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ABSTRACT

Results of past beef research lack concurrence with respect to
the effects of federal grain programs and grain market prices on the
beef cattie market. This study examines the impact that changes in
exogenous factors, particularly feed prices, have on cattle prices and
supplies over time. A dynamic econometric model of the U.S5. fed and
nonfed beef cattle market is formulated using quarterly data from 1973
to 1987. Price and supply equations were estimated for fed cattie,
cull cows, nonfed steers and heifers, and feeder cattie placements.
The equations were estimated within a rational distributed lag
framework characterized by nonstochastic difference equations and
autoregressive-moving average error terms. Solved reduced form
coefficients were used to calculate short run and long run percentage
price and supply responses. In addition, percentage responses were
used to simulate revenue adjustments in the beef industry resulting
from changes in corn price and the corn loan rate.

The largest short run percentage price and supply responses were
associated with by-product value except in the case of cull cow supply
where corn price dominated. By-product value generated the largest
_long run percentage responses in all but the feeder sector and the
total nonfed cattle supply sector where corn price demonstrated the
larger effects. Interest rate was associated with the smaliest short
run percentage responses in all cases and the smaliest long run
responses in all but total nonfed cattie supply. Al1 prices responded
inversely to changes in corn price as did fed cattle supply and feeder
cattle placements. Cull cow supply, nonfed steer and heifer supply,
and total nonfed cattle supply responded positively to changes in corn
price.

Fed cattle and feeder cattle sector gross revenues were inversely
related to changes in corn price and the corn loan rate, while gross
revenues in the nonfed steer and heifer sector and cull cow sector
were positively related. The results emphasize the importance of
resource trade-offs between cattle finishing and nonfed cattle
production; however, they must be interpreted carefully in light of
recent structural changes in meat packing.



CHAPTER 1
INTRODUCTION

Studies of the U.S. beef industry have recognized prices of feed
grains (corn, barley, sorghum) as important factors in determining
beef supplies, demands, and prices._ Free market factors and/or
government farm policies that alter feed grain prices effectively
change the costs of finishing cattlie on grain (fed beef) and influence
derived demands for stocker and feeder cattlie (Buccola, 1979). The
result is to directly impact the income levels of cow-calf producers,
yearling producers, and cattle feeders through changing cattle prices
and input costs. Grain prices also indirectly affect consumers
through prices paid for retail beef products (table cuts and processed
meat) due to various quantities and qualities of beef supplied.

In addition to feed prices, variables such as consumer income,
prices of beef substitutes, interest rates, and mérketing costs
infiuence the beef supply, demand, and price structure. The.dynamic
nature of thé beef sector implies that changes in hany of these
factors result in intertemporal market disturbances. Proper
measurement of the {mpacts can aid producers in marketing decisions by
providing better information to formulate expectations about the

future.



Statement of the Problem

A comparison of past beef market research shows that not all
studies are in agreement concerning the direction and magnitude of
changes in cattlie prices and marketings subsequent to changes in
federal grain programs and grain market prices. Many of the results
are summarized in the literature review section. The purpose of this
study is tb statistically estimate the impact that changes in
exogenous factors, particularly feed prices, have on cattle prices and
supplies over time. The information generated will increase
understanding of the dynamic nature of the cattle sector and its
various marketing stages, i.e., cattle grazing (nonfed beef), cattle
finishing (fed beef), and slaughtering and processing. The
{nformation should also provide a sound basis for evaluating grain
policy alternatives with respect to their potential impacts on the

cattle industry.

Objectives

There were several objectives of this study. The first objective
was to formulate and statistically estimate a seasonal, dynamic
econometric model represénting the structural and behavioral

characteristics of the U.S. fed and nonfed beef cattle industry. The

second objective was to estimate short run and long run adjustments in
cattle prices and quantities that result from imposing arbitrary
exogenous shocks on the industry. The third objective was to simulate

induétry revenue adjustments to changeé‘in both free market corn price



3 /
and corn loan rate. The last objective was to evaluate the market
adjustment results in light of their economic logic and to assess any

subsequent marketing implications in the beef sector.
Procedures

A quarterly multi-equation beef sector model was developed. The
model consists of equations for feeder cattle demand and price,
slaughter cattle prices by class, and both fed and nonfed cattle
supply. Model specification is based on economic theory, prior
research, and knowledge of the beef livestock %ndustry. The functions
are estimated within a rational distributed lag framework,
characterized by nonstochastic difference equations and
autoregressive-moving average (ARMA) error terms. Economic theory
usually provides little assistance in specifying lag orders;
consequently, the dynamics on the endogenous and exogenous variables
and ARMA error terms are empirically determined. Simultaneiﬁy
problems that occur in the dynamic equations are handled by
instrumental variables (Hanssens and Liu, 1983). Quarterly time
series data from 1973 to 1987 are utilized to estimate the model.
Because of nonlinearities in the ﬁarameters resulting from the
.nonstochastic difference equations and/or nonspherical disturbances,
least squares estimates of the structural coefficients are calculated
by.a modified Marquandt nonlinear least squares algorithm (Burt,

Townsend and LaFrance, 1986).



4

- Marginal (period—by-period) and cumuiativé changes in the
endogenous variablies, subsequent to exogenous shocks, are calculated
using a mathematical algorithm that estimates the partial derivatives
by solving each difference equation numerically. The estimated
partial derivatives permit the calculation of percentage price
response and percentage suppiy response coefficients for various
lenths of run. These coefficients aid in analyzing the specific
behavior and equilibrium adjustment patterns for prices, supplies, and

industry revenues due to changes in the corn loan rate structure.

Literature Review

The literature is comprised of extensive quantitative research on
beef demand and supply analysis. However, statistiéél models have
demonstrated various conclusions about the nature of market
responsiveness as a result of different units of observation; sample
periods, equation specifications (static or dynamic), and quantitative
methods employed. Most of the studies have been useful for examining
beef market behaviof within estimated market 5tructures, yet the
measured beef price effects of changes in feed costs have not been
homogenéous.

Reutlinger (y966) formulated an annual model to estimate the
short run supply elasticity of bgef. Beef production data were
disaggregated among sex and quality categories. Reutlinger recognized
that cows and heifers serve a dual purpose as both capital goods and
consumption goods. A lagged beef-corn price ratio variable was

included in the supply functions for steers, cows, heifers, and cows
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and heifers. He found that specifying supply functions for each
component of beef staughter yielded Qeef—corn.price ratio supply’
elasticities with the expected signs, positive for steers and negative
for cows.

_Langemeir and Thompson (1967) specified an annual simultaneous
equations model of beef supply and demand. The period of analysis was
1947 to 1964. Their model disaggregated beef supply into fed, noﬁfed,
domestic, and import components. Current and lagged corn prices
inversely affected the average live weight of fed cattle considerably.
The current corn price demonstrated a stronger influence than the
lagged price.

Kuishreshtha and Wilson (1972) estimated simultaneous
relationships among demand, supply, price, and export‘variables in the
Canadian beef sector. Annual data from the period 1949 to 1969 wére
used in the analysis. A weak negative relationship was found between
beef cattle inventory and the beef-grain index (farm price of beef
cattle divided by the index of the price of feed graiﬁs). The béef
cattle inventory elasticity of supply with respect to the beef-grain
index was -0.098. A dressed weight per head elasticity of supply with
respect to the beef-grain index was 0.034.

Tryfos (1974) formulated an annual model of the Canadian
livestock sector for the years 1951 to 1951. Separate equafions for
beef supply and inventoriés of cattle were specified in‘the model.

The focus of fhe study was the interdepehdence of livestock supplies
and inventories. Meat production responsiveness to price and feed

cost changes was also examined. The results were a positive feed cost
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elasticity of supply for cattle estimated at .024 and a negative own
~priée (average live cattle price) elasticity of supply for cattle
estimated at -.009.

Freebairn and Rausser (1975) estimated the effects of changes in
the level of U.S. beef imports on the domestic beef industry. An
annual simultaneous equation model was specified using data from 1956
to 19?1. -Beef production was partitioned into fed and nonfed sectors.
Farm price of corn entered exogenously into the cattlie placed on feed
equation. The price of corn was estimated to have a small effect on
the number of cattle placed on feed with an elasticity of -0.1.
Howéver, the price of corn was not found to be statistically
significant in the fed cattle slaughter equation.

Folwell andAShapburi (1977) developed an annual model of the U.S.
beef sector for the period 1949 to 1970. The model was partially
block recursive but also simultaneous in many structural
relat%onships. The price of corn entered exogenously into the model
as a proxy for feed cost in beef production. The-impact of a
$1.00/bushel increase in the price of corn was to increase the price
of beef cattle $1.92/cwt. in the short run and .41/cwt.'in the long
run. The same‘increase in corn price also decreaséd commerciai cattle
slaughter by 804.5 million pounds liveweight in the short run and
200.8 million pounds liveweight in the long run.

Shuib and Menkhaus (1977) constructed a simultaneous equations
model of the beef and feed grain economy. Annual observations over
the ‘period 1950 to 1974 were used in the analysis. Beef cattle were

disaggregated by quality grade into fed and nonfed beef groups. Corn
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price was incorporated into the fed beef supply function in the-form
of a beef-corn price ratio. From estimates of the structural
Vcoefficients it was inferred that a one‘percent increase in the beef-
corn price ratio Would lead to a .14% increase in fed beef suppliy. A
one percent increase in the ratio wouild bring about a .12% decrease in
nonfed beef production.

Nelson and Spreen (1978) analyzed the dynamic behavior of monthly
steer and heifer slaughter. They concluded producers extrapolated
recent price trends which led to either delayed or accelerated
marketings. This behavior would tend to reinforce the price trend
leading up to the decision to delay or accelerate marketings. Feed
prices were initially included in the model as explanatory variables,
but were later omitted because the relevant parameters varied in sign
under alterﬁative model specifications and were usually not
statistically significant.

Arzac and Wilkinson (1979) estimated a quarterly and annual
disaggregated econometric model of the U.S. livestock and feed grain
‘markets for the years 1960 to 1975. The main purpose of the study was
to obtain quarterly foreéasts of variables in the livestock-feed
sector. Dynamic multipliers were calculated to give the effect of
changes in the support price for corn and other exogenous factors on
pboducer and retail prices and acreage planted. The model was stable
and capabile of sustaining cyclical behavior. It was concluded that
corn exports, yield, and consumer income were more important sources
of fluctuation in retail and producer prices than was corn support

price.



8

Ospina and Shumway (1979) formulated an annual, simultaneous
equations model of U.S. slaughter beef supply. The period of analysis
was 1956 to 1975. The study was primarily concerned with conceptual
- problems of empirically estimating beef supply response. Part of the
approach taken to alleviate these problems was to disaggregate
slaughter cattle by sex and quality categories. The effects of feéd
price changes on beef price, supply, and composition were found to be
significant. The estimated elasticity of supply of all beef with
respect to corn price was ~.25. In comparison, the own price
elasticity of supply of all beef was .14.

A reduced form model was derived in order to evaluate effects of
corn price changes on beef prices based on supply composition. The
estimated short run impacts of a $1.00/bushel increase in corn price
were to decrease choice beef supply by 2.9 billion pounds‘and increase
good (select) beef supply by 1.2 billion pounds. Overall, the
$1.00/bushel increase in corn price decreased current slaughter supply
by 1.7 billion pounds. Prices of choice and good (select) beef
adjusted to the $1.00/bushel increase by increasing $8.80/cwt. and
$6.30/cwt., respectively, over one year. |

Ospina and Shumway (1981) also examined the impact of corn price
on prices and composition of slaughter beef in a 1981 study. The
model developed in the 1979 study was re-estimated with annual data
‘from 1956 to 1978. Beef supply partial elasticit%es with respect to
corn price and average beef price were estimated respeétively at -.23
and .15. The most important impacts of an increase in corn price

were, in the short run, decreases in choice slaughter marketings and
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utility beef price. 1In the long run, sustained increases in corn
pfice decreased choice slaughter marketings and utility beef price and
increased utility beef slaughter.

Brester and Marsh (1983) estimated an annual, dynamic model of
the primary and derived levels of the U.S. beef sector with rational
distributed ltags. Examination of the short run nonfed siaughter
supply elasticity indicates a 10Z increase in the price of corn would
result in a 4.2% increase in nonfed slaughteh. The long run slaughter
supply elasticity implied that the same change in corn price would
yieid a 9.2% increase in nonfed siaughter.

Marsh (1983) estimated U.S. feeder and fed cattle prices with
rational distributed lags and nonstochastic difference equat%ons. The
model was found to be an improvement over static-serial éorrelation
and pureiy autoregressive model specifications. Corn price was
statistically significant in the functions. The distributed lag
effects of corn price on feeder cattle prices peaked in three quarters
and stabilized in about 16 quarters. One result of the analysis was
that a $1.00 increase in corn price reduced feeder prices by
$7.87/cwt. in the long run.

Marsh (1984) used distributed lags to estimate a quarteriy,
seasonal model of U.S. hog and cattle supply response. fhe cattie
sector was disaggregated into fed, nonfed and cow staughter. In the
fed steer and heifer slaughter equation the price elasticity of supply
was -.15. Contemporaneous corn price was statistically insignificant

and therefore omitted from the analysis. However, the lagged
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quarterly corn price (t-1) had a positive influence on fed slaughter
supply with a short run elasticity coefficient of .06.

The nonfed steer and heifer slaughter equation was specified with
a steer-corn price ratio variable. Supply elasticities indicated that
a 10%Z increase in the ratio reduced nonfed slaughter by 2% in the
short run and 15% ﬁn the long run.

