tonne at  delivery point

Decile Prices, $ per head at market

Merino wool prices, cents/kg at market

Meat sheep wool prices, cents/kg at market

100%Crops

Other wool

Merino Wool

Sheep

Percentile Prices,  $/t at delivery point

Percentile Prices,  $ per head at market
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4.8 Crop yields 

Crop yields for each crop type were estimated using the method developed by French & Schultz (1984), 
as modified by Oliver et al., (2009). This method was shown to correlate highly (r2>0.85) with long-term 
series of annual yields in the Coolamon area (Hutchings & Nordblom, 2011). 

Yields for the wheat cover crop were estimated using a regression equation (R2=0.79) developed 
by Finlayson & Hutchings (unpublished, 2014) using data from several mixed-species trials in the area 
provided by G. Li et al. (2014).   

 

Crop yield (kg/ha) = (2.92*AutRf ) – (12.51*sowdate) + (0.145*WintRf *Sowrate)*Adjust 

Where AutRf  = January to April rainfall in mm. 

      WintRF  = May to October rainfall in mm 

            Sowrate  = Sowing date (sowdate) measured in days after May 1st. 

      Adjust  = +15% 

This equation results in yields which are highly and significantly (p<0.001) correlated with observed 
yields of the terminal crop. However, at the same sowing rate, with all other inputs kept constant, this 
equation predicts yields which are only 75% of the potential yield given by the modified French & 
Schultz method at low (decile 1) GSR. This percentage falls to approximately 50% of the potential yields 
at given higher (decile 7) GSR. It would be expected that the yields of the undersown crop, with lower 
seeding rates (and therefore plant density), would decline relative to crops with a standard seeding rate 
(60 kg/ha) in years with higher potential yields. However, this large difference suggests that nitrogen 
fertiliser was not applied to the trial area during the growing season. For this reason the yields predicted 
by the regression equation were increased by 15%, which was sufficient to equalise the yields in low 
GSR (decile 2) years. This adjustment assumes that there was no loss of yield resulting from the 
undersown pasture, which is the district experience. 

 

4.9 Crop nitrogen model 

A major benefit of a pasture ley phase in a rotation is due to the accumulation of available nitrogen 
during the pasture phase. This has the dual benefits of increasing the yields of the following crops, and 
reducing the cost of nitrogenous fertiliser required by those crops. It is therefore important that these 
benefits are quantified in this simulation. For this reason a basic and very empirical model was 
developed, in which all variables can be adjusted, which will allow the model to be refined and adapted 
to use real data. 

This model is based on the simple assumption that the additional N required, N(bal), must be given 
by the simple equation: 

N(bal) = N(avail)– N(req) 

The supply of N can only come from mineralisation of soil organic carbon (OC), or from N fixation by 
legumes (Nfix) so that: 

N(avail) = N(min) + N(fix) 

An analysis of farmer paddocks by Peter Ridge (unpublished, circa 1985), estimated that the N 
mineralised (Nmin) was related to both soil OC% and GSR, where: 

N(min) = 1.14 * OC% * GSR  
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The amount of N fixed by pastures has been shown to be related to the dry matter, particularly the 
legume dry matter, in the pastures. A rule of thumb of 20 kg N per tonne of legume dry matter is often 
used, which corresponds to the kg of mineral N in a tonne of pasture at 16% protein .  

The percent annual legume in each pasture type was fixed at 25% in the Grassgro simulations for 
each of the pasture options: 

N(fix) = DM(past) * Leg%*Kg(n) 

Where DM(past) = total annual dry matter production in t/ha 

Leg% = legume percentage in pasture dry matter 

Kg(n) = kg of N fixed per tonne of legume dry matter 

Furthermore, the N available from a pasture phase tends to accumulate over time, so the model 
assumes that 75% of N is lost, N(loss), by either volatilisation, or leaching, each year. Consequently, the 
plant-available N, N(avail), for the first crop following pasture, n, is given by the equation: 

N(avail)n = (N(bal)n-1*N(loss)) + N(bal)n 

The N available for subsequent crops will therefore equal any surplus not used by the previous 
crop, adjusted for the amount lost, plus the mineralisation for the current year: 

N(avail)n+1 =( N(avail)n – N(req)n) * N(loss)) + N(min)n+1 

The nitrogen demand for any crop is taken to be the amount necessary to replace the N removed 
in grain and stubble, N(grain). The N removed in grain can be calculated as follows. 

