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Summary
Objective: To develop a ﬂexible economic
model for estimating disease prevention
proﬁtability in batch swine ﬁnishing.
Methods: This spreadsheet model demonstrates relationships beyond basic production costs. Variation in weight gain drives
variation in market weight and revenue.
Mean weight and variation of weight, combined with the pricing matrix, drives revenue. User inputs may include costs, performance (feed conversion rate (FCR),
mortality, ADG and its variability), and
pricing matrix. The model calculates economic efﬁciency measures, and contrasts
results for ﬁxed time (DATE) and target
market weight (WEIGHT) production

T

he importance of evaluating animal disease control programs on
an economic basis has been recognized for many years. Economically rational decisions on disease control strategies at
the producer level are based on an assessment of private costs and beneﬁts. Economic evaluation of disease control programs for swine producers has often been
approached by solving problems for individual producers and learning from the
results in these producers’ herds.1,2

systems. Default values are provided for all
inputs, reﬂecting 1995 to 1998 US averages. Sensitivity analyses assess the
inﬂuence of user-speciﬁed variables on
proﬁtability. The model estimates production improvements necessary to cover
health intervention costs.
Results: Proﬁtability is inﬂuenced by rate
of gain and feed conversion; this relationship is strongest in the DATE system. Vaccine costing $1.00 per pig increased annual
proﬁts $3053 and $8007 per 1020-head
barn, depending on the marketing focus
and other assumptions. Also, to cover vaccination cost of $1.00, ADG must increase
from 1.6887 to 1.7725 lb (WEIGHT) or
1.7100 lb (DATE ), or FCR must improve

changed dramatically during the last two
decades.7 The industry is more concentrated, farms are larger, and coordination in
the pork production chain is more organized. Large integrated operations often
raise pigs under a batch production system.
These operations often have identical barns
and use the same genetic stock, feed, management plan, and disease control
programs.

Other approaches used are simulation of
hypothetical herds3,4 and estimation of the
economic impact of biological differences
identiﬁed by studying speciﬁc alternative
management strategies.5,6 These approaches are valid in speciﬁc circumstances.

The pork industry has recently faced lower
proﬁt margins per pig, or negative proﬁts
with prices less than the marginal costs of
production, and an inﬂexibility to easily
exit the market. During such times, objective economic evaluation of management
changes related to disease control becomes
even more critical.

The structure of the pork industry has

With the increased sophistication in the
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from 3.1200 to 3.0545 for either marketing strategy. Vaccination internal rate of
return is 13.6 to 19.7% depending on the
production system.
Implications: This model evaluates the
economic impact of health interventions or
production efﬁciency changes and can use
farm-speciﬁc data. Understanding the economics of health interventions allows economically driven decision making by veterinarians and pig producers.
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industry, approaches for evaluation increase
in complexity. There is a need to evaluate
the economic impact of disease and disease
control from a systems perspective using
system speciﬁc data.
Porcine respiratory disease complex
(PRDC) continues to be a challenge for
pork producers. Even though batch production practices were designed, in part, to
help control PRDC,8,9 it continues to be a
problem in batch production facilities.10,11
Disease in general, and PRDC in particular, can prevent swine farms from achieving
economic viability. Porcine respiratory disease complex is an important inﬂuence on
productivity measures such as rate of gain,
feed efﬁciency, and days to market, which
translate into economic measures for the
farm and inﬂuence farm viability, especially
over time.
Disease control costs must be measured
against the beneﬁts to be gained by implementing disease control programs. Thus,
the objectives of this study were ﬁrst to
develop a model that can estimate the
proﬁtability of pig ﬁnishing in batch production systems using system-speciﬁc production data, and that can estimate the
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economic impact of disease control generally, and then to apply the model, using
general data to reﬂect the economic impact
of vaccinating against Mycoplasma
hyopneumoniae in batch ﬁnishing systems.