Shonkwiler and Hinckley (1985) applied a generalized supply
resbonse model to the feeder cattle market. Derived demand for feeder
cattle was specified as a function of feeder cattle price, the price
of feed (corn), and the expected price of fed cattie. The data
consisted of 58 bimonthly observations from February 1972 to August
1981. Feed price was statistically significant in the study, and the
eiastici;y of feeder placement demand with respect to corn price was

estimated at —-.435.
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CHAPTER 2
MODEL DEVELOPMENT AND ECONOMETRIC CONSIDERATIONS

The beef industry in the United States is relatively complex with
its many production and marketing institutions. The industry consists
of several general areas: cow-calf production, yearling grow-out
opérations, cattlie finishing production, beef siaughtering and
processing, and wholesale-retail distribution. Cow-calf producers
generally supply weaning age calves to be used in further production
by yearling pqoducers who groﬁ—out calves for cattle finishers,
‘stocker operators, or market the yearlings directly to packers.

Cattle finishers utilize high energy feed rations to produce fed (or
fat) cattle, oftentimes referred to as fed beef. Stocker operators
grow—ouf calves and yéar]ings primarily on roughages and range forage.
Calves and yearling§ finished on range that go directly fo slaughter,
along with cull cows and buills, are usually referred to as nonfed
beef.

Packers slaughter fed and nonfed cattle and process them into
wholesale beef which primarily consists of carcass halves (froni and
hind quarters) and boxed beef. The latter consists of fabricating
carcasses into primal, subprimal, and sometimes retail cuts to be
vacuum packaged and sold in boxed form (McCoy and Sarhah, 1988).
Retailers usually further process subprimal beef into table cuts to be

sold to consumers.
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Consumer purchases of retail beef are the basis of primary demand
in the beef market. Consequentiy, the demands for wholesale beef, fed
and nonfed slaughter cattle, and yearlings and feeder calves are
derived from the retail level. The supply of beef originates at the
cow-calf producer level. The supplies produced at other levels
{yeariings, slaughter cattle, and wholesale and retail beef) are
derived from the primary level in a manner similar to the demand side.
The supply of and demand for beef at each stage determines the price
at each market leve{. Differences between the prices at the various
levels ére referred to as marketing margins.

Marketing margins are essentially composed of the time, space,
and form costs of converting a raw product or input into intermediate
products and ultimately a finished product (Tomek and Robinson, 1981),
Figure 1 represents marketing margins for a fixed quantity of beef
marketed, 0%, where 0* is defined on a retail weight equivalent basis
(Tomek and Robinson, 1981). Marketing margin Ml in Figure 1
represents the difference between‘a feediot operator’s output price
(price of slaughter cattie) and input price (price of_feedef cattle).
"ML exists because feedlot operators must purchase feed and non-feed
inpufs in order to convert feeder'cattle into fed steer and heifer
outputs. The marketing margin M2 represents the staughtering and
processing margin for meat packers, while M3 represents the wholesale-
retail marketing price spread. Under conditions where the marketing
margins would be relatively static, fluctuations in derived demand and
deriyed supply mainly originate from changes at the primary levels and

factors specific to the derived markets. However, a marketing margin
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is subject to change because of dhanges in factors that affect the
‘prices of inputs used to transform products at a specific market
level., Since margins link the various beef marketing stages,'changes
in supply and/or demand curves at one level impact supply and demand
at other leveis; the magnitude of the latter depends upon the relevant
supply and demand elasticities and the nafure of marketing margins
themselves (Tomek and Robinson, 1981},

The above general characteristics of the beef market play an
important réle in specifying the demand, supply, and price equations
of the model. The remainder of this chapter is concerned with the
specification and justification of the variables in each equation

followed by a discussion of econometric considerations.

Specification of Economic Model

The beef model i1s segregated intb fed and nonfed sectors,
consisting of inverse demand (price) and markét supply equations
specific to the live cattle trade. The sectors are delineated as the
feeder cattie market, fed cattle market, cull cow market, and nonfed

steer and heifer market.

Feeder Price and Placements

The feeder cattle sector is represented by feeder steer price and
cattie placed on feed. They are given as:
PFEEDt = fy(Dbar, PLAC4_;, PCORNg_ 5, INT4_ 5, (2.01)

PFEDy_;, PFEEDy ;)
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PLAC; = f,(Dbar, PFEED;_;; PFEDy_;, PCORN;_;, T (2.02)
INTy 5, PLACy_ 3)
i=0,1,...,p j=1,2,...K p <Kk
where
PFEED = Price of medium frame, #1, 600»700 1b. feeder stegrs,
Kansas City (¢$/cwt.).
PLAC = Net placements of cattle on feed for 13 states (thousands
of head).
PCORN = Price of #2 yellow corn, Omaha ($/bu.).
INT = Production Credit Association interest rate (percent).
PFED = Price of choice, yield grade 2-4 slaughter steers,
900-1100 1bs., Omaha ($/cwt.).
Dbar = Seasonal dummy variables for calendar quarters of the

year. D1l = tst quarter (omitted from equation},
D2 = 2nd quarter, D3 = 3rd quarter, D4 = 4th quarter.
All price and interest rate variables are adjusted by the
consumer price index (1967=1.0). The price of feeder steers is
spec%fied as a function of binary variables, cattlie placements, corn
price, interest rate, price of fed cattle and lagged feeder price.
Feeder placemehts are specified as a function of binary variables,
price of feeder steers, price of fed steers, corn price, interest rate
and lagged plaéements. |
The expected marginal impécts of the variables are given by the
signs of the partiél derivatives in the PFEED and PLAC equations.

They are given as:
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OPFEED/OPLAC > O
aPFEED/SPCORN < 0
OPFEED/AINT < O
aPFEED/QPFED > O
9PLAC/OPFEED < O
oPLAC/3PFED > 0

aPLAC/3PCORN < O

oPLAC/BINT <0
Placements of cattle on feed and feeder price are assumed to be
jointly dependent. Therefore, if cattle feeders demand more (less)
feeder placements there would be a simultaneous increase (decrease) in
feeder cattle price given an inelastic supply of feeders. Corn price
is used as a proxy for érain concentrate costs since corn is the major
feed input in U.S. fed cattle production. Increases in feed costs are
expected to decrease both feeder placement demand and feeder price
since cattle feeding returns would be reduégd (Buccola, 1979).
Interest rates represent an opportunﬁty cost on the capital invested
in purchasing feeder cattie, feed, and other cost items necessary in
the finishing process. Interest rate is expected to have an inverse
effect on feeder placement demand and feeder prices since its increase
{(decrease) would decrease (increase) returns to cattie finishing. Fed
cattle price reflects the output price of the finished product for
cattle feeders. Other variables constant, higher fed cattle price
increases finishing returns, which is a profit incentive for cattle
finishers to demand more cattie placements, resulting in higher brices

of feeder cattle.
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rice and Suppiy

cattl

where

The following equations represent the price of fed cattle and fed

e marketings:
PFED;y = fg(Dbar, QFEDy_j;, TOTNF¢_;, QHOGS;_;, (2.03)
QPOULT4_ 5, BPVy s, Yi_js P#EDt_j)
QFEDy = f4( Dbar, PLACt_i,IQFEDt_j) (2.04)
i=0,1,...,p jo=1,2,...,k p <k
PFED = Price of choice, yield grade 2-4 slaughter steers,
800-1100 }bs., Omaha ($/cwt.).
QFED = Quantity of fed cattle marketings, 13 states (thousands
of head).
TOTNF = Total nonféd cattle marketings including steers, heifers,
cows, bulls and stags, 13 stafes (thousands of head).
QHOGS = Commercial hog slaughter (thousands of heads;
QPOULT = Total production of young chickens and turkeys (mill{ons
of 1bs.). |
BPV = Total by-product value per 1000 1b. steer ($/cwt.).
Y - = Personal d{sposable income (billions of dollars).
PLAC = Net piacements of cattle 6n feed, 13 states (thousands
of head).
Dbar = Seasonal dummy variables (defined previously).
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The equations indicate that the price of fed steers is a function
of bihary variables, fed cattle marketings, tptal nonfed cattle
marketings, hog siaughter, poultry slaughter, by-product values, and
lTagged fed steer price. The supply of fed cattie is'specified as a
function of binary variables, feeder cattle placeménts, and lagged fed
cattle marketings. The binary variables in both the fed price and fed
supply equations are specified to account for marketing patterns that
are seasonal in nature, reflected by shifts in the intercepts.

The expected respbnses of fed price and fed supply to.changes in

the independeht variables are given by the signs of the partial

derivatives:
OPFED/BQFED < 0
APFED/ATOTNF < O
OPFED/8QHOGS < 0
dPFED/3QPOULT < O

aPFED/3BPV > O

aPFED/aY >0

3QFED/BPLAC > 0
Changes in fed cattle supplies are expected to inversely impact fed
cattle price since a downward sioping slaughter demand schedule
implies larger supplies of fed cattle would be pqrchased by meat

packers only at lower prices. Total nonfed cattie supplies would also

inversely affect fed slaughter price since they are a Iower'grade of
beef that substitutes for fed beef at the retail level. Hog slaughter
and poultry slaughter are included as regressors since they are

'substitutes for fed beef at the retail level. A priori, changes in
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their production levels are expected to inversely affec£ fed price at
the slaughter level of the market. By-product values are an important
determinant of fed cattle price since packers often rely on sales of
by-products to cover their sltaughter costs and profit margins (Ward,
1980). A priori, increases in by-product values would be an incentive
for packers to demand more slaughter cattie, thus leading to an
increase in slaughter price. Income represents consumer purchasing
power at the retail level. Assuming fed beef to be a normal good,
increases in income would increase fed beef consumption, hence,
increase the derived demand for fed slaughter cattie and fed caﬁtle
price. |

The intertemporal nature of cattle feeding suggests that the
quarterly supply of fed cattle should be specified as a function of
current and previous quarter placements of cattle on feed. This
relationship is used by the USDA in forecasting seasonal fed
slaughter, and indirectly reflects the economic arguments in the
cattle placement function. The relationship is expectéd to be
positive since placing cattle on feed results in marketing slaughter

cattle after the finishing periods have been completed.

Cull Cow Price and Supply

The cull cow sector is represented by the fO]]OWing pr‘ice and
supply equations:
PCOWt = £5¢( DDar, QFEDt"‘i’ TOTNFt_i, prt"i’ (2 .05)

Ye_qs PCOW_;)
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QCOW; = f6( Dbar, PFEED_;, PCOWy_;, QCOWy_ ;) (2.06)
i=0,1,...,p j=1,2,...k P <k

" where the variables are defined as follows:

PCOW = Price of utility cows, yield grades 2-3, all weights,
Omaha ($/cwt.).

QFED = Quantity of fed cattle marketings for 13 states
(thousands of head).

TOTNF = Total nonfed cattile markétings, steers, heifers, cows,
bulls and stags for 13 states (thousands of head).

BPV = Total by-product value per 1000 1b. steer ($/cwt.).

Y = Personal disposable income (billions of dollars).

OCQW = Commercial cow slaughter for }3 states
(thousanpds of head).

PFEED = Price of medium frame #1 feeder steérs, 600~-700 '1bs.,
Kansas City ($/cwt.).

Dbar = Seasonal dummy variable (defined previously).

The price of cull cows is specified as a function of binary
variables, quantity of fed cattle marketings, total nonfed marketings,
by-product value, income, and tagged cow price. The quantity of cow
marketings (slaughter supply) is specified as a function of binary
variables, feeder price, cow price, and lagged cow marketings.

The expected signs of the partial derivatives for the independent

variables in the cow price and supply equations are:
oPCOW/BQFED < O
9PCOW/ATOTNF < O

aPCOwW/aBpPv >0
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BPCOW/aY >0

oQCOW/aPFEED < O

" 9QCOW/B8PCOW > O
Other variables constant, total nonfed marketings are exbected to have
an inverse effect on the price of cows, i.e., increases in nonfed
supply (demand unchanged)} would be purchased by packers at reduced
slaughter prices. One important component of total nonfed marketings
is cull cow slaughter. Cull cow slaughter was aggregated with the
other nonfed variables in order to reduce the collinearity probilem
from its separate lag specification. Céw price is expected to be
positively correiated with by-product value since by-products from the
staughter process are an important component of total packer returns.
The sign of the income effect through the derived demand process is
_uncertain. Income cbuld exert a positive impact on the price of caws
if increases in income lead to higher fed cattle and feeder cattle
prices that result in an increase in the demand for cows as capital
goods. However, a negative sign could be possible since cull cow -beef
is of lower quality than Choice grade beef. Thus, if a negative
income effect was associated with processed beef and lower grade table
cuts, the derived demand (hence price) for cull cows could decline
subsequent to an increase in income.

The quantity of cu]i cow slaughter is expected to be negafively
influenced by feeder cattle price. Cow-calf and cow-yearling
operators produce feeder cattle by using breeding cows (capitall
assets)-as a major input. If feeder cattle price increases and feeder

cattle producers do not view this as merely a temporary change, the
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result could lead to a build-up of beef cow herds. The increase in
herds would, in part, be accomplished by.decreasing the émount of cull
cow slaughter.

Cull cow slaughter is also expected to respond to changes in cow
price since the latter represents the salvage value of a capital
asset. A priori, with increases in cull cow prices, marketings wouldA
be expected to increase as feeder cattle producers recognize an
oppbrtunity to increase their cash flows by culling additional cows

from the herd.

Nonfed Price and Supply

The following equations represent the price of nonfed steers and

the supply of nonfed steers and heifers:

PGOODy = f4( Dbar, QFEDy_;, TOTNF¢_;, BPV¢_;, (2.07)
Yi-gs PGOODt_j)

GNFSH, = fg( Dbar, PLACy_;, ONFSHt_j) (2.08)

i=0,1,...,p jo=1,2,...k p <Kk

where | |

PGOOD = Price of Select slaughter steers, yield grade 2-3,
900~-1100 1bs., Omaha ($/cwt.). }

QFED = Quantity of fed cattle marketings, 13 states (thousands
of head).