N(grain) = grain yield*grain protein % * %N in protein  

These factors are readily available. For example, for wheat, the yield has already been simulated, 
and is taken to have an average 11% protein.  Cereal protein is approximately 11.5% N. 

The N removed in stubble, if it is removed as hay, or burnt, can be estimated by a similar equation, 
where the harvest index for each crop can be used to estimate the stubble yield: 

N(straw) = Grain yield* harvest index * straw protein % * %N in protein 

The total N demand, (N req), in kg/ha, is therefore the sum of the N removed in grain and straw, 
allowing for the efficiency of N uptake, N(effic), set at 70% for this analysis: 

N(req) = (N(grain) + N(straw)) / N(effic) 

The lupin crop, being a legume, is a special case for this analysis. The amount of N fixed by the 
lupin crop is calculated from total dry matter, estimated from grain yield using the harvest index of 1.4, 
and assuming the same conversion rate to kilograms of N as for legume pasture (20 kg N/tonne dry 
matter). The N demand was calculated from grain and stubble removal, as for the other crops. This 
method showed lupins contributed N to the soil at lower yields, and extracted N at higher grain yields, 
which matches paddock experience (Evans, et al., 2001). 

The amount of fertiliser N required can therefore be calculated using the N analysis, fert(anly), of the 
fertiliser. The cost of the fertiliser needed by each crop can be calculated from the known price of the 
fertiler, in $/tonne, fert($): 

Cost of fertiliser, $/ha = [N(req) /fert(anly)] * fert($) * 1000 

These costs can by multiplied by the area of each crop, and summed to give the total cost per year, 
which can be added to the annual crop costs. An example of the calculated nitrogen balance for Option 
5 is shown in Figure 5 below. Note the undersown wheat crop is largely in surplus because it follows a 
leguminous crop (lupins). 
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Figure 5.  Ranges in annual nitrogen balances for various crops (Pasture Option 5) 

 

 

4.10 Financial values 

Table 11 details the financial inputs current in 2007, which were common to both the Coolamon LP and 
SMA models in first part of the paper. This table also lists the costs which were current in 2014, and 
includes some differences in basic assumptions which are discussed below. 

All 2007 figures were sourced from Bathgate, et al. (2010). The 2014 variable costs were based on 
those published by the New South Wales Department of Primary Industries for 2014 (Scott et al., 2011). 
The fixed costs for 2014 were the costs for a representative farm in the South West Slopes of New 
South Wales (Hutchings & Nordblom, 2011). 

The main reason for the increase in crop variable costs between 2007 and 2014 was an increase in 
the price of phosphate fertiliser from $235/tonne in the 2007 analysis to the current cost of $820/tonne 
in 2014. Similarly, nitrogenous fertiliser (urea) prices increased from $520 per tonne in the original 
analysis to $630/tonne in 2014.  

No allowance for pasture costs was included in the Coolamon LP model.  

Similarly, the variable costs for the sheep enterprise generally increased between the analyses. 
Part of the increase was due to the addition of the OJD (Ovine Johnes Disease) vaccination and 
performance-testing costs for the young ewes. There was also an increase in the contracting costs 
(shearing, crutching and dipping) from $5.05 to $6.81 per head. The reason for the reduction in costs 
shown for the male lambs in 2014 was that these were not shorn before sale in the later analysis, 
because of the relatively low value of XB lamb fleeces. 

The Coolamon LP assumed an opening bank credit balance of $40,000 (Bathgate et al. 2010). In 
the 2014 SMA analysis opening bank balance was changed to a debt of $741,000, which corresponds 
to an opening equity of 80%, which is the typical equity for wheat/sheep farms in the region (ABARES, 
2011; O'Dea, 2009). 
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These changes in the fixed costs showed that the Coolamon LP model consistently under-
estimated the fixed costs by approximately $90,000 per annum. This underestimation did not include 
variations in the variable costs, which were mostly minor. However, the omission of pasture costs, which 
included additional fertiliser, seed, insecticide and weedicides needed for establishment and removal of 
the pasture, is a major oversight in the Coolamon LP model.  

These costs were included in the SMA model (Table 12), which calculated these costs for each 
Pasture Option and stocking rate. These calculations linked the annual pasture fertiliser cost to the 
stocking rate, with the benchmark commonly used for the Coolamon area, that each DSE/ha removes 
0.8 kg of phosphate annually. 