Materials and methods
Outline of the basic model
This model was developed to run on an
Excel12 spreadsheet, and uses an enterprise
budgeting approach13 to evaluate the
proﬁtability (yearly return above total costs
and yearly return above variable costs) of
batch ﬁnishing pigs in a barn designed for
1020 feeder pigs. The model also estimates
the economic impact of disease control in
this production system. The spreadsheet
runs on a pig live weight basis. If the producer has data only on carcass weights of
pigs, a grid is shown for conversion to live
weights. Important basic economic summary values are calculated, including total
revenue per year, total costs per year, return
above total costs, return above variable
costs, and net present value.
The spreadsheet has the important advantage of allowing users to conduct sensitivity
analyses and make calculations with userspeciﬁed data, for example, comparing
yearly proﬁtability when changes occur in

feed conversion ratio (FCR), average daily
gain (ADG), the standard deviation (SD)
of ADG, and mortality rate over a range
based on 10 to 90 percentile ranges for industry averages.14 A relative sensitivity
analysis is conducted by graphing the percentage change in these four variables on a
common horizontal axis.
Two types of marketing strategies are modeled: pigs shipped on the basis of achieving
target weights (WEIGHT), or pigs shipped
on pre-arranged shipment dates (DATE).
The DATE marketing strategy is common
in production systems with contracts.
The spreadsheet allows for user
speciﬁcation of the following at the batch
level: basic characteristics of pigs placed in
the ﬁnisher, including number, weight, and
price of pigs; feed costs, including diet
component prices and amounts of diet ingredients; growth of pigs, including
pounds marketed, average length of the
feeding period (to allow estimation of
ADG by user), and number of days between batches for cleaning the facility, or
user-speciﬁed ADG and FCR if these have
already been calculated for the operation;
marketing strategies, including number of
pigs in each shipment, pig shipment schedule, number of shipments per batch, and

target market weights; economic environment, including base price of market
weight pigs, a pricing matrix that includes
price differentials for carcass weight, and
proportion of and prices for nonstandard
market pigs; consideration of health effects
on growth and thus revenue and costs, including mean weight of pigs that die and
number of pigs that die per batch; and impact of vaccination and disease control on
ADG, FCR, and cost of disease control.
Additionally, the user can specify non-feed
operating expenses and ﬁxed costs for the
year.

Model Assumptions
Default values for variables (Tables 1 to 4)
are based on economic and production
values in published literature (when available) for typical batch production facilities
during 1995–1998. The SD of ADG represents the variability of ADG at the batch
level, ie, a combination of the variability
(sum of squares) within a shipment from a
batch and the variability between shipments from a batch. The model assumes an
SD of pig live weight marketed of 16.26
pounds; equivalently, 68% of the pigs marketed would weigh between 240 and 272
pounds.11

Table 1: Spreadsheet model default values for pig placement, growth, base health effects, and marketing
Description
Pig placement information
Number of pigs placed in the finisher
Size of pigs entering the finisher 15
SD of feeder pig weights at placement 11
Price of pigs placed in the finisher 16
Growth of pigs
Average weight marketed 17
Unadjusted feed conversion 14
ADG11 (SD of ADG)
Average length of feeding period 11
Marketing strategies
Assumed number of shipments
Assumed days on feed for each shipment from a batch 11
Shipment size
Target weight 17
Base health effects
Mean weight at which pigs die
Mortality rate 14
Days between batches for clean-up
Proportion of nonstandard market pigs