TOTNF = Tdtal nonfed cattle marketings inciuding steers,‘heifers,
cows, bulls and stags, 13 states (thousands of head).

BPV = Tota]Lby—product value per 1000 lb.‘steer {$/cwt.).

Y = Personal. disposable income (billions of dollars).
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Nonfed steer and heifer slaughter for 13 states

QNFSH =
| {thousands of head).
PLAC = Net placements of cattle on feed for 13 states (thousands~
of head).
Dbar = Seasonal dummy variable (defined previously).

Steers and heifers finished on high roughage rations and/or range
forage are generally lower qﬁa]ity beef (than Choice) and usually |
grade Select (formerly Good) or lower. In the nonfed price equation
the pfice of Select grade steers is chosen as the dependent variable
and is.specified as a function of binary variables, fed marketings,
total nonfed marketings, by-product value, personal dispdsable income,
and the lagged dependent variable. The gupply of nonfed steers and
heifers is'determined by binary variables, cattie pfacements on feed,
and the lagged dependent variable.

~ The partial derivatives of the functions with respect to the
independent variables and their expected signs are given as:

oPGOOD/BQFED < O

dPGOOD/ATOTNF < O

aPGOOD/3BPV > 0

aPGOOD/aY >0

9QGNFSH/OPLAC < O
Highér quality fed beef (QFED) is considered to be a close substitute
for nonfed beef and is therefore specified in the Select slaughter
price equation. A priori, an increase in the supply of fed beef would
decrease the price of Select Qrade steers. Total nonfed marketings

represent a direct effect in the market for lower grade beef and are
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expected to have an inverse impact on Select price. The importance
that packers place on the value of 5y—products for covering their
slaughtering co;ts and profit margins suggests Select steer price
should (1ike Choice steer price) be positively affected by changes in
by-product value. Retail beef processed from nonfed beef carcasses is
generally viewed as lower quality beef. Thus, depending upon whether
nonfed beef is considered to be an inferior or normal good, increases
in income are expected to have a negative or positive effect,
respectively, on the price of Select steers.

The quantity of nonfed steer and heifer'slaughter is expected to
be sensitive to changes in placements of cattlie on feed because of the
important trade-off between steers and heifers allocated to fed and
nonfed production. For example, wifh a given cattle inventory base,
increases (decreases) in feeder placements are expected to decrease
(increase) the quantity of nonfed steer and heifer élaughter. These
shifts occur as the relative brofitabilities between cattle feeding

and cattle grazing for slaughter purposes change.

Total Nonfed Supply

The following equation represents the supply of total nonfed
slaughter:
TOTNFy = fg(Dbar, PLACy_;, PFEED ;, PCOWg_;, TOTNFy_ ) (2.09)
iz 0,1,...,p jo=1,2,...,k p <Kk
where
TOTNF = Total nonfed cattle slaughter of steers, heifers, cows,

“bulls and stags for 13 states (thousands of head).
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PLAC = Net placements of cattle on feed, 13 states (thousands of»
head).

PFEED = Price of medium frame #1, 600-700 lb. feeder steers,
Kansas City (§$/cwt.).

PCOW = Price of #2-3 utility cows, all weights, Omaha ($/cwt.).

bbar = Seasonal dummy variable (defined previously).

The major components of total nonfed marketings are nonfed steers
and heifers and cull cows, while bulls and stags constitute only a
minor portion. However, the components are aggregated since this is
the form of the variable as a regressor in previous equations. The
equation for total nonfed marketings is hypothesized to be a function
of seasonal binaries, feeder cattle placements, feeder price, cow
price, and the lagged dependent variable.

The expected signs of the partial derivatives for the independent
variables are given as:

ATOTNF/OPLAC < O

OTOTNF/OPFEED < O

ATOTNF/9PCOW > O
Cattle placements is specified as a regressor in order to inciude the
trade-off between the fed and nonfed beef sectors. If placements
increase, a smaller proportion of available feeder steers and heifers
go into the nonfed sector which would decrease total nonfed sfaughter.
The price of feeder steers represents the opportunity cost of nonfed
cattle production. For example, increases in feeder price provide
more of an incentive to offer young cattie for cattie finishing

purposes; thus, the result would be a decrease in total nonfed
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slaughter. The opportunity cost of owning cows is given by the price.
of cull cows and the variable is expected to be positively correlated
with total nonfed markefings. For example, an increase in cow price
would increase cull cow slaughter and thereby increase total nonfed

slaughter.

Econometric Considerations

The explanatory variables included in the above model are
hypothesized to have dynamic impacts on the dependent variables.

Thus, lagged explanatory variabies {(as given by the subscript lag
notations) are used to account for adjustment processes of the
dependent variables that may be distributed over spveral‘time periods.
The lags in adjustment usually occur because Gf the presence of market
rigidit{es such as technical and biological constraints, imperfect
knowledge, and buyer and seller expectations.

Such adjustments form the basis of distributed lag theory. This
theory, when embodied in dynamic models, attempts to describe the time
responée nature of an endogenous variable to either a transitory or
permanent shock in an exodgenous variabie.

The following equatiﬁn jllustrates a relatively simple
distributed lag structure:

Yi = BoXg + ByXgoq *+ BoXyp +...t &g (2.10)
where the disturbance term ey is white noise. Such an equation
represents an infinite distributed lag impact of the variable X on Y;
however, the structure encompasses some major problems. One problem

is that the number of parameters in the model do not allow sufficient
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degrees of freedom for estimatibn, i.e., there arevan infinité number
of parameters and a finite sample. Truncating the lagged X's at some
maximum lag length can be arbitrary since there may be 1ittle a priori
information to suggesf when the lagged effects dissipate. If the
model is estimated with a large (finite) lag'length, the asymptotic t
tests may give an indication 6f tag significance. However, such tests
are influenced by the nature of the disturbance term, i.e., spherical
or nonspherical properties, and the 1ikelihood that a high degree of
multico\linearity may exist between the lagged X’s (Johnston, 1984).

Koyck formuiated a series of geometric weights to handle the
infinite lag probiem. Under Koyck’s scheme, the B‘s in equation
(2.105 are assumed to decrease exponentially over time given by the
parameter weights:

B; = B i=0,1,2,.... (2.11)
where By is a fixed parameter and 0< )\ <1. Substituting (2.11) into
(2.10) and applying the Koyck transformation results in the following
equation (Kmenta, 1986):

Yi = BoXy + AYy_y - e - ey ‘ (2.12)
Equation (2.12) is reduced to a first order difference equation with a
first order moving-average (MA) error process. Ordinary least squares
estimation of (2.12) produces biased and inconsistent estimates of the
parameters due to the correlation between Y-y and the error prcéess;
Consistent estimates of the coefficients under the assumption of
normally distributed disturbancés can be obtained using instrumental

variables or maximum likelihood methods (Kmenta, 1986).
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The Koyck lag is a special case of the more general rationail
distributed lag function introduced by Jorgenson (1966). The rational
distributed lag model can be formulated mathematically as:

Ye = WIL)Xg = A(L)/B(L)Xy + ey (2.13)
where e£ is white noise and E(X¢ey) = 0. W(L) has a rationa)
generating function characterized by the ratio of two polynomiais,
A{L) and B(L), which have no characteristic roots in common. L is a
lag operator notation such that kat = Xg-k- The polynomial A(L) is
of order m in the lag operator specific to the independent variable,
while B(L) is of order n in the lag operator specific to the dependent
variable and the error term.

Speéifically, A(L) and B(L) are given as:

A(L)

1]

ag + agL + asz + ... * amLm (2.14)

B(L) = 1 - ByL - Bt? - ... - B, L" (2.15)
with By normalized at 1.0. Expanding equation (2.13) under the 1lag
operator concept results in the distributed lag equatiqn:

Ye #+ DyYe g + oo D Yen = 3gXe * agXe g + oLt (2.16)

amxt_m + blet—l + ... * bnet—n + ey, |
which results in an nth order stochastic difference equation with an
nth order MA error process. If an error term is not originally
included in équation (2.13), it may be added to equation (2.16) and
freely estimated as an autoregressive-moving average (ARMA) process

{Rucker, Burt, and LaFrance, 1984). Jorgenson (1966) showed that a

rational lag equation is a flexible function that can approximate any-

-arbitrary distributed lag to any desired degree of accuracy given

sufficiently large values of m and n.
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~ A priori specification of m and n in the polynomial lag operators
is difficult when using rational lags. Usually economic theory
prdvides little information about the true orders of m and n
(knowledge of the commodity market may provide some information);
thus, they are often empirically determined. Sometimes the empirical
search is complicated by dynamic instability, which occurs when the
roots of the difference equation lie inside the unit circle boundary
(Griliches, 1967). This instability may reflect factors such as data
problems and/or specification errors in the regression meaﬁ, i.e.;
omitted variables.

A common probiem inherent with rational lags is statistical
correlation between the compﬁsite error strqcture and the tagged
dependent variables. The problem is particularly acute for stochastic
difference equations such as (2.13), and results in biased and
inconsistent parameter estimates if estimated by OLS;' One procedure
available to handle the error structure-lagged dependent variable
correlation problem is nonstochastic difference equations (Burt,
1978). With nonstochastic difference equations the lagged dependent
variables enter the regression as unobserved lagged expéctations.
This approach ensures‘consistent estimates of the parameters (even if
the disturbance structure is misspecified) since the disturbance
process is divorced. from the mean of the regression. Burt indicates
that nonstochastic difference equations are applicable to rational
lags; a simple exampie is demonstrated with the Koyck lag:

Yy = BgXg + ME(Yg_ () + ug | ‘ (2.17)

where E(Y¢_4) is the lagged expected value of the dependent variable



30
and u; may represent an autoregressive-moving average (ARMA) process.
Equation (2.17) is nonstochastic in that it yields the mean of the
regression as strictly a function of the historical values of X.
E(Yt;ll is independent of the disturbance process even if the
disturbance term is of an ARMA nature; thus, the parameters of the
systematic error structure and mean of the regression are
asymptotically uncorrelated.

Introducing lagged expectations of the'dependent variable and/or
autocorrelated disturbances resulits in nonlinearities in the
parameters, consequently rendering the OLS estimation technique
inappropriate. 1In this model, consistent least squares estimates are
Obtaihed by using a modified Marquardt nonlinear least squares
algorithm.

Hanssens and Liu (1983) point out that‘in a rational lag
structure the contemporaneous values of certain regressors may be
endogenous, thus creating the probiem of joint dependency within a
dynamic structure. To handle this problem in the beef model,‘all
contemporaneous right-hand-side variables hypothesized as being
correlated with their. respective error terms were estiﬁated as
instrument variables. The procedure was to estimate a sét of reduced
form equations for the jointly endogenous variables and then
substitute the predicted for the observed vailues in the Eight—hand—
side of structural equatiﬁns. Thepretically, the predicted values are
asymptotically uncorrelated with the disturbance terms permitting

consistent and asymptotically efficient estimators.
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CHAPTER 3
EMPIRICAL RESULTS

This chapter presents the regression results of the nine equation
model specified in Chapter 2. The statistical results are summarized
by market sector in Tables 1, 3, 5, and 7. Tables 2, 3, 6, and 8
present the estimated price and supply percentage responses of the
rational lag structure; fhese responses are based on a set of reduced
form coefficients solved from the structural equations (Appendix C),
and are calculated with respect to three exogenous variables: corn
price, by-product value, and interest rate. Simulated aﬁjustments of
beef industry gross revenues resulting from free market and corn loan
rate changes are presented in the final section of this chapter.

In the final analysis, some of the equations were modified since
certain variab]és were omitted due to lack of stat%stica\
sighificance. The selection of final equations was based on the joint
criteria of adjusted R-squared’s, standard error of estimates, and
asymptotic t-ratios. Variables (excluding the seasonal binaries)
whose coefficients had asymptotic t-ratios less than 1.0 were omitted.
This was somewhat of an arbitrary cutoff point since a t-ratio of 1.0
represented a significance level of a=.30. Variables with t-ratios in
excess of 1.0 were retained because of theoretical reasoning and in
some cases their joint inclusion improved the fits of the rational lag

equations. The order of rational lags for each function was
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determined by in%tially estimating the model as first order difference
equations with first order lags on the independent variables and an
ARMA(1,1) process. The asymptotic t-ratios of the estimated
coefficients, along with regression fit, then assisted in either

augmenting or truncating the distributed lag structure.

Feeder Cattle Sector

The price of feeder cattle was estimated as a first order
'nonstochastié difference equatipn with a first order autoregressive-
moving average (ARMA) error (Table 1). Only the contemporaneous
values of the independent variables were retained, except the
contemporaneous interest rate variable which was omitted because of
statistical insignificance. The final feeder price equation yielded
asympfotic t-values for coefficients of corn price, fed cattle price,
and lagged expected feeder céttle price that were statistically
significant at tﬁe 95Z.probability level. The coefficient of the
instrument variable, feeder cattle placements, was significant-at the
80%Z level.

