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Dynamic regression equations are estimated for each beef cattle breeding herd and beef
cattle inventories at two levels of aggregation, the U.S. and Montana. The analysis for
Montana was utilized as a guide for specification of the national equation to reduce the
inference problem associated with letting the sample data help specify the model.
Rational lags on average price received by farmers for calves and the ratio of fed beef to
corn prices at Omaha constitute the primary explanatory variables. The equations
perform exceedingly well over the sample period (1950-80) and in post-sample forecasts

with the sample truncated back to 1970.
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The persistence and regularity of the cattle
cycle and the hog cycle have interested econ-
omists for many decades (Hopkins, Thomsen,
Ezekiel, Lorie). Although Muth’s rational ex-
pectations hypothesis presents a strong case
against theories of such cycles that rely upon
naive price expectations formation and/or ad-
justment costs, the cyclical price-quantity be-
havior in the beef and hog markets still per-
sists (Ackley). Furthermore, Long and Plos-
ser have demonstrated that there is nothing
inherently inconsistent in the simultaneous
existence of, inter alia, rational expectations,
no adjustment costs, and real business cycles.
In the case of beef cattle inventories, where
the biological constraints on the speed of
aggregate herd size buildup might also lead
one to expect response lags and cyclical ad-
justment paths, the compatibility of rational
expectations and cyclical behavior is of par-
ticular interest.

In modeling the beef sector, economists
have often used the 1 January breeding herd
inventory as a key variable to describe supply
response because the breeding herd is the
stock of a biological capital good available to
the industry. But empirical modeling efforts
have not succeeded in obtaining statistically
precise estimates of an equation to quantify
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the complex dynamics of inventory changes.
This weakness is most likely the result of re-
liance in past studies on only first-order differ-
ence equations representing either adaptive
expectations or partial adjustment models and
on the use of ordinary least squares with the
assumption of a classical nonautocorrelated
error process. If either or both of these as-
sumptions are incorrect, serious statistical
problems can result. The objective of research
reported here is to overcome these problems.

This paper presents an empirical model of
beef cattle inventories for the post-World War
II period that appears to improve on previous
attempts to estimate cattle inventories in sev-
eral ways. Economic theory and previous
work, e.g., Jarvis, are used to suggest the rel-
evant independent variables, but a deliberate
attempt is made to keep an open mind with
respect to the distributed lag structure and
dynamic aspects of responses. In addition,
careful consideration is given to variables
which might indirectly enter the response
equation through the rational expectations hy-
pothesis, such as the effect of the fed beef to
corn price ratio on the demand for feeder
calves through its indication of the profitability
of feeding operations, and hence on calf price
expectations.

A second aspect of the approach that is
somewhat unique is the tacit experimental de-
sign. An annual time-series data base provides
a modest size sample. To reduce the problems
of using the same data both to select an appro-
priate model and to estimate the associated
parameters, a preliminary analysis is done for
a region (the state of Montana) where the in-
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dustry is relatively homogenous compared to
the entire United States. The Montana model
could be estimated with essentially no concern
about joint dependence problems between in-
ventories and prices because of its small share
in a national market. Because of the heter-
ogenous nature of the U.S. industry, the
disturbance term for Montana’s data series
should be almost independent of that for the
national data series, but the implicit experi-
mental design of the time series for the inde-
pendent variables is essentially the same in the
two data sets. Therefore, the U.S. data is
much like a replicate of an experiment in the
sense that the independent variables are at
nearly the same levels as for Montana. The
methodology proves fruitful in that the final
versions of the national equations are quite
similar to those for Montana.

A third difference in the approach used in
this study is in the statistical estimation proce-
dure. The algorithm used to estimate the dy-
namic regression equations allows the sto-
chastic and nonstochastic components in the
right-hand side of the difference equation
to be completely separated from each other.
This partitioning permits a clearer interpreta-
tion of the dynamic structure while providing
statistical estimation methods which are more
robust against misspecifications in the struc-
ture of the disturbance term. The combination
of this partitioning and utilization of a more
general rational distributed lag model over-
comes problems of statistical imprecision of
parameter estimates, and the empirical model
produces relatively precise price response es-
timates that prove to be unusually stable under
an extensive series of sensitivity tests.

The empirical results indicate that there are
damped cyclical response paths in all of the
inventory equations estimated. The national
breeding herd inventory equation produces es-
timates for the difference equation parameters
with roots closest to the real-complex bound-
ary, but the test statistic for ‘‘no cycles’’ re-
sulting from forcing the roots to be real and
equal on the real-complex boundary is highly
significant.

The persistence and regularity of the *‘cat-
tle cycle’’ is apparently rooted in producer
responses under biological constraints on
production, particularly in conjunction with
changing age distributions in the herd caused
by recent perturbations in economic variables.
Strength of the cyclical behavior is stronger in
the Montana breeding herd than for the United
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States, which could be a result of aggregation
and/or more intensive grazing of the semiarid
rangeland in Montana during periods of high
cattle prices. Given the cyclical behavior of
cattle prices over the past century, producers
are likely to expect future prices to continue to
follow a cyclical pattern. Using pasture more
intensively to increase production during pe-
riods of high prices and letting them recover
during periods of low prices through less
intensive grazing could be quite rational be-
havior for ranchers in semiarid regions such as
Montana.

The paper is organized in the following se-
quence: a brief review of previous attempts to
model beef cattle inventories; an outline of the
statistical model and estimation procedure; a
simple logical framework for producer behav-
ior; definition of variables and special data
problems; empirical results and discussion;
conclusions and suggestions for further re-
search.

