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A Statistical Model of the Primary and
Derived Market Levels in the

U.S. Beef Industry

Gary W. Brester and John M. Marsh

An annual dynamic model of the primary and derived levels of the U.S. beef industry was
estimated by rational distributed lags. Geometric rational lags at the retail level were instru-
mental in establishing prices in the dressed meat trade and the slaughter and feeder levels.
Polynomial rational lags characterized primary inventory supply, which, along with cattle and
corn prices, determined the production of fed and nonfed beef. The results suggest that the
short- and long-term market behavior in the beef industry is better understood when higher
and lower order market interactions are taken into account.

This paper presents a statistical system
of price, demand, and supply equations
describing the U.S. beef industry within a
rational distributed lag framework. Mar-
ket activities reveal that the retail, whole-
sale, slaughter, and feeder market levels
are highly interrelated. When these inter-
relationships are accounted for in an em-
pirical model, the estimated structural pa-
rameters and various elasticities provide a
better understanding of forces determin-
ing demand and supply in the beef in-
dustry. Also, such knowledge can be a
valuable asset in evaluating the impact of
exogenous shocks and government poli-
cies on the beef industry and in condi-
tional forecasting.

Previous models of the U.S. beef indus-
try have addressed several of these levels
(Arzac and Wilkinson; Kulshreshtha and
Wilson; Crom; Langemeir and Thomp-
son; Freebairn and Rausser). However,
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specification of the maintained hypothe-
ses and methodologies has differed. A ma-
jor reason is the dynamic nature of the
cattle and meat markets. Dynamics of
supply and demand in these sectors result
from producer and consumer expecta-
tions, biological production lags, technol-
ogy, weather, and institutional lags in the
market channel. Though certain econom-
ic variables are recognized in these mar-
kets (consumption and production, quan-
tities of substitutes, income, feed costs,
marketing costs), theory is not clear as to
the proper specification of the dynamic
lag structure. When the whole marketing
system is considered, different time pe-
riods (weekly, monthly, quarterly, an-
nually) may even show differences as to
how prices are actually established at the
packer-wholesale level and at the retail
level. In this paper we estimate a rational
lag structure of the primary and derived
levels of the beef market. We argue that
the consumer has an important vote in the
entire price structure of the demand side
of the market. This is particularly so with-
in a one-year time period. Coupled with
primary and derived supply factors, beef
supplies and prices at all levels of the mar-
ket chain are then determined.
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Methodological Considerations

Jorgenson's rational distributed lag
structure served as the basis for estimating
the dynamic equations. Mathematically,
Jorgenson's model can be expressed as:

Y = R(L)X, = (L)X + et (1)

where the rational lag function R(L)Xt is
characterized by the ratio of two polyno-
mials a(L) and X(L), which have no char-
acteristic roots in common. The lag op-
erator L implies that LkXt = Xt-k.
Multiplying both sides of equation (1) by
X(L) yields

X(L)Y, = a(L)X, + X(L)e, (2)

so that

(1 + ,1L + ... + XnL)Y
= (ao + aL, + .. +amLm)X, + e,* (3)

where
n

et* = X(L)et = Z Xie,
i=0

and is autocorrelated. Thus, the rational
lag structure of equation (2) is reduced to
an nth order difference equation with an
nth order moving average error structure.
Jorgenson concludes that any arbitrary lag
function can be approximated to any de-
sired degree of accuracy by a rational lag
function with sufficiently high values of
m and n.

Burt indicates there are problems of
specifying and estimating an unknown
error structure in dynamic models. Con-
sequently, nonstochastic difference equa-
tions may be more appropriate in the
measurement of agricultural supply re-
sponse than stochastic difference equa-
tions. Marsh (1983) also justifies this meth-
od in the nonlinear estimation of seasonal
cattle prices. The delineation of stochastic
versus nonstochastic equations depends on
the manner in which the lagged depen-
dent variable enters the set of regressors.
In equation (3), the observed values of the

lagged dependent variable are used and,
thus, they contain a stochastic compo-
nent.' The nonstochastic difference equa-
tion uses the expected value of the lagged
dependent variable. Incorporating this
idea into a simple Koyck equation yields:

Yt = a + fX, + XE(Yt,_) + pu,_, + u, (4)

where E(Yt_,) is the expected value of Yt-_
and ut has the classical properties. Equa-
tion (4) is nonstochastic in that successive
iterations yield E(Yt) as a function of only
the historical value of Xt, and E(Yt_,) is
strictly an exogenous variable if the dis-
turbance term is autocorrelated.2

The lagged expectation of the depen-
dent variable and/or the autocorrelated
error structure produces some estimation
problems for ordinary least squares (OLS)
because of the introduction of nonlinear-
ities in the parameters. Therefore, the
nonstochastic difference equations in the
model are estimated by least squares
(maximum likelihood under the assump-
tion of normality) from a modified Mar-
quardt nonlinear least squares algorithm.

