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1. Introduction

The problem of optimal marketing of slaughter pigs has been examined by a wide range of authors
(e.g. Rasmussen, 1973; Wendt, 1979; Jolly et al., 1980; Chavas et al., 1985; Sundermeier et al.,
1987; Giesen et al., 1988; Broekmans, 1992; Jørgensen, 1993; Boland et al., 1993; de Lange &
Schreurs, 1995 (based on the model of Black et al., 1986)). Many different approaches have been
taken, but in general most tend not to:

B clearly define the problem of marketing management and to separate and handle
different aspects of the problem.

B discuss and handle the (in most situations) strong dependence between the (internal)
supply of weaners (from the farrowing operation) and the finishing operation.

B handle the stochastic variance and uncertainty of biological processes.

In this paper the problem of optimal slaughter pig marketing management is examined in more
details and methods for handling/solving the problem as presented by Kure (1997) are outlined and
selected results presented.

2. Slaughter pig marketing

The slaughter pig finishing operation is in the following assumed logical and operational
partitioned according to a physical sectioning of the operation facilities. The group of pigs in a
section is defined as a batch; all pigs in a batch must be marketed (or moved to another section)
before insertion of a new batch is possible, but pigs in a batch might be marketed individually. The
period from the first to the last feasible marketing from a batch is partitioned into marketing
stages, each stage representing the moment (e.g. a certain day of the week) at which the manager
has the option (but not the obligation) to market pigs from the batch. Usually the duration of the
marketing of all  pigs in a batch will be no more than 4 weeks (i.e. 5 marketings). The last
marketing from a batch (i.e. marketing of all remaining pigs in the section) is defined as the
terminal marketing (the batch is terminated) and it is succeeded by an insertion of new pigs or
weaners.

Pigs are marketed to one or more packers (slaughter houses) and the prices paid for pigs are based
on a packer-specific pricing system. The pricing system will normally favorite pigs within certain
carcass weight and leanness intervals.

After the terminal marketing of a batch, a new batch is (immediately or during some period of
time, e.g. 2 weeks) inserted into the section. The terminal marketing stages of batches are (except
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in the situation of a very flexible external weaner supply) fixed at the operational level, but
calculating the operational and financial consequences of changing the termination time of batches
might reveal valuable information on disharmonies between the farrowing and finishing operations
and information for tactical and/or strategical planning of the weaner supply (i.e. the farrowing
operation) and demand (i.e. size, sectioning and/or stocking density of the finishing operation).

Because of the biological variation, the pigs will  grow and deposit fat at different rates. Heavy and
fat pigs are discriminated on price and therefore it might be beneficial to select and market
individual pigs from a batch prior to the termination of the batch. In most situations the manager
do have this option and at least in Denmark the option is widely used. In most studies on slaughter
pig marketing the manager is assumed to select pigs based on the observed live weight (see e.g.
Chavas et al. 1985; Jørgensen, 1993), but other traits like e.g. backfat thickness are used as
selection criteria in practice and should be taken into consideration when examining slaughter pig
marketing. The traits might be difficult to define and measure and in some situations they may for
the same individual vary randomly over time. The observed traits (i.e. the values of the traits as
observed by e.g. the manager) may differ from the true traits.

2.1. Optimal marketing
 
The slaughter pig marketing options (or slaughter pig marketing management problems) described
in the previous section might be summarized and defined as:

(i) How to select and when to market individual pigs and
(ii) when, irrespectively of other aspects of the managing of the weaner sup-

ply/demand, to terminate and market batches. 

Assuming independence between the pigs in a section, assuming the main objective of the
enterprise owner to be profit maximization and assuming that replacement of individuals is not
possible, problem (i) is a basic profit maximization problem and the problem might be solved
independently of (ii). The optimization criterium is in itself simple and straight forward, but the
special nature of the slaughter pig finishing operations and pricing systems complicate the problem:

(a) Biological variance, 
(b) latent animal traits (on which pigs are evaluated and priced and which are not

revealed until after marketing, i.e. traits of the carcass),
(c) selection method and
(d) observational errors.

These special conditions contribute to stochastic processes and uncertainty in the system and
special methods must be applied to handle these aspects. The solution method of the profit
maximization problem is based on calculations of marginal returns and for this an animal growth
model (representing the state of, and marginal change in, the traits of animals) is needed.

