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• A Dynamic Model of a Simulated 

Livestock-Meat Economy 

By Richard J. Crom and Wilbur R. Maki 

A S A MEANS of studying historical and 
projected changes in market organiza-

tion and structure, a dynamic model of the 
livestock-meat economy during 1955-64 has 
been developed.1  It can be used to trace out 
the effect on prices, slaughter, foreign trade, 
and January 1 livestock numbers resulting 
from an assumed change in Government or 
industry policy. Use of this model depends 
on the electronic computer. In fact, the com-
puter is an additional tool in building the 
model--it allows the researcher limited con-
trol of the performance of the model through-
out its development. 

Early studies of the livestock-meat economy 
used the single-equation approach--still a use-
ful research technique in spite of the develop-
ment of simplified solution methods for systems 
of simultaneous equations. Simultaneous equa-
tions have been used in economic research 
not only because of statistical problems of 
correlation between the explanatory variables 
and the disturbance term but also because 
many economic variables are determined simul-
taneously. However, new problems were intro-
duced with simultaneous systems.2  For ex-
ample, variables must be excluded or aggregated 
to meet identification requirements. In addi-
tion, estimation of the structural parameters 
not only limits the variables used but also 
requires complex and costly methods. Further-
more, because of time lags involved, many 

1  This paper is based on research conducted coopera-
tively by the USDA and the Iowa Agr. and Home Econ. 
Expt. Sta., Ames, Iowa, Project No. 1462. 

2 For a more complete discussion of simultaneous 
versus recursive systems see H. Wold and L. Jureen, 
Demand Analysis, New York, John Wiley and Sons, 1953; 
L. R. Klein, "Single equation versus equation system 
methods of estimation in econometrics," Econometrica, 
Vol. 28, pp. 866-871. 1960; and C. F. Christ, "Simultane-
ous equations, estimation, any verdictyet," Econometrica, 
Vol. 28. pp. 835-845, 1960. 

responses are not simultaneous--particularly 
when fairly short time periods are con-
sidered. 

The model to be presented is not simul-
taneous but recursive, except that beef and 
pork prices are jointly determined. Recursive-
ness is maintained by restricting endogenous 
variables either to those that are functions 
of lagged variables or to those that may be 
estimated sequentially. When simultaneous 
solutions are necessary, several methods 
are available. One method is the use of 
a small block of simultaneous equations. 
Modern computers also make an iterative 
solution possible; for example, in a de-
mand equation where the beef and pork 
price equations each contain the other price 
as an explanatory variable. Also, one equa-
tion may be solved algebraically in terms 
of the other by substituting one equation for 
the competing price variable in the other 
equation. 

Because livestock production involves sub-
stantial delays between breeding and slaughter, 
the sequential nature of a recursive model 
better portrays the cause-and-effect relation-
ships than a simultaneous system, especially 
when short periods of -time are used. The 
shorter the time period, the more current 
production depends on decisions made in the 
past and the more recursive the model is--
the more lagged reactions reflect cause-and-
effect sequences. Thus, a model's recursive 
properties very closely reflect the biological 
production processes and short-term decision 
procedures. 

Primary validation of the model is its ability 
to reproduce as closely as possible the "real 
world" using reported logical time series on 
selected economic phenomena. The degree of 
correlation can be easily determined by plotting 
estimated values against reported values, al-
though more precise indicators may be • 73 



employed.3  The graphic method of validation 
provides for acceptance of a model when repro-
duction of reported values of the variables 
satisfies the researcher. Proper estimation 
of individual equations can compensate for 
the major weakness of the recursive model--
the lack of a statistical measure of the overall 
variance. 

This model of the livestock-meat economy 
deals with its two principal components--the 
beef and pork sectors. In building the model of 
the beef and pork sectors a series of relation-
ships among selected variables was diagrammed 
in considerable detail. These relationships gen-
erally were estimated by single-equation, least-
squares regression. Time series data were 
employed, but we also had the option of using 
cross-sectional and engineering data, as well 
as simple rules of thumb. The diagram served 
as a flow chart in ordering the individual re-
lations in the computer program. 