The Economic Model

The following equations represent the
economic relationships of the beef model.
Table 1 gives the definitions of the vari-
ables.

Retail Sector

(a) Retail price
prb = f[Qfed, Qnfed, Y, Qpk, Qply,

E(Prb- j)]

1A random variable Yt is defined as Yt = E(Yt) + u,
where E(Yt) is the expected value and u, is a random
disturbance term with zero mean, and E(uut_,) = 0
for t -j and = a2 for t = j.

2 The E(Y,_j) are unobservable variables but are de-
fined for given values of the parameters in equation
(3). In the iterative solution of the nonlinear least
squares algorithm, the observed Ytj are used as ini-
tial estimates of E(Yt_,), and the resulting estimates
of Xj and a, are used as the starting values of the
respective parameters (Burt, pp. 7-10).
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TABLE 1. Definitions of the Endogenous and
Exogenous Variables Used in the
Beef Model Estimation.a

Endogenous Variables
prb = weighted average price of retail beef for

choice table cuts, yield grade 3, cents/lb.
Qfed = per capita consumption of fed beef, pounds

on a carcass weight basis.
Qnfed = per capita consumption of nonfed beef,

pounds on a carcass weight basis.
pear the price of choice-grade carcass beef, yield

grade 3, cents/lb. at Chicago.
Mc- = carcass-to-retail marketing margin, cents/

lb.
Mf- = farm-to-carcass marketing margin, cents/

lb.
psi = price of choice slaughter steers, 900-1,100

Ibs., Omaha, cents/lb.
Qdp = placements of cattle on feed in the 23 ma-

jor cattle feeding states, thousands of head.
pfc = price of choice feeder steers, 600-700 Ibs.

Kansas City, dollars/cwt.
QspI = placements of cattle on feed in the 23 ma-

jor cattle feeding states, thousands of head.
pgsI = price of good-grade slaughter steers, 900-

1,100 Ibs., Omaha, cents/lb.
Qsfd = number of commercially slaughtered fed

cattle, thousands of head.
Qsnfd = number of commercially slaughtered nonfed

cattle, thousands of head.
INV = January 1 inventory of feeder cattle, calves

and yearlings, thousands of head.

Exogenous Variables
Y = per capita real disposable income, dollars.
Qpk = per capita consumption of pork, pounds on

a carcass weight basis.
Qply = per capita consumption of poultry, pounds.
ADW ed = average dressed carcass weight of fed

slaughter, pounds.
ADW fed = average dressed carcass weight of nonfed

slaughter, pounds.
pcby = price of carcass by-products, portion of

gross carcass value attributed to fat and
bone, cents/lb.

WmP = average real hourly earnings of production
workers in the meat products industry,
dollars.

PK = packaging costs for intermediate mate-
rials, supplies, and components-includ-
ing materials for containers and supplies,
and processed fuels, Wholesale Price In-
dex (1967 = 100).

TABLE 1. Continued.

Exogenous Variables
Pfby = price of farm by-products, portion of gross

farm value attributed to edible and inedible
by-products, cents/lb.

WPP = average real hourly wages of production
workers in meat packing plants, dollars.

R = price of refined oil products, Wholesale
Price Index (1967 = 100).

t = trend, 1, 2 ... , n.
P° = price of #2 yellow corn, Chicago, dollars/

bushel.
D = dummy or binary shifter.

a Sources: USDA Livestock and Meat Situation, Ag-
ricultural Statistics, BLS Monthly Labor Review.

(b) Retail supply
Qfed = Qsfd. ADWfed

Qnfed = Qsnfd. ADWnfed

j= 1,2,. . ,n

Carcass Sector

(c) Carcass price
par = f2[prb, Mc-r, pcby, E(Par - j)]

(d) Carcass-retail margin
Mc-r = f3[Wt P, PK, t, E(MC- r - j)]

Slaughter Sector
(e) Slaughter price

psi = f4 [par, Mf-c, pfby E(psl - j)]

(f) Fed slaughter supply
Qsfd = f[Qsl, psi, pc E(Qsfd - j)]

(g) Nonfed slaughter supply
Qsnfd = f[pfc, pgsl, pc, E(Qsnfd - j)]

(h) Farm-carcass margin
Mf- c = f7[WPP, R, t, E(M f-c - j)]

Feeder Sector

(i) Feeder cattle inventories
INV = f8[Pfc, p, E(INV - j)]

(j) Feeder placement supply
Qspl = fg[INV, Pfc, pgsl, E(QsP - j)]

(k) Feeder placement demand
Qdpl = f[pfc, psl/pc, E(QdP] -j)

