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Introduction 
 
The objectives of analyzing sale decisions can be summed up by the following key questions: 
 
1. What is the optimum sale age and weight to target on a given price grid in terms of profit? 
2. Do multiple sale drafts improve financial performance compared to one-stop AIAO? 
3. Will selling to alternative (or several) markets produce a better financial result? 
4. What if performance changes? 
 
Profit is maximized when costs and revenue are optimized (Fig.1).  This is not to be confused with 
minimizing costs and maximizing revenue; less than maximum revenue combined with more than 
minimal costs could still generate maximum profits.  In AIAO grow-out units, sale age competes with the 
batch frequency or turns of the barn per year (i.e. days to market and throughput are directly inversely 
related). This relationship is therefore also affected by variability, costs associated with selection and 
marketing, and the cost of retention of lightweight pigs until they meet market specifications (Deen, 
1999).  
 
The sale population can be subdivided into 2 or more sale drafts which may be sold at different ages.  
Drafts may vary in population size (proportion of the sale population), which can attract additional sorting 
and transport costs. The age offset applied to different drafts relative to closeout draft age (i.e. the oldest 
and last draft that empties the barn) can reduce feed consumption with respect to the close out draft, and 
can influence sort loss. 
 
Figure 1. Optimizing sale strategy to maximise profit in the face of competing requirements 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The relationships depicted in Fig. 1 are complex and may vary over time. Determining the most profitable 
sale strategy under a given set of circumstances is thus ideally suited to the process of optimization 
modeling (Deen, 1999 & Frey, 2007). Optimization may be applied to long term considerations, for 
example to the optimal design of a production system. Likewise, optimization may be applied to issues 
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influencing production over the medium term, e.g, before purchasing progeny to fill a barn.  An example 
of modeling and analysis in a more short term sense could include optimization a month before batch 
close-out when production data captured is more representative of expected slaughter results.  This paper 
is confined to the short term optimization of marketing decisions at the point of sale using a production 
model and optimization tool in commercial use in Australia (ePiggery®, www.primepulse.com.au).  
 
Model Structure and Assumptions 
 
The ePiggery® model is comprised of a deterministic breeder model linked at weaning to a stochastic 
progeny population model as described elsewhere in these proceedings (Frey, 2007). The optimization 
model is partitioned into five components that can be mixed and matched to service specific optimization 
requirements.  Each model services a discrete population within the production chain, where upstream 
dynamics and decisions affect all downstream populations. For the purpose of this analysis, the post-
weaning growth and marketing models were linked in tandem to devise a sale strategy and explore the 
effect of changes in performance on sales strategy and financial results. 
 
Diets, feed costs and baseline growth responses generated by third party biological models (e.g. AUSPig) 
may be entered into the post-weaning model.  Similarly, age response curves are supported for feed intake, 
feed conversion ratio, dressing %, lean meat yield and P2 fat depth.  The growth curve set is supported by 
a progeny data table which conveys the relationships between production traits on an individual pig basis, 
for example, ADG and FCR.  Progeny data tables can be simulated, or imported from spreadsheet models, 
auto-sort equipment or electronically captured slaughter data.  
 

 
 
Figure 2.  Sale draft formation within the model 
 
Fig. 2 shows an example of how three sale drafts (fast-growing, average and slow) are formed from AIAO 
locations. Note the slow sale draft remains stationary while the fast & average sale drafts are relocated 
back down the growth curve to younger sale ages.  Thus, the conditional limits applied to form sale drafts 
impact upon individual sale drafts’ feed usage in response to sale age, and also in accordance with the 
underlying relationships between LW and FCR and potentially, other traits like lean meat percent. 
 
The sale model receives sale drafts from the post-weaning growth model to provide transport choices to 
independently convey each sale draft to a selection of markets.  The number of progeny in each draft, 
choice of truck size, truck stocking rate limits and transport costs are used to configure transport 
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arrangements. Market choices are represented by separate price systems that categorize individual progeny 
by quantity (e.g. LW, DW or LMY) and quality (e.g. LM% or P2 fat depth) to determine carcass value. 
 