Finding the best option or the optimal decision/policy in (ii) is basically a replacement problem
(see e.g. Rasmussen, 1976 and Jørgensen, 1993) with the batch representing the asset and with
an infinite time horizon. The general methodology of replacement problems first presented by
Taylor (1920, cf. Preinrich, 1940) and the Markov decision programming techniques introduced
by Howard (1960) and extended to Hierarchic Markov processes by Kristensen (1988) might be
applied to solve and study the problem. However, a set of special conditions applying to the
slaughter pig marketing management problem (as well as other biological replacement problems)
might extend or complicate the problem:
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Figure 1. The animal growth model. Mean
growth and distribution of live weight at 5 dif-
ferent marketing stages.

(1)

(e) the bias in distributions and financial
outcomes caused by the selection in (i),

(f) the short term inflexible (i.e. non-adjust-
able) weaner supply,

(g) the type of operation and the size of
batches (i.e. sections vs. pens) and 

(h) the stochastic variation of the weaner
supply (i.e. variation in sizes of new
batches),

and as for problem (i) special methods must be
applied to handle and examine these aspects of
marketing management.

3. Material and methods

3.1. The animal growth model

In this presentation traits and growth of pigs are modeled directly by a multi variate normal
distribution as defined below. 

Let M be the number of animal traits included in the model and N be the last feasible marketing
stage of any batch (e.g. With the option of marketing once or not at all in a week and with a 5
weeks duration of the marketing of a batch, N is 5). Let the traits of a pig at a given marketing
stage (or marketing age), n and at a given time, t be represented by a MBdimensional vector, X .n,t

The traits are assumed multi variate normal distributed:

where m  is a (M×1) vector of means andn,t

C  is a (M×M) matrix of variances and covariance.n,t

The set of variables X , n = 1,Y,N are merged into a single variable X , representing a pig=s traitsn,t t

at all N marketing stages at a given time t:

where:

Graphically the animal model might be partially (i.e. for a single trait) represented as shown in fig.
1. The mean growth curve has at each marketing stage been extended with a graph representing
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(2)

(3)

the distribution (and not only the confidence interval) of weight at that particular stage.

Three traits are included in the model used in this presentation: Live weight (W ), carcass weightn,t

(CW ) and carcass leanness (CL , the fraction of meat in the carcass) implying that X  = [W ,n,t n,t n,t n,t

CW , CL ] .n,t n,t
T

3.2. Optimizations

Selection of individuals. In general an individual pig should be selected for marketing (and
marketed) at stage n when the expected marginal (or extra) net return at stage n (MNR ) ofn

postponing the marketing 1 stage is less than 0 (see e.g. Doll & Orazem, 1984; Rasmussen, 1976)
or in more formal terms: 

where n is the marketing stage, n = 1,YN, r is the discount factor (= (1+i) ), i is the discount rate!1

(i.e. on a weekly basis), ERI  (m) is the expected return of an individual at marketing stage n+mn

and ERI  (0) is the expected return of an individual at marketing stage n and EVCI  are then n

expected variable costs from stage n to n+m.

Kure (1997) defines and discusses four different selection criteria (SC) that might be summarized
as follows: SC I: No selection, II: Selection on observed live weight, III: Selection on observed
live weight and observed carcass leanness and IV: Perfect Information. Same models and
optimization methods are used for all four criteria (or any other feasible criteria).

Terminal marketing. In the situation of constant and inflexible weaner supply (i.e. the size of new
batches is constant over time) Kure (1997) demonstrates how the net present value of a section
containing K pigs is given by:

where NPV  is the net present value of the infinite chain of batches, NPVB  is the net presentm m

value of a single batch, WSNR is the expected stage net return per pig place of selecting andn

marketing pigs at stage n, weighted with the probability of selection at (and the probability of no
selection prior to) stage n and WTSNR is the expected terminal stage net return per pig place ofm

the terminal marketing at stage m, weighted with the probability of no selection prior to stage m.

The optimal marketing stage is found by optimizing (3) with respect to the terminal marketing
stage, m. This criterium (Deterministic Optimization, DO) is the basic optimization criterium of
the traditional replacement theory as described by e.g. Preinrich (1940) or Rasmussen (1976) and
the solution is found by maximizing the average net return per week. In the situations of varying
and flexible weaner supply other criteria and optimization methods (Dynamic Programming) must
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Figure 2. Marginal density of observed live
weight w= and expected marginal net return
(MNR) conditioned on observed live weight at
stage 1 and 3. E  = 0.5². Z = 5,000.W

Figure 3. Expected net marginal return at stage
1 (MNR) conditioned on observed live weight
(W=) and observed carcass leanness (CL=) at
stage 1. E  = 0.5² and E  = 0.002². Z = 5,000.W CL

be applied (Probabilistic Optimization, PO).