(1) Market identity
Qspl = Qdpl

All prices, wages, income, and margins
are deflated by the Consumer Price Index
(CPI) (1967 = 100). Deflating all market
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levels by the CPI is appropriate when
margins are specified (Foote). The oper-
ator E represents the lagged expectations
of the dependent variables. Subscripts on
the independent variables are omitted;
however, it is implied that distributed lags
exist. Usually some experimentation was
necessary to discover the final structure. 3

The specification of the model is based
on economic theory and knowledge of the
commodity sectors. The annual sample
data are for the period 1960 to 1980 and
are obtained from secondary sources.
There were no specific problems with the
data in relation to the variables defined.
The only potential problem was with car-
cass price. It is recognized that pricing in
the dressed beef trade is characterized by
negotiations and formulas, where a large
percentage of the output comprises boxed
beef (USDA). However, in the sample,
carcass price is highly correlated with for-
mula and boxed beef prices. This would
be expected since, over the long term, the
wholesale trade is subject to consumer in-
fluence.

Predicted values of several endogenous
variables were substituted for their ob-
served values in the right-hand side of
certain structural equations. They were
estimated by instrumental variables, i.e.,
a two stage least squares procedure to ac-
count for joint dependency in the system.
These variables included consumption of
fed and nonfed beef, carcass-retail and
farm-carcass margins, and prices of feed-
er cattle and good-grade slaughter cattle.
Such procedures are valid in rational dis-
tributed lag models when the goodness of
fit in the instrument equations is satisfac-
tory (Hanssens and Liu). Where retail

3 In the rational lag model it may be convenient ini-
tially to specify the same lag on the independent
variables as the order of lag on the difference equa-
tion. The final order lag on the latter involves some
regression experimenting since theory may offer lit-
tle help. Some of the higher order lags on the ra-
tional lag structure may be truncated if not signif-
icant.

price, carcass price, and slaughter price
were entered as regressors in other equa-
tions, this procedure was not followed.
Equations (a), (c), and (e) describe these
variables, and their actual values were as-
sumed to be independent of the error
structure in the equations in which they
were entered.

Based on an annual time period, pri-
mary demand at the retail level is as-
sumed to represent final market clearance
and equilibrium conditions. Choice retail
beef prices, equation (a), are hypothesized
to be a direct function of fed beef con-
sumption and real disposable income. The
variables nonfed beef consumption, pork,
and poultry consumption serve as substi-
tute meats. The lagged expectation of re-
tail prices not only implies distributed lags
on the independent variables, but indi-
rectly may reflect consumer habit for-
mation (Pollak).

It might be argued that retail beef price
is merely carcass price plus a margin.
However, over the course of one year, car-
cass prices are not autonomous, but rather
are subject to the economic forces that
govern final demand. For example,
changes in consumer expectations, real in-
come, and quantities of beef substitutes
impact retail prices, which in turn influ-
ence carcass prices in the packer-whole-
saler trade. Consequently, all remaining
price relations in this model are consid-
ered derived. In the very short term, car-
cass price plus a margin, or perhaps for-
mula prices, may be more dominant since
economic changes at the retail level have
not had sufficient time to be passed down
through the market channel (USDA).

The retail supply of fed and nonfed beef
is defined on a carcass weight basis. Each
is a derived relation based on fed and
nonfed slaughter multiplied by their re-
spective dressed carcass weights. Since
beef stocks and imports are a small per-
centage of domestic production, per cap-
ita supply and consumption for each class
are assumed nearly equal.
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Carcass prices are considered derived
and therefore are partly determined by
retail prices, equation (c). They implicitly
reflect quantities of meat supplies since
the latter are included in the retail equa-
tion. Other variables considered impor-
tant are the value of carcass by-products
and carcass-retail marketing costs, the lat-
ter a function of wages and packaging
costs, equation (d).4 Tomek and Robinson
(pp. 130-33) indicate that increases in
marketing costs reduce the derived de-
mand for a commodity. Increases in the
price of by-products would tend to in-
crease the value of a carcass and hence its
price, since by-products are crucial in
covering packer slaughter costs and profit
(Doane).

In the slaughter sector choice slaughter
prices (equation (e)) and fed slaughter and
nonfed slaughter supplies (equations (f)
and (g)) are also derived relations. Slaugh-
ter prices depend upon carcass prices since
they are expected to influence packer bids
for cattle entering the plants. Supply im-
plicitly affects slaughter prices because of
its initial specification in the retail price
equation. Slaughter prices are also deter-
mined by the farm-carcass marketing costs
(equation (h)) and farm by-product val-
ues. With increases in both, the former is
expected to reduce slaughter price,
whereas the latter is expected to bid up
slaughter price.