Previous Research

The first attempts to develop empirical models
for the cattle industry were made by Maki
(1962, 1963). The main purpose of Maki's
models was to obtain forecasts of various
price and output variables in the beef and pork
industry, but he did not attempt to model the
decision-making processes of cattle produc-
ers. Because of the method he used to obtain
the beef cow inventory equation in his 1962
article, summary statistics could not be calcu-
lated to indicate how successful he was in
modeling that series.

Kulshreshtha and Wilson attempted to es-
timate the simultaneous relationships among
demand, supply, price, and export variables in
the Canadian beef cattle sector. In their inven-
tory equation, no attempt was made to de-
velop a dynamic model, and their results indi-
cated that the proxies used for farm price of
beef cattle and expected future prices were not
statistically significant. In an attempt to model
supply and inventories in the Canadian live-
stock sector, Tryfos estimated inventories
using a first-order difference equation with
animal prices and feed costs from the immedi-
ately preceding period as independent vari-
ables. But the coefficients on the price and
feed variables in his beef cattle inventory
equations were not significantly different from
zero.
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Freebairn and Rausser estimated the effects
of changes in the level of U.S. beef import
quotas on the livestock sector of the U.S.
economy. Their model included an equation
for inventory levels of beef cows. The inven-
tory model was estimated in first differences of
the level of inventories. The explanatory vari-
ables for the change in beef cow inventories
included the farm price of utility cows at
Omaha, a two-year moving average of the
farm price of good and choice feeder steers at
Kansas City, and a three-year moving stan-
dard deviation of the farm price of good and
choice feeder steers at Kansas City. Condi-
tional on the a priori weights of .67 and .33 on
current and lagged feeder steer prices, respec-
tively, in the two-year moving average, all
three price variables had estimated coeffi-
cients that were significantly different from
Zero.

Martin and Haack constructed a model for
North American beef supply responses in
which they estimated breeding herd inventory
equations for the United States and Canada.
They specified first-order difference equations
(justified by the assumption that price ex-
pectations are formed using a geometrically
declining weighted average of past prices)
which fit the data quite well, and the price
coefficients were significantly different from
zero. The authors suggested that one exten-
sion of their study might be to replace the
geometric lag specification on the formation of
price expectations with a more general form.

Arzac and Wilkinson presented a quarterly
econometric model of the U.S. feed and live-
stock markets. One of the forty-two equations
in their system was a first-order difference
equation for breeding herd inventories. Only
one of the three price variables in this equation
was statistically significant, and when the
model was tested to see how well it predicted,
a simple fourth-order autoregressive model
gave better results.

This brief review of previous attempts to
estimate beef cattle inventory equations illus-
trates the shortcomings of most of these ef-
forts. Only two of these models found cattle
prices to be a significant determinant of inven-
tory sizes, and those models (Martin and
Haack, Freebairn and Rausser) were limited
by restrictive assumptions about the formula-
tion of price expectations and inventory ad-
justments. The model formulated and esti-
mated in the next two sections of this paper
attempts to overcome these shortcomings.
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Specification and Estimation of Dynamic
Regressions

‘‘Partial adjustment’’ and/or ‘‘adaptive expec-
tations’’ models are frequently invoked to jus-
tify the introduction of lagged values of de-
pendent variables as right-hand-side variables
in regression equations. Conceptually, both of
these models are appropriate for the cattle in-
ventory decision process. That is, adjustments
in inventories are costly and therefore take
time, and production decisions are based on
expected future prices which presumably are a
function of past observed prices. The problem
with the standard forms of these models is that
extremely restrictive assumptions about the
structure of the dynamic adjustment processes
are made. Because little is known about the
“‘true’’ adjustment process between actual
and desired inventory levels, or about the
‘“‘true’’ relationship between past prices and
the expected future levels of those prices, any
specific assumptions about the empirical
structure of these processes are arbitrary.
Also, more remote variables may belong in
the inventory equation through the indirect
influence of rational expectations, and the dy-
namic structure would be indeterminate with-
out a complete specification for the entire in-
dustry. In this paper, no assumptions are
made about the specific forms of dynamic ad-
justment and price expectations formation; in-
stead, the rational lag function in conjunction
with an autoregressive disturbance is em-
ployed as an approximation to the complex
dynamic processes underlying cattle inventory
behavior.

Another difference in the approach of this
research is in the statistical estimation proce-
dure itself. The standard approach would be a
transfer function model involving a stochastic
difference equation (SDE) in a linear re-
gression framework with an autoregressive/
moving average (ARMA) disturbance struc-
ture. But the method used here is equivalent to
a generalization of the Maddala-Rao maximum
likelihood procedure for rational lag models
(Maddala and Rao). One major advantage of
this approach is a partitioning of the system-
atic part of the regression equation into strictly
nonstochastic and stochastic components.
The operational form of the model used here
can be interpreted as a nonstochastic differ-
ence equation (NSDE) with ARMA distur-
bances.

The ideas are illustrated with a first-order
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difference equation and a single independent
variable. The traditional SDE in a regression
framework is

(D

where u, is the disturbance term. The system-
atic part of the regression equation is a condi-
tional expectation,

(2) E()’t')’t—l) = a+ Bx; + Ay,

On the other hand, the rational lag version of
the model is

(3)

Ye=a+ Bx;+ Ay + ouy,

a+ Bx; + u
(1 =AL) ’

where L is the lag operator such that Lz, =
z,,. Taking unconditional expectations of
both sides of (3) and multiplying by 1 — AL
gives an unconditional expectation to describe
the systematic part of (3),

(4) E(y) = a + Bx; + NE(y—y).
If v, is defined such that
ye = E(y) + vy,
then adding v, to (4) gives
(5) ye=a+ Bx, + AE(y-y) + v

In order that (1) and (5) describe the same
system, note that

Ye =

Vo1 = E(ye—1) + vy,
which on substitution into (1), implies

Uy = )\vt—l + uy, or
U = vy — Ny,

which is a first-order moving average process.
Since (4) is a first-order NSDE, (5) is a regres-
sion equation to estimate that NSDE. In gen-
eral, any linear SDE with an ARMA distur-
bance can be reparameterized as an NSDE
with an ARMA disturbance (Burt 1980).