Interpreting Price System Signals 
 
Three price systems were contrived to reflect differing price incentives in the model. Each of the grids 
paid the same lean premiums but varied in the discounts applied to carcasses falling outside the prime 
range. The low incentive (LI) price grid had a broad target range from 77.1 to 98 kg (20.9 kg spread), with 
a maximum penalty of $15 per carcass. The high incentive (HI) grid had a narrow target range of 6.9 kg 
from 84.1 to 91 kg, with a maximum penalty of $20 per carcass. The very high incentive grid (VHI) also 
had a narrow target weight range of 84.1 to 91 kg, but with a maximum penalty of $40 per carcass. The 
VHI price grid is depicted in Fig.3 below. 
 

PRICE SYSTEM     Base Price: 2.66

High Incentive V High Incentive

DW limits 0 65 71 74 77 84 91 98 101 104 108 118 999 DW limits 0 65 71 74 77 84 91 98 101 104 108 118 999 DW limits 0 65 71 74 77 84 91 98 101 104 108 118 999

LM% limits LM% limits LM% limits

100 0 0 0 1.5 3 3 3 1.5 0 0 0 0 100 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 100 2.37 2.45 2.49 2.56 2.66 2.69 2.66 2.62 2.56 2.52 2.47 1.00

58 0 0 0 1.5 3 3 3 1.5 0 0 0 0 58 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 58 2.37 2.45 2.49 2.56 2.66 2.69 2.66 2.62 2.56 2.52 2.47 1.00

57 0 0 0 2 4 4 4 2 0 0 0 0 57 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 57 2.37 2.45 2.49 2.57 2.67 2.71 2.67 2.63 2.56 2.52 2.47 1.00
56 0 0 0 2 4 4 4 2 0 0 0 0 56 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 56 2.37 2.45 2.49 2.57 2.67 2.71 2.67 2.63 2.56 2.52 2.47 1.00

55 0 0 0 2 4 4 4 2 0 0 0 0 55 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 55 2.37 2.45 2.49 2.57 2.67 2.71 2.67 2.63 2.56 2.52 2.47 1.00

54 0 0 0 2 4 4 4 2 0 0 0 0 54 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 54 2.37 2.45 2.49 2.57 2.67 2.71 2.67 2.63 2.56 2.52 2.47 1.00

53 0 0 0 1.4 2.8 2.8 2.8 1.4 0 0 0 0 53 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 53 2.37 2.45 2.49 2.56 2.66 2.69 2.66 2.62 2.56 2.52 2.47 1.00

52 0 0 0 1 2 2 2 1 0 0 0 0 52 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 52 2.37 2.45 2.49 2.55 2.65 2.68 2.65 2.62 2.56 2.52 2.47 1.00
51 0 0 0 0.8 1.5 1.5 1.5 0.8 0 0 0 0 51 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 51 2.37 2.45 2.49 2.55 2.64 2.68 2.64 2.61 2.56 2.52 2.47 1.00

50 0 0 0 0 0 0 0 0 0 0 0 0 50 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 50 2.37 2.45 2.49 2.54 2.62 2.66 2.63 2.61 2.56 2.52 2.47 1.00

49 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 49 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 49 2.35 2.44 2.48 2.53 2.61 2.65 2.62 2.60 2.55 2.51 2.47 1.00

48 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 48 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 48 2.34 2.42 2.47 2.51 2.60 2.64 2.61 2.59 2.54 2.50 2.46 1.00

47 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 47 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 47 2.32 2.41 2.45 2.50 2.59 2.63 2.60 2.58 2.53 2.49 2.45 1.00
46 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 46 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 46 2.31 2.40 2.44 2.49 2.57 2.61 2.59 2.57 2.52 2.48 2.44 1.00

45 -6 -6 -6 -6 -6 -6 -6 -6 -6 -6 -6 -6 45 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 45 2.28 2.37 2.41 2.46 2.55 2.59 2.56 2.55 2.50 2.46 2.42 1.00