Slaughter cattle supplies were separated
into fed and nonfed sectors since market-
ing decisions by producers differ between
the two (Nelson and Spreen). The supply
of fed cattle slaughter is hypothesized to

4 The marketing margin variables used in this model
are determined by market cost factors so as to cap-
ture their effects as shifters of derived carcass and
slaughter cattle prices. The values of the margins,
predicted from equations (d) and (h), are used in
the right-hand side of these equations, rather than
the cost factors, so as to preserve degrees of free-
dom. Also, in nonlinear least squares having fewer
parameters reduces the problem of iterative con-
vergence in the algorithm.

38

be a function of the quantity of cattle
placed on feed and expected choice
slaughter steer and corn prices. Nonfed
slaughter is a function of variables repre-
senting the opportunity costs of producing
feedlot beef. A priori, it is expected that
increases in choice feeder prices would
decrease supplies of cattle going into
nonfed slaughter. Price increases for good-
grade slaughter cattle and corn are ex-
pected to increase the quantity of cattle
marketed as nonfed slaughter. With their
respective dressed carcass weights, fed
beef and nonfed beef slaughter directly
determine retail fed and nonfed beef sup-
plies (equation (b)).

The feeder cattle sector consists of feed-
er cattle inventory, equation (i), and feed-
er placement supply and demand, equa-
tions (j) and (k). The inventory function is
treated as primary supply while the latter
two are assumed to be derived supply and
demand relations, respectively. Invento-
ries of feeder cattle stem from the basic
cow-calf and cow-yearling production
process, each of which is hypothesized to
be determined by feeder cattle prices and
feed prices. Inventories then serve par-
tially to explain supplies of cattle offered
to feedlots, along with feeder cattle prices
and the price of good-grade slaughter cat-
tle. A priori, higher feeder cattle prices
would encourage additional supplies of-
fered to feedlots. Conversely, higher prices
of good-grade slaughter steers would cause
a larger number of feeders to circumvent
the feedlot and lead to greater quantities
going into the nonfed sector.

Feeder placement demand reflects eco-
nomic variables in both the input and out-
put segments of the market. For example,
higher feeder cattle prices increase acqui-
sition costs and would be expected to re-
duce quantity demanded. An increase in
choice slaughter prices relative to corn
prices (steer-corn price ratio) can imply
higher feedlot profits and translates into
increased demand for cattle placements.
Implicitly, feeder cattle supply and de-
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mand interact to determine feeder cattle
price.

Empirical Results

The statistical results of the price, mar-
gin, and feeder demand regression equa-
tions are presented in Tables 2 and 4, while
those of the inventory and supply equa-
tions are shown in Tables 5 and 6. Table
3 presents the price flexibilities and elas-
ticities specific to all the equations.

Retail Prices

The final retail price equation was es-
timated as a first-order nonstochastic dif-
ference equation (Table 2).5 This result in-
dicates that the rational lags with respect
to each of the independent variables de-
cline geometrically, the rate of decline
being determined by X = .751.6 Higher or-
der lags on the difference equation, im-
plying polynomial shaped rational lags,
were tried but were statistically insignifi-
cant.

The model reveals the importance of
per capita disposable income. The esti-
mated short-run price flexibility with re-
spect to income is .613 (Table 3), and
compares favorably to Walters, Moore,
and Neghassi's estimate of .86 and also
their reported estimates from other stud-
ies. The estimated long-run income flexi-
bility of 2.46 is considerably larger, indi-

5 The nonstochastic difference equation coefficients
are interpreted as "normal" changes since unusual
or chance factors are netted out. Also, an autore-
gressive disturbance structure implied in this ra-
tional lag equation was tested and found to be
insignificant. This could indicate a lack of serious
model misspecification and the fact that annual data
tend to exhibit less serial correlation than do data
for shorter units of time.

6 In a simple first-order difference equation of Y =
/Xt + XYt_, it is implied that a distributed lag exists
on X, because of Y,_. Thus, the cumulative lag ef-
fects of Xt are P(1 + X + X2 + X3 + .. .)AXt, which is
useful for measuring intermediate and long-term
effects.
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eating a period of time sufficiently long
for consumers to completely adjust to a
change in income.7 The geometric lag ef-
fect of income dissipates in about seven
years.