The main advantage of (5) over (1) is a
complete partitioning of the purely non-
stochastic and stochastic components of the
right-hand side in (5). Misspecification of the
structure of the disturbance in (1) leads to
poor statistical properties, but consistent pa-
rameter estimates can be obtained in (5) under
the least squares (LS) criterion if the only
specification error is associated with the
time-series properties of v,. Since the NSDE
parameterization is more robust against mis-
specifications of the disturbance structure, it is
preferable as an operational procedure. The
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smaller the sample size and the less a priori
information that is available on the ‘‘correct”’
specification, the greater the advantage of the
NSDE approach. Routinely throwing in mov-
ing average error terms of the same order as
the SDE would appear to put the two param-
eterizations on a par, but these extra param-
eters are not trivial in small samples. Compu-
tational problems are also encountered with
the moving average specification when non-
linear least squares are used instead of full
maximum likelihood procedures which utilize
the determinant of the covariance matrix; the
problem is the tendency for the invertibility
criterion to be violated (Wallis, pp. 1486-87).

Numerical search procedures for getting LS
parameter estimates in (5) can be found in
many textbooks. [See Kmenta for an exposi-
tion which utilizes (4) to deduce the opera-
tional form.] Basically, (5) is a regression
equation containing an unobservable variable,
E(y,_,). Nonlinear least squares can be used to
estimate the parameters in (5) by essentially
the same logic as used to construct algorithms
to estimate moving average error structures
(Box and Jenkins). This method has distinct
advantages for higher order difference equa-
tions when compared to direct search proce-
dures.!

Partitioning the regression equation into
purely stochastic and nonstochastic compo-
nents can have an advantage for parsimonious
parameterization of the models, particularly
when the logic underlying the dynamic spec-
ification follows from (3), i.e., a distributed lag
response to an independent variable. The par-
tial adjustment hypothesis used in supply and
investment models is sometimes best formu-
lated with the disturbance term of the regres-
sion equation purged from the dependent vari-
able which also leads directly to (4) (LaFrance
and Burt).

Multiple independent variables are intro-
duced into the rational lag model by forcing
the same denominator in the rational lag func-
tion for each independent variable and allow-
ing separate lag polynomials of different or-
ders in the numerators. This constraint on the
denominator polynomials forces the same lag
structure to be approached asymptotically as
the lag increases, but the lag structure can be
quite different among the variables for short

1'See Burt (1980) for details of an algorithm based on this
procedure which also allows for ARMA disturbances and com-
plete exclusion of some variables from the dynamics of the equa-
tion.
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lags.?2 In principle, this constraint could be
troublesome in some applications but seems to
work well for annual changes in cattle inven-
tories. An exception to this procedure is made
when a dummy variable is introduced for an
“‘outlier’’ in the time series; such variables are
excluded from any distributed lag response, so
their net effect is static.

Estimation of an NSDE of order m requires
m initial condition parameters, E(y,) .
E(y_m+1). The most straightforward method is
to estimate these parameters jointly with the
others in the equation, but y_; could also be
used as an estimator of E(y-;). In the first-
order case, Schmidt’s Monte Carlo study
indicated that y, was as good an estimator
as a joint LS estimator (Schmidt). For large
enough samples, the choice is unimportant be-
cause it does not affect the asymptotic proper-
ties of the other parameter estimators. How-
ever, experience has suggested that in the
presence of specification error near the begin-
ning of the time series, the choice of estimator
can have an important effect in small samples.

The Inventory Model

Economic theory suggests that ranchers base
their decisions about herd size on their expec-
tations of future cattle and feed prices and/or
feed availability. Hence, the form of the model
for estimating cattle numbers is

= f(Ps, Fe, W),

where y? is the desired herd size in period ¢,
P¢£ is a vector of expected cattle prices, Ffis a
vector of expected feed prices and/or avail-
ability, and W, is weather conditions, each in
period ¢.

Following the approach suggested by Jarvis
in which cattle are viewed as capital goods,
beef price changes will have two opposing ef-
fects on ranchers’ decisions. An increase in
the price of beef will cause ranchers to expect
higher prices in the future, which will lead
them to want to increase the size of their
breeding herds to take advantage of these
higher future prices. Jarvis referred to this as
the investment demand for cattle. On the other
hand, the price increase will encourage cattle

2 That the denominator polynomial dominates the lag structure
as the lag increases without limit is apparent from the series
expansion form of the rational lag (Dhrymes, pp. 26-29; Griliches
1967, p. 24).
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producers to sell cattle immediately to profit
from the current high price. This effect is
analogous to Jarvis’s consumption demand for
cattle. The results of previous empirical stud-
ies generally seem to indicate that the former
effect outweighs the latter for the breeding
herd.

Some of the variables which determine price
expectations, P¢#, are likely to be outside of
the direct market in which producers holding
breeding herds sell their calves. The demand
for calves is a derived one as an input to cattle
fattening operations, a rather specialized busi-
ness in recent years. If producers selling
calves are ‘‘rational,” variables from the de-
rived demand equation for fed beef could par-
tially determine producers’ calf price expecta-
tions, e.g., prices of corn and fed beef.