44 -8 -8 -8 -8 -8 -8 -8 -8 -8 -8 -8 -8 44 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 44 2.24 2.34 2.38 2.43 2.52 2.57 2.54 2.53 2.48 2.45 2.40 1.00

43 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 43 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 43 2.21 2.31 2.36 2.41 2.50 2.55 2.52 2.51 2.46 2.43 2.38 1.00

0 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 -10 0 -19 -14 -12 -9 -3 0 -3 -5.3 -10 -15 -20 -20 0 2.21 2.31 2.36 2.41 2.50 2.55 2.52 2.51 2.46 2.43 2.38 1.00

LEAN MEAT % PREMIUMS DRESSED WEIGHT DISCOUNTS 

 
 
Figure 3.  Structure of the VHI price grid 
 
All three price grids were designed to return equal revenue for the test population. The base price of each 
grid was thus $2.60/kg (LI), $2.63/kg (HI) and $2.66/kg (VHI), respectively. Using a spreadsheet to run 
the same population over each price grid illustrates the price response (incentive/penalty) associated with 
changes in average sale weight (Fig. 4). Note that average price equates for all three price systems at 85 kg 
only.  As depicted in Fig. 4, the LI grid pays up to a $0.21/kg incentive ($2.60 – $2.39) to market closer to 
90 kg DW. The incentive is greater for the HI grid ($0.25/kg) and greater still for the VHI grid ($0.49/kg). 
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Figure 4. Price response to change in average dressed weight 
 
Similarly, the price response to changes in DW standard deviation (SD) was tested to assess the incentive 
to change variability of DW (Fig. 5). The LI grid paid up to $0.02/kg ($2.61 – $2.59) to reduce DW SD 
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from one extreme to the other.  With respect to LM% and SD LM%, all three grids deliver a similar 
incentive as all pay the same premiums (Fig. 3). The all three grids deliver up to a $0.12/kg premium 
($2.62 – $2.50) to move towards 60% LM% (Fig 6).  
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Figure 5. Price response to change in dressed weight variability 
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Figure 6. Price response to changes in average lean meat percent 
 
What can we conclude intuitively from comparison of the three ‘markets’? To maximize price, these grids 
appear to invite a target average of about 87 kg DW, and concerted drafting to minimize sort loss. If you 
were confident of your ability to achieve the target weight and to avoid or minimize weight penalties, then 
you would intuitively select the VHI grid with its slightly higher base price of $2.66/kg. 
 
Other conclusions that can be draw from our analysis of the three grids can be summarized as follows: 

�  Averages are more important than ranges 
�  Average dressed weight is the most important driver 
�  Lean meat % is the next most important driver 
�  90 kg DW is best, intuitively 
�  Penalties are greater over weight than for under weight. Thus, aim drafts to average just below 

the expected optimum target weight, i.e. 87 kg 
�  More frequent drafting should reduce weight penalties 
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�  The VHI grid appears likely to deliver the best price if the drafting strategy is effective, but 
risky if drafting is not 

�  The LI grid is ‘safer’ as it is less punishing over changes in average DW 
 
Optimizing Sale Strategy:  Project Design 
 
A wean-to-sale project was created in the ePiggery® model to represent a 3,300 head AIAO finisher site 
using current Australian benchmark performance data and production operation costs, including current 
housing asset replacement costs. Using the conclusions drawn above regarding target sale weight, a 
baseline population of finisher pigs was created in the model with the following characteristics: 
 
Average age at sale  167 days (close-out 184 days) 
LW at sale   116.8 kg SD 9.3  CV 8.1% 
DW at sale   86.9 kg  SD 6.8  CV 8.0% 
LM%    50.2 %  SD 4.2  CV 8.1% 
FCR at point of sale  3.31  SD 0.26 CV 8.1% 
FCR over life   2.50 
ADG over life   700 g/day 
P2 backfat   13.7 mm 
 
The model works by moving this weight distribution along the specified growth curve, and can ‘sell’ 
drafts or cohorts of pigs at different ages.  Draft intervals were specified in the model to ‘sell’ each draft of 
the population to average 117 kg LW to the VHI price grid in accordance with our target of 87 kg DW.  
Considering the distribution of live weight, target carcass weight, the narrow spec of the VHI price grid 
and the desire to minimize sort loss, the number of drafts was intuitively set at 6 using the following draft 
offsets relative to the expected closeout day as follows: 0 (close-out at 184 days), -9, -15, -21, -27 & -34 
days (first draft at 150 days).  
 