The sighs of the estimated coefficients are consistent with
economic expectations about the impact of the independent variables on
feeder price. Specifically, since cattle feeders operate on a feeder-

fat cattie margin spread, feeder price is inversely related to the

price of corn and positively related to the price of fed cattle
(Buccola, 1979). Feeder cattle placements is endogenous and therefore
was replaced by’its instrument variable (see Appendix B). The sign of

the coefficient of feeder placements is positive as previously



Table 1. Statistical Results for the Quarterly Feeder Price and Placement Equations.a

< VariablesP >

Equation Constant D2 03 D4 PLACC PCORN PFED PFEED INT  E(DEP-1)4 AR MA
PFEED -5.247 -.900 -1.703 -2.251 .001 -3.737 .730 .556 .429 -.388
(-1.653)  (-1.526)  (-2.148)  (-1.792) (1.407)  (-3.956)  (6.299) (7.310) - (2.281) (-2.017)

PLAC .408  1368.800  1822.100  2781.300 -742.330  108.500  -71.642  -38.382 .798 .215
(.001) (4.556) (7.272) (9.388) (-5.597)  (5.595)  (-6.304) (-3.621) (8.292) (1.343)

%The asymptotic t-ratios are given in parentheses under each coefficient. The critical boundary is 2.010 for a 95 percent
probability level.

bRegressmn test statistics are defined as: R® = adjusted R~ squared Sy = standard error of the estimate, and DW = Durbin-
Watson statistic. The test statistics for each equat1on are: PFEED, R% 1.933, Sy = 1.674, DW = 1.976; PLAC, Ré = .785,
Sy = 432.485, DW = 1.681. .

A = signifies that predicted valqes of the appropriate variable were substituted for observed values.

dE(DEP-l) = the lagged expectation of the appropriate dependent variable.
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hypothesized. This result may be attributed to the joint dependency
relationship betweeh feeder priée and placements, where an increase in
the demand for cattle placements is manifested by an increase in
feeder price.

Feeder cattle placement was estimated as a first order
nonstochastic difference equation with significant coefficients on the
contemporaneous valqes of corn price, fed cattle price, feeder cattle
price, and interest rate (Table 1). The autoregressive component of
the error term was statistically insignificant; consequently, only the
MA(1) component was retained. All the contemporaneous independent
variables (excluding the MA term) were statistically significant at
the 957 probability level.

The demand for feeder plécements, like feeder price, is
influenced by economic variables important to a cattle feeding
operation. The signs of the estimated coefficients specific to the
independent variables are consistent with theoretical reasoning and
knowledge of feeder market behavior. The statistical results are:

(1) an increase in corn price reduces the demand for feeder cattle,
(2) increased fed cattle price increases the demand for feeder
placements, (3) increases in feeder price reduces the quantity
demanded of feeder placements, -and (4) increased interest rates reduce

the demand for feeder cattle due to higher costs of purchasing feeders

and carrying cattle on feed.
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The percentage responses of feeder price and cattle placements to
- changes in corn price, by-product price, and interest rate for various
lenths of run are presented in Table 2. For discussion purposes, in
this table and all ensuing percentage résponse tables, the léngths of
run considered are one, two, four,‘and eight quarters and the long
run. For feeder price all response coefficients are less than unity
regardless of the time period‘considered. Specifically, the results
denote that a 10% increase in the price of corn would decrease the
price of feeder cattle 1.97 in one quarter, 2.9%Z in two quarters, and
3.9% in the long run. A 10% increase in by-product va\ﬁe would
increase feeder price by 4.0Z in one quarter, with a long run effect
of about 3.1%Z. The effect of interest rate was considerably less than
that of corn price and.by—product value. For example, a 10% increase
in the interest rate deéreasés feeder price 0.1% in the short run {(one
quarter) and 0.3% in the long run. Part 6f the reason for its
relatively small impact is that interest costs constitute only 3-4% of
total variable costs of cattle finishing.

The percentage responses for feeder placement demand foliow a
pattern similar to feeder price in that they are also less than unity.
This result occurs primarily because of the jointly dependent nature
of the two variables. However, the ranking of percentage effects is
somewhat different.  Corn price effects elicit the largest percentage
response in the long run, followed by interest rate and then by-
product price. For example, a 104 increase in corn price will
decrease'placements of feeder cattle 1.0%Z in the short run and 4.1% in

the long run. A 107 increase in interest rates will cause a 0.6%
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decline in short run feeder placements and a 2.4%Z decline in the long.

run, while a 10% increase in by-product value would increase

placements 1.3% in the short run and 2.0% in the long run.

Table 2. Partial Derivatives and Percentage Price and Placement
Responses in the Feeder Cattie Sector.®

Quarters

Equation 1 2 4 8 Long run
OPFEED/3PCORN -4.192 -6.364 -8.071 -8.652 -B.697
(-.180) (-.288) {-.365) (-.391) (-.393)
oPLAC/9PCORN -455.880 -806.000 -1281.400 -1727.200 -1965,000
(-.0985) (~-.168) (-.267) (-.359) (-.409)
aPFEED/aBPV 4.250 3.779 3.408 3.282 3.272
{.396) (.352) (.318) (.306) {.305)
aPLAC/aBPV 293.030 333.720 388.940 440.670 468.200
(.126) (.143) (.167) (.189) (.201)
APFEED/QINT -.037 -.056 -.071 -.076 -.076
(~-.012) (-.019) (~.024) (-.025) (-.026)
APLAC/BINT -36.868 -65.171 -103.580 . -139.560 -158.710
(-.057) {(-.100) (~.159) (-.215) (-.244)

8The top figures are partial derivatives and the figures in

parentheses are percentage responses (calcutated at the mean values

of the variables).

over the indicated number of quarters.

The price of fed cattle was estimated as a first order

Fed Cattle Sector

These figures represent the cumulative effects

nonstochastic difference equation with contemporaneous fed slaughter,

nonfed slaughter, by-product value, and disposable income specified as

independent variablies (Table 3).

Lagged values of the independent



Table 3. Statistical Results for the Quarterly Fed Price and Supply Equations.a

< Variablesb )
Equation  Constant D2 D3 D4 QFEDS TOTNF BPV BPV-1 y PLAC-1  E(DED-1)d AR
PFED 23.719 -.228 -.894 -1.402 -.002 -.001 5.425 -3.412 -.008 .652 .340
(1.663) (-.280) (-1.052)  (-1.582) (-1.720) (-1.675) (5.710) (-2.354) (-1.025) (2.922)  (2.774)
QFED 393.230 61.109  258.280  -150.220 .323 .648 .138
(1.205) (.322)  (1.595) (-.962) (5.278) (8.118)  (1.072)

3The asymptotic t-ratios are given in parentheses under each coefficient.

probability level.

The critical boundary is 2.010 for a 95 percent

bRegression test statistics are defined as: R? = adjusted R-squared, Sy = standard error of the estimate, and DW = Durbin-

Watson statistic. The test statistics for each equatton are: PFED, R
Sy = 256.739, DV = 2.007.

Ca - signifies that predicted values of the appropriate variable were sul

.878, Sy = 1.737, DW = 1.887; QFED, RZ = .666,

bstituted for observed values.

dE(DEP—l) = the Tagged expectation of the appropriate dependent variable.

LE
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v#riables; except a first order lag on bprroduct price, were not
statistically significant and weré not retained in the equation. Tﬁe
moving average compohent of the error term was not statistically
significant, thus leaving a first order autoregressive error
structure.

The hog slaughter and poultry slaughter variables specified in
tﬁe maintained hypothesis had asymptotic t-ratios less than 1.0 and
were omitted. Other variables included in the final specification
were the instrumental variables for both fed marketings and total
nonfed marketings (significant at the 90% probability level) and
personal disposable income (significant at less than the 80%
probability level}). Income was the only variable in the equation to
carry a sign different from theoretical expectations, i.e., a negative
income effect on the price of fed beef compared to a hypothesized
positive income effect. The negative sign remained uﬁchénged with
alternative specifications of the function. A major reason for the
result may be the specific data characteristics since there was a
negative trend between real fed price and real disposable income.

The fed price pebcentage responsiveness to changes in corn price,
by-product price, and interest rate are presented in Table 4. The
most important impact occurs from by—producf value changes, while

changes in the remaining variabtes cause relatively small fed price

responses. For example, a 10Z rise in corn price decreases the price
of fed cattle 0.1%Z in the short run and 0.2% in the long run. A 10%
increase in interest rate decreases fed cattle price by 0.04% in the

short run and 0.1% in the long run. The stronger effect of by-product
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value is demonstrated in that a 10% increase in by-product value
increases fed caftle price by 5.4%Z in the short run and 6.0% in the
tong run. The small effects 6f corn price and interest rate indicate
cattle feeders primarily adjust their feeding margins by changing the
price of feeder cattle, and that corn price and interest‘rates
indirectly affect slaughter price through changes in fed and nonfed
cattle marketings. As will be seen in the discussions folfowing,
these two sectors respond in opposite directions.

Partial Derivatives and Percentage Price and Supply
Responses in the Fed Cattle Sector.?

Table 4.

Quarters

Equation 1 2 4 8 Long run
oPFED/3PCORN -.128 -.212 -.305 -.364 -.377
{(-.006) (-.010) (-.015) {-.017) (-.018)

9QFED/2PCORN —— -191.,640 ~396.290 -518.310 -544.430
—— (-.035) (-.072) (-.095) (-.099)

OPFED/3BPV 5.507 5.690 5.892 6.019 6.049
(.542) (.560) (.580) (.593) (.596)

OoQFED/3BPV - 99.102 204.820 267.730 281.140
e (.037) (.077) (.101) (.106)

SPFED/BINT -.010 -.017 -.025 -.029 -.031
(-.004) (-.006) {-.009) (-.010) (-.011)

9QFED/QINT - -9.905 -20.471 -26.758 -28.099
- (-.013) (-.028) (-.036) (-.038)

8The top figures are partial derivatives and the figures in

parentheses are percentage responses (calculated at the mean values

of the variables).

over the indicated number of quarters.

These figures represent the cumulative effects
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The quantity of fed cattle marketings was estimated as a first
order nonstochastic difference equation with an AR(1) error structure
{Table 3). The main independent variable, feeder cattle placements,
was statistically significant with a one period lag, while its
.contemporaneous value and higher order lags were omitted. This does
not imply that all cattie placed on feed in quarter t are marketed for
slaughter in period t}l. Cattle'féeding periods and fed marketings
must be analyzed within a dynamic context. For example, light calves
(500 lbs.j placed on feed near the end of quarter t may not reach
finishing stége (1100 1bs.) until quarter t+3. On the other hand,
cattlie that are placed in feedlots at heavier weights in quarter t
would be finished in shorter time periods, i.e., periods t+l or t+2.
The estimated difference equation coefficient (.648) accounts for
these varying placement weights‘and feeding intervals, and taken
conjunctively with the feeder placement slope coefficient (.323),
cumulative patterns of marketings are given over time.

The éumulative marketings are given by the geometric adjustment
fbrmulai

8QFEDt+j/aPEACt =81+ X+ A2+ ..0) (3.01)
where j =1, 2, 3, ....
Its application to the fed marketing equation indicates that a 1000

head increase in placements in period t results in additional fed

marketings of 756 head in period t+3.
The percentage fed supply responses to changes in corn price, by-
product price and interest rate are given in Table 4. The magnitude

of all percentage fed supply responses implies that fed cattle supply
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is relatively inelastic. The results show that for a 10% increase in
corn price fed marketings decrease 0.41 inktwo quarters and 1.0% in
the long run. A 10Z increase in by-product value increases fed
mafketings 0.4Z in two quarters and 1.1%Z in the long run. The fed
supply response with respect to iﬁterest rate implies a 10% increase
in interest ratés decreésés fed marketings by 0.1Z in two quarters and

0.4% in the long run.

Cull Cow Sector

The final equation for cull cow price (Table 5) was estimated as
a first order nonstochastic difference equation with an AR(1) error
structure. The lagged expectation of the dependent variable was not
highty significant and the coefficient vaiue was relatively small,
indicating a rapid geometric adjustment process in cull market price.
The estimated coefficients on contemporaneous values of the
independent variables nonfed siaughter (fed slaughter omitted because
of statistical insignificance), by-product price, and personal income
were significant at the 95Z level; however, coefficients on‘lagged
values were not statistically significant. The signs of the estimated
coefficients indicate that increases in nonfed slaughter decrease cull
cow price, increases in by-product value increase cull cow price, and
income negatively impacts cow price. The two former findings agree |
with a priori reasoning; however, the sign of the income effect for
cow beef agrees with previous studies that have shown negative impacts

on lower quality beef.



Table 5. Statistical Results for the Quarteriy Cull Cow Price and Supply Equations.a

< Val‘“labu:a >

Equation  Constant D2 D3 D4 TOTNFC BPV y PFEED pCOW E(DEP-1)9  E(DEP-2)€ AR
PCOW 27.335 .487 .035 .088 -.002 3.125 -.020 ‘ .170 .402
(4.081)  (1.269) (.064) (.153)  (-4.408) (7.223) (-3.817) (1.358) (3.371)
qcow -308.950  555.780  736.720  716.590 -55.656  85.275 1.593 -.853 630
(-2.778)  (4.180)  (7.831)  (7.648) (-3.040)  (3.103) (11.009) (-4.789) (6.181)

3The asymptotic t-ratios are given in parentheses under each coefficient. The critical boundary is 2.010 for a 85 percent
probability level.

bRegression test statistics are defined as: RZ = adjusted R-squared Sy = standard error of the estimate, and D¥ = Durbin-
Watson statistic. The test statistics for each equation are: PCOW, R% = .943, Sy = .989, DW = 1.978; QCOW, R? = .888,
Sy = 147.779, DW = 1.847.

A ~ signifies that predicted values of the appropriate variable were substituted for observed values.
dE(DEP-l) = the lagged expectation of the appropriate dependent variable.

®E(DEP-2) = the second order lagged expectation of the appropriate dependent variable.