3.3. Parameter estimation and model testing.

As a consequence of the selection of individual
pigs for marketing, most registrations made on
pigs in the period of marketing will be highly
biased and difficult to utilize in estimating the
parameters in the animal growth model (1). The
estimation methods applied in this study are
based on the EMBalgorithm and the Kalman
filter (Kure, 1997).

Animal growth model parameters used in the
model testing were estimated partly from em-
piric data and partly from simulated data from
the model developed and described by
Jørgensen & Kristensen (1995).  The optimization models  and the sensitivity of the models with
respect to changes/errors in model parameters were evaluated and tested based on this sample
growth model.

4. Results

Selected results of the study are presented below. It should be noted that the results are based on
simulated data and cannot be directly applied in practice; they only serve the purpose of
demonstrating the use and output of the models.

4.1. Selection of individuals

The basic results of selection on observed live weight at stage 1 and 3 (i.e. W = and W =) are shown1 3

in fig. 2. The marginal net return is positive for w = < 93.9 kg and for w = > 107 and negative for1 1

93.9 < w = < 107 kg; only pigs in the interval1

from 93.9 kg to 107 kg live weight should be
marketed. The probability of an observed live
weight above 107 kg is, as indicated by the
marginal density of W = in the figure, very little1

and therefore the results will not be significantly
influenced by omitting this upper interval in the
selection criteria. The optimal threshold live
weights are 93.3, 93.6, 93.5 and 91.9 kg on
stage 1, 2, 3 and 4 respectively.

The results of conditioning the expected mar-
ginal net return (of postponing the marketing 1
stage) on observed live weight and observed
carcass leanness are shown in fig. 3. For cl ' =1

0.598 (i.e. = m ) the graph of MNR  (1) in fig.cl,1 1

2 might be recognized. What is interesting and



44 Dutch/Danish symposium on Animal Health and Management Economics, 1997

Selection
criteria (SC)

DO PO

m = 1 m = 2 m = 3 m = 4 m = 5 K = 1 K = 2 K = 4 K = 8 K = 20 K = 100

I (None) 4.66 5.90 6.15 5.65 4.33 6.15 6.15 6.15 6.15 6.15 6.15

II (w) 4.66 5.96 6.45 6.46 6.13 6.58 6.54 6.50 6.49 6.48 6.47

III (w, cl) 4.66 5.96 6.46 6.47 6.14 6.60 6.55 6.52 6.51 6.50 6.48

IV (Perfect info.) 4.66 5.96 6.48 6.54 6.26 6.68 6.62 6.59 6.57 6.56 6.55

Table 1. Constant weaner supply. Average weekly net return per pig place (ANR) of Deterministic
and Probabilistic Optimization (DO and PO) given 4 different selection criteria (SC, see text
for explanation and definition of criteria). Optimal ANRs of DO are indicated by a shaded
area. All ANRs of PO are optimal. E  = 0.5² and E  = 0.002². Z = 200,000.W CL

important is that the intersection between MNR  for 80 < w = < 104 and the zero plane in fig. 3 is1 1

approximately a straight line. A selection criterium based on this linear relationship is easily
derived and applied (SC III).

4.2. Terminal marketing

The 4 selection criteria (SC=s) as described and assessed in previous sections have been applied
the two different optimization criteria (Deterministic Optimization, DO and Probabilistic
Optimization,  PO) in order to find the optimal terminal marketing stages and the optimal expected
average net returns. The basic results of these calculations are shown in table 1 (with a sampling
size of 200.000). With selection criterium I (i.e. no selection) and with DO the optimal terminal
marketing stage is 3. With selection criterium II (selection on observed live weight) the ANR is*

increased by 0.31 DKK (or 0.31@(1!(1+i) )/i = 15.72 DKK/year) to 6.46 DKK. The optimal!52 

marketing stage is 4, but marketing at stage 3 is only slightly inferior (0.01 DKK). The difference
in ANR between criterium II and III (selection on observed live weight and observed carcass*

leanness) appears to be quite little (0.01 DKK), while the difference between criterium IV (perfect
information) and III is significantly larger: 0.07 DKK (or 3.55 DKK per pig place per year). The
difference between ANR of different criteria increases as m (and the fraction of selected pigs)n

increases and the loss of executing the terminal marketing too late (e.g. at stage 5 instead of stage
3) is largest (1.82 DKK per pig place per week) when not selecting at all (i.e. criterium I).

The ANR  of PO depends greatly on the batch size: values decrease as batch sizes increase and the*

values converge towards the results of DO. The difference between different selection criteria are
of same magnitude as of DO.