Table 1.  Draft offsets specified in the auto-sort function of the sales model 

 
 
From the draft statistics shown in Table 1, it appears that the intuitively set draft offsets have indeed 
produced an average LW close to 117 kg. While this may seem an initially pleasing result, a number of 
concerns and questions come to mind: 
�  Will the population distribution change shape with age and following successive drafts from the 

population? 
�  Does LM% vary between drafts (i.e. is LM% related to LW?)? 
�  Does FCR vary between drafts (i.e. how strongly is FCR related to ADG?)? 
�  Will draft size affect transport costs? 
�  What is the optimal number of drafts; 2, 4, 6…? 
�  If there is a choice of available markets, which is the most profitable to consign to? 
 
Table 2.  EBIT analysis of 6 drafts sold to the VHI grid 
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Table 2 shows the breakdown of EBIT into revenue and costs. Can we do better than $143,779 per 
annum? It should be possible, since we have created empty shed space and underutilized space between 
the first and last draft at 150 and 184 days, respectively. How does this result compare with the other 
extreme, namely, sale as a single draft at closeout (facility full throughout)? Which option is better 
financially? 
 
To explore this option, a simple one-dimensional optimization was created to test the effect of days to 
closeout (‘batch period’) on EBIT, where sale age = batch period + entry age (21 days). 
 

 
 
Figure 7.  Optimizing EBIT on the VHI grid from a single draft 
 
The optimization run peaked at EBIT of $165,916 pa if the whole population sold in a single draft on the 
VHI grid at a batch period of 153 days (174 days of age), an increase of $22,137 pa. The main drivers of 
greater EBIT in this scenario are higher feed costs (shed full), but even higher revenue (additional 132 T 
more LW / year which more than compensates for a price drop of $0.02/kg due to increased sort loss). 
Said in another way, the model optimized sale age (weight) taking into account the cost of gain AND any 
change in throughput. Sale at 153 days is equivalent to and average sale weight of 102 kg LW / 75 kg DW 
on a single draft. 
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Can we improve on this result further by adding more dimensions in order to optimize EBIT? Subsequent 
runs of the model were thus set to include the following: 
 - Batch period (days to close-out) 
 - Number of drafts 
 - Draft age offsets 
 - Option to sell to different price grids 
 
Three separate optimization analyses are presented in Table 3 with each optimization using a different 
price grid. All drafts within each optimization were sold to the same grid. In this comparison, EBIT peaks 
at $187,556 to the LI grid over 5 drafts. When further optimization allowed each draft to be independently 
be sold to any of the three price grids, EBIT increased to $190,337 pa where the close-out draft sold to 
VHI and all other drafts sold to the LI grid.  
 
Table 3.  Price system optimization 
 

�
 
Table 4 below reports the variable set associated with the last 10 ‘successful’ steps of the optimization. 
The last 4 rows of the table show drafts A to D (close-out draft is not shown). All 10 combinations 
generate EBIT to within $3,452 of one another; each can be scrutinized in detail to select a practical one. 
This could include merging drafts of very similar age offsets. Thus, interpretation of the last step, ‘Gen 
142’ shows 5.84 drafts (this is actually 5 drafts – the model truncates the remainder), with Draft A (the 
fastest growing pigs, 20 of inventory) sold -8.89 days before close-out. The remaining 4 drafts (including 
close-out, not shown) are sufficiently similar that they can be practically sold combined with the close-out 
draft. 
 