 

Table 11.  Financial inputs for 2007 Coolamon LP and 2014 SMA 

 

Crop variable costs, $/ha

Wheat Canola Wheat Lupins

Wheat 

u/sow

2007 $196 $303 $196 $168 $207

2014 $192 $289 $246 $214 $191

Sheep variable costs, $/hd

Ewes Wethers Rams

Ewe 

lambs

Male 

lambs

2007 $8.91 $8.91 $13.96 $9.35 $7.70

2014 $14.63 $11.98 $19.66 $11.79 $4.90

Pasture variable costs

2007 NA

2014 $54,327  (varies with Pasture Option and stocking rate)

Fixed costs, $

2007 costs Option 1 Option 2 Option 3 Option 4 Option 5

Machinery $21,883 $19,548 $19,132 $19,282 $19,412

Labour $5,900 $5,900 $5,900 $5,900 $5,900

Overhead $23,934 $22,255 $21,400 $21,300 $21,359

Capital $27,144 $33,296 $33,162 $34,652 $34,203

Living $75,000 $75,000 $75,000 $75,000 $75,000

Total $153,861 $155,999 $154,594 $156,134 $155,874

2014 costs Option 1 Option 2 Option 3 Option 4 Option 5

Machinery $36,100 $36,100 $36,100 $36,100 $36,100

Labour $15,800 $15,800 $15,800 $15,800 $15,800

Overhead $57,200 $57,200 $57,200 $57,200 $57,200

Capital $65,364 $65,364 $65,364 $65,364 $65,364

Living $72,000 $72,000 $72,000 $72,000 $72,000

Total $246,464 $246,464 $246,464 $246,464 $246,464

Difference $92,603 $90,465 $91,870 $90,330 $90,590
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Table 12. An example of calculating the average annual cost of pastures 

 

 

 

5 KEY RESULTS 

5.1 Comparing the Coolamon LP and SMA models 

Figure 6 compares the ‘profits’ presented in Bathgate et al. (2010) with the true profits calculated from 
an “average” decade, with median prices, as calculated by the SMA model. It must be stressed that the 
Coolamon LP “profit” contains calculated opportunity costs and depreciation which are not cash costs. 
Figure 6 shows a consistent ranking of the financial results given the different methods of calculation, 
the variation in sale lamb prices and the difference in the costs included.  Nevertheless, profit estimates 
in the Coolamon LP report are considerably higher than those with the SMA analysis. 

The SMA output shown in Figure 6 had been modified to estimate true profit levels, including the 
2014 costs shown in Table 10, and depreciation based on the depreciated value of the $544,700 value 
of the machinery operated by the sample farm used in this analysis. In addition, this profit includes 
accumulated interest costs over the chosen decade beginning in 1955. This decade was chosen 
because it appears as the decade closest to the median weather and price outcome in the Monte Carlo 
analyses used by the SMA model.  

The commodity prices used in the SMA analysis for Figure 6 were fixed at median (decile 5) levels, 
and all costs were inflated over the chosen decade at 3% per annum compounding. 

The opening bank balance used in the SMA analysis was adjusted to $40,000 credit balance to 
match the Coolamon LP. 

These changes resulted in model outputs which were highly correlated (r2=0.97, Table 13), but 
show the Coolamon analysis underestimated the costs of a representative farm in the area by about 
$180,000 per year. This underestimation would be accounted for by the Coolamon LP Model’s omission 
of $90,000 of fixed costs and $72,000 of living costs, pasture costs and interest on debt. 

Both models showed the profits for the perennial systems were similarly ranked, and 30-40% more 
profitable than the annual system. Consequently, it is likely that the lower profit for the annual pastures 
is significant, but by a very small margin.  

Given the gross assumptions made for yields of pasture and crops by both models, it would be 
difficult to maintain that the profit differences among the various perennial systems are significant. This 
supports the conclusion that there is no advantage in including perennials other than lucerne in the 
undersown pasture mix (Swan et al. 2014).  

  

Option 5,       

20 dse/ha Ha. Year 1 Year 2 Year 3 Year 4 Average

Native 100          $9,582 $9,582 $9,582 $9,582 $9,582

Annual -           $0 $0 $0 $0 $0

Lucerne 312          $50,737 $29,896 $29,896 $39,068 $37,399

Phalaris 44            $8,572 $4,216 $4,216 $13,389 $7,598

Chicory 66            $12,568 $6,324 $6,324 $12,439 $9,414

Total $63,993
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Figure 6.   Comparison of average annual profits of the Coolamon LP  and the SMA analysis 

 

 

Table 13.  A comparison of the profits for each system Option by the two models 

 

 

The results from the Coolamon LP, based on average rainfall and average prices, and partial 
costing, could mistakenly be used as the basis for recommending a non-optimal and risky stocking rate 
to the industry. The danger is that it may consequently mislead extension workers, advisors and 
producers.   