44
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The responses of cull cow price to changes in corn price, by-

product price, and interest rate are presented in Table 6. The
largest response occurs from changes in by-product values. For
example, a 104 increase in by-product price increases cull cow price
by 5.1%Z in the short run and 5.8% in the long run; a 10% increase in
corn price results in a 0.3%Z decline in cull cow price in both the
short run and in the long run, whilé a 104 increase in interest rates
decreases cull cow price 0.16Z in the short run and 0.2% in thé long
run. Note in all cases that the majority of the adjustments in price
responses occur within two quarters and that in one year cow price
stabilizes, showing little difference from the long run. These
results are attributed to the rapid geometric price adjustments
inherent in the cull cow market as shown by the difference equation
coefficient.

| The quantity of cull cow marketings was estimated as a second
order nonstochastié difference equation with an AR(1) error structure.
Coefficient§ on lagged feeder price and lagged cull cow price were not
statistically significant; thus, only their contemporaneous vélues
were retained. The signs of the coefficients on both variables are
cbnsistent with the economic logié underlying supply behavior. That
is, if there was an increase in feeder cattle price, producers would
have an incentive to expand beef cow herds for capital consumption
purposes, resulting in less cull cow slaughter. On the other hand, an
increase in cull cow price would encourage additional cull cow
staughter so producers could meet current consumption regquirements

such as increased cash flow needs.



Table 6. Partial Derivatives and Percentage Price and Supply
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Responses in the Cull Cow Sector.?

Quarters

Equation 1 2 4 8 Long run
oPCOW/BPCORN ~-.370 -.433 -.445 -.446 -.446
(-.027) (-.032) (-.033) (-.033) (-.033)

9QCOW/BPCORN  201.730 523.090 1299.100 2603.300 3362.200
(.116) (.301) (.747) (1.498) {1.934)

oPCOW/aBPV 3.363 3.785 3.869 3.871 3.871
(.508) (.571) (.584) (.584) (.584)

2QCow/aBpv 50.228 266.220 577.450 2225.700 3108.900
(.060) (.316) (.684) (2.638) (3.684)

OPCOW/BINT -.030 -.035 -.036 -.036 ~.036
{(-.016) (-.019) (-.020) {(-.020) (-.020)

9QCOW/3INT -.506 -1.310 ~3.255 -6.523 -8.439
(-.002) (-.006) (-.014) (-.028) (-.036)

3The top figures are partial derivatives and the figures in

parentheses are percentage responses (calculated at the mean values

of the variables).

over the indicated number of quarters.

These figures represent the cumulative effects

The behavior of cow slaughter is characterized by the roots of

the second order difference equation. In this case the roots are

complex, indicating oscillating patterns in cull cow slaughter that

stabilize after a market shock.

The rate of dampening in the

oscillation is given by the value of the second order difference

equation coefficient, which equals -.653.

Its relative size indicates

that there is a rather ltengthy adjustment process in the slaughter cow

market.

In fact, analysis of the distributed lag coefficients used to
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derive the long run response coefficients (Table 6) indicates that a’
permanent change ih corn price produces a dampening cyclical pattern
in cow slaughter that reaches an equilibrium in 32 to 40 quarters (not
shown). This time period is equivalent to 8-10 years, nearly the
length of the traditional cattie cycle.

The supply response coefficients for the cullvcow.slaughter model
are repbrted in Table 6. Inspectfon of the results indicates that
cull cow slaughter is increasingly responsive to chanées in the
exogenous variables as the number of adjustment periods increases.

For example, a ioi increase in corn price increases the quantity of
cull cows marketed by 1.2% in the short run and 5y 19.3% in the long
run. Similariy, a 10% increase in by-product value increases cull cow
marketings by 0;61 in the short run and 36.8% in the long run. The
large tong run responses to corn price and by-product price reflect
the lengthy cyclical adjustments inherent in the cull cow market
discussed above. The response of cull cow slaughter to changes in
interest rate is quite inelastic, however. A 10%Z increase in interest
rate decreases the duantity of cull cows marketed by 0.02% in the

short run and only 0.36%Z in the long run.

Nonfed Cattle Sector

The price of nonfed steers (Select grade) is estimated as a first
order nonstochastic difference equation with an AR(1) error structure
(Table 7). The independent variables are the contemporaneous values
of fed cattle slaughter, total nonfed cattle slaughter, and disposable

income while both the contemporaneous value and a one period lag on



Table 7. Statistical Results for the Quarterly Nonfed Steer and Heifer Price and Supply and
Total Nonfed Cattle Supply Equations.? :

< : : : Variablcab >

Equa. Constant D2 D3 D4 QFEDC  TOTNF  BPV  BPV-1 Y PLAC PLAC-1 PLAC-2 E(DEP-1)4 MR MA
PGOOD  26.581  -.035  -.661  -.225 -.002 -.001 5.370 -3.331  -.010 589 .218
(2.353) (-.085) (-1.050) (-.326) (-2.178) (-2.533) (7.568) (-3.127) (-1.756) (3.312) (1.713)

QNFSH 1490.000 -478.260 -160.520 ~-65.597 -.449  .220 935  .827  .362

(7.118) (-1.681) (-1.425) (-.669) (-5.277) (2.183) ' (23.268) (5.873) (1.660)
TOTNF 1228.800 944.450 1257.800 1752.500 . -.387 : 965 .778

(3.624) (8.717) .(11.400) (11.815) ' (-6.833) (32.177) (9.513)

3The asymptotic t-ratios are given in parentheses under each coefficient. The critical boundary is 2.010 for a 85 percent
probability level.

bRegresswn test statistics are defined as: RZ = = adjusted R-squared Sy = gtandard error of the estimate, and DU = Durbin-
Watson statistic. The test statistics for each equat1on are: PGOOD, R® .913, Sy = 1.354, DW = 1.982; QNFSH, R? = .894,
Sy = 150.015, DW = 2.037; TOTNF, R? = .914, Sy = 261.157, DW = 2.296.

€p " signifies that predicted values of the appropriate variable were substituted for observed values.

dE(DEP-I) = the lagged expectation of the appropriate dependent variable.

5
o
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by-product price were included. The estimated coefficients for these
independent variables were all significant at the 957 probability
ltevel,

The negative signs on the estimated coefficients for quantities
of fed aﬁd nonfed cattlie slaughtered are consistent with theoretical
reasoning, i.e., increases in fed and nonfed slaughter would decrease
Select price. The negative sign on the income coefficient may partily
’reflect the statistical probiems discussed earlier in the case of
Choice price; however, other empirical work has shown and justified
negative income effects for lower grade beef (Ospina and Shumway,.
1979).

The percentage price responses of Select price to corn price,
by-product price, and interest rate are presented in Table 8. The
largest response (though less than unity) is with respect té by—v
product price, while changes in the other two variables generate
retatively small responses in Select price. For example, a 10%
increase in‘by—product value increases nonfed steer price by 5.9% in
the short run and 5.4% in the long run. A 10% increase in interest
rate decreases nonfed steer price 0.05% in the short run and 0.1% in
the long run, while a 10% increage in corn price decreases nonfed
steer price by 0.1% in the short run and 0.27% in the long run.

The nonfed steer and heifer supply equation was estimated as a
first order nonstochastic difference equation with an ARMA(1,1) error
term (Table 7). The large value of the difference equation
coef¥icient (.935) prompted testing the rational‘lag as a second order

difference equation; however, the asymptotic t-ratio for the
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difference equation coefficient Ao was not statistically different

from zero.

Table 8. Partial Derivatives and Percentage Price and Supply

Responses in the Nonfed Cattle Sector.®

Quarters

Equation 1 2 4 8 Long run
oPGOOD/38PCORN -.174 C =277 -.372 -.417 -.423
' (-.009) (-.014) (-.019) (-.022) (-.022)
9QNFSH/aPCORN ——— 118.540 333.010 684.410 1823.700
- (.155) (.437) {.897) (2.391)

oPGOOD/aBPV 5.482 5.307 5.144 5.067 5.057
{.585) (.567) (.549) (.541) (.540)

oQNFSH/3BPV - -137.840 -319.180 -616.210 -1577.600
- (-.372) {-.862) (-1.664) (-4.260)

aPGOOD/AINT -.014 - -.022 -.030 -.034 -.034
(-.005) (~.009) (-.011) (-.013) (-.013)

9ANFSH/OINT - 13.776 38.696 79.514 211.610
- (.134) {.375) (.771) (2.051)

9TOTNF/aPCORN - 176.180 348.660 682.830 1310.100 8292.300
{.066) (.131) (.257) (.493) (3.121)

9TOTNF/aBpPV -113.250 -152.910 -229.770 -374.090 -1988.200
(-.088) (-.119) (-.178) (-.290) {-.542)

OTOTNF/AINT 14.248 28.198 55.229 105.980 673.630
(.040) (.078) (.154) (.295) (1.874)

3The top figures are partial derivatives and the figures in

parentheses are percentage responses (calculated at the mean values
of the variables). These figures represent the cumulative effects
over the indicated number of quarters.
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Nonfed steer and heifer slaughter is estimated as a function of
second order distributed lags on placements of cattlie on feed, PLAC-1
and PLAC-2, with the contemporaneous value omitted. These distributed
lag effects represent resource trade-offs between the fed and nonfed
sectors when economic conditions change. For example, if a bumper
crop caused a decrease in corn price, there would likely be an
increase in placements of cattle on feed (see placement equation,
Table 1). For a relatively fixed supply of calves and yearlings, tﬁis
results in more cattle allocated to grain finishing (due to increased
finishing returns) and results in less cattie allocated to nonfed
steer and heifer slaughter. The sum of the coefficients on PLAC-1 and
PLAC-2 is negative, which is consistent with the trade-off behavior.

The nonfed steer and heifer supply response equation coefficients
are reported in Table 8. Supply response with respect to all the
exogenous variables appears to be quite elastic. This is particularly
seen via the long run coefficients as: (1) a 10%Z increase in corn
price §ncreases nonfed steer and heifer marketings 23.9%1 over the long
run, (2) a 10%Z increase in iﬁterest rates increases nonfed steer and
heifer marketings by 20.5% in the long run, and (3) a 10%Z increase in
by-product value decreases nonfed steer and heifer marketings by 42.6%
in the long ruﬁ. Again, the relative magnitude and direction of these
impacts reflects the sensitive trade-off with the fed cattle industry,
particularly since the number of nonfed steers and heifers slaughtefed
is based on economic incentives in cattle finishing rather than direct

incentives in producing lower grade cattle.
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Total nonfed cattle supply is an aggrégation of nonfed steer and
heifer marketings, cull cow marketings, and bull and stag marketings.
Total nonfed supply is estimated as a first order nonstochastic
difference equation with an AR(1) érror structure (Table 7). Compared
with the maintained hypothesis of equation (2.09), the contemporaneous
and lagged variables of cull cow price and feeder cattle price were
omitted due to lack of statistical significance of the respective
estimated coefficients. Thus, the ihstrument variable for feeder
cattle placements was the primary regressor. Its nega?ive coefficient
is consistent with the economic reasoning underliying the supply
effects discussed earlier in the QNFSH equation.

As found with nonfed steer and heifer slaughter response,
relatively large long run effects are associated with the total nonfed
supply response coefficients (Table 8) because of the large difference
equation coefficient (.965). For example, a 10% increase in interest
rates increases total nonfed cattle supply by 18.71 in the long run, a
10% increase in by-product value decreases total supply of nonfed
cattle by 15.4%Z in the long run, and a 10% increase in corn price
increases total nonfed supplies by 3?.21 in the long run. Note the
corn price effect dominates due to the critical impact of the value of
grain concentrates on the cattle finishing industry, hence, the trade-
off implications for the total nonfed slaughter market and fed cattle

market.
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Simulated Cattle Industry Revenue Adjustments

Beef cattie industry gross revenue adjustments to simulated
permanent changes in free market corn price and the government corn
loan rate are presented and evaluated in the following section.
Simulated impacts on revenues from shifts in corn prices are analyzed
for the fed, nonfed, cow, and feedér cattie sectors as presented in
Table 9., Changes in both sets of prices are based on two standard
deviations from their sample meaﬁs. The simulation procedure involves
calculating cumulative revenue changes based on first order partial
derivatives of prices and quantities up through five years and then
long run estimates are provided.

Long run price and supply responses for the fed cattle and feeder
' cattle sectors (Tables 2 and 4) indicate prices and supplies; hence,
returns in both sectors respond inversely to corn price chaﬁges. For
an increase in free market corn price of two standard deviations
($.872/bu.), gross returns would decrease by $1,106,672 in the fed
cattle sector and $58,619,473 in the feeder cattle sector in one year.
By two years the resbective decfegses are $1,727,415 and $84,701,087.
After a period of five years, gross revenue decreases by $1,879,063 in
the fed cattle sector and $96,370,936 in the feeder cattle sector.
Note the cattlie market is essentially at an'eqdilibrium state after 20
quarters; thus there is little difference between five year period and

long run revenue estimates.
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Table 9. Estimated Cattle Industry Revenue Changes Resulting from
a Two Standard Deviation Increase in Corn Price.?2

# of Fed SectorP Nonfed Sector® Cow Sectord Feeder Sectore
qtrs.
1 -— —m 715.958 * -10831.825
2 -371.987 271.519 2172.569 -29073.349
4 ~-1106.672 1627.323 5545.131 -58619.473
6‘ -1571.846 1749.306 8692.106 -75501.116
8 -1727.415 2365.379 11137.001 -84701.087
10 -1812.098 2888.028 12811.850 ~89823.741
12 -1853.472 3336.175 13832.161 -92755.211
16 -18%6.474 4058. 486 14607.768 -95444.,197
20 -1879.063 4608.284 14632.580 -896370.936
LR ~1878.270 6396.529 14383.599 . -96863.882

3The figures represent cumulative effects. All figures are in
thousands of doliars. One standard deviation (STD DEV) of corn price
is $.436/bu. '

BFed Sector = aPFED/aPCORN x AQFED/3PCORN x average live weight (ALW)
of 10.5 cwt. x 2 STD DEV of corn price ($.872/bu.)