Table 4.  Successful optimization sale strategies 

 



Proceedings of the Allan D. Leman Swine Conference 17-18 September 2007�

Effect of Changes in Performance on Sales Strategy 
 
Fig. 8 below illustrates what can happen in the event of a change in health status. The blue curve (depicted 
as a straight line for simplicity) defines a normal distribution at 115 days of age. The red curve represents 
altered performance in the face of a disease outbreak where it is assumed that fastest growing pig is 
unaffected, that pigs are individually affected to varying degrees, and that increased variance reduces 
mean growth. Any other pattern of effect could be modeled, for example, a more acute disease outbreak 
may also affect the fastest growing pigs.  
 

 
Figure 8.  Effect of a disease outbreak on mean growth and variance 
 
The model was adjusted to reflect these changes; the growth curve was edited such that LW at sale was 
reduced by 5%, and LW CV% was increased by 2%. This new circumstance was then optimized in terms 
of batch period, number of drafts, draft age offsets and option to sell to any of the 3 price grids, and then 
compared to the original ‘healthy best market scenario’ shown in Table 4. Results are shown in Table 5. 
 
Table 5.  Comparison of sales strategy 

 
 
 
As described here, disease has reduced EBIT by $23,666 in spite of optimization of marketing and sales 
options. In fact, price grid selection did not change with optimization, and analysis of drafting details 
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generated by the model showed delayed marketing of all drafts (batch period + 6 days), no change to 
number of drafts and only minor changes to draft offsets in this instance.  
 
Discussion 
 
Optimization within a going concern begs revision of sale strategies as new data becomes available.  An 
initial optimization may be conducted before a nursery or finisher barn or site is filled to optimize 
purchase characteristics with respect to quality and value using predicted performance for the given 
season of the year.  This prediction may be revised as actual data comes to hand, e.g. through use of auto-
sort equipment.  The red ‘diseased’ distribution shown in Fig. 8 represents recent data which can be used 
to reshape the expected growth curve to align it through the mean of the data distribution.  Optimization of 
sale decisions may then be conducted as close out dates approach using current price information. 
 
Ongoing correction and revision of available performance data is required for this process. In the absence 
of recent or accurate data, estimation and eyeballing from experience is better than nothing. Results shown 
here illustrate the limitations of simple one- or two-dimensional analysis using conventional tools such as 
spreadsheets, and intuitive decision-making.  When data is not available, it can be simulated from research 
or on-farm trials.  Investing in data capture appears to be very worthwhile. 
 
Optimization in the face of changes in performance and throughput holds considerable promise and is not 
limited to disease crises. Surges and holes in reproductive performance, seasonal effects and changing 
growth rates (e.g. in other grow-out units within the enterprise) also lend themselves to adjustment and 
salvage through optimization.  Short-term variation in throughput acts to create space freedom or space 
shortages. In such instances, it is possible to fix close-out (e.g. forced to sell early) or extend close-out 
(e.g. production hole) and optimize EBIT on an individual batch basis.  Large production holes should 
favor the use of auto-sort gear and optimized EBIT per batch using a combination of batch interval (close-
out days), number of drafts and draft age offset. 
 
Several points regarding the analyses presented here bear special mention. No relationship was used to 
link LMY with LW, as was done with FCR. For example, progeny drafted by LW have different FCRs 
and thus different feed consumption, and this is reflected. A LW-LMY relationship could have been used, 
but in the absence of data was deemed to be more situational, and was therefore ignored in this instance. 

Finally, all optimizations carried out for this paper were conducted portraying a short housing 
circumstance using EBIT as the objective function, or output variable, to drive the process. This ignores 
gross margin and margin over feed costs.  It would be appropriate to optimize using EBIT only if you had 
an unrestricted supply of pigs to fill a barn or site (housing is short).  Otherwise, optimization of grow-
finish scenarios is best driven by GM or MOFC, especially when housing is long.  

As illustrated by the simple series of analyses presented here, the difference in financial outcome when 
devising sales strategies based on experience and intuition vs. detailed analysis using a series of 
optimizations is potentially quite substantial. Optimization is ideally suited to devising more profitable 
and effective sales strategies when faced with complex, varying and competing factors at the point of sale. 
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