Furthermore, the Coolamon model does not show the effect of varying the stocking rate away from 
the single point optimum level indicated by the LP analysis, which is a weakness of linear programming 
models, which only consider one ‘state of nature’ (Bellotti, 2008). In contrast, the dynamic analysis 
contained in the SMA model is based on a sample of at least 47,000 states of nature. This number is 
arrived at by considering that each output contains the effects of three sets of independently chosen 
price deciles (for meat, wool and grains) and 47 possible decades. Consequently, the SMA analysis is 
based on the probability of realising any given level of output (in this case the change in cashflow over 
time). These probabilities are shown as cumulative distribution functions (CDFs), which represent the 
risk profile for any activity. 

 

$0

$50,000

$100,000

$150,000

$200,000

$250,000

$ profit

Comparison of models

Coolamon model

SMA model

Option 1 Option 2 Option 3 Option 4 Option 5

Coolamon model $147,000 $191,000 $200,000 $198,000 $207,000

SMA model $11,242 $16,030 $16,115 $16,201 $16,095

Correlation 97%

Percentage of Option 1 (Annual pasture)

Option 1 Option 2 Option 3 Option 4 Option 5

Coolamon model 100% 130% 136% 135% 141%

SMA model 100% 143% 143% 144% 143%
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5.2 Whole-farm risk profiles for different pasture systems 

The CDFs for each system, at a range of stocking rates (5 – 20 dse/ha), are shown in Figure 7. These 
curves confirm that the annual system (Option 1) is less profitable at any stocking rate than the 
perennial systems. The annual system is more variable, especially at higher stocking rates, due to the 
extreme level of supplementary feeding required due to the lower productivity of this system. 

This analysis shows that all systems are likely to operate at a substantial deficit over time. There 
appear to be few differences in the risk profiles among the perennial pasture options. However, the 
annual pasture system, involving  four years of annual pasture (Option 1), appears significantly less 
profitable than the perennial pasture systems in both the SMA (Figure 7) and Coolamon LP models 
(Figure 6).  

It is doubtful that there is a significant difference in risk profiles among the perennial systems in 
Figure 7. This could be expected, because the perennial systems are all mostly lucerne and permanent 
pasture, with smaller areas of phalaris and chicory. Furthermore, the monthly productivities of the 
phalaris and chicory components are similar to those of lucerne. Consequently, there seems to be no 
advantage in including perennials other than lucerne in the pasture mix.  However, the inclusion of 
alternative perennial species may be motivated by non-financial reasons such as to increase 
groundcover, or on soil types where lucerne is not well adapted (Casburn et al. 2014). 

The contribution from grazing the crop stubble and early green growth is the same among pasture 
options across all years in the SMA model. Together this leaves little room for variation in carrying 
capacity, or supplementary feed requirements, between years for the different perennial pasture 
systems. 

 



26 

 

Figure 7.   The whole-farm decadal risk profiles (CDFs) for each pasture system and stocking 
rate, with starting equity at 80%* 

 

* All five Options define cropping and pasture phases in their land use plans. Option 1 has 
traditional annual pasture; Option 2, annual and lucerne pasture ; Option 3, annual, lucerne and 
chicory pasture; Option 4, annual, lucerne and phalaris pasture; Option 5, annual, lucerne, chicory 
and phalaris.  Refer to Table 4. 
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5.3 Stocking rate response curves for the different systems 

The SMA model allows the stocking rate to be adjusted, and recalculates the supplementary feed 
demand and cost, and pasture costs, accordingly. These changes are reflected in the cash flow for any 
one year, and are incorporated into the resulting decadal cash margin over time, as shown in Figure 9. 
The maximum, median and minimum decadal cash margins for each stocking rate (5, 10, 15 and 20 
dse/ha) can be extracted from these curves and used to develop the response surfaces for each 
pasture option, as shown in Figure 8. 

The data points in Figure 8 are the decadal cash margins divided by 10, to give an output more 
aligned to the annualised reporting in the Coolamon LP model. There are several outstanding features 
of these curves: 

1. They all show substantial annual losses for the whole-farm systems they represent. The annual 
system (Option 1) shows the highest median losses, of about $200,000 annually. All the 
perennial systems show median annual losses of slightly more than $100,000 at the most 
profitable stocking rate. 

These losses arise from 

 Including the higher fixed and capital costs omitted by Coolamon LP model. 