170

Value

Unit

1020
45
6
40.9795

head
lb
lb
US$

256
3.12
1.6887 (0.1210)
125

lb
lb fed/gain
lb/day
days

4
112, 123, 129, 135
170
256

shipment
days
truck capacity
lb

127
2.8
2
2-5

lb
%
days
%
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In our base model, we assume an unadjusted FCR of 3.12 (no adjustment made
for deaths),14 and an adjusted FCR of 3.10
(adjustments made for deaths). We also
assume that disease control programs for
the barn cost $3938 per year and that this
level of expenditure occurs with a mean
ADG of 1.6887 pounds11 (SD=0.1210),
and a mean mortality rate of 2.8%.14 Pigs
are assumed to die at a mean weight of 127
pounds (personal communication, Y.
Koketsu, May 1999 ).
If return above variable costs falls below
zero, cash expended is larger than cash received. This is a situation that operations
cannot long sustain. Variable costs included in the model are feeder pig purchase, feed, marketing, and disease control
programs. All other costs at the barn level
are considered ﬁxed per year.
Data used for calculating the SD of ADG
were those associated with a dissertation11
but were not reported in the dissertation
per se. Two shipments (shipment 1 and 2)
from each of 10 barns were tested for equal
variance of carcass weights (F-test for
equality of two variances).20 Because variances were found not to differ statistically
(P>.10) for eight barns, carcass weight data
from these eight barns were combined and
a mean batch level variance in carcass
weight was calculated. One of the remaining two barns had a small ﬁrst shipment
(fewer than 100 pigs) that preceded a
much larger second shipment (more than
400 pigs) by a wide time interval (more
than 3 weeks). These differences could
cause the lack of equal variance for this
barn, but shipments with this degree of size
difference and time gap are not common
for most batch production systems, so data
from this barn was excluded. The tenth
barn might have had a different variance by
chance alone. Because carcass weights were
available from these 10 barns, and the
model runs on a live weight basis, carcass
weights were divided by 0.74 to obtain estimated live weights. Estimated live weights
were used to calculate a pooled mean, variance, and SD of live weight (SD = 16.26).
The model calculates the distribution
(variation) in pig live weights marketed.
We did not use data to measure the SD of
ADG directly; very few production systems
have individual pig weights at placement to
match with individual pig or carcass
weights at slaughter. Instead, we used an
SD of ADG, and the SD of feeder pig
weights, to estimate variation in live
weights on the basis of variability observed

Table 2: Spreadsheet model default values for feed costs. All values in US$.
Description
Feed prices
Corn17
Soybean meal (44%) 17
Base mix 15
Mixing per ton 15
Weighted average feed cost
Diet formulation at batch level 15
Corn (proportion)
Soybean meal (44%) (proportion)
Base mix (proportion)

Value

Unit

2.97
198.25
415
10
0.0723

$/bushel
$/ton
$/ton
$/ton
$/lb

521,358.0 (0.7764)
125,546.4 (0.1870)
24,582.0 (0.0366)

lb/batch
lb/batch
lb/batch

Table 3: Spreadsheet model default values for yearly fixed costs. All values in
US$.

Description

Value

Unit

Yearly fixed cost 16
Veterinary services and medicine
Utilities, fuel, electricity
Bedding and litter
Repairs
Custom services and supplies
Insurance, taxes, and other
General farm overhead
Interest
Hired labor

53,204
3938
4408
580
5030
2239
5984
8900
17,260
4864

$/yr
$/yr
$/yr
$/yr
$/yr
$/yr
$/yr
$/yr
$/yr
$/yr

in carcass weights. Most production systems have information on variability in
either live weight or carcass weight at
slaughter.
Two ﬁnancial calculations that consider the
time value of money are net present value
(NPV) and internal rate of return (IRR).
Net present value discounts projected revenues and costs to a common point in
time, providing an estimated proﬁtability
that considers the interest that might be
earned from alternative investment. The
basic IRR is that interest rate which would
result in an NPV of zero, or equivalently,
the return received on the investment. The
IRR for vaccination is deﬁned as that interest rate which makes the NPV without vaccination (with default interest rate) equal
to the NPV with vaccination, ie, the interest rate which reﬂects the economic return
on vaccination cost. Our model projects
into the future for 15 years (or approximately 38 to 40 batches, depending on
marketing focus and associated assumptions) for the NPV calculations, with an
assumed discount rate of 0.084725.21 Rev-
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enues are assumed to accrue at the time of
shipment.
Feeder pig purchase costs are incurred at
the time of pig placement, and marketing
costs are incurred at the time of pig shipment. Other costs of production are assumed to occur daily at their average daily
costs for the batch. This slightly overstates
early batch costs and understates them
later, when pigs eat larger amounts of feed.
Nonetheless, this assumption is justiﬁed
because, for large production systems, these
costs even out over time, as multiple barns
with pigs at different ages are being fed
simultaneously.
The estimates for the economic impacts of
vaccination for M hyopneumoniae are derived using the base model with default
values and reﬂect our assumption that vaccination results in an ADG improvement
of 0.0485 pound, an FCR improvement of
0.07, and a medication cost decrease of
$0.48883 per pig.6 Vaccine costs were assumed to be $1.00 per pig.
We assume that ADG of pigs placed in a
171