The negative response of choice retail
prices to changes in fed beef consumption
indicates a movement along the inverse
demand or price curve. The short-term
fed consumption price flexibility of -. 425

OCD acompares favorably with Arzac and Wil-
o kinson's inverse of -. 54. Likewise, as de-

§a, ~ mand shifters, the market substitutes for
X ^x ~ fed beef have an inverse effect on price.
> Nonfed beef (ground and processed) is a

4~- ~ close substitute and has an estimated short-
o8 ~ run price flexibility of -.304, which is

a- consistent with Langemeir and Thomp-
<) son's estimate of -. 380 and Arzac and

£r- ~ Wilkinson's inverse nonfed price elasticity
0^° ~ of -.340. The model also indicates that a

C §Ad 0 10 percent increase in nonfed beef con-
· esumption has a long-term effect of de-
') creasing the price of fed beef by approx-
Ca imately 12 percent, compared to 17
U, percent for an increase in fed beef con-
0 sumption.8 The geometric lag effect of
> both classes of consumption phases out in

~<-~ about five years.
a, In a preliminary analysis, the t-values
:- from regressions of two other substitutes,
o pork and poultry, indicated that these

,,= ~ variables were not significantly different
a) from zero. One explanation for their poor
O

X * ~ 7 The long-term dynamic effects should be interpret-
.)_ ', ed with caution. If we assume minimal specification

0 errors in the model, then the theoretical restrictions
.a )

c on the long-term response coefficients result from
a) a t > the assumption of a one-time change in the inde-

co co E w 3 pendent variable with all other variables remaining
( C 0Z Ua constant.

. a)0 0 o 8 In this equation, consumption of beef imports was
)0 -0 O entered as a separate regressor and was statistically

E a) _C a) insignificant. It was also added to domestic nonfed
°0 u P c n beef consumption with little success in yielding sig-

E a) + -a nificant results. Historically, imports have only been
T>,Er 6 to 8 percent of U.S. beef consumption, but its

0U C„ || > insignificance in either form above is not consistent

-c IN 0> *) with the findings of some other studies (Freebairn
c, o 9 and Rausser: Houck).
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statistical performance was high collinear-
ity. The two variables were then added
together to form an aggregate substitute,
(Qpk+ply). However, it is significant only at
about the 90 percent probability level. Es-
timated short- and long-term price flexi-
bility coefficients for the aggregate vari-
able show that its competitive effects are
about 60 percent of the effect of nonfed
beef. Their distributed lag effects dissi-
pate in about two years.

Carcass Demand Sector

Predicted values of the carcass-retail
margin were used as an instrumental vari-
able in the carcass price equation. This
was due to the probable joint dependency
between the observed margin variable and
carcass prices. Further testing of the mod-
el later confirmed this hypothesis. The sta-
tistical results of the margin and carcass
price equations are presented in Table 2.

Carcass-Retail Marketing Margin

This equation was estimated as a func-
tion of wages and packaging costs. The
statistical results show that the margin in-
creases whenever these components of
processing costs increase, although it is dif-
ficult to determine the precise impact of
packaging costs since the variable is de-
fined as a price index. Alternative speci-
fications were also tried using such vari-
ables as an index of transportation costs
and trend. However, each of these vari-
ables was insignificant. Likewise, experi-
mentation with dynamic forms yielded less
satisfactory results. This was not too sur-
prising given the ability of the carcass-
retail marketing sector to adjust their price
and output levels within a given year.

The adjusted multiple R-squared statis-
tic of .69 is quite low. The reason for this
relatively poor fit may be two-fold. First,
the proper data necessary to estimate this
equation were not available, and some
specification error was likely. Second, it

may be that some of the variation in the
carcass-retail marketing spread could not
be explained statistically because of the
imperfectly competitive market structure
and its associated nonprice competition
aspects.

Carcass Price Equation

Carcass price was directly estimated as
a static function, although it is implicitly
dynamic by virtue of the rational lags in
the retail price equation. All signs of the
coefficients are as expected. Experimen-
tation with direct distributed lag specifi-
cations yielded equations with inferior
statistical results. The structure and mar-
ket interactions at the carcass and whole-
sale level suggest that carcass prices in
previous years do not affect contempora-
neous prices. One major reason is the short-
term nature of decision making in the
processing sector: the market relies upon
negotiated and formula pricing, and de-
cisions about bid and offer prices between
processors and retailers may occur on a
weekly and in some cases on a daily basis.

The price of retail beef is highly signif-
icant in determining carcass price. This
result was expected since the demand price
for carcasses is greatly influenced by the
equilibrium retail price of the commodi-
ty. A 10 cent per pound increase in the
price of retail beef increases carcass prices
by 4.2 cents per pound. The short run price
flexibility is .884.

The negative sign of the carcass-retail
marketing margin coefficient indicates
that a one cent per pound increase in the
margin reduces carcass prices by nearly .7
cents per pound; or the price flexibility
coefficient suggests that a 10 percent in-
crease in the margin reduces carcass prices
by 4.4 percent. Marsh's (1977) estimate
suggests that a 10 percent increase in the
margin reduces carcass prices by 3.0 per-
cent.

Meat processors usually depend upon
by-product values to cover processing costs
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and profit margins. At this level, the by-
products which accrue to processors are
those extracted from carcasses. The car-
cass by-product variable indicates a sig-
nificant relationship, as a 10 percent in-
crease in carcass by-product values
increases carcass prices by 3.4 percent.