The outputs from a cattle-ranching opera-
tion include feeder steers and heifers, lower
quality cull cows that enter the slaughter mar-
ket for nonfed beef, and other cows and heif-
ers that are culled but are placed on feed for a
period to obtain a degree of finish prior to
slaughter. Feeder steer prices are a direct in-
dicator of the demand for feeder steers as an
output to the ranching operation. On the other
hand, prices of fed beef and of corn jointly
indicate (a) the profitability of feeding opera-
tions, and (b) expectations for future fed beef
prices, and hence the expected future derived
demand for feeder steers and heifers, and the
expected opportunity cost of retaining a heifer
for the breeding herd rather than placing her in
the market for feeders. Further, since lower
quality nonfed beef prices tend to follow the
movements of fed beef prices quite closely,
changes in fed beef prices will influence the
farmer’s decision to keep or cull an older cow.

In this study, the price of fed beef is a cen-
tral market figure, the price of choice grade
slaughter steers per hundred pounds at
Omaha, Nebraska. Similarly, the corn price is
also a central market measure, namely, the
price of number two grade yellow corn per
bushel at Omaha. Conversely, the feeder steer
price is the U.S. average price received by
farmers per hundred pounds for calves. While
the fed beef and corn prices represent central
market conditions, the calf price variable rep-
resents aggregated farm level prices for calves
across the country. In a time-series frame-
work, movements in this variable should in-
corporate some of the changed marketing
margins between the farm and slaughter levels
which are associated with regional shifts and
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structural changes in the production and mar-
keting of feeders that may not be captured by a
central market price variable.

For the reasons described in the above two
paragraphs, both fed beef price at a central
market and average price received by farmers
for calves are expected to influence the level
of cattle inventories. Corn price at a central
market should have an influence through the
future derived demand for feeder cattle as ex-
plained above and may also have an additional
effect on cattle inventories as a proxy for feed
costs in the production of feeder cattle.

A second set of variables which is hypothe-
sized to have important effects on cattle inven-
tories is prices and/or availability of various
feed sources. Factors such as prices of high
protein supplements, quality of pasture and
range, and the price or availability of hay
should have an impact on the number of cattle
kept through the winter. The high cost of
transporting hay makes the market largely a
local one, and price statistics for a state or the
nation are not as useful as for most commod-
ities. Since beef cattle producers grow most of
their own forage, a measure of availability in-
stead of price might be a better explanatory
variable.

The primary effects of the third variable,
weather conditions, are largely reflected
through forage availability, such as pasture
and range conditions and production of hay
and silage. However, severe winter weather
conditions can also have a direct impact on
cattle numbers through death losses and re-
duced survival rates of newborn calves.

The Variables and Data Problems

The variable definitions for the U.S. and Mon-
tana models are the same except for the asso-
ciated location, although both sets of equa-
tions use the beef-to-corn price ratio at
Omaha, Nebraska, as a proxy for central mar-
ket conditions. Cattle inventories are mea-
sured in number of head for Montana and in
1,000 head for the U.S., both on 1 January;
likewise for hay production, which is in 1,000
tons for the United States. The beef to corn
price ratio is the price of choice grade slaugh-
ter steers per hundred pounds divided by the
price of Number 2 grade yellow corn per
bushel, both at Omaha. The deflator for calf
prices is the index of prices paid by farmers for
production items, interest, taxes, and wage
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rates, using 1967 as the base year. Calf prices
are the average received by farmers in dollars
per hundred pounds; the average is over the
calendar year for the United States and a
weighted average of October through De-
cember for Montana because most of the out-
of-state shipments take place then.

Deflating calf prices by the index of prices
paid by farmers attempts to measure the real
value of the output of beef calves relative to
farm inputs, e.g., labor, machinery, buildings,
and capital equipment. Because the calf price
is a farm-level U.S. average price, the appro-
priate deflator should also be a farm-level U.S.
average input price index to measure the rela-
tive farm value of output to input cost. Con-
versely, since the fed beef price is a central
market price which is employed as an indi-
cator of the derived demand for feeders as
inputs to the cattle feeding operation, an ap-
propriate deflator would be a central market
feed price such as the cost of Number 2 yellow
corn at Omaha. These relative prices are cho-
sen to measure distinct market factors, and
their influences on the inventory of beef cattle
should also be quite distinct.

Nevertheless, the influence of the separate
beef prices could be confounded because of
the use of separate deflators. The question is
whether the beef prices or the different
deflators contribute to the separate influences
of the two relative prices. The profitability of
calf production is influenced by other vari-
ables than the price of corn, e.g., labor, ma-
chinery, capital, etc. These input prices are
included in the index of prices paid by farmers
for production items, wages, taxes, and inter-
est. On the other hand, the beef to corn rela-
tive price reflects the profitability of feeding
operations. The price of corn at Omaha has a
distinct movement over time relative to the
index of prices paid by farmers for inputs. But
the price of feeder steers varies over the cattle
cycle relative to the price of fat steers. Thus,
to check whether the fed beef to corn price
ratio or the price of corn is the primary con-
tributor to the inventory response, the basic
model for the U.S. breeding herd is also esti-
mated with the fed beef to corn price ratio
replaced by the price of corn deflated by the
U.S. prices-paid index. Several equations in-
cluding all three prices, i.e., calf, fed beef, and
corn prices, each deflated by the prices paid
index were estimated, but the parameter es-
timators are confounded too badly to draw any
inferences.
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A serious difficulty was encountered with
the cattle inventory data because the classi-
fication was changed from an age to a weight
basis in 1971. Before 1971 the beef-breeding
herd was taken as beef cows and heifers one
year old and older. The new weight-based
classification gave categories of: (a) beef cows
and heifers that have calved, (b) beef cow
replacements, and (c) heifers over 500
pounds, which includes both beef and dairy
stock. For Montana, there was no serious
problem because dairy cow inventories are
trivial compared to those for beef; thus the
beef breeding herd was taken as the sum of all
three categories.