batch is normally distributed. We assume
also that the probability density function of
ADG describes pig growth. Pig growth
(weight as a function of time) is represented as a weighted average ADG for each
shipment of pigs (reﬂected by different
slopes in the pig growth functions), assuming a constant coefﬁcient of variation.
These growth curves determine the time
and weight of different marketing groups.
For example, the time needed to reach a
speciﬁc weight using WEIGHT marketing,
and the weight achieved after a speciﬁc
amount of time using DATE marketing,
are derived using these curves. Average
daily gain and the variability in ADG are
the main driving forces determining revenues received.
A key assumption for DATE is the time

when each shipment is assumed to occur.
In the base model, pigs are slaughtered
112, 123, 129, and 135 days after batch
placement in the ﬁnisher.11 The assumed
days on feed at the time of ﬁrst shipment
(default of 112 days) was chosen to provide
a shipment schedule with approximately
the same mean number of days on feed for
WEIGHT (125.53 days) or DATE
(125.17 days). This allows for a sensitivity
analysis that varies production parameters
such as ADG.

per year, show that there is a slight advantage on weight shipped per year from
DATE under the default values (Table 5).
This occurs because the number of batches
shipped per year is slightly higher for
DATE compared to WEIGHT. Thus, despite the slightly lighter average weight in
the last shipment from the barn under
DATE (248 pounds) compared to
WEIGHT (256 pounds), pounds shipped
per year under the DATE marketing strategy are higher.

Results

Total annualized revenue from the sale of
market hogs is $286,415 per 1020-head
ﬁnishing barn for WEIGHT, or $294,880
for DATE (Table 6). Total costs each year
are $283,436 for WEIGHT, with an annual return above total costs of $2980, or
$290,706 for DATE, with an annual return above total costs of $4174. The breakeven, live weight price to cover total costs
of production is $43.57 per hundredweight
for WEIGHT or $43.20 per hundredweight for DATE.

Basic model output using default
values with no vaccination
Production measures that drive the economic calculations, such as number of
batches per year and total weight shipped

Table 4: Spreadsheet model default values for pricing matrix. All values in US$.
Description
Base price of market weight hogs
230-280 lb 18
Pricing matrix applied 19
Live weight (Penalty)

Price for nonstandard market pigs as
% of base price

Value
44.64

<191
191 - 200
201 - 210
211 - 220
221 - 229
230 - 240
241 - 250
251 - 260
261 - 270
271 - 280
281 - 290
291 - 300
301 - 310
311 - 320
320 <
35-65

Unit
$/cwt

(7)
(7)
(5)
(3)
(1)
(0)
(0)
(0)
(0)
(0)
(0.5)
(1.5)
(2.5)
(4.5)
(6.5)

lb ($/cwt)
lb ($/cwt)
lb ($/cwt)
lb ($/cwt)
lb ($/cwt)
lb ($/cwt)
lb ($/cwt)
lb ($/cwt)
lb ($/cwt)
lb ($/cwt)
lb ($/cwt)
lb ($/cwt)
lb ($/cwt)
lb ($/cwt)
lb ($/cwt)
%

Table 5: Batch productivity measures per year using spreadsheet default
values for shipment by target weight (WEIGHT) or by fixed shipment date
(DATE).
Productivity measure
Number of batches per year
Total weight shipped per year (lb)
Number of head that die per year
Number of head marketed per year
172

Type of production system
WEIGHT
2.5686
650,522
73
2547

DATE
2.6642
672,932
76
2641

Return above variable costs each year is
$56,183 (WEIGHT) or $57,378 (DATE).
The market hog price to cover variable
costs of production is thus $35.39 per hundredweight (WEIGHT) or $35.29 per
hundredweight (DATE).
Net present value, using 15-year projections into the future, is -$7109 for
WEIGHT, or $1714 for DATE. The internal rate of return is 7.19% (WEIGHT) or
8.76% (DATE).