One "loop" in the computer program esti-
mated the economic activity of both sectors of 
the livestock-meat economy for 1 year. The 
computer was programmed to operate the model 
over 9 years (1955 to 1964). Reported values 
of all lagged endogenous variables and all 
exogenous variables were in the first loop 
or year. In subsequent years, the values of 
endogenous variables estimated during the first 
year provided the input for the explanatory 
variables. 

Subsequent trial runs over the historical 
period allowed modification of component rela-
tions until more precise estimates of compo-
nent relations were obtained. These modifica-
tions involved changes in the length of the time 
lag, coefficient adjustments, limiting values, 
and explanatory variables. 

The Economic Structure 

The economic structure of the beef and pork 
sectors is presented in figures 1 and 2. The 
causal ordering is shown in the flow diagrams. 
The coefficients of the behavioral relations are 
presented in the appendix. 

3  Richard E. Suttor and Richard J. Crom, "Computer 
Models and Simulation," Jour. Farm Econ., Vol.46,No. 5, 
pp. 1341-1350. 

The economic structure of the pork sector 
is presented in figure 1. Endogenous variable 
are depicted by circles and exogenous variable'. 
are depicted by squares. Interaction between 
endogenous variables is shown by a diamond-
shaped notation. The broken lines denote lagged 
variables. 

Pork Sector: Numbers of sows and gilts on 
farms January 1 are accounted for by the corn-
hog ratio of the previous year and the January 1 
farm stocks of corn. The coefficient for the 
January 1 inventory of sows and gilts is esti-
mated in two parts. When the corn-hog ratio 
exceeds 20, the coefficient is reduced from 
252 to 240. Similarly, the coefficient is re-
duced if the ratio falls below 11. It can be 
argued that, with an exceptionally high ratio, 
producers show less price response because 
they do not expect this favorable ratio to hold. 
Conversely, when the ratio is exceptionally 
low, producers strive to maintain their breed-
ing herds. 

The January 1 inventory of sows and gilts 
is highly correlated with the number of sows 
to farrow from December through May. In 
turn, these spring farrowings, along with the 
corn-hog ratio, establish the level of fall 
farrowings. In addition, a trend effect occur 
that accounts for a shift toward year-roun. 
farrowings. The computer program for the 
model was modified, however, to prevent fall 
farrowings from exceeding spring farrowings. 
Also, an intercept adjustment was made that 
improved the model's predictive ability. 

Since it takes approximately 6 months to 
raise a pig to slaughter weight, pigs produced 
by sows farrowing the last 6 months of the 
year plus cull sows make up the commercial 
slaughter of the first half of the year. Corn 
and hog prices of the previous 6 months also 
affect commercial slaughter; they influence 
both the cull rate of sows and the retention of 
gilts for breeding purposes. 

Pork production follows from commercial 
slaughter. Ending stocks change from their 
previous level when pork production increases 
or decreases. In the model, however, ending 
stocks of neither pork nor beef are allowed 
to fall below minimum "pipeline" levels. 
Finally, net foreign trade (imports minus ex-
ports) is depicted as a function of lagged 
wholesale price. 
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ECONOMIC STRUCTURE OF THE PORK SECTOR 
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Thus, the supply of pork available for civilian 

consumption may be determined as an identity-- 
Wending stocks of the previous period plus com-

mercial pork production and the foreign trade 
balance, minus ending stocks and military 
consumption. The wholesale price of pork is 
a function of per capita pork consumption, 
wholesale beef price, income, the retail margin, 
and a trend term which represents shifts in 
consumer tastes. The retail margin is viewed 
as an exogenous variable inasmuch as it is 
largely determined by wages and other exogenous 
elements. 

Beef Sector: The economic structure of the 
beef sector used in the computer model is much 
more complex than that of the pork sector 
(fig. 2). The inventory classification of an 
animal changes every year, with the exception 
of cows, bulls, and a few 2-year-old steers. 
Since cows retain the same classification for 
several years, they are considered the basic 
pool of breeding stock to which heifers are 
added and from which cows are culled. The 
inventory of beef calves less than 1 year old 
is related to cow numbers the previous year 
and the preceding year's feeder calf price. 
January inventories of beef heifers, steers, 

• and cattle on feed are determined by the calf 
inventory the previous year and either the 
slaughter steer or feeder calf price of the 
preceding year. 