At the national level, the third category ob-
viously contains a mix of dairy and beef
breeds. Therefore, a consistent series for the
U.S. breeding herd is constructed as follows.
Six years (1965-70) of overlapping data for the
two methods of classification are used to fit a
simple regression equation with the new and
old breeding herd definitions used as the de-
pendent and independent variables, respec-
tively. This regression equation is used to con-
struct the beef breeding herd variable before
1965 according to the new definition.

The sum of beef cows and heifers that have
calved plus beef cow replacement heifers
(y/"E¥) is regressed on the number of beef
cows and heifers one year old and older
(»°'P), yielding

FNEW = —838.12 + .92346y,0L0
t=1965, . .., 1970.

The coefficient of determination (R?) for this
equation is .9983. For the years prior to 1965,
the predicted value for y/ 2% is the level of
breeding herd inventories, while for 1965 to
1980 the actual values of the new definition are
used.

Another problem with the cattle inventory
variable for the national model is the fact that
figures for Alaska and Hawaii are included in
the aggregate U.S. cattle numbers figures
starting in 1961. Because data for Alaska and
Hawaii are not available prior to 1961, the
state totals for the period 1961-80 must be
subtracted from the U.S. totals, leaving total
figures for the forty-eight contiguous states.3

3 Montana cattle inventory and hay production data were from
various issues of Montana Agricultural Statistics (a joint publica-
tion of the Montana Department of Agriculture and the Montana
Crop and Livestock Reporting Service). Montana and U.S. calf
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Empirical Results and Discussion

As mentioned in the introduction, the Mon-
tana data are used to aid in the primary spec-
ification of an appropriate model for the na-
tional data. Prices in the Montana model
should be almost completely exogenous and
production conditions are relatively homoge-
nous. Two equations each are specified for
Montana and the United States: (a) beef
breeding herd inventory, and (b) total beef
cattle inventory. Final equations for all four
models are a second-order NSDE with a sec-
ond-order autoregressive disturbance.

Nonlinear least squares estimates of the
equations are given in table 1. The price vari-
ables are the ratio of fed cattle price to corn
price at a central market (Omaha) and the
average price farmers received for calves,
which jointly tend to capture producers’ price
expectations in the dynamic regression.

The U.S. breeding herd equation is also es-
timated with the Omaha corn price (lagged one
year) replacing the fed beef to corn price ratio.
On the basis of the 1950-80 sample period,
these two equations appear to be essentially
equivalent. However, when the corn price
model is subjected to diagnostic tests, includ-
ing post-sample forecasting and parameter
stability checks, it fails to stand up as well as
the beef to corn price ratio model. Further-
more, for the Montana equation the beef to
corn price ratio model for the breeding herd
stands up very well relative to a corn-price-
only model. Since the Montana specification is
being used to infer a national model, the beef
to corn price ratio model is apparently a pref-
erable specification.

In order to test the role that the fed beef to
corn price ratio plays in the formulation of
expectations for future calf prices, a regres-
sion equation was estimated with the lagged
beef to corn price ratio explaining current
U.S. calf prices. The fitted equation is

Pt =6.76 + -946B/Ct_1 + .80Ut_1 - .28Ut_2,
(4.8) .(.23) (.18) (.18)

where P, B/C, and U are the calf price, beef/
corn price ratio, and the disturbance term,
respectively, and ¢ is the yearly time subscript.
After deleting two observations associated

prices as well as the cost of production deflator were from various
annual summary issues of Agricultural Prices (USDA). Prices of
corn and choice beef steers are from The Feed Situation (now one
of the Outlook Series of USDA). U.S. cattle inventory data are
from Agricultural Statistics.
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Table 1. Dynamic Regression Equations of Beef Cattle Inventories
Equation
Montana Montana uU.S. uU.S.
Breeding All All
Parameter Description? Herd Cattle Breeding Herd Cattle
------------- (thousands) ~————— - ——— -~
Intercept ~113,000 —98,200 -2200 —233 -16,300
(7.0) (18) (21) (2.0) (13)
(Hay production),_, .165 271 .0781
(11) (14) (2.1)
(Hay production),_, —.110 —.244 .0918
(4.7) 9.2) (3.1)
(Beef/corn price),_, 3,775 5,895 80.5
7.7) (7.5) (18)
(Corn price),_, —794
(15)
(Calf price),_, 3,068 2,117 145 159 293
(6.4) (3.4) (19) (19) (18)
(Calf price),_, -2,150 —88.1 -54.5 - 147
(8.4) (12) (5.4) (8.5)
E(inventory),_, 1.723 1.786 1.864 1.781 1.869
(83) (154) (127) (90) (118)
E(inventory),_, —-.837 —.861 —-.890 -.817 —-.966
(50) (73) (62) (43) (69)
(Disturbance),_, -.721 —.581 .445 .534 355
(4.4) (4.5) (4.5) (5.0) (2.6)
(Disturbance),_, —-.410 —.690 —.833 .806 —.642
(2.5) (5.3) (8.4) (7.6) (4.7)
Degrees of freedom 19 20 19 19 18
R? .9951 .9961 .9995 .9995 .9992
Std. error estimate® 21,100 28,500 209 213 552
Standard error estimates
Mean of dep. var. .0150 .0109 .0057 .0058 .0065
Std. error prediction® 32,900 37,600 273 277 692

Notes: Means of the variables for the U.S. are breeding herd, 36,706 (1,000 head); total cattle, 84,823 (1,000 head); beef/corn price ratio,
20.94 ($ per cwt./$ per bu.); corn price, 1.399 ($ per bu.); calf price, 26.90 ($ per cwt., 1967 base); hay production, 120,600 (1,000 tons).
Means for Montana are breeding herd, 1,605,100 (head); total cattle, 2,607,000 (head); calf price, 28.33 (same units as U.S.); hay
production, 3,440,000 (tons); beef/corn price ratio, same as U.S. The sample period for all four equations was 1950-80.