Predicted economic results from
the model incorporating vaccination for M hyopneumoniae
Productivity measures are improved with
vaccination (Table 7) compared to no vaccination. The number of batches shipped
increases to 2.64 for WEIGHT, but, of
course, remains ﬁxed at 2.66 for DATE.
Total weight shipped per batch is higher
under both marketing strategies when vaccination is used. Although the assumed
mortality rate remains the same, the number of head that die increases slightly because more batches are placed in a year.
Total revenue received each year from the
sale of market hogs from the 1020-head
ﬁnishing barn (Table 8) is $294,522 for
WEIGHT or $301,411 for DATE. Total
costs each year are $288,489 for
WEIGHT, giving a return above total costs
of $6033, or $289,230 for DATE, giving a
return above total costs of $12,181, for an
improved annual proﬁtability, with the use
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Table 6: Yearly production budget using spreadsheet default values for shipment by target weight (WEIGHT) or by fixed
shipment date (DATE). All costs in US$. t

Yearly total revenue ($)

Type of production system
WEIGHT
DATE
286,415
294,880

Yearly variable cost ( VC) items, total ($)
Yearly feeder pig purchase cost ($)
Yearly feed cost ($)
Yearly marketing cost ($)
Marketing cost $/head
Vaccine/specific disease control cost ($)

230,232
107,364
120,678
2190
0.86
NA

237,503
111,363
123,868
2272
0.86
NA

Yearly fixed cost (FC) items, excluding veterinary costs
(see Table 3) ($)

49,266

49,266

Yearly total cost (FC + VC) ($)

283,436

290,706

Total cost of production/cwt (breakeven price) ($)

43.57

43.20

Return above total costs ($)

2980

4174

Return above variable costs ($)

56,183

57,378

Variable cost of production/cwt ($)

35.39

35.29

Budget item

t

US$ are rounded to the nearest dollar for most table entries

of M hyopneumoniae vaccination, of $3053
(WEIGHT) or $8007 (DATE). Revenues
in excess of variable costs each year are
higher when vaccination is used; thus, vaccination allows for additional revenue to
cover a larger portion of ﬁxed costs, even if
the economic environment is such that
proﬁts are lower or negative (for example,
when the price of pigs falls). Of course, all
calculations depend directly on the assumptions about the impact of vaccination
on productivity.6 If FCR improves, or
ADG is higher than assumed, then the impact on proﬁtability would be even greater.
With vaccination, NPV for a 15-year projection into the future is $19,309
(WEIGHT) or $70,308 (DATE). The IRR
for vaccination is 13.6% (WEIGHT) or
19.7% (DATE).

Model output – sensitivity analysis
Sensitivity analyses are presented on a cash
basis, rather than on a discounted basis.
Proﬁtability is very sensitive to changes in
FCR (Figure 1). Feed costs represent a high
percentage of production costs; thus, small
changes in FCR produce dramatic changes
in proﬁtability. When other default values

are constant, changing FCR from 2.71
(90th percentile) to 3.58 (10th percentile)
changes estimated annual proﬁts from
$19,368 to -$15,407 for WEIGHT or
from $21,173 to -$14,898 for DATE.

proximately 0.151 under WEIGHT and to
more than 0.177 under DATE before annual proﬁts become negative. Both of these
values are substantially higher than the default value of 0.121.

Proﬁtability is also sensitive to changes in
ADG (Figure 2). Severe disease outbreaks
may markedly slow growth. The two marketing strategies may have a major
inﬂuence on proﬁtability from a batch
when this happens. If the marketing strategy is ﬂexible (WEIGHT), pigs are still
able to achieve their target market weight,
but low ADG reduces proﬁtability. However, the reduction in proﬁtability is much
greater when the producer is locked into
speciﬁc pig marketing dates (DATE) and is
unable to adjust to the poor gain in a particular batch. Fixed shipment date marketing is more sensitive to changes in ADG: if
pigs are marketed at low weights, major
price penalties are incurred.

Mortality rate inﬂuences proﬁtability (Figure 4), but not as much as ADG and FCR.
Batch annual proﬁtability becomes negative when the mortality rate is higher than
4.3% for WEIGHT or 4.9% for DATE.
Comparing the relative sensitivity of ADG,
SD of ADG, FCR, and mortality rate on
proﬁtability (Figure 5) demonstrates that
yearly proﬁt of DATE is relatively more
sensitive to changes in ADG and FCR than
is yearly proﬁt of WEIGHT. Also, the
steeper slopes of the curves for FCR and
ADG show that these are more important
variables inﬂuencing proﬁtability than SD
of ADG and mortality rate (slopes of these
curves are ﬂatter).