 The compounding effects of the resulting losses due to the effects of weather and price risk 
contained in the SMA model. 

2. The response curves appear very flat; that is, there seems to be a relatively minor effect of 
stocking rate on median margins at this scale. 

3. The apparent maximum median stocking rates for each pasture option indicated by the SMA 
analysis seem to be marginally higher than those calculated by the Coolamon LP, and shown 
by the vertical dotted lines in Figure 8. However, because these response curves are so flat, 
there is little to be gained by moving to this higher SMA “maximum”. 

4. The results are highly variable; that is the differences between the maximum (highest 10%)  and 
minimum (lowest 10%) average decadal cash margins is much larger and more variable than 
indicated by the median result.  

5.  The apparent “optimum” median stocking rates for all pasture options approximate the optimum 
values indicated in Table 16 of Bathgate et al. (2010). 

 

The characteristics of the median may oversimplify the interpretation of these curves, because a farmer 
using these results as a basis of setting an “ideal” stocking rate would have little confidence that he 
would be correct for any one year in the future. In fact the downside risk, as shown by the minimum 
curves, would indicate that it would be prudent to be conservative in setting the “optimum” stocking rate, 
when the returns from the funds invested in running higher stocking rates may be much more profitably 
invested elsewhere both on and off-farm.  
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Figure 8.  Stocking rate response curves for the five pasture options, as annualised decadal 
cash margins assuming starting equity at 80%* 

  

* All five Options define cropping and pasture phases in their land use plans. See footnote of Figure 7.  
For further details see Table 4. 

Decadal

decile 9

decile 5

decile 1
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The reasons for these apparently flat median curves needs to be explained, as this outcome contradicts 
current extension messages on stocking rate selection: 

1. The first reason is one of scale; the actual differences in average annual decadal cash margins 
are greater than they appear in Figure 8, as is shown by the marginal analysis in Table 14. 

 

Table 14. Analysis of the returns from increasing stocking rates for pasture option 5 

 

 

The marginal analysis in Table 14 shows that, at the median (50%) level, the marginal 
increases in the average annual decadal cash margins are significant, at the farm level, up to a 
stocking rate of 15 dse/ha, and are lower at 20 dse/ha. Conversely, the downside risk, in the 
10% least profitable years, increases for any stocking rate above 10 dse/ha. The upside risk, 
for the most profitable 10% of years, shows a low, but positive, marginal return above 10 
dse/ha. It therefore seems that the most prudent stocking rate would lie closer to 10 dse/ha 
than 15 dse/ha; this conclusion strikes a balance between maximising income and minimising 
the risk of loss. However, this outcome has to be put in the context of larger and unsustainable 
losses for the whole farm at any stocking rate, and shows the dangers of making decisions on 
marginal analysis alone. 

2. Another reason for the apparently flat response to increasing stocking rate is that every 
increase in stocking rate in the model results in increased costs, which reduce the marginal 
response. To understand this it is necessary to explain the structure of the model.  

In the SMA model, as used for this analysis, all crop costs, sheep variable costs per head, 
fixed costs and capital costs remain constant between years. The only factors which change 
with stocking rate are the cost of supplementary feed, and the cost of phosphate fertiliser 
applied to pasture. The latter is a minimal cost, as it only involves an additional 0.8 kg P per 
DSE/ha, or $2.92 per DSE per hectare per year. 

The main cost associated with increasing the stocking rate is the increase in 
supplementary feed required to match the resulting increased monthly feed deficits. Recall this 
was illustrated in Figure 4. 

Figure 4 showed that the median amount of feed required per year increases with 
stocking rate, but the median requirement is dwarfed by the variability, which also increases 
with stocking rate. Consequently, the downside risk for sheep gross margins also increases 
with stocking rate. This is significant because downside risk is associated with losses, and 

Probability 5 10 15 20

10% -$306,989 -$271,557 -$293,003 -$357,865

50% -$170,917 -$127,393 -$111,812 -$127,363

90% -$13,732 $23,936 $28,285 $43,277

Probability 5 10 15 20

10% $0 $35,431 -$21,445 -$64,863

50% $0 $43,524 $15,581 -$15,551

90% $0 $37,669 $4,348 $14,993

Stocking rate, dse/ha

Marginal analysis - the gains from increasing stocking rates

Stocking rate, dse/ha
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losses accumulate over time in the cash flow. This is also demonstrated by the CDF curves for 
enterprise gross margins in Figure 9. 