& Numbers in parentheses are asymptotic ¢-statistics (in absolute values).

b Both the standard error of the estimate and R? reflect the explanatory value of the autoregressive error structure.

¢ For last observation in the sample, 1980.

with the Cochrane-Orcutt estimation proce-
dure for the autoregressive disturbance, the
sample period is 1951-79, which for these
variables corresponds to the results reported
in table 1. The years 1973-75 are dummied out
of the equation.

The numbers in parentheses are asymptotic
standard errors. A likelihood ratio test is
more reliable in nonlinear regression than
*‘linearized multivariate normal theory’’ (Gal-
lant). Therefore, a second-order autoregres-
sive equation with B/C,, deleted was esti-
mated which gave an asymptotic ¢-statistic of
2.6. Although this value is significant at the
one percent level (22 degrees of freedom), it is
not as impressive as the implied value of 4.1
from the above equation. However, these re-

sults give strong support to the proposition
that the beef to corn price ratio provides a net
addition to information on future calf prices
beyond that provided by current and lagged
calf prices alone.

The structure of the difference equation in
table 1 for the breeding herd cannot be used to
infer the underlying nature of price expecta-
tions formation because of confounding with
adjustment constraints in production. Extra
lagged variables in the dynamic regression
equations cannot be interpreted without an
analysis which utilizes the difference equation
jointly with all the terms for that variable.
Using the U.S. breeding herd as an example,
the partial derivative of the herd in year ¢t with
respect to calf price in yearz — 2is not —88.1,
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the coefficient given in table 1. Griliches
(1967) gives a method to calculate these partial
derivatives, but they can also be calculated
recursively by simply recognizing that lagged
values of the dependent variable are implicitly
functions of higher-order lagged values of the
independent variables. For lagged calf prices
in the U.S. breeding herd, the partial deriva-
tives are monotonically increasing from 145 at
t — 1, reach a peak at 246 in ¢ — 6, and then
monotonically decline for nearly twenty years,
but absolute values monotonically decline
forevermore.

The equations were first estimated with two
terms for each independent variable (periods
t — 1 and ¢ — 2) to allow for different distrib-
uted lag patterns during the first few periods of
response. Estimates of the parameters for the
two beef to corn price variables were con-
founded and the second-order variable was
deleted in both Montana equations and the
U.S. breeding herd equation. This variable
was insignificant in any form in the U.S. total
beef cattle equation. Apparently, the negative
net effect for components of total cattle other
than the breeding herd cancel the positive net
effect for the latter, i.e., this result emanates
from aggregation.

The empirically estimated difference equa-
tions have conjugate complex roots which
imply a cyclical adjustment path toward an
equilibrium. This cyclical path of adjustment
can be explained through the biological pro-
duction constraints and variations in the age
distribution within cattle herds. An increase in
price will tend to encourage additions of heif-
ers to the herd. Before these heifers peak in
productivity (average pounds of calves pro-
duced annually), they will have a relatively
high imputed value as a capital good compared
to their salvage value (relatively low-grade
beef). Therefore, there will be a tendency for
herds to be larger for several years after an
infusion of young stock, ceteris paribus. But
when this same group of animals matures into
the prime ages for normal culling from the
herd, their presence will have the opposite
effect, viz., a tendency toward smaller herds,
ceteris paribus, due to an increase in the rate
of culling from the herd.

A second explanation of the cyclical ad-
justment path toward an equilibrium would be
cyclical price expectations by producers.
After all, the cyclical behavior of cattle prices
has prevailed for a century and with consider-
able predictability. Producers may anticipate
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future swings in prices with similar regularity.
The authors suspect that both cyclical price
expectations and biological production con-
straints are responsible for the cyclical ad-
justment paths estimated from the data.

Hay production is an important explanatory
variable in the Montana equations. Its most
direct contribution is as a measure of winter
feed availability; but hay production also indi-
rectly reflects the quality of pasture and range
conditions, which vary greatly from year to
year because of weather conditions. In addi-
tion, hay production, particularly when enter-
ing the equation with a distributed lag re-
sponse, is a measure of the intermediate-term
commitment of resources to cattle production;
almost all hay in Montana is from perennial
forage crops. This multidimensional role of
hay production as an explanatory variable is
probably the reason that it performs much bet-
ter than price of hay.*

In the Montana equations, both parameter
estimates of the second-order autoregressive
disturbance are negative and the first two au-
tocorrelations in the residual are negative.
This structure in the disturbance could ema-
nate from short-term fluctuations in culling
rates among older cows of the breeding herd
that reflect producers’ responses to various
factors treated as random in the model, e.g.,
feed availability other than that captured by
the hay production variable. Such structure in
the disturbance could also be associated with
approximation errors in the systematic part of
the regression equation that may result from
attempting to estimate a nonlinear system with
a linear second-order difference equation.
Price of low-grade beef as a measure of sal-
vage value of cull cows and price of protein
supplements were not significant when tested
in the equations, and, among other things, the
disturbance term structure could be measuring
some net effects of these missing variables.