Sensitivity analysis shows that SD of ADG
is an important inﬂuence on proﬁtability
(Figure 3). However, SD of ADG clearly
doesn’t produce the same ﬂuctuations in
proﬁts as do small changes in ADG or
FCR. The SD of ADG can increase to ap-

A marginal analysis for vaccination can be
expressed in terms of needed improvements
in any of the productivity measures to
cover vaccination costs of $1.00 per head.
Considered alone, ADG must improve to
approximately 1.7725 (WEIGHT) or
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Table 7: Productivity measures per year when Mycoplasma hyopneumoniae
vaccine is used for shipment by target weight (WEIGHT) or by fixed shipment
date (DATE).
Productivity measure
Number of batches per year
Total weight shipped per year (lb)
Number of head that die per year
Number of head marketed per year

1.7100 (DATE) to cover vaccination costs.
Also considered alone, FCR must improve
to approximately 3.0545 (WEIGHT and
DATE) to cover a disease control cost of
$1.00 per head. These numbers are
inﬂuenced by and dependent on all other
default values and assumptions in the
model.

Discussion
This model, while complex in its analytical
capabilities and computing powers through
sensitivity analyses, is still a relatively static
approach. It is neither a fully dynamic
model nor an optimization model. An optimization model might allow quantitative
control of input variables that could be
adjusted to optimize proﬁts, while our
model assumes input levels and their rela-

Type of production system
WEIGHT
DATE
2.6413
2.6642
668,973
688,596
75
76
2619
2641

tionship to associated proﬁts. A fully dynamic model might adjust the time pigs are
held in the ﬁnisher in the DATE marketing
strategy on the basis of the number of days
that would optimize proﬁts, while our
model assumes a ﬁxed number of days to
marketing. The approach used in our
model demonstrates how changes in production parameters (eg, ADG or FCR)
might inﬂuence annual proﬁts if marketing
decisions are not adjusted in response to
those changes.
For the model to be even more accurate
and useful, the relationships between production parameters (eg, ADG and FCR)
and marketing decisions at the systems
level would need to be incorporated in a
dynamic approach to growth and produc-

tion. This is a complex problem, and the
data needed to generate these relationships
are not readily available in many production systems. The assumption of four linear
growth functions may not adequately describe the growth of pigs near slaughter
weight, where ADG often begins to slow.
For more accurate modeling of pig growth
near market weight, data would be needed
on weights of pigs close to market weights
over a period of time to generate system
speciﬁc functions. However, description of
pig growth near market weight is difﬁcult,
since this is the very time when pigs are
most difﬁcult to weigh. Thus, these data
are not available for many production
systems.
Several studies have presented evidence
that growth may be curvilinear over the
ﬁnishing period at commercial stocking
densities.22–26 These studies demonstrate
the large number of complexities that can
be modeled as we learn more about the
intricate interrelationships involved in pig
growth. Andersen and Pedersen model gain
as a quartic function of days22 from an experiment using Hampshire, Duroc, Landrace, and Yorkshire crossbred castrated
males and gilts on test from 30 to 115 kg
(66 to 254 lb) live weight. Despite estimat-

Table 8: Yearly production budget when Mycoplasma hyopneumoniae vaccine is used for shipment by target weight
(WEIGHT) or by fixed shipment date (DATE). All costs in US$t
Type of production system
Budget item
WEIGHT
DATE
Yearly total revenue ($)
294,522
301,411
Yearly variable cost (VC) items, total ($)
Yearly feeder pig purchase cost ($)
Yearly feed cost ($)
Yearly marketing cost ($)
Marketing cost $/head
Vaccine/specific disease control cost ($)

236,566
110,403
121,217
2252
0.86
2694

237,318
111,363
120,966
2272
0.86
2718

Yearly fixed cost (FC) items, excluding veterinary costs
(see Table 3) ($)
Yearly veterinary services/medicine excluding
M hyopneumoniae vaccination ($)