The CDF curves for each enterprise GM in Figure 9 include the supplementary feed, and 
pasture costs. The slope of each CDF curve decreases with stocking rate. Consequently, the 
higher stocking rates are more variable (that is they have a wider range of decadal margins) 
than the lower stocking rates; they are more exposed to risk. Furthermore, with the exception 
of the lowest (5 dse/ha) curve the other curves tend to aggregate between the 20% and 50% 
probability levels, which explains why the median stocking rate response curves in Figure 8 
tend to be flatter than expected, and why the variability is so large at the highest stocking rate. 

These gross margin curves do not include the diversification benefits which accrue from 
combining both the crop and sheep enterprises. These can result from the fact that the sheep 
enterprise benefits from low crop prices, which reduce the feed costs. Consequently, sheep 
gross margins tend to increase when cropping margins are reduced. This benefit is captured 
by the CDF profiles for the whole-farm decadal cash margin. 

3. The final reason for the flat response curves in Figure 8 is that the interest charge on debt is 
more than twice as high (7%) as that paid on credit balances (3%). For this reason debt 
compounds faster than credit, amplifying the negative bias already apparent in these accounts. 
Income tax can further increase this bias, because it removes up to 34% of profits before 
capital and living costs; however, tax is negligible in the predominantly loss-making accounts 
developed in this study. 

The effect of compounding interest is illustrated by Figure 10, which shows the average 
annual interest paid for each stocking rate for pasture option 5.  This figure emphasises that 
the highest stocking rate, 20 dse/ha, has a larger downside risk, because it pays more interest 
in the less profitable years than the lower stocking rates. Notice that the interest paid is almost 
identical for all stocking rates above 5 dse/ha. This emphasises that they have very similar 
long-term levels of debt, which confirms the likelihood of very flat returns across this range of 
stocking rates. 

Conversely, the lowest stocking rate (5 dse/ha) pays more interest than the 10 and 15 
dse/ha scenarios for pasture option 5, which indicates this stocking rate is less productive, and 
therefore less profitable, than either of these treatments across a wide range of years. Once 
again this outcome is reflected in the stocking rate curves of Figure 8. 

The impact of interest costs on long-term margins will vary with the level of debt, or equity 
in the farm. This can be modelled (Figure 11), and shows that there is a constant negative 
shifting of the CDF profile with every reduction in equity. On average a 20% decrease in equity 
resulted in a $115,000 reduction in annual cash margin. This margin is more than double the 
interest on the increase in debt ($51,870), associated with a 20% loss of equity ($741,000). 
This shows that the debt was increasing and compounding over the decade of cash flow 
simulation. The effect of this growing debt level was sufficient to increase the risk of loss from 
less than 50% with no debt, to 100% at 60% equity; that is, a shift from a marginal level of farm 
viability to a certainty of increasing and unsustainable debt. 

It is notable that the average equity level for farms in the area, according to the National 
Australia Bank database , was 73% in 2007 and has decreased significantly since then 
(ABARE, 2012). This analysis supports the fact that many farms in the area have large and 
unsustainable debt levels, which cannot be not supported by good management, given the 
levels of production risk associated with mixed farming practices in the region. 
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It is reasonable to conclude that the high debt levels, which characterise current farm 
businesses, reflect compounding losses resulting from high risk and low margins, rather than 
resulting from prudent and profitable investment. 

 

Figure 9.   Risk profiles for sheep enterprise gross margins at a range of stocking rates 
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Figure 10. Annualised decadal interest distributions paid at a range of stocking rates, with 
starting equity at 80% 

 

 

Figure 11.  Distributions of decadal cash margins for different starting debt levels 
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5.4 Quantifying the risk of establishment failure 

Establishing a pasture by sowing its seed with (“under”) the terminal crop in a rotation has many 
attractions for a farmer. These include saving many costs of establishing pasture, and in particular the 
machinery costs and labour involved in the sowing and spraying processes. Undersowing also reduces 
the time that a paddock in a four-year pasture phase will be ungrazeable, due to pasture plants being 
too small to graze. However, the stress placed on the emerging pasture species by the competitive crop 
can lead to many establishment failures, a fact which seems accepted as normal by many farmers 
(Swan et al. 2014). 

The effects of different levels of establishment failure could be simulated by assuming that a failed 
attempt at establishment would result in an annual pasture, or a pasture with a similar pasture 
production to an annual pasture. Thus, four years of perfect establishment would produce the output 
assumed as normal by the Coolamon LP model. Failures in all four years would result in annual 
pastures in all paddocks, which would give an outcome similar to Option 1.   Figure 12 reflects this 
assumption to model the effect of a different number of failures, ranging from none to four, for the four 
pasture years modelled for stocking rates of 10 and 15 dse/ha which appear as safer stocking rates for 
the annual and perennial pasture systems, respectively. 