Slaughter Demand Sector

Farm-Carcass Marketing Margin

The farm-carcass marketing margin was
estimated as a static function of wages and
energy costs, the latter defined as a price
index for refined oil products (Table 4).
Wages constitute a large portion of the
variable costs in meat packing plants, and,
as expected, the margin increases as wages
increase. Likewise, increases in energy
costs widened the margin although it was
difficult to determine the exact marginal
impact of energy since a price index was
used as a proxy for these costs.

A trend variable was also found to be
significant, and the negative sign of the
trend coefficient indicates there may have
been decreasing cost changes occurring in
the packing industry. For example, the in-
troductions of boxed beef and single-level
assembly line processing during the 1960s
undoubtedly accounted for decreased
slaughtering costs and increased process-
ing efficiency.

Choice Slaughter Price

The final direct estimation of slaughter
price, equation (e), was also static (Table
4). However, the geometric rational lag
structure of retail prices imposes dynam-
ics via carcass price behavior. The absence
of a direct rational lag structure at the
slaughter level might be expected given
that packer pricing decisions are more
short-term in nature. This was confirmed
when attempts to estimate the equation as
a difference equation, with lags on the re-
gressors, were unsuccessful.
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The price of carcasses is highly signifi-
cant in explaining the variation in slaugh-
ter prices, indicating that the sale price of
carcasses dictates the bid prices packers
offer for fat cattle. This is confirmed with
an estimated price flexibility of .925. In
fact, under formula pricing, some packers
adjust the Yellow Sheet price for slaughter
costs (including profit) to arrive at a live
cattle price (USDA, p. 8).

The predicted values of the farm-car-
cass margin were used as an instrumental
variable in the slaughter price equation.
Theoretically, there was potential joint
dependency between slaughter prices and
the margin. The negative sign of the farm-
carcass margin coefficient is as expected,
showing that a one-cent increase de-
creases slaughter price by slightly less than
one-half cent per pound. As discussed
above, meat packing plants also depend
upon the sale of by-products to cover
slaughter costs and profit margins. The
positive coefficient for this variable, which
represents by-product allowances specific
to the slaughter activity, indicates that
packers bid higher prices for slaughter
cattle as by-product values increase (about
.42 cents per pound for a 1.0 cent per
pound increase).

Fed Beef Slaughter Supply

Fed beef slaughter supply (equation (f))
was estimated as a function of contem-
poraneous and first-order lagged values of
the quantity supplied of feeder cattle, and
the contemporaneous price of choice grade
slaughter cattle, Table 6. The placement
supply variable (Qspl) entered the equation
as estimated in the feeder placement sup-
ply equation in Table 5. The statistical re-
sults reveal that a 1,000 head increase in
the number of feeder cattle placements
increases the number of fed cattle slaugh-
tered by 347 head. A one-period lag on
the placement variable was also included,
indicating that a 1,000 head increase in
period t - 1 results in a 637 head increase
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in the number of fed beef slaughtered in
period t. This result reflects the fact that
animals placed on feed in the latter part
of the year may not be slaughtered until
the following year. The sum of the esti-
mated coefficients is approximately one
since all animals placed on feed net of
death loss will be slaughtered.

Most supply equations include own
price as a principal regressor, and its sign
is expected to be positive. However, price
performs a slightly different role in this
equation since only a certain quantity of
fat cattle will be slaughtered in a given
year, even if the price of fat cattle in-
creases dramatically. Fed beef is usually
slaughtered within a weight range of 900
to 1,300 pounds, and the specific slaughter
weight may depend upon expected prices.
When slaughter prices are high, prices in
the future are also expected to be high,
which may delay cattle marketings to
heavier slaughter weights. Myers, Havli-
cek, and Henderson refer to this phenom-
enon as "reservation demand." In the fed
cattle market, placements on feed in-
crease seasonally in the third and fourth
quarters of the year, leading to seasonally
large slaughter in the fourth and first
quarters. Thus, the negative sign on the
estimated price coefficient indicates that
a contemporaneous increase in the price
of fat cattle in the latter part of year t
results in feeding cattle to heavier weights
in period t + 1. Beef slaughter supply
equations estimated by both Tryfos and
Reutlinger support this hypothesis.

Nonfed Beef Slaughter Supply

Nonfed beef slaughter, equation (g), was
estimated as a function of a binary shift
variable, the ratio of contemporaneous
prices of feeder cattle to those of good-
grade slaughter cattle, and the contem-
poraneous price of corn (Table 6). The
dynamics were estimated as a first-order
nonstochastic difference equation. Higher
order lags on the difference equation and

the rational lag structure were tried but
were statistically insignificant.