49,266

49,266

2658

2647

Yearly total cost (FC + VC) ($)

288,489

289,230

Total cost of production/cwt (breakeven price) ($)

43.12

42.00

Return above total costs ($)

6033

12,181

Return above variable costs ($)

57,957

64,093

Variable cost of production/cwt ($)

35.36

34.46

t
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US$ are rounded to the nearest dollar for most table entries
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Proﬁtability estimates apply to batch-style
production systems. Results obtained using
our model may not be appropriate for
other types of production systems.
Incorporation of model changes as the
model is reviewed and used by production
system managers and swine veterinarians
will be important. The model might be
useful to more farms if it allowed for different types of pig diets (eg, phase feeding), as
long as the model also then calculated costs
and the dynamics of pig growth in relation
to the diets. The model currently does not
have this capacity. Also, the model does not
handle multiple pricing grids from different packers. We envision model enhancements as an ongoing process. Revisions in
diet, pricing grid, and producer review are
currently underway as part of a follow-up
study.
It is important to note that this model uses
fundamental economic principles, deductive reasoning, and an enterprise budgeting
approach. The model cannot be validated
using empirical producer economic data
because there are too many uncontrolled
variables in production situations. The
strength of our approach is that it allows
isolation of the effects of speciﬁc production practices (eg, vaccination) and the
inﬂuence of these production practices on
farm proﬁtability while holding constant
the variables that are not inﬂuenced by

ers. The inﬂuence of vaccination on productivity in the US might be different from
the European study.6 Conducting trials
within particular production companies
may be warranted to gain information
about the changes in productivity from
vaccination within the company. Userspeciﬁed productivity measures, used in
combination with our model, will give the

Our model generates the proﬁtability from
controlling PRDC by vaccinating for
M hyopneumoniae. However, the assumed
productivity effects of vaccination are potentially very speciﬁc to particular produc-

Figure 1: The relationship between feed conversion ratio and profits per year
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Figure 2: Yearly batch profits associated with changes in ADG

Yearly batch profits

Very light animals are commonly marketed
separately to smaller packers-processors
because major packers-processors heavily
discount prices in these weight categories.
However, no standard mechanism exists for
marketing light weight pigs in batch production systems. Proportion of light weight
pigs is assumed to be 2 to 5%, and the
price for light weight pigs is assumed to be
35 to 65% of base price (personal communication, L. Parkes, February 2000). Some
farms may not market light weight pigs to
a different packer than their standard pigs,
or they might not have the proportion of
light weight pigs assumed, or they might
receive a different price than assumed.

these practices. This type of information is
valuable in practical situations when producers must make decisions about disease
prevention.
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Figure 3: Change in yearly batch profits associated with SD of ADG
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ing a quartic function, they state that “it is
obvious that growth is almost linear as a
function of days on test.” We assume a linear growth function as a reasonable ﬁrst
order approximation, recognizing that this
assumption may limit the usefulness and
ultimate accuracy of the model, especially
in production systems that employ genetic
lines with smaller mature body size or that
sell pigs at very heavy weights.
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marketing strategies may reﬂect improper
scheduling in DATE. This has been studied in more detail.27

