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 Introduction 

Simulation of animal growth for the purposes of predicting the responses of 
pigs to nutrient inputs is not a new concept nor a new practice, with initial 
explorations dating back to the late 1970’s and early 1980’s (Whittemore & 
Fawcett, 1976; Emmans, 1981). Subsequently, a plethora of models differing 
in complexity and application have been reported in the scientific literature 
each with their own unique conceptual framework and predictive objectives  
(Black et al., 1986; Pomar et al., 1991; Ferguson et al., 1994; Moughan et al., 
1995; Birkett and de Lange, 2001; Green & Whittemore, 2003; Wellock et al., 
2003 ).  The extent to which these models have been successfully transcribed 
into commercial applications has varied due to their complexity, ease of use 
and the robustness of their scientific theory to accurately predict performances 
under commercial conditions.  Despite the varying degrees of success, there 
is no doubt that the integrated management approach to predicting growth 
and feed intake, significantly enhances the decision-making process. It 
quantifies both the technical and financial outcomes to production stimuli, and 
therefore eliminates the need for educated guesses. This paper will outline 
key components of an integrated simulation model, Watson® and how it has 
been applied within Nutreco Canada. 

 Watson® Overview 

Watson® was developed by integrating the science and practice of pig 
production into an easy to use Web-based software application. The science 
and theoretical framework have been extensively validated with over 20 trials 
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conducted to test significant drivers and components of the model. Its 
framework is unique and flexible to allow the prediction of voluntary feed 
intake, as well as predicting performance and financial outcomes reasonably 
accurately under commercial conditions. For a detailed description of the 
program refer to Ferguson (2006). The key components of the model are 
summarized in Figure 1. 

Figure 1. The framework summarizing the key components and 
processes involved in the Watson® model. 
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 Applications 

One of the main purposes of Watson® is to integrate the complex interactions 
between the animal, its environment and its diet into a management system 
that accurately predicts the animal’s performance under commercial 
conditions, including cause and effect responses to any change in the 
production environment. Therefore, the application of Watson® provides 
solutions to a number of production, economic, and nutritional changes as well 
as assisting in the diagnosis of potential production problems. Figure 2 
summarizes the potential commercial applications of Watson®. 
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Figure 2. Summary of the commercial applications of Watson®. 
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Production changes  
Outputs from Watson® allow one to monitor current performances with 
expected performances and therefore identify periods of  slower growth during 
rather than after the grower/finisher period. In addition, performances can be 
benchmarked against other producers or previous close-outs. 

Economics 
Judicious use of Watson® can simulate market performances for any 
predefined grading grid, including optimum solutions for individual producers, 
and the financial implications of any production changes (e.g. health, stocking 
density, nutrition and environmental changes).  Clearly, as feed and hog 
prices change so to will the optimum marketing strategy change for a 
producer. For example, the average hog shipping weight to provide the 
highest gross profit may be lower when feed prices move up and hog prices 
move down (Table 1).  The extent of the change will depend on the specific 
packer to which the hogs are being shipped.  There are also opportunities to 
consider whether barrows and gilts should be shipped at different weights. 
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Table 1. Predicted optimum average shipping weights associated with 
changes in hog and feed prices (Average: Hog Price=$1.50, Feed costs = 
$230-$250/MT; Hog Price: Low = $1.10, High = $1.70; Feed Costs: Low = -
$30, High = +$30/MT). 
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Nutrition 
Watson® has the dual capacity to access and utilize existing branded 
products,  or perform least cost  formulations for individual customers based 
on the predicted nutrient requirements of their genetics, health status and their 
ingredients (Figure 3).  