At 15 dse/ha these CDF curves show that there was little effect on the decadal cash margin with up 
to two perennial pasture establishment failures (50%) in a four year period. However, three or four 
failures in a decade resulted in a significant reduction in the potential returns. 100% failure reduced the 
annual margin by $65,298 compared with 50% failure. For the lower stocking rate, at 10 dse/ha, the 
situation is reversed, with failures being rewarded; the most favourable risk profile occurs with total 
failure of perennial pasture establishment in all years. Again there is little difference in returns for 50% 
failure, with differences occurring at failure rates below this level. The reason for this reversal of the 
impact of the rate of failure is that 10 dse/ha is the safer stocking rate for the annual pastures, so that 
treatments approaching pure annual pastures (ie total failure) appear the most favourable. Conversely, 
15 dse/ha appears safer for perennial pastures, which corresponds to zero establishment failures, so 
that any movement towards annual pastures, resulting from establishment failures, is penalised. This 
result may explain why farmers running lower stocking rates seem to prefer annual pastures. However, 
the best returns at 10 dse/ha (-$3.77 million) are considerably lower than at 15 dse/ha (-$0.93 million), 
confirming the trends demonstrated in Figure 7.  

This analysis shows that there are substantial penalties for high levels of establishment failure. The 
importance of these differences will vary with rainfall reliability, which can differ markedly between 
decades. This would explain the popularity of this method of sowing pastures in the 1980s and 1990s, 
when only one or two failures would have occurred in each decade. However, in the 2000s there were 
six or seven years with less than decile 2 rainfall, which would have resulted in almost total 
establishment failure of the perennials. 

The likelihood of establishment failure has been increased by the recent spread of newly endemic 
summer broadleaf weeds, such as common heliotrope (Heliotropium europaeum) and flaxleaf fleabane 
(Conyza bonariensis), which can reduce the survival of under-sown perennial pastures in the critical first 
summer period, especially in drier summers, and which cannot be chemically controlled without killing 
the pasture. However, a wet summer can also substantially improve the likelihood of success of 
perennial lucerne pasture establishment (Swan et al. 2014). 
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Figure 12. The effect of establishment failures on the decadal cash margin for Option 5 at 10 and 
15 dse/ha, with starting equity at 80%  
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6 CONCLUSIONS 

The present study has offered comparisons of the effects of different combinations of pasture types on 
the financial performance of a representative farm in the Coolamon district of southern New South 
Wales, Australia. Two approaches to the question were considered:  

1. That of a previous study, which employed a model written using the MIDAS platform (Bathgate 
et al., 2010), referred to here as the “Coolamon LP”. That model was highly constrained in the 
range of perennial pasture species and costs considered, while unconstrained by practical 
necessities for limits on minimum paddock size and maximum limits on sheep numbers on a 
1,000 ha representative farm. A direct comparison of the Coolamon LP results was attempted, 
using its baseline assumptions and data as far as possible, with the SMA model (Hutchings, 
2013).   

2. A dynamic re-analysis, with more comprehensive and accurate physical and financial inputs, 
using the SMA model, considering historic variations in input and commodity prices for the 
period from 2000-2010.  It also allowed for variations in Coolamon district growing season 
rainfalls from 1950 to 2007.  Because the ranking of the results are highly correlated, it is likely 
that the difference between the annual and perennial pasture systems is real, and the annual 
systems produced average enterprise gross margins at least 30% lower than the perennial 
systems. 

The financial outputs, or direct comparison of profits, were highly correlated, but vastly different, for the 
two models. The outputs from the Coolamon LP model are presented as ‘profits’, but contain unusual 
component costs, when compared to the costs included in the more accurate SMA profit calculations.  

The SMA analysis confirms the importance of including all costs in farm business analysis. Partial 
costing, such as used by the Coolamon LP model, provide misleading messages to farm managers, 
except for those few whose businesses are free of debt. It is obvious that the relatively small benefits 
from changing pasture management practices, which were the outcome of this analysis, are irrelevant 
when seen against the background of large and accumulating debt, which is characteristic of most farms 
in the Southwest Slopes region of New South Wales (Hutchings, 2013). 

This comparison of the two systems of analysis required a detailed deconstruction of the Coolamon 
LP which required an assessment of some of its characteristics that were not readily apparent from its 
limited documentation. Several important issues in the Coolamon LP affected the re-analysis described 
in the second part of this paper. 