CNonfed Sector = 3PGOOD/3PCORN x.dQNFSH/3PCORN x ALW of 9.5 cwt.
X 2 STD DEV of corn price ($.872/bu)

dcow Sector = aPCOW/3PCORN x 9QCOW/3PCORN x ALW of 11.0 cwt.
x 2 STD DEV of corn price ($.872/bu)

- €Feeder Sector = 3PFEED/JPCORN x 9PLAC/3PCORN x ALW of 6.5 cwt.
X 2 STD DEV of corn price ($.872/bu.)
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The relationships between free market corn price and gross
revenues in the cull cow and nonfed steer and heifer sectors are not
as obvious since slaughter prices and slauéhter marketings change in
opposite directions. Cattle price responses with respect to changes
in corn price for cows and nonfed steers and heifers over the long run
are -.033 and -.022, respectively (Tables 6 and 8). Taken alone,
these sector responses would indicate an inverse correlation between
. corn price and gross revenues. However, the long term supply response
coefficients (with respect to corn price) are positive for both the
quantities of cull cow marketings (1.934) and nonfed steer’and heifer
slaughter (2.391).

The net effects of the two responses ipdicate likely directional
change in revenues. It can be inferred from the reduced form
coefficients of the model that, subsequeni to a shift in corn price,
the percentage increases in nonfed suppiies (cull cows and steers and-
heifers) outweigh the percentage decreases from their respective
prices. Thus, gross revenues in the cull cow sector and the nonfed
steer and heifer sector are positively correlated with changes in corn
price. These results are presented in Table 9. 1In a one year period,
a two standard deviation increése in corn price increases gﬁoss
revenue by $1,027,323 in fhe nonfed steer and heifer sector and

$5,545,131 in the cull cow sector, while the revenues increase to

$4,608,284 and $14,632,580, respectively, over a period of five years.
Conceivably, the goVernment loan rate for corn is important to
beef revenue adjustments since the loan rate is effectively a floor to

free market price. To examine the relationship between the lcan rate
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and free market price for corn, a simple regression expressing free
market corn price as a function of contemporaneous loan rate and an
AR(1) error structure was estimated. Results of the estimation are:

PCORN = ,980 + .186 LOAN + .943 AR (3.02)
(2.855) (.511) (21.988)

The numbers in parentheses are the asymptotic t-ratios of the
estimated coefficienfs, and the adjusted R-squaréd is .858; the
standard error of the estimate is .164, and the Durbin-Watson
statistic equals 2.075. The lack of statistical significance for the
boefficient of the loan rate variable reflects the fact that the
market price of corn rarely equaleq or went below the l1oan rate during
the 1873-1987 sample period. Thﬁs, equation (3.02) suggests (for the
data period studied) a very weak relationship between changes in the
governmeht 1oan rate and revenue changes in the beef cattle industry.
Cattle industry revenue adjustments resulting from a two standard
deviation ($.30/bu.) change in the loan rate were, nevertheless,
calculated and are presented in Table 10. The loan rate is
arbitrarily decreased since, politically speaking, this would Se the
likely direction. Since the market price of corn is positively
correlated with changes in the corn lcan rate (albeit weak), the
revenue adjustments in Table 10 are opposite in sign of those
presented in Table 9. The adjustments are also smaller in magnitude
because of a smaller standard deviation for the corn loan'rate, and
the fact that the partial derivative in equafion (3.02) indicates a 10
cent per bushel change in the loan rate results in about a 2 cent per

bushel change in free market price.
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Table 10. Estimated Cattle Industry Revenue Changes Resulting from
a Two Standard Deviation Decrease in Corn -Loan Rate.2

# of Fed SectorP Nonfed Sector® Cow Sectord Feeder Sector®
qtrs.
1. — — -48.277 ~ 730.403
2 25.084 -18.309  -146.499 1960.451
4 74.624 -69.274 -373.915 3952781
6 105.992 -117.958 -586.119 5091.130
8 116.482 -159.500 -750.981 5711.495
10 122.192 -194.743 -863.918 6056.922
12 124.982 ~224.962 -932.719 6254.595
16 126.533 -273.669 -985.019 6435.916
20 126.708 -310.742 -986.692 6498.407
LR 126.721 _431.326 -969.903 6531.647

aThe figures represent cumulative effects. All figures are in
thousands of dollars. O0One standard deviation (STD DEV) of corn loan
rate is $.150/bu. '

Pred sector = aPFED/3BPCORN x 3QFED/3PCORN x average live weight (ALW)
of 10.5 cwt. x 9PCORN/3LOAN x 2 STD DEV of corn loan
rate ($.300/bu.)

CNonfed Sector = 3PGOOD/BPCORN x 3QGNFSH/APCORN x ALW of 9.5 cwt.
x 9PCORN/OLOAN x 2 STD DEV of corn loan rate
($.300/bu)

dcow Sector = 3PCOW/3PCORN x aQCOW/3PCORN x ALW of 11.0 cwt.
X OPCORN/ILOAN x 2 STD DEV of corn loan rate ($.300/bu)

Creeder Sector = APFEED/8PCORN x 3PLAC/3PCORN x ALW of 6.5 cwt.
x OPCORN/OLDAN x 2 STD DEV of corn loan rate
($.300/bu.}
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The increases in fed cattle and feeder cattle prices and supplies
in response to a decrease in corn loan rafe are reflected in the gross
revenues changes presented in Table 10. For example, gross revenues
increase by $74,624 in the fed sector and $3,952,781 in the fegder
sector in the first year, and increase to $116,482 and $5,711,495,
respectively, by the second year; by five years the respective gross
revenues cumuiatively increase to $126,708 and $6,498,407.

Gross revenues in the cull cow sector and the nonfed steer and
heifer sector decrease in response to the loan rate change. The
decrease occurs even though there were increases in cull‘cow price and
Select price. These results parallel the reasoning given earlier;
.that is, subsequent to a loan rate decrease, the percentage reduction
in the quantity of cows and ﬁonfed steers and heifers marketed is
larger than the percentage increase in prices, resulting in declining
gross revenues for both nonfed sectors. A two standard deviation
($.30/bu.) decrease in the corn loan rate decreases gross revenue by
$69,274 in the nonfed steer and heifer sector and $373,915 in the cow
sector after one year. After five years gross revenues in the nonfed.
steer and heifer and cull éow sectors decrease, respectively, by

$310,742 and $986,692.
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CHAPTER 4
SUMMARY AND CONCLUSIONS

The purpose of this study was to estimatg the impacts of changes
in exogenous factors,-particﬁlarly feed price, on U.5. fed and nonfed
cattle prices and supplies over time. A quarterly econometric model
representing the structural and behavforal characteristics of the U.5S.
beef cattle industry was specified and statistically estimated. The
beef model functions were estimated within a rational distributed lag
framework characterized by nonstochastic difference equations and ARMA
error structures. Coefficients derived from the reduced form of the
est%mated mode! were used to calculate percentage price and supply
responses which were in turn used to estimate short and long run
adjustments in cattle prices and marketings.

Adjustments in cattle prices and quantities resulting from
exogenous sHifts in free market corn price and corn loan rate were
used to simulate adjusfments in gross revenues in the feeder, fed,
cull cow, and nonfed steer and heifer caft]e sectors. An evaluation
of the model resu]ts follows. Conclusions and limitations of thé
research are presented at the end of the chapter.

Feeder cattle sector equations were specified and estimated for
feeder price and feeder cattle placements. Both equations were
estimated as first order nonstochastic diffefénce equations and

inciuded seasonal binary variables. Feeder price was regressed on
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contgmporaneous values of corn price, placements, and fed price; The
positive sign on the estimated coefficient of the placement variable
reflects the jointly dependent relationship between feeder price and
placements, i.e., increasing pliacement demand is manifested by
increased feeder price,

Regressors in the feeder placement equation included
contemporaneous corn price, fed cattle price, feeder cattle price, and
interest rate. Percentage responses with respect to corn price, by-
product price, and interest rate changes were similarly inelastfc for
both feeder price and placements. Corn price change elicited the
greatest long run response from both variables with a percentage
feeder price response of -.393 and a percentage placement response of
-.409.

The price of fed caftle was estimated as a first order
nonstochastic difference equation with seasonal binary variables and
contemporaneous values of the independent variables fed sfaughter
supply, total nonfed cattie slaughter supply, personal disposable
income, and by-product price. A one quarter lag on by-product value
was also included. A1l of the'estimated coefficients had the expected
signs with the exception of the coefficient on income which had a
negative sign. The ﬁegative income coefficient may be a result of
sample characteristics of the data since there was a negative trend
between real fed price and real disposable income.

The fed supply equation was estimated as a first order
nonstochastic difference equation. Feeder cattle placement was the

main independent variable with seasonal binaries included. The
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adjusted R-squared was less than desirable at .628. The coefficient
for a one period lag on placements was statisticailly significan{ while
the contemporaneous value and higher order lags were omitted.
However, cattle placed on feed in period t are not all marketed in
period t+1 because of different placement weights. Cumulative
patterns of marketings are accounted for by the fed marketing
difference equation coefficient acting in conjunction with the lagged
feeder placement slope coefficient.

Fed price and supply percentage responses were inelastic (less
than unity) with respect to changes in corn price, interest rates,'and
by-product value. The largest long run responses for fed price and
supply are associated with by-product value: .596 for fed price and
.106 for fed supply. The dominant influence of by-product price to
some extent reflects the importance to packers éf returns generated
from by-product sales.

Cull cow price was estimated as a first order nonstochastic
difference equationnwith seasonal binary variables; however, the
lagged expectation of the dependent variable was not highly
significant and the coefficient value was relatively small. The small
éoefficient results in a rapid geometric price adjustment in. the cull
cow mérket. Contemporaneous values of total nonféd slaughter, by-
product value, and personal disposable income were found to be
important explanatory variables. A negative income effect for cull
cow beef is impiied by the estimated negafive coefficient on the
income variable. Previous studies have reported both positive and

negative signs for the income coefficient. By-product value has the
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largest percentage effect on cull cow price at .508 in the short run
and .584 in the long run.

Quantity of cull cow marketings was estimated as a second order
nonstochastic difference equation. Seasonal biparies, the
contemporaneous price of feeder cattle, and contemporaneous price of
cull cows were the independent variables. The second order difference
equation was characterized by complex roots, résulting in oscillating
patterns in cull cow slaughter subsequent to a market shock. The
adjustment time to equilibrium takes about B-10 years, which is
relatively close to the length of the traditional cattle cycle.

The nonfed cattle sector was descfibed by estimating equations
for the price of nonfed steers (Select grade), nonfed steer and heifer
slaughter, and total nonfed cattle supply. All equations included
seasonal binary variables and were estimated as first order
nonstochastic difference equatidns.

Contemporaneous values of fedvmarketings,‘total nonfed
marketings, personal disposable income, and by~product value
(including a one quarter lag on by-product value) were the independent
variables in the nonfed steer price equation. The coefficient on the
incéme variable carried a negative sign which may reflect the negativé
trend between real beef price and real income discussed earlier,

Other empirical studies have, however, rationalized negative income
effects for lower grade beef (Ospina and Shumway, 1979). By-product
value generated the largest long run percentage price response (.540)
while corn and interest rate price responses were substahtially

smaller (-.022 and -.013, respectively).
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Nonfed steer and heifer slaughter was a first order nonstochastic
difference equation estimated as a function of first and second order
1ags on placements‘of cattle on feed. The pefcentage supply response
coefficients were quite eiastic, particularly with respect to by-
product value, demonstrating a long run effect of 44.260. The
sensitive trade-off effect between the fed and nonfed sectors
resulting from economic incentives in producing Choice versus lower
grade beef is the primary reason for the large supply responses.

Total'nonféd cattle supply represents an aggregation of nonfed
steer and heifer marketings, cull cow marketings, and bull and stag
marketings. The primafy regressor in the function was contemporaneous
feeder cattle placements. It had a negative coefficient which was
consistent with the effects discussed in the nonfed steer and heifer
siaughter equation; that is, an increase in placements implies a
smaller proportion of feeder cattle will enter the nonfed sector. The
percentage supply responses are elastic, similar to those of nonfed
steer and heifer slaughter. Corn price, because of its critical
influence in the cattle finishing industry, has the largest impact
with a long run supply response coefficient of 3.121.

Cattie industry revenue adjustments to exogenous changes in free
market corn price and government loan rates were simulated.

Cumulative gross revenues for the fed, nonfed, feeder, and cull cow

sectors were calcuiated based on sequential first order partial

derivatives of prices and marketings.
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A two standard deviation increase in free market corn price
decreased prices and supplies, and hgnce returns in the fed cattle and
feeder cattle sectors by $1,879,063 and $96,370,936, respectively,
over five years. Cattle prices in the cow sector.and nonfed steer and
heifer sector decreased in response to a corn price increase.
However, gross revenues in the cull cow sector and nonfed steer and
heifer sector are positively correlated with changes in corn price.
Over a period of five years, a two standard deviation increase in corn
price increases cow sector gross revenue by $14,632,580 and nonfed
steer and heifer sector gross revenue by $4,608,284.

Conceptually, the government loan rate for corn is important to

-beef revenue adjustments since the loan rate effectively establishes a

floor on free market corn price. In a simple regression, free market
corn price was estimated as a function of the government loan rate in
order to measure the loan rate’s expected impact on industry revenues.
However, the statistical results of the estimation were less than
satisfactory, yet there is some degree of positive correlation between
the two price series. Ih light of political pressure to reduce grain
loan rates, the loan rate was arbitrarily decreased by two standard
deviations. As a result of decreasing (instead of increasing) the
corn loan rate, the cattle revenue adjustments in the loan rate
analysis have the opposite sign of those in the free market price
analysis. The édjustments are smaller because of a smaller standard
deviation of corn loan rate aﬁd the weak relationship between market

corn price and loan rate.
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Fed cattle and feeder cattle prices and supplies increase in
response to a two standard deviation decrease in corn loan rate. In
particular, fed sector and feeder sector gross revenues increase by
$126,708 and $6,498,407, respectively, over five years.