With these features it is possible to 1) determine the optimum nutrient 
requirements based on the producer’s economic or performance objective, for 
different nutrient density of the diets, and for different feed budgets; 2) 
minimize under and over-feeding nutrients; and 3) estimate the impacts of 
alternative technologies such as Paylean®.  Of particular importance is the 
ability to define optimum feeding strategies based on current feed ingredient 
prices, as well as future ingredient prices. Therefore, responses in gross profit 
to changing energy density and/or the lysine:energy ratio of the diet can be 
predicted. 
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Figure 3. Application of nutritional components within Watson®. 
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Nutritional or Feeding Management 
A common question asked by producers is how many feeds should I be 
feeding in the grower/finisher phase and, if I use more than one, when should 
I switch feeds? The answers to these questions can influence the producers 
gross profit and therefore a feeding budget can be designed and implemented 
to optimize the producers objective (which could be either higher gross profits 
per pig or per annum,  faster growth rates or best feed efficiency). Running a 
number of scenarios through Watson® will allow one to predict the optimum 
feeding budget based on cost versus nutrient requirement for any growth 
period. In addition, it is also possible to compare different diets and their 
effects on the performance objectives. 

Manure Management 
One of the consequences of being able to predict daily feed intake and lean 
tissue deposition is the ability to determine the amount of nutrient excretion, 
especially nitrogen and phosphorus excretion. For every simulation it is 
possible to determine the total amount of N and P that is excreted per pig per 
closeout period. Where N and P excretion is closely regulated, Watson® can 
be used to develop feeding programs, including diets and feed budgets, that 
will reduce excretion of N and P. For example, moving from a 3-phase to a 5-
phase feeding program can reduce N excretion by 50g/pig, which translates 
into a 135kg N reduction per year for a 1000 pigs per closeout barn. 



90 Ferguson 
 
 
Diagnostic or Problem-solving applications 
Because predictions are performed on a daily basis it is possible to estimate 
the factors that influence feed intake and growth as well as those factors that 
may constrain or limit performance. Therefore, with an understanding of the 
model theory it is possible to identify and solve production problems. 

 Conclusion 

The ability to make well informed economic decisions in a complex and 
constantly changing production environment is becoming increasingly 
dependent on the application of integrated management models. Watson® can 
dynamically assimilate the whole production process in order to predict the 
cause and effect responses to   vectors of change within the commercial 
production environment. 

 References 

Birkett, S. and C.F.M. de Lange, 2001.A computational framework for a 
nutrient flow representation of energy utilization by growing 
monogastric animals. British Journal of Nutrition 86:661-674. 

Black, J. L., R.G. Campbell, I.H. Williams, K.J. James and G.T. Davies. 1986. 
Simulation of energy and amino acid utilisation in the pig. Research 
and Development in Agriculture 3: 121-145. 

Emmans, G. C. 1981. A model of the growth and feed intake of ad libitum fed 
animals, particularly poultry. In: Computers in Animal Production.  
Eds. G.M. Hillyer, C.T. Wittemore and R.G. Gunn. Animal Production 
Occasional  Publication No. 5, London. p.103-110. 

Ferguson, N.S., R.M. Gous,  and G.C. Emmans, 1994. Preferred components 
for the construction of a new simulation model of growth, feed intake 
and nutrient requirements of growing pigs. South African Journal of 
Animal Science. 24:10-17. 

Ferguson, N.S. 2006. Basic concepts describing animal growth and feed 
intake. In: Mechanistic modelling in Pig and Poultry Production. CABI, 
Oxfordshire. p 22-53. 

Green, D.M. & Whittemore, C. T. 2003. Architecture of a harmonized model of 
the growing pig  for the determination of dietary net energy and 
protein requirements and of excretions into the environment. (IMS 
Pig). Animal Science 77: 113-130. 

Moughan, P.J., M.W.A. Verstegen and M.I. Visser-Reyneveld, 1995. 
Modelling growth in the pig. Wageningen Press, Wageningen. 



Application of an Integrated Management System 91 
 
 
Pomar, C., D.L. Harris and F. Minvielle, 1991. Computer simulation of swine 

production systems. 1: Modeling the growth of young pigs. Journal of 
Animal Science 69:1468-1488. 

Wellock, I.J., G.C. Emmans and. I. Kyriazakis, 2003. Modelling the effects of 
thermal environment and dietary composition on pig performance: 
model logic and concepts. Animal Science 77:256-266. 

Whittemore, C.T. and R.H. Fawcett, 1976. Theoretical aspects of a flexible 
model to simulate protein and lipid growth in pigs. Animal Production 
22:87-96. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