A dummy variable was included for the
year 1974 because of the market irregu-
larities that occurred during the 1973-74
period. 9 They included the Nixon Admin-
istration price freeze on beef and its sub-
sequent delayed removal, the 1973 con-
sumer beef boycott, and a strike by the
commercial trucking industry in early
1974. The variable's negative sign reflects
their impact and indicates nonfed slaugh-
ter is reduced in relation to what the
equation would normally have predicted
for that year.

The sign of the price ratio is negative.
This implies that an increase in the price
of feeder cattle relative to the price of
good slaughter cattle results in a decrease
of nonfed slaughter. Specifically, the es-
timated coefficient shows that a ten cent
per hundredweight increase in the ratio
decreases nonfed slaughter by 1.3 million
head. The size of the short-run and long-
run elasticities of supply (-1.25 and -2.71,
respectively) reveals the sensitivity of the
nonfed beef sector to its opportunity costs
of production.

The price of corn is highly significant

9 The predicted values of the nonfed slaughter vari-
able, multiplied by the average dressed weights of
nonfed slaughter, were divided by population to
obtain the predicted values of per capita nonfed
beef consumption used in the retail equation dis-
cussed earlier. Technically, the predicted 1974 ob-
servation for nonfed beef consumption used in the
retail price equation is jointly dependent with that
equation's error structure. The dummy variable used
in the nonfed beef supply equation resulted in the
predicted value of the dependent variable being
equal to its observed value. A solution to this prob-
lem would have been to omit all of the 1974 obser-
vations in the retail price equation by using a dum-
my variable. However, from an inspection of the
residuals of the retail equation as was specified ear-
lier in this paper, it was concluded that the year
1974 was not an extreme observation. Therefore,
the benefit of using a dummy variable for 1974 in
the retail price equation would probably have been
minimal when compared to the costs of losing
another degree of freedom.
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and positively correlated with the depen-
dent variable. The short-run supply elas-
ticity coefficient indicates that a 10 per-
cent increase in the price of corn results
in a 4.2 percent increase in nonfed slaugh-
ter, while the long-run supply elasticity
shows a 9.2 percent increase. This result
is expected since an increase in feed prices
reduces feedlot profitability and allows
producers of grass fed beef and meat
packers to competitively bid for feeder
cattle.

The estimated coefficient associated
with the difference equation term is rel-
atively small (.539), indicating that the
distributed lag effects of the independent
variables dampen rather quickly. For ex-
ample, the geometric lag effects of both
the price ratio and corn price variables
dissipate around the sixth time period. This
is not surprising since the time required
to divert resources between fed and
nonfed production would be considerably
shorter than the expected length of a cat-
tle cycle.

Feeder Sector

Feeder Cattle Inventories

Feeder cattle inventory was estimated
as a second-order difference equation with
first-order negative serial correlation. The
dynamics were stable and the equation
possessed complex roots, indicating an os-
cillatory pattern converging towards an
equilibrium (Griliches, p. 28). The final
rational lag structure is a three-period lag
on the price of feeder cattle and a one-
period lag on the price of corn. The results
of this equation confirm the fact that cy-
clical behavior is more pronounced at the
feeder market level than at the level of
wholesale and retail markets (Franzmann
and Walker). The statistical results are
given in Table 5.

The function took on a polynomial ra-
tional lag structure by virtue of the dif-
ference equation parameters. The distrib-

uted lag structure indicates that
inventories tend to peak in seven years
because of a change in feeder price and
peak in six years from a change in corn
price. The effects of both variables dissi-
pate at the end of two cattle cycles (20
years). The positive signs on the lags of
feeder prices meet a priori expectations,
that is, a build up in cow herds and, hence,
in feeder inventories, when prices are ex-
pected to increase. The small short-term
elasticity (.053) compared to the large
long-term elasticity (3.317) is indicative of
the biological limits imposed on short-run
response over the course of a cattle cycle.

Corn price displays short-term behavior
similar to that of feeder cattle prices, al-
though the long-run feed price elasticity
is considerably smaller (-1.552). Again,
the expected effect of changes in feed costs
on feeder cattle inventories can only be
adjusted by increasing or decreasing the
cow herd base. Its smaller long-term im-
pact compared to feeder prices probably
demonstrates the greater weight of output
prices compared to input costs in affecting
production adjustments within a cattle
cycle.

Feeder Placement Demand

The placement of cattle on feed, equa-
tion (k), was estimated as a first-order
nonstochastic difference equation. The
price of feeder cattle resulted in a sec-
ond-order rational lag, and the slaughter
steer-to-corn price ratio remained con-
temporaneous. Different order lags on the
difference equation and the rational lag
structure produced inferior results. The
statistical results of the equation are re-
ported in Table 4.