Although the final equations for Montana
cattle inventories are used as a guide to spec-
ification of the U.S. equations, dramatically
more heterogenous production conditions for
the nation make further testing of explanatory

4 The multidimensional role of hay production, especially the
tendency for cattle producers to increase production when herds
are large, suggests that there may be a tendency for joint depen-
dence between cattle inventories and hay production. Most hay in
Montana is grown from perennial crops and hence is largely prede-
termined. Simultaneity of hay production in the U.S. equations
could be a problem because of annual hay crops, but hay produc-
tion does not enter the breeding herd equation at all in the U.S.
model.
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variables a prudent strategy. Nevertheless,
the final equations in table 1 contain essen-
tially the same variables after proper definition
for the geographic regions involved (U.S., in-
stead of Montana, calf prices and hay produc-
tion). Serious problems of aggregation might
be anticipated when attempting to develop a
national model, but statistical significance of
the important economic variables is better in
the U.S. equations than in those for Montana.
The R-squares are substantially higher for the
U.S. equations too, but such results are fre-
quently associated with aggregation.

Joint dependence between inventories and
prices could be a problem in the national equa-
tions, but it should not be serious in the breed-
ing herd. The breeding herd does not include
calves produced during the previous season
nor fattened animals that enter the market for
fed beef. Therefore, no direct effect is regis-
tered on the two price variables in the equa-
tions when culled cow numbers fluctuate. Any
impact must be indirect through the competi-
tion of low-grade with choice-grade beef or
some roundabout influence on calf prices. One
other source of weak joint dependence be-
tween calf prices in calendar year + — 2 and
January breeding herd inventory in year ¢ is
through beef cow replacement heifers. The
pool of heifers available for replacements
comes from heifer calves not marketed in year
t — 2, so the size of this pool in January of
year ¢ and calf prices in year t — 2 could be
jointly dependent to some degree. This joint
dependence is probably quite weak and then
further diluted by the imperfect relationship
between the pool of available heifers and ac-
tual additions to the breeding herd. These
a priori reasons for expecting any joint depen-
dence to be quite weak, coupled with the small
sample of annual data, suggest that single
equation estimation methods are appropriate
(Mariano). Post-sample forecasting and other
tests on the breeding herd equation reported
later suggest that a single-equation estimation
procedure is satisfactory.

The total U.S. beef cattle inventory equa-
tion is much more vulnerable to joint depen-
dence problems between inventories and calf
prices. Calves are a small part of the total
inventory; how much calf prices are influ-
enced by variations in marketings of other
livestock classes is difficult to say. Tests of
this equation for parameter stability over
changed sample periods and with post-sample
forecasts are also favorable. Despite this, the
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joint dependence problem may warrant further
analysis in future research.

The somewhat chaotic condition of the cat-
tle industry in 1974 was largely precipitated by
the differential treatment of beef prices during
the Nixon price freeze in the latter half of 1973
in conjunction with an extremely sharp rise in
grain prices in 1973-74. Many large cattle
feeders went bankrupt during 1974-75. Chow
tests indicate that both 1974 and 1975 residuals
in the U.S. breeding herd equation are ‘‘out-
liers,”” although only 1975 is significant in the
total cattle equation. Dummy variables are in-
cluded for 1974 and 1975, but are constrained
to have a purely static net effect, i.e., they are
excluded from any distributed lag response.
Montana equations do not seem to have any
problem for these two years.

Initial condition parameters are estimated
for E(y,) and E(y-,) in all four equations in
table 1. Since they are of little interest per se,
statistical results are not reported for either
the 1974-75 dummy variables or the initial
condition parameters.

The difference equation for the national
breeding herd model has a much longer pe-
riod, with roots lying much closer to the real-
complex boundary, than is estimated for Mon-
tana; in fact, the period is about double—
thirty-seven instead of eighteen years. The
t-statistic (19 degrees of freedom) associated
with forcing the root to lie on the real-complex
boundary is 7.3, i.e., the cyclical component
plays an important role even in the national
model. Aggregation over heterogenous pro-
duction regions and the associated diffusion of
producer responses is probably much of the
explanation for the longer period in the U.S.
equation. Also, the Montana equation con-
tains hay production as an important explan-
atory variable, while the national model has
no comparable variables to reflect feed avail-
ability and the commitment of resources to
beef cattle production.

The total U.S. cattle inventory equation has
a little shorter period than the Montana equa-
tion, twenty years instead of twenty-four, but
the second-order coefficient is quite close to
minus one, which implies a very protracted
distributed lag response. This structure by it-
self would tend to make cattle numbers follow
a cyclical pattern that is persistent and pro-
nounced. The cycle actually observed in cattle
inventories graphed against time is, however,
the result of a cyclical path in cattle prices
driving the response equations of table 1. The
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consequence of this joint effect is apparently
what produces the historic cycles with an
average period of about eleven years (Has-
bargen and Egertson).

An attempt was made to find other variables
for the national equations to perform the same
role as hay production in the Montana equa-
tions. Note that although hay production is
significant in the national total cattle equation,
it is much less so than in Montana. Sources of
forage are much different in the southern part
of the United States than in Montana, and hay
is much less important. Grain, cornmeal, and
soybean meal prices and an index of prices
received for all feed grains and hay were tried
and found insignificant. Either individually, or
jointly, these prices represent major feed costs
for the feeding operation and hence feed avail-
ability. Averaging over the entire U.S. should
largely remove the importance of weather vari-
ability, and variables to reflect the commit-
ment of resources to beef cattle production do
not appear to be readily available. Lagged cat-
tle numbers may be the only available indi-
cator for such commitments.