The first issue was that the optimum crop/pasture rotations, as defined in Table 2, were too 
complex to be implemented on a real farm. This finding forced a simplification of the farming system, 
described in Table 4, which still resulted in comparable financial results, as described above. This 
suggests that the Coolamon LP analysis may have been selecting “optimum” points from the tops of  
nearly flat response curves, a class of problem noted elsewhere (Hayman, 2004; Pannell, 2006), rather 
than selecting for any significant difference in productivity or profitability among the various components 
of the rotation. 

Another key issue with the Coolamon LP was that it was based on unrealistically low fixed costs. 
As a result the outputs were overly optimistic, which could also have encouraged the use of the system 
by farmers. In particular, the variable costs used neglected costs associated with establishing, 
maintaining and removing pastures. It also under-stated many costs, such as fertiliser (both quantity and 
price). Similarly, the fixed costs assumed in the Coolamon LP model were consistently $90,000 lower 
annually than the costs for a representative district farm, before allowing for living costs, income tax and 
interest on the accumulating balance (Table 9). The use of more accurate and complete costs removed 
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all of the cash margin generated by this farm. Unprofitable farms may not have the funds, or the need, 
to invest in sowing the more expensive perennial pastures. To recommend otherwise would be 
irresponsible because it is likely that, in these circumstances, there would be better uses for such funds 
in the farm business. 

Another conclusion to be drawn from this re-analysis of the Coolamon LP model is that every 
correction to the original model reduced the apparent benefits to be obtained from perennial pastures. 
This discussion illustrates the importance of accurate input data. However, even analyses that use more 
accurate data can be misleading if the analytical process is not transparent, making errors difficult or 
impossible to locate. The Coolamon LP suffers from this problem, magnified by the complexity of the 
parent MIDAS platform, which effectively restricts its use to a few specialist operators. This makes 
repeat runs with evolutionary alterations and changes time-consuming and expensive.  In contrast, a 
financial risk model, such as the one used here, can be fully auditable and transparent; it can be used 
by agricultural professionals capable of manipulating normal agricultural budgeting software.  Most 
alterations can be made and run in minutes, making it useful and accessible to the research and farm 
business management communities. 

Furthermore, the Coolamon LP output only applies to the specified problem, ‘seeking the best 
answer for the average year’. It provides no perspectives into the upside and downside risks which are 
interwoven in any whole-farm system, examined in a world where there is rarely an ‘average year’ 
(Bellotti, 2008). Consequently, the Coolamon LP gives no indication of the costs arising from moving to 
non-optimum systems, which may have lower risks and require lower levels of investment. 

Alternatively, risk analysis such as that described here encompasses the full range of outcomes, 
together with estimates of their probabilities of occurring. Such information is invaluable to decision 
makers (and risk-takers), and is commonly available to non-rural businesses with much lower levels of 
risk.  

This form of dynamic systems analysis is critical to all high-risk businesses, like farming, and has 
the potential to change research priorities and to re-define “best” farm management practices. This 
study illustrates the possibility that it is the absence of such information which has allowed the 
promotion of farming systems that lack the necessary resilience to cope with the inherently high levels 
of variability, which define agricultural business (Chambers and Quiggin, 2001). In contrast, the dynamic 
analysis provided by the SMA model shows that the single-point optimum outcomes suggested by the 
Coolamon LP model failed to provide an appreciation of the risks involved in mixed farming in this area. 
While it pointed to ‘optimum’ stocking rates, it failed to show that there was little loss in margin, but a 
substantial reduction in risk, at lower stocking rates. This is demonstrated in comparing the distributions 
of 10, 15 and 20 DSE/ha stocking outcomes in Figure 9. This more holistic interpretation would have 
considerable impact on better understanding of the risks in running high stocking rates compared with 
alternative investments in either on or off-farm. This information questions the current extension 
emphasis on productivity (in kilos per hectare), and therefore also questions many current “best 
practice” messages. 

The importance of transparent, auditable modelling that permits the reader to check the 
assumptions and clearly interpret the modelled outcomes is emphasised. It challenges the common use 
of the term ‘profit’ to describe a partial calculation of benefits from a change in part of a farming system 
while assuming all other determinants and costs of sustaining and modulating such benefits can be 
ignored yet remain present and constant.  A partial analysis, such as provided by the Coolamon LP, 
using ‘average conditions”, is a poor, and often incorrect, basis for extension advice on crop and pasture 
systems or stocking rates.    
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