In the January 1 cattle inventory equations, 
the coefficient associated with the lagged feeder 
calf or slaughter steer price is decreased if 
the price either falls below or exceeds its 
critical values. At low price levels, price re-
sponse is reduced as producers attempt to 
maintain inventory levels. At high prices, the 
response to price is reduced as producers 
expect prices to return to lower levels. These 
critical turning points were established in the 
study by successive computer runs over the 
historical period. Each relationship has its own 
critical levels; lower levels are between $21 
and $25 while upper levels are near $28 for 
slaughter price and $32 to $33 for feeder calf 
price. 

Cow inventories (both beef and dairy) and 
steer and bull inventories account for a sub-
stantial part of commercial cattle slaughter. 
Inasmuch as commercial slaughter is con-
sidered on a liveweight basis in the model, 

the average weight of steers enters into its 
determination. 

Initially, commercial cattle slaughter is esti-
mated by a least-squares regression of the 
following form: 

Yt 
= a+bd

2 
X1t 

+ cX2
t 

+ dd
2 

X3
t-1 

where 

X1 = January 1 beef cow numbers, 

X2 = January 1 steer and bull numbers, 

X3 = Annual feeder calf prices. 

This relationship explained 93 percent of the 
variation in commercial slaughter. However, 
use of this relationship in the computer model 
led to an unstable, explosive system. 

Several alternative relations were employed 
to improve the performance of the computer 
model. Since the bulk of commercial slaughter 
comes from slaughter of cattle on hand January 
1, the following residual was calculated: 

R = Commercial slaughter - aX1- bX2 - cX3, 

where 

X1 = January 1 dairy cow numbers, 

X2 = January 1 beef cow numbers, 

X3 = January 1 steer and bull numbers. 

The coefficients a, b, and c represent aver-
age cull or disposal rates over the cattle 
cycle. This residual still contains the year-to-
year variation. It was fitted by least squares 
to the explanatory variables of the slaughter 
steer price lagged 2 years and the average 
weight of steers weighted by the proportion of 
January 1 steer inventories to cow inventories. 

Computer experimentation with the model 
revealed that the 2-year lagged supply price 
enters into slaughter determination in addition 
to the 1-year lagged price effects already 
incorporated in the inventory variables. Al-
though the 2-year lag seems somewhat long, 
it is logical in that the price before the sum-
mer breeding season influences the number 
of cows bred in year t-2. These calves are 
part of the calf crop of year t-1 and are ready 
for slaughter in both halves of year t. • 	 77 



The use of a weighted average inventory 
level introduces a nonlinear element in the 
independent variable. The negative coefficient 
supports the hypothesis that, under normal 
conditions, steers are fed to heavier weights 
when cattle numbers are relatively low. Allow-
ance for the average disposal of inventories 
reduces the problem of multicolinearity among 
the inventory components and also allows more 
variation in the dependent variable. This form 
of the relationship stabilizes the model and 
yields more accurate estimates of commercial 
cattle slaughter. 

The average weight of steers fluctuates with 
the change in steer numbers, the beef-corn 
price ratio the previous half year, and a trend 
term. A favorable beef-corn ratio encourages 
feeding to heavier weights while the trend term 
indicates a change in the ratio of fed to nonfed 
steers. 

The components of the identity for deter-
mining the supply of beef available for con-
sumption--beef stocks, beef production, and 
net foreign trade--are comparable with those 
in the pork consumption identity. The whole-
sale and live price relations are also similar 
to those of the pork sector. 

Feeder price in the second half of the year 
changes with the direction of slaughter steer 
prices. If slaughter steer prices are steady 
or rising, the slaughter-feeder price margin 
of the previous 6 months, the slaughter steer 
price, and fall range conditions can be related 
to changes in the feeder price. However, if 
slaughter steer prices decline from the previ-
ous year, the current slaughter-feeder price 
margin is the more appropriate variable in 
explaining feeder price changes. Presumably, 
cattle feeders scrutinize the existing margin 
more closely during times of falling cattle 
prices. Thus, feeder calf prices in the spring 
are essentially set by the fall feeder price, 
but are also affected by the change in numbers 
of cattle on feed January 1. 