Figure 4: Association between yearly batch profits and mortality rate

Yearly batch profits
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model user a higher degree of conﬁdence
that the estimated economic impact is
accurate.
Despite the limitations of our model, the
hypothetical herd is well simulated, and its
strong capacity for sensitivity analyses of
various types differentiates it from other,
simpler budget spreadsheets. Most interesting are the relative slopes comparing FCR,
ADG, SD of ADG, and mortality rate
(Figure 5) to annual proﬁtability. This sensitivity analysis demonstrates that changes
in production practices that result in
changed FCR or ADG have the potential
for a much greater impact on proﬁtability
than changes in SD of ADG or mortality
rate. We chose to use the 10 to 90 percentile ranges of variables for sensitivity analyses (Figures 1 to 4) and also the relative
comparison of these variables (Figure 5).
However, we realize that mortality rate may
vary substantially more than this, at least at
the barn level. Allowing a larger percentage
change in mortality rate would, of course,
make this variable appear relatively more
important.
Lower variability in ADG implies more
similar pig weights and performance and
results in higher revenue because more pigs
are located inside the highest price portion
of the pricing grid. However, considered
alone, the variability in ADG appears less
important in driving revenues than changes
in ADG itself.
It is important for users of this model to
have a ﬁrm understanding of the variability
of ADG if they are to use their own estimate of this variable. A reasonable estimate
could be obtained by examining slaughter
records from representative barns to obtain
weight data and adjusting for days on feed
176
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and conversion to live weights if necessary.
Knowing a system-speciﬁc estimate of live
weight variability, the model user can then,
by repeated trials with different values of
SD of ADG, determine the SD of ADG
which will provide this live weight variability. The assumed SD of ADG (0.1210)
combined with the variability of feeder pig
placement weights (SD = 6) results in an
SD of live weights of 16.26 pounds. Previous data11 suggested this was a reasonable
SD on pig market live weight. It is important to conduct sensitivity analysis on SD
of ADG because the estimated variation
(SD) in ADG is not well documented in
the literature or in production system
records, and because of the industry focus
on producing uniform pigs.
Marginal analysis, reﬂecting the amount of
productivity gain needed to pay for $1.00
of disease control, is presented. However,
such marginal analyses depend on default
values and assumptions, particularly the
price of pigs and important production
inputs such as feed costs.
Many production systems attempt to fully
utilize facility space while simultaneously
using practices (eg, age-segregated rearing)
known to help control diseases, and thus
operate under the DATE marketing system. If gain is sufﬁciently higher in DATE
systems, proﬁtability may be correspondingly higher, even though DATE is more
sensitive to decreases in rate of gain than is
WEIGHT. Some DATE systems extend
the growing period without breaking pigﬂow or all-out production practices for the
majority of pigs produced and the majority
of their barns. They extend the growing
period by shipping underweight pigs to
“clean-up facilities” for further growth. The
contrast in proﬁtability between the two

The economic impact of vaccination differs
between the two marketing strategies. Using the default values in the base model
and no vaccination, the proﬁts are similar
whether pigs are reared in DATE or
WEIGHT production systems. As ADG
increases above the default values, as expected with successful disease prevention,
we see a divergence in the proﬁtabilities of
the two marketing strategies. A combination of factors is responsible for this divergence. First, there is no adjustment in the
number of days pigs are held in DATE.
Second, the average weight of pigs assumed
(256 pounds) is less than the weight at
which pigs begin to receive price penalties
because of size. Finally, growth is assumed
to be linear through this weight range.
This model may be applied to other disease
control strategy assessments and other
management changes. The model28 works
equally well for data related to other diseases or management strategies as long as
these data focus primarily on productivity
gains and the cost of disease control can be
estimated. This is generally the case in
batch production systems where records
focus on productivity measures, and items
related to general disease control are already in place (eg, high biosecurity).
We chose to keep the sensitivity analyses
on a cash basis because it allows for better
assessment of the way the model works and
because most producers and veterinarians
think about cash ﬂows rather than NPV.
However, yearly proﬁtability and NPV are
not completely parallel calculations and
may become positive at different productivity values. Thus, using both yearly
proﬁts and NPV would enhance decision
making.
The NPV will always be negative when the
IRR is less than the assumed discount rate,
in this case, less than 8.47%. Equivalently,
the IRR will always be less than the assumed discount rate when the NPV is
negative. It simply means that the rate of
return in swine production is less than
might be achieved in alternative
investments.

Implications
• Our spreadsheet model can be used to
evaluate disease control strategies and
the implications for batch level
proﬁtability. Using the model, we

Journal of Swine Health and Production — July and August, 2001

Figure 5: The relative sensitivity of FCR, ADG, SD of ADG, and mortality rate on yearly batch profits when shipment is by
target weight (WEIGHT) or by fixed shipment date (DATE)
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found that the internal rate of return
on vaccination for M hyopneumoniae
(at US$1 per dose) was 13.6% for
WEIGHT, and 19.7% for DATE.
• Our model can be used to evaluate
batch level proﬁtability. Using the
default values, we found that
proﬁtability from vaccination resulted
in higher proﬁts for DATE than for
WEIGHT.
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