Gross revenues in the cull cow sector and the nonfed steer and
heifer sector decrease in response to the loan rafe changes. Cull cow
price and Select price increase but they are more than offset by
supply response decreases. Over a period of five years, cumulative
revenues decrease in the cull cow sector by $986,692 and in the nonfed
steer and heifer sector by $310,742. It should be noted, however,
that increasing or decreasing gross revenues does not necessarily
- translate into increases or decreases invprofits in these sectors
since costs have not been measured.

This research has attempted to model the dynamic structural and
behavioral characteri§tics of the U.S. beef cattle industry and
properly measure intertemporal market effects. A more recent sampile
period and rational lag,specification no doubt contributed to corn
pfice effects that differ from empirical results of some other
studies. With the exception of income, the current statistical
results appeaf consistent with the economics of resource allocation
between fed and nonfed cattie production. An important limitation of
the«study, and one which requires further research, is estimating
market responses for second round effects. For example, analyzing the
dynamic time paths of prices and marketings resulting from a permanent
change in corn price did not account for changing beef cow herd

supplies, nor was the production response of corn producers to a
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change in price taken into account. Thus, cheaper corn price could bé
a boost to feeder demand and price, but the iong term result could
entail expanded beef cow herds and larger feeder and stocker cattle
supplies. On the other hand, lower corn loan rates (and possibly
lower market price) could initiate a production response (acreage and
yield) which would have long term implications for free market corn
price. Thus, a more comprehensive model incorporating primary supply
response and endogenous aspecté of corn price could add to the
marketing and price analysis of this study.

Another limitation stems from the structural changes that
continue to occur in the cattle industry. Over the last 10 years the
.industry has steadily moved toward largef cattle finishing operations
and larger meat backing and processing operations with more vertical
integration. This model may not fully reflect the implications of
these changes. 1In particular, the long run projections made in this
study could be altered by the different institutional arrangements and
price discovery taking place as a résult of the structural changes in

the U.S5. cattle industry.
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APPENDIX A

ORIGINAL DATA



Table 11. Original Data.
<= Variables ~— ———
Year Qtr LOAN PCORN QHOGS QCHIX QTURK  PCOWS CPI INT  PFEED PFED PLAC QFED QNONFED qcow QBS Y PGOOD  .BPV
1973 1 1.050 1.510 67.420 1903.000 169.100 30.670 1.287 7.360 50.770 43.280 5506.000 6779.000 137.000 1590.000 156.000 866.600 40.240 4.322
2 -1.050 1.870 69.930 2048.000 305.800 33.650 1.315 7.640 53.740 45.840 5248.000 6472.000 85.000 1434.000 164.000 891.700 43.280 4.665
3 1.050 2.470 56.240 2048.000 682.900 35.430 1.344 8.080 57.980 48.570 4782.000 6137.000 145.000 1533.000 182.000 914.100 45.870 4.925
4 1.050 2.410 67.390 2025.000 775.400 31.510 1.376 8.900 50.200 40.470 6436.000 6668.000 340.000 1680.000 174.000 939.900 38.660 4.518
1974 1 1.100 2.810 67.160 2008.000 226.000 31.8950 1.414 9.180 47.780 45.460- 4785.000 6171.000 486.000 1687.000 163.000 948.400 42.780 4.518
2 1.100 2.560 70.050 2160.000 369.600 28.190 1.454 9.270 39.800 40.010 3656.000 6458.000 787.000 1391.000 181.000 969.500 36.730 3.744
3 1.100 3.400 65.680 2109.000 701.600 23.780 1.499 9.470 34.640 43.910 4148.000 5703.000 1504.000 1914.000 242.000 998.000 39.530 3.743
4 1.100 3.480 69.640 1849.000 624.100 18.320 1.542 9.800 29.310 38.190 5103.000 5705.000 1665.000 2519.000 232.000 1015.800 35.780 3.102
1975 1 1.100 2.870 62.530 1870.000 174.600 18.150 1.570 9.890 27.390 35.720 3962.000 5672.000 1630.000 2223.000 208.000 1025.400 32.480 2.681
2 1.100 2.830 59.360 2103.000 303.600 22.850 1.595 9.320 34.670 48.030 4687.000 5175.000 1682.000 2420.000 273.000 1092.200 42.920 3.485
3 1.100 3.000 51.020 2121.000 657.500 21.910 1.629 8.660 35.540 48.640 5205.000 5170.000 1933.000 3120.000 316.000 1095.700 41.320 3.881
4 1.100 2.620 56.040 2032.000 667.500 21.460 1.655 8.560 38.060 46.050 6835.000 5099.000 1899.000 3188.000 305.000 1124.100 41.080 3.883
1976 1 1.500 2.600 58.100 2136.000 217.800 25.540 1.671 8.590 39.190 38.710 4593.000 6535.000 1389.000 2750.000 239.000 1152.500 35.890 3.892
2 1.500 2.730 56.070 2334.000 388.700 29.480 1.692 8.490 48.890 41.420 4758.000 6119.000 1463.000 2331.000 257.000 1170.600 38.640 4.408
3 1.500 2.700 58.940 2392.000 750.100 22.600 1.718 8.250 38.100 37.300 4886.000 6386.000 '1650.000 2615.000 258.000 1182.800 33.840 4.466
4 1,500 2.280 71.830 2205.000 701.800 21.640 1.738 38.120 36.400 39.000 7283.000 5855.000 1645.000 2925.000 236.000 1221.500 35.110 4.016
1977 1 2.000 2.370 65.900 2201.000 223.600 24.500 1.769 8.050 37.770 37.880 4757.000 6656.000 1065.000 2536.000 209.000 1250.100 34.630 4.553
2 2.000 2.200 62.470 2447.000 380.500 26.610 1.805 7.920 41.100 40.770 4944.000 6331.000 1472.000 2164.000 226.000 1286.000 37.290 4.762
3 2.000 1.740 60.980 2474.000 718.800 25.580 1.833 7.820 41.160 40.470 5579.000 6344.000 1640.000 2401.000 224.000 1323.200 36.500 .4.312
4 2.000 1.950 68.320 2296.000 690.200 24.570 1.853 7.930 40.700 42.420 8124.000 6268.000 1308.000 2771.000 221.000 1361.200 38.390 4.455
1978 1 2.000 2.060 64.680 2385.000 240.800 30.120 1.885 8.280 47.890 45.770 5321.000 6984.000 723.000 2319.000 183.000 1398.000 41.600 4.795
2 2.000 2.310 63.470 2610.000 422.000 37.920 1.934 8.640 58.000 55.030 5470.000 6820.000 698.000 2146.000 212.000 1440.700 50.070 5.268
3 2.000 2.020 61.840 2630.000 719.100 38.560 1.979 8.880 62.710 53.750 6416.000 6719.000 825.000 1993.000 206.000 1482.100 48.560 6.072
4 2.000 2.060 67.720 2503.000 716.000 40.540 2.018 9.150 66.520 54.760 7212.000 6942.000 - 572.000. 2013.000 197.000 1531.000 50.680 6.442
1879 1 2.100 2.140 ©6.800 2623.000 299.100 50.360 2.069 9.890 80.930 65.420 4782.000 6949.000 235.000 1565.000 148.000 1580.200 61.220 7.571
2 2.100 2.420 72.470 2922.000 500.100 54.370 2.141 10.570 86.830 72.510 5070.000 6330.000 197.000 1370.000 147.000 1612.800 68.180 8.023
3 2.100 2.500 73.610 2934.000 773.900 48.590 2.212 10.790 82.380 65.880 5151.000 6155.000 589.000 1340.000 164.000 1663.800 60.360 7.608
4 2.100 2.350 84.120 2739.000 779.000 47.060 2.272 11.000 82.180 67.180 6762.000 5929.000 736.000 1656.000 168.000 1710.100 62.430 6.849
1980 1 2.250 2.270 80.790 2777.000 394.500 49.320 2.366 12.070 80.440 66.880 4334.000 6431.000 101.000 1450.000 163.000 1766.900 62.430 -5.903
2 2.250 2.420 83.470 3015.000 550.700 44.190 2.452 13.650 70.430 64.650 4717.000 5795.000 849.000 1375.000 174.000 1781.000 60.120 4.835
3 2.250 2.930 73.860 2810.000 741.600 45.140 2.498 13.250 75.770 70.820 5567.000 5902.000 905.000 1608.000 201.000 1845.500 64.250 5.985
4 2.250 3.270 82.130 2751.000 744.800 44.250 2.562 11.890 74.260 65.510 6134.000 5948.000 818.000 1900.000 187.000 1902.900 61.860 6.153
1981 1 2.400 3.210 78.930 2871.000 408.700 42.790 2.629 12.900 70.590 61.990 4378.000 6279.000 558.000 1577.000 172.000 1967.600 58.940 5.581
2 2.400 3.220 75.310 3116.000 568.100 43.070 2.680 14.190 66.620 66.680 5093.000 5778.000 991.000 1526.000 200.000 2010.400 61.560 5.680
3 2.400 2.820 70.930 3101.000 806.600 43.520 2.767 15.040 65.040 66.530 5054.000 6170.000 831.000 1660.000 218.000 2092.000 61.830 5.523
4 2.400 2.400 80.080 2897.000 793.400 38.320 2.807 15.710 62.720 60.170 5307.000 5757.000 1175.000 1881.000 186.000 2120.500 §7.030 5.217
1882 1 2.550 2.470 72.380 2918.000 420.600 38.050 2.830 15.260 63.050 63.360 5233.000 6151.000 617.000 1738.000 173.000 2207.200 58.210 5.156
2 2.550 2.640 69.040 3144.000 541.500 42.460 2.873 14.840 66.480 70.460 5372.000 5886.000 857.000 1685.000 214.000 2241.800 65.580 5.371
3  2.550 2.330 63.130 3162.000 780.500 42.220 2.928 14.420 66.530 64.190 5592.000 6253.000 679.000 1787.000 225.000 2278.600 60.000 5.196
4 2.550 2.280 69.420 2943.000 779.200 37.090 2.934 13.800 63.230 58.870 6855.000 6073.000 885.000 2144.000 206.000 2318.100. 54.210 4.734

'L
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Table 11--continued.

< Variables >
Year Qtr LOAN PCORN QHOGS QCHIX QTURK  PCOWS CPI INT  PFEED PFED PLAC QFED  QNONFED qcou QBs Y PGOOD BPV
1983 1 2.650 3.620 67.370 3062.000 477.400 40.080 2.832 12.830 67.280 61.520 4536.000 6434.000 408.000 1701.000 189.000 2345.500 55.740 4.805
2 2.650 3.100 72.220 3276.000 ©600.700 42.760 2.969 11.770 ©6.920 67.040 5436.000 6246.000 702.000 1694.000 209.000 2387.700 60.900 5.543
3 2.650 3.300 71.240 3138.000 786.000 39.510 3.004 11.370 58.010 60.830 5288.000 6657.000 764.000 1907.000 220.000 2447.900 56.040 5.952
4 2.650 3.210 81.110 2924.000 784.800 35.050 3.030 11.820 61.620 60.610 6879.000 6143.000 890.000 2294.000 181.000 2520.400 55.630 5.976
1984 1 2.550 3.130 72.690 3093.000 451.000 38.990 3.063 12.050 66.310 67.580 5146.000 6457.000 468.000 2080.000 164.000 2612.700 60.760 6.285
2 2.550 3.350 70.410 3357.000 615.000 42.400 3.097 12.100 65.300 66.010 4980.000 6351.000 785.000 1998.000 209.000 2646.300 59.680 6.886
3 2.550 3.090 64.990 3344.000 810.700 40.510 3.130 12.610 63.%40 64.280 5984.000 6423.000 753.000 2170.000 217.000 2683.800 58.110 6.726
4 2.550 2.620 75.810 3223.000 808.100 37.330 3.153 13.100 65.580 63.490 7175.000 6240.000 696.000 2373.000 198.000 2729.600 58.030 5.989
1985 1 2.550 2.630 69.570 3272.000 506.100 41.680 3.174 12.810 68.300 62.240 4942.000 6675.000 211.000 1879.000 171.000 2762.200 57.070 5.428
2 2.550 2.700 71.150 3562.000 660.000 41.220 3.236 12.500 67.010 57.660 4769.000 6539.000 664.000 1629.000 195.000 2848.400 53.820 5.685
3 2.550 2.450 68.520 3535.000- 898.400 36.000 3.212 12.160 60.840 52.160 5236.000 6745.000 720.000 1691.000 197.000 2847.200 46.920 5.869
4 2.550 2.300 72.400 3391.000 877.600 34.390 3.265 12.030 62.070 42.080 7041.000 5869.000 721.000 2190.000 197.000 2906.600 55.310 6.232
1986 1 ~ 1.920 2.320 67.930 3414.000 556.000 36.850 3.273 11.400 62.600 57.220 4954,000 6512.000 323.000 1885.000 165.000 2966.000 52.550 5.898
2 1.820 2.260 67.720 3673.000 717.000 37.540 3.265 11.250 59.740 54.520 4846.000 6578.000 806.000 2006.000 181.000 3022.400 48.520 6.289
3 1.920 1.680 61.910 3620.000 938.000 38.120 3.288 11.250 64.080 58.910 6103.000 6640.000 881.000 1941.000 191.000 3038.200 52.160 6.221
4 1.920 1.500 67.770 3558.000 921.000 36.370 3.308 11.000 64.740 60.310 6444.000 6097.000 777.000 2128.000 177.000 3061.600 54.940 6.170
1987 1 1.820 1.430 66.460 3732.000 668.000 42.360 3.345 10.100 70.500 60.460 5309.000 6494.000 456.000 1652.000 163.000 3125.900 54.840 6.583
2 1.820 1.700 £3.000 3910.000 867.000 44.440 3.383 10.000 73.430 68.600 5478.000 6348.000 747.000 1602.000 180.000 3130.600 61.080 7.761
3 1.820 1.520 64.630 3966.000 109.800 46.540 3.426 10.000 79.030 65.040 6348.000 6805.000 600.000 1636.000 182.000 3195.300 58.660 7.762
4 1.820 1.670 76.200 3891.000 108.100 45.880 3.456 10.700 78.470 64.310 6360.000 6309.000 588.000 1717.000 167.000 3272.800 59.550 7.733
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APPENDIX B