Validation of the Model 

Reported and predicted values of four key 
variables during 1955-64 are presented in 
figures 3 and 4. These variables are com-
mercial slaughter, per capita consumption,  

wholesale price, and January 1 beef cows on 
hand. 

The most serious error of the model was 
its inability to predict the large increases 
in commercial cattle slaughter in early 1964 
with the corresponding increase in consump-
tion and decrease in wholesale price. Estimates 
of pork price also were low during 1963-64. 
These low estimates of pork price could be 
attributed to the use of the trend term. 

The large error in the cattle slaughter 
estimate could be attributed to a combination 
of factors. First, the estimate of January 1 
steers on hand was low. Generally, cattle 
feeders retain steers on feed when they expect 
prices to rise, which may have been the case 
because of low prices in late 1963. The carry-
over increased average slaughter weights, thus 
adding to the error in the commercial slaughter 
estimate. If the coefficient associated with 
lagged price in the average slaughter weight 
equation were increased when price fell below 
a predetermined level, the cattle slaughter 
estimate would be improved. These two cases 
illustrate the type of adjustment made in the 
final stages of developing the model. 

Summary and Conclusions 

The recursive nature of the model allows 
the use of single equations in obtaining initial 
estimates of behavioral relations. The com-
puter offers a means of observing the inter-
action of these individual equations as the 
model attempts to approximate the reported 
prices and outputs of the industry. In this 
type of model building, the researcher may 
interact with the computer in developing new 
behavioral relations or in modifying initial 
estimates of coefficients, until a model is 
obtained that will reproduce the historical 
period given only the value of prices and 
outputs at the beginning of the period. The 
unique feature of this type of model is its 
ability to use different coefficients, different 
variables, and different time lags depending 
on preassigned rules. 

After validation, the model may be rerun on 
the computer under assumed changes in eco-
nomic structure based on proposed Govern-
ment programs, or shifts in any of the specified 
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economic circumstances. Thus, years of eco- 

iw
mic activity can be simulated on the computer 
a few minutes. Alternatively, the effects of 

new values of exogenous variables such as a 
different rate of income or population growth 
may be evaluated under the existing structure. 

Several uses of the model for projection 
purposes are also possible. First, the existing 
model which represents the historical period 
may be simulated on the computer for as many 
years into the future as desired, provided inde-
pendent projections of exogenous variables are 
available. At the beginning of the projection 
run, prices and output for the most recent 
year available are read into the computer as 
initial conditions. All of the assumed changes 
in the economic structure mentioned in the 
preceding paragraph also could be simulated 
as alternative projections. One of the desirable 
features of the recursive model is that the time 
paths of all prices, slaughter, year-end in-
ventories, and imports are generated. In many 
cases, the evaluation of the projected time 
paths of these variables may be more im-
portant than their projected value for the end 
of the period. To be used in prediction, how-
ever, the model should contain a means of 

IItrming expectations of future prices and out-
uts and then use these expectations (as pro-

ducers do) in adjusting current output and in 
making production plans. 

Two areas of work are currently underway 
in further development of the model. One is 
conversion of the model from a semiannual to  

a quarterly basis. The second involves inclu-
sion of regional components. 

Appendix: Basic Relationships 
in the Model 

The 30 behavioral relationships are presented 
in exhibits A and B for readers interested in 
the actual coefficients, the rules for their modi-
fication, and the values of the modified coeffi-
cients. The reader is referred to figures 1 and 
2 for the causal ordering of the relationships. 
Standard errors of coefficients of equations 
estimated by regression techniques are omitted; 
however, one asterisk (*) denotes a t value 
significant at the 5 percent probability level 
while two asterisks (**) denote a t value signifi-
cant at the 1 percent probability level. 

The notation used to identify variables is 
shown beside each group of relationships. When 
the same relationship is used to estimate a 
variable for both halves of the year, the sub-
script j is used, with j = 1 for the January-
June period and j = 2 for the July-December 
period. Trend terms are used having both annual 
and semiannual increments. "T" equals 1 in 
1949 on an annual increment basis in relation-
ships where the dependent variable is denoted 
as Xt; • however, "T" equals 1 in the first half 
of 1949 on a semiannual increment basis in rela-
tionships where the dependent variable is denoted 
as Xit. 
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