5. Discussion

The differences between weekly average net return per pig place (ANR) of different selection
methods might be interpreted as the opportunity costs of applying one method instead of another.
The value might be directly compared to the actual costs of applying the methods and the methods
might be ranked based on this. In the case of no selection at all (i.e. SC I) vs. selection on live
weight (i.e. SC II), a cost of selection less than 0.30 DKK/week/pig place at stage 3 or
approximately 4.50 DKK/pig would make selection profitable. At succeeding stages the difference
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Figure 4. Loss in ANR of using inBoptimal
threshold weights when selection individuals. Z
= 400,000

is even larger; more pigs are selected and marketed at Athe right time@. The profitability depends
on the weighing precision, but only very high and unrealistic observational errors (ie. E  > 1) willW

significantly change the profitability and as also demonstrated by Jørgensen (1993) it might even
not be beneficial to balance weight pigs prior to marketing compared to simple visual assessment.
Selection on live weight and carcass leanness (i.e. SC III) is (regardless of the observational errors
on both traits) only slightly superior to SC II  and very little financial room is left for measuring the
leanness of pigs. However, alternative pricing systems, as well as additional benefit of utilizing the
information in other management problems within the enterprise, might change this picture. 

One question that may arise when optimizing and analyzing selections criteria is: What are the
(financial) consequences of applying an inBoptimal selection criterium?. In fig. 4 the financial
effect of choosing a wrong threshold value (which is applied at all stages) is shown. The loss in
ANR with a given threshold value is seen to increase with the stage number; more pigs are selected
as the termination of the batch is postponed. In the case of termination at stage 5 the loss of
applying a threshold value of 96 kg (ie. approximately 2.5 kg more than the optimal threshold
value) is 0.30 DKK per pig place per week or approximately 5.10 DKK per produced pig.

The differences between perfect information and all other selection criteria indicate that it might
be possible to develop and apply better criteria, but still the profitability depends on the actual
costs (and additional returns) of performing the measuring and selection.

The financial effect of changing the terminal marketing stage might be of a considerable size, but
in particular in batch operations the operational effects of changes might be very difficult to handle
and fit into a tight schedule. However, in some situations the financial benefits might be of such
magnitude that the operational problems caused by a change in the demand and supply of weaner
might be worthwhile, but a simple change in feeding and growth of pigs (and consequently a
change in demand of weaners) in the finisher operation might be the (optimal) solution to
disharmonies between weaner demand and supply. 

Recognizing the inability of most systems to change weaner supply from week to week, it will in
general serve no purpose to perform the calculations of probabilistic optimization (i.e. Dynamic
Programming)  instead of deterministic optimization. 

In general the applied models/methods appear
to be well suited for handling the problems of
observational errors, of updating the expecta-
tion of pigs (in particular the latent traits as e.g.
carcass weight and leanness) based on observa-
tions (i.e. Bayesian Updating) and as a basis for
the examination/optimization of the overall
problems of when and how to select pigs and
when (ideally) to terminate batches. 

The major general disadvantage (besides the
usual parameter estimation problems) of this
type of model is the limitations on size or de-
gree of detail; The number of traits and stages
has to be  Asmall@. However, as the number of
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marketing stages normally is limited to less than 10 (i.e. 5 weeks duration of the marketing of a
batch and maximum 2 marketings per week) this obstacle does not apply to the problem of
slaughter pig marketing management and as discussed by Kure (1997) it might be possible to
generalize the animal growth model to a continuous model in which parameters are represented
as functions of two times (e.g. of Amarketing stage 2.6@ and Astage 3.8@).
Any reasonable selection criterium (based on traits included in the animal model) might be handled
by the model and in principle the marginal net return of individuals (given any set of observations
on the individual) might be calculated and used as a selection criterium. This selection criterium
is not very operational when applied directly by the manager (an input and computing device is
needed), but if (or when) combined with equipment for automated identification, feeding,
weighing, backfat-measuring and/or separation of individuals the criterium might be operational
as well as beneficial. 

The presented marketing management model might be applied directly in order to calculated
general or farm specific optimal threshold values and in order to calculate the optimal terminal
marketing stage as an aid in managing the weaner demand and supply. However, a more general
utilization of the concept of the model directly in objective functions used for e.g. optimizing feed
(energy) supply for pigs would result in a simultaneous optimization of production and marketing
(as suggested by Chavas et al., 1985) and the optimal marketing decisions or strategy would then
simply be a (subB)result of the optimization. The same idea (i.e. of using the model as part of the
objective function) may apply to the problem of (reB)dimensioning and planning the production
facili ties as well as other aspects of managing the slaughter pig operation and the weaner
supply/demand.
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