Within the NSDE framework, the counter-
part of lagged cattle numbers to reflect the
commitment of resources to beef production is
an autoregressive disturbance term. Note that
the first-order coefficients in table 1 are posi-
tive instead of negative, as in the Montana
equations. Apparently, the first-order lagged
disturbance is compensating for lack of a good
set of variables to replace hay production used
in the Montana equations, and the conse-
quence is a net positive effect instead of a neg-
ative effect. Whatever the source of the nega-
tive coefficient in Montana, it is overpowered
by the inertia effect in the national equations.
On the other hand, the second-order terms are
negative in the national equations, as they
were for Montana. The autoregressive distur-
bances have complex roots with periods of
about 4.7 years for both U.S. cattle inventory
equations; this period is about twice that in the
Montana equations (2.5 and 2.3 for the breed-
ing and total cattle herds, respectively).
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The same equations as reported in table 1
were also estimated as SDE’s for comparison.
The ratios of the regression equation standard
errors of the estimate for the SDE to the
NSDE are summarized in table 2 for eight
pairs of equations. Taken as a group, the com-
parisons show that the standard errors of the
estimate are about twice as large for the SDE
models. This evidence suggests that a consid-
erably more complicated disturbance struc-
ture would be required for the SDE to give an
equally good fit to the data. In each compari-
son, the coefficients on the lagged dependent
variables of the SDE are pulled toward zero
relative to the NSDE, particularly when a
classic disturbance is specified. The use of a
classic disturbance structure in the NSDE
does not change the point estimates very much
from those in table 1.

All of the equations in table 1 were submit-
ted to a series of tests for prediction outside
the sample period and stability of the point
estimates over changes in the sample period.
These tests are somewhat limited by the few
degrees of freedom. Considerable detail is
given below for the U.S. breeding herd equa-
tion with the beef to corn price ratio, which is
of central interest. However, the four equa-
tions excluding the U.S. breeding herd equa-
tion, with corn price instead of beef to corn
price, predict well for several periods when
the sample is truncated.’ If the equations are
properly specified, then the observed values of
vo and y_; should be within about two standard
errors of the estimates of E(y,) and E(y_,)
computed from the regression residuals. The
authors have found this backcasting test to be
more sensitive to specification errors than
post-sample forecasts, and all of the equations
perform well in this comparison.

Sensitivity runs for parameter estimates are
reported in table 3. A perusal of the table is
encouraging in that the point estimates are
almost unchanged except for the 1950-68
sample, which has only nine degrees of free-

S Details for the Montana equations are given in Rucker.

Table 2. SDE to NSDE Standard Errors of the Estimate

Montana United States
Specification Breeding Total Breeding Total
on Disturbance Herd Cattle Herd Cattle
Classical 1.9 1.9 2.1 1.6
Second autoregressive 1.6 2.1 2.1 1.9
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Table 3. Estimated Parameter Stability in U.S. Breeding Herd Model

Sample Period

1948-80 1952-80 1956-80 1950-80 1950-76 1950-72 1950-68
Degrees of freedom 21 17 19 15 13 9
Parameters
(Beef/corn price),_, 83.5 81.7 98.2 80.5 80.7 79.0 79.1
(12)2 (15) (4.9) (18) (6.5) (4.6) (5.2)
(Calf price),_, 138 146 137 145 142 150 160
(12) (18) (10) (19) (3.5) (2.6) (2.9)
(Calf price),_, -90.9 -90.4 -90.9 —88.1 —-85.0 -94.7 -114
8.1 (10) (8.9) (12) 2.2) (1.6) (1.6)
E(inventory),_, 1.877 1.864 1.877 1.864 1.862 1.883 1.936
91) (119) 91) (127) (24) (16) (12)
E(inventory),_, —-.902 —.890 —-.901 —-.890 —.887 —-.909 -.966
(45) (59) (18) (62) (11) (7.5) (5.4)
(Disturbance),_, .425 .442 .460 .445 .449 .447 .442
(3.0) 4.1) (3.6) (4.5) (4.3) 3.9) (6.0)
(Disturbance),_, -.573 —-.812 —-.756 —-.833 —.836 —.836 —.946
(4.0) (7.5) (6.1) (8.4) (7.9 (7.3) (13)

2 Numbers in parentheses are absolute values of asymptotically approximate 7-ratios.

dom. In this regard, the beef to corn price
model performs much better than the corn
price model. Even in that sample, changes in
the estimates are not excessive for time-series
regressions. As explained in the data section,
the definition of age and weight classes for
cattle inventories changed in 1970, which
could account for the somewhat different es-

timates in the 1950-68 sample. Problems are
encountered if the sample is pushed back into
the World War II period. Although the point
estimates of parameters in table 3 do not sug-
gest a problem in the 1948-80 sample, the
standard error of the estimate increases con-
siderably when 1948 is added to the sample.

As another test of specification error, the

Table 4. Post-Sample Forecast Errors for U.S. Breeding Herd

Number of Years beyond the Sample

Sample
Period 1 2 3 4 5
1950-79 517
(726)?
1950-78 —375 —184
(822) (1,208)
1950-77 210 —428 555
(1,272) (2,102) (3,092)
1950-76 -214 -99 —549 -173
(1,326) (3,161) (4,903) (6,863)
1950-75° 295 77 589 404 1,075
(1,612) (3,121) (5,907) (8,630) (11,743)
1950-74¢ 1,712 —463 1,498 589 404
(1,041)*¢ (1,669) (3,146) (5,907) (8,630)
1950-73 —738 2,039 -1,076 1,498 589
(910) (1,057)* (1,693) (3,147) (5,907)
1950-72 43 —-686 2,095 -1,028 1,558
(812) (1,343) (1,515)* (2,113) (6,130)
1950-71 -415 -369 -1,215 1,291 —2,188
(834) (1,147) (1,751) (2,186) (2,855)
1950-70 553 321 630 78 3,144
(966) (1,596) (2,235) (3,035) (4,486)

2 Numbers in parentheses are the standard error of forecast multiplied by two. Unenclosed numbers are the residuals.
® Dummies for 1974 and 1975 are included in the forecast equation.

¢ A dummy for 1974 is included in the forecast equation.

9 Asterisk indicates the residual is greater than twice the standard error of the forecast.