The distributed lag effect of the feeder
price variable indicates cattle feeders' ex-
pectations of future prices are based on
past price behavior. Its negative impact is
consistent with demand theory. The large
difference between the short-term and
long-term price flexibility coefficients in-
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dicates that cattle feeders tend to more
fully adjust demand to price changes over
time. Also, the large difference equation
coefficient (.979) implies large long-run
price flexibility coefficients and a lengthy
geometric lag. One reason may be that
feeder placement demand is interrelated
with the long-term cattle cycle. Another
may relate to risk management by cattle
feeders. That is, feeders may be hesitant
in making rapid adjustments to recent
price changes because of expectations of
continuing changes in input and output
prices.

The contemporaneous steer-corn price
ratio reflects economic conditions in the
slaughter and feed grain markets. The sign
of this variable is positive, indicating a
larger demand for cattle placements when
profits increase. The short-term price flex-
ibility is .34. However, the profit response
is large over the long-run since cattle
feeders are able to adjust plant size, man-
agement, and technology.

Feeder Placement Supply

Feeder placement supply, equation (j),
was also estimated as a first-order nonsto-
chastic difference equation. A binary
shifter for 1974 was also added to the
equation for reasons stated earlier. The
statistical results are presented in Table 5.

The negative coefficient of the dummy
variable indicates its impact was signifi-
cant in reducing feeder cattle placements.
Because of the institutional constraints, the
price of feeder cattle decreased from
1973-74 by approximately 35 percent,
thus increasing the quantity supplied of
young feeders to nonfed production. The
data show that the number of nonfed cat-
tle slaughtered in 1974 increased by 67
percent from 1973.

The January 1 inventory of feeder cat-
tle (INV) measures the physical limitation
of the number of calves and yearlings
which are supplied to feedlots in a given
year. The positive sign of the coefficient

indicates that greater quantities of feeder
cattle are supplied to feedlots when in-
ventories increase. For example, each
1,000 head increase in inventory results in
an extra 483 head placed in feedlots.

The estimated coefficient of the price
of feeder cattle indicates that a price in-
crease of one dollar per hundredweight
increases the quantity supplied of feeder
cattle by 324 thousand head. The coeffi-
cient of the price of good-grade slaughter
cattle is negative. This supports the earlier
hypothesis that a greater amount of feed-
er cattle circumvent feedlots and enter the
marketing system as nonfed beef when the
price of nonfed beef increases.

The distributed lag effects of both price
variables on the quantity supplied of
placements are characterized by a geo-
metrically declining lag structure. Poly-
nomial-shaped rational lags were tested
but were statistically insignificant. The
relatively large size of the difference
equation coefficient implies an adjustment
process occurring over many periods. As
with the placement demand equation, this
long-term adjustment is tied in with the
cattle cycle and secular changes in weath-
er, forage, and feed conditions. It also re-
flects feeder cattle producers' expectations
of price and risk and their subsequent
marketing decisions in the fed and nonfed
cattle sectors.

Concluding Remarks

A dynamic econometric model using
rational distributed lags estimated the
price, demand, and supply structure of the
primary and derived production and mar-
keting levels of the U.S. beef industry. The
estimated coefficients of each equation
were employed to calculate the short- and
long-run structural effects; the long-run ef-
fects were particularly useful in analyzing
distributed lag patterns of the endogenous
variables in the beef market.

Several inferences are apparent from
the analysis. It is evident that, based on
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annual data, certain behavioral equations
are of a dynamic structure. Primary retail
price and primary feeder inventories pos-
sess a rational lag structure that indirectly
affects the derived levels of the market.
The feeder cattle inventory equation was
characterized as a polynomial rational lag
structure, reflecting the economic and bi-
ological cattle cycle. Retail price was a
geometric rational lag structure, partly re-
flecting consumer expectations and habit
formation. Other remaining dynamic
equations were directly estimated as a
geometric rational lag structure. The time
period of dissipation was a direct function
of the nonstochastic difference equation
parameters and the estimated coefficients
of the independent regressors. Marketing
costs were also crucial because of their
negative correlation with derived market
prices.

The results of the study should be in-
terpreted in view of the fact that perfect
competition is not the actual market struc-
ture of the beef industry, particularly in
the higher order markets. Nevertheless, the
empirical evidence indicates that consum-
er behavior is critical in establishing the
structure of primary and derived demand
prices for beef. Ultimately, as important
as they are, production and marketing re-
sponses are not solely based on the whole-
sale or Yellow Sheet trade. Very short-term
periods probably give more weight to the
latter. Though alternative annual models
were not tested here, economic theory and
logic substantiate the empirical results that
a retail rational lag structure composed of
habits, real income, and market substi-
tutes reverberate throughout the market-
ing system. The recent recession bears
witness in that a reduction in retail beef
prices was necessary to move existing pro-
duction and stocks.
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