INSTRUMENT VARIABLE EQUATIONS AND PREDICTED VALUES



74

Instrument Variable Equations

PFEED = .491 CONSTANT - 1.685 D2 -~ 2.609 D3 - 1.853'D4 - .112 INTy
{.020) (-1.045) (-1.908) (-1.577) (-.216)

+ .260 INT4_; - 1.572 PCORN; - 3.505 PCORN;_; + 5.884 BPV,
(.471) (-.830) (-1.625) (4.317)

f.234 BPVi_y + .032 Yy - .040 Y;_; + .001 QCOW;_,

( 362) (.975) (-1.327) (.416)

+ .310 PGOODy_; + .632 PCOW,_, + .219 PFED;_,

(.584) (1.517) (.694)
- .144E-03 PLACy_, + .001 QFEDy_, - .001 GNFSH,_,
(-.200) (.578) (-.249)
R2 = .926 Sy = 1.759 ' DW = 2.156

PLAC = 11603.000 CONSTANT + 151.210 D2 + 989.090 D3 + 2154.700 D4
(1.957) (.689) (4.074) (9.913)

- 5.096 INT; - 11.238 INT{_; - 1007.200 PCORN,
(-.041) (~.086) (-2.191)

- 104.700 PCORN,_4 + 631.130 BPVy - 229.770 BPV,_4 - .345 Y;
(-.226) {1.945) (-.580) (-.045)

- 5.297 Yg_y + .431 QCOWy_; + 29.284 PFED,_; - 159.870 PCOW,_,
(-.753) (1.373) (.390) (-.971)

+ 58.379 PFEED;_, - .090 QFEDy_; - 67.114 PGOOD,_,
(.794) (-.206) (-.527)

. = 714 ONFSHy_4
(-1.338)

RZ = .799 Sy = 417.369 DW = 2.142
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PFED = 12.692 CONSTANT + .422 D2 -.950 D3 - 1.073 D4 + .401 INTy

(.485) (.249) (-.625) (-.876) (.725)

-~ .252 INT{_, + 2.619 PCORN; - 3.428 PCORN,_, + 5.158 BPV,
(-.432) (1.282) (-1.503) (3.560)

- 1.631 BPV,_, - .363E-03 Y, - .013 Y,_, - .003 QCOW,_,
(-.954) (-.011) (-.417) (-1.655)

+ .946 PGOODy_, - .445 PCOW,_, - .094 PFEED,_,

(2.574) (-.605) (-.287)

+ .925E-05 PLAC4_; + .001 QFED,_; + .001 ONFSH,_,
(.012) : (.458) (.537)

RZ = .861 Sy = 1.858 DW = 2.038

QFED .= 3271.500 CONSTANT + 287.920 D2 + 351.950 D3 - 45,144 D4
(1.347) (1.166) (1.590) (-.257)

- 37.081 INT, - 20.566 INT,_; - 471.080 PCORN,
(-.471) (-.253) (-1.630)

+ 612.810 PCORN{_4 - 154.520 BPVy - 153.890 BPVi_ 4 + 6.651 Y4
(1.879) (-.830) (~-.620) (1.397)

- 5.477 Yy, + .285 GCOWy_; + 3.201 PFEDy_; + 191.570 PCOWy_,
(-1.224) (1.344) (.068) (2.057)

- 21.122 PFEEDy_, + .359 PLACy_, - 90.086 PGOOD;_,
(-.494) (3.298) (-1.433)

- -166 ONFSHt‘l
(-.623)

RZ = ,600 Sy = 266.245 DW = 2.303
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PCOW = - 4.719 CONSTANT + .284 D2 - .669 D3 - 1.311 D4 + .113 INT,
(~.369) (.345) (-.932) (-2.180) (.430)
- .028 INTy_, - .795 PCORN; - .525 PCORN,., + 3.331 BPV,
(-.100) (-.822) (-.483) (4.800)
- 1.605 BPV,_, + .016 Y, - .024 Y,_; - .001 QCOW_,
(-1.996) (.975) (-1.565) (-1.107)
+ .214 PGOOD,_,+ .188 PFEED,, + .145 PFED,_, + .001 PLAC_,
(.843) (2.003) (.909) (1.483)
+ .001 QFEDy_; - .001 QNFSH,
(1.708) (-.069)
RZ = .953 Sy = .890 DW = 2.527

TOTNF = 6737.500 CONSTANT + 337.270 D2 + 560.350 D3 + 741,290 D4
(2.668) (1.679) (2.906) (4.720)

+ 14,050 INT; - 47.300 INTy_, + 434,700 PCORN;
{.204) (-.653) (1.719)

| , ~ 228.640 PCORNy_y - 16.025 BPVy + 208.220 BPV,_ , - B.314 Y,
i (~.806) (-.093) : {.969) (-1.984)

{1.490) (.122) - (-.602)

| - 15.296 PFEEDy_; - .199 QFEDy_; - 34.984 PGOOD,_,
(-.382) (-1.016) (-.537)

= .211 PLAC4_y + .571 TOTNFy_,
(-.233) (4.317)

2.645

H

R¢ = .931 Sy = 231.885 DW
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Table 12. Predicted Values from Reduced Form Equations.
Variables

YEAR QTR QFED PLAC TOTNF PFED PFEED PCOW
1973 1 6779.000 5506.000 1883.000 43,280 50.770 30.670
1973 2 6435.260 5125.320 1894.070 35.126 40.440 26.038
1973 3 6410.000 5242.490 2114.850 35,019 39.719 25.023°
1973 4 6165.350 6158.630 2325.290 31.400 37.596 22.926
1974 1 6600.790 4039.400 1925.720 30.206 34.112 22.127
1974 2 6479.330 3852.550 2570.170 28.462 29.673 19.534
1974 3 5697.770 4285.410 3542.450 28.569 25,302 16.173
1974 4 5176.410 5108.270 4661.070 26.348 19.054 12.171
1975 1 5612.770 4058.850 4232.350 23.501 16.762 11.627
1975 2 5602.270 4666.140  4431.130 26.538 19.969 13.242
1975 3 5482.500 5003.700 4822.040 28.643 22.313 13.912
1975 4 5675.370 6788.770 5381.030 24.871 22.214 12.765
1976 i 6175.240 4831.750 4325.950 26.009 23.864 14.823
1876 2 6194.680 4841.310° 4307.390 _ 25.386 24,671 15.630
1976 3 6391.270 5365.770 4173.560 23.714 24.278 15.493
1976 4 5888.370 6992.380 4826.450 20.879 20.084 12.088
1977 1 6546.510 5234.110 3923.150 24.308 23.943 14.995
1977 2 6274.930 5451.120 3969.810 23.795 23.865 15.037
1977 3 6406.050 5826.310 4035.260 22.116 22,373 13.878
1977 4 6052.530 7085.070 4384.210 23.172 23.973 13.796
1978 i 6956.700 5338.370 3182.110 24,305 25,768 16.455
1978 2 6430.740 5296.200 3175.620 26.247 28.000 17.948
1978 3 6828.530 5962, 350 2828.840 27.340 32.793 20.207
1978 4 6568.980 7107.060 2B64.840 27.426 33.259 20.012
1979 1 6885.780 5290.970 1751.740 30.357 37.999 23.602
1979 2 6195.370 5107.010 1B82.470 35.536 43.244 26.497
1979 3 6413.610 5194.610 1914.360 30.411 37.827 22.713
1979 4 6014.210 6633.930 2495 .460 27.082 33.158 19.681
1980 1 6508.650 4497,210 1771.760 26.700 31.952 20.160
1980 2 6060.020 4644.,650 2134.830 25.284 28.766 18.279
1980 3 5973.040 5475.420 2744.660 27.630 28.872 17.667
1980 4 5826.930 6479.130 2980.170 26.424 28.460 17.068
1981 1 6325.950 4437.930 2332.450 24.372 26.561 16.728
1981 2 5859.270 4739.500 2733.830 25.288 24,416 16.161
1981 3 6147.170 5311.,930 2978.150 23.961 23.135 14.786
1981 4 5735.,720 6666.660 3110.390 22,983 24,034 13.908
1982 1 5982.750 4720.180 2539.060 22.992 24,452 14,382
{982 2 5805.420 5081.270 2704,090 23.726 22.830 14.749
1982 3 6109.770 5551.150 2908.090 22.897 22.694 14.076
1982 4 6088, 600 6936.240 2933.120 20.194 22.544 12.921%
1983 1 6357.640 4640.790 2621,330 20.749 21.630 13.226
1983 2 6275.790 5062.420 2602.760 20.632 21.239 14.054
1983 3 6497.820 5480.530 2876.770 21.708 21.811 13.880
1983 4 6165.380 6688.720 3280.290 20.143 20.717 12.152



Table 12--continued.
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Variables
YEAR QTR QFED PLAC TOTNF PFED PFEED PCOW
1984 1 6593.150 4954,060 2562.990 20.540 21.630 13.607
1984 2 6135.870 5057.170 2849.770 22.705 22.381 14.394
1984 3 6390.300 5462.010 3206.180 19.980 20.625 12.542
1984 4 6377.920 6808.860 3237.690 17.923 18.830 11.464
1985 1 6685.340 4919.890 2365.580 18.262 20.736 12.757
1985 2 6499, 450 5058.270 2300.740 19.090  21.450 13.440
1985 3 6333.430 5538.340 2921.080 17.450 18.351 11.311
1985 4 6098.690 7072.680 3118.130 16.926 18.430 10.674
1986 1 6629.300 4915.600 2346.100 17.689 18.611 10.907
1986 2 6446.720 5282.500 2514.620 18.390 19.903 12.266
1986 3 6540.420 5825.320 3226.520 15.104 17.464 10.039
1986 4 6428.250 7006.320 3070.730 16.501 19.458 10.969
1987 1 6539.410 5212.900 2341.710 17.83¢9 21,989 12.234
1987 2 6431.890 5258.580 2506.700 20.139 22.419 13.552
1987 3 6577.310 5813.670 2685.190 19.517 22.043 13.082
1987 4 6640.300 6987.270 2477.140 18.693 23.009 13.459
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APPENDIX C

REDUCED FORM
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The reduced form of the beef model is obtained by solving the
structural equat%ons for the endogenous variables. The system of nine
cattle price and supply equations can be written in matrix form as:
BYy = a¥y(L) + PXp(L) + up - - (c.o1)

where

Yi (L) P x 1 vector of lagged endogenous variables with lags

beginning in period 1.

Xg(L) = K x 1 vector of lagged exogenous variables with lags
beginning in period O.

Uy = G X 1 vector of disturbances.

Y = G x 1 vector of contemporaneous endogenous variables.

o = 6 x P matrix.

T = G X K matrix.

B = 6 x G matrix.

Solving equation (5.01) for Y, yields

1]

Yo = B lave(L) + poirxg (L) + gl E (C.02)
or

Vi

1]

The reduced form coefficients, "1 and T,, are presented in Table 13.



able 13. Reduced Form

Coefficients.

idogenous

- Exogenous Variables
yriables BPV BPV-1 Y  E(PFED-1) E(PGOOD-1) E(PFEED-1)  PCORN  PLAC-1 PLAC-2 INT  E(QFED-1) E(QNFSH-1) E{(QCOW-1) E(QCOW-2) 02 D3 D4 CONSTANT ~ E(PLAC-1) E(TOTNF-1) E(PCC
f’pFEED 4.250  -2.673 -.006 .51l -0- .518 -.424  -.001 -0-  -.037  -.001 -0- -0- -0- -.328  -l.622 -1.312 12.441 .00l -.001
fm.Ac 293.032 -184.269 -.424 35.229 -0- -38.263  -455.884  -.032 -0- -36.868  -.063 -0- -0- -0-  1321.506 1744.667 2696.844 1556.099  .768 -.038
PFED 5.507 -3.463 -.008  .662 -0- -.011 -.128  -.001 -0-  -.010  -.001 -0- -0- -0- -.653  -1.784  -1.645  22.553  .215£-03  -.001
QFED -0- -0-  -0- -0- -0- -0- -0-  .323 -0- -0-  .648 -0- -0- -0- 61.109 258.280 -150.220 393.230  -O- -0-
PGOOD 5.482  -3.401 -.010 -.013 .589 -.015 -174  -.001 -0-  -.014 -.001 -0- -0- ~0- -.574  -1.706  -.651  25.247  .292E-03  -.001
QNFSH -0- -0-  -0- -0- -0- -0- -0-  -.449 .220 -0- -0- .935 -0- -0-  -478.260 -160.520 -65.597 1490.000  -0- -0-
PCOW 3.363 -.150 -.020 .029 -0- -.031 -.370  -.256E-04  -0- -.030 .514E-04  -0- -0- -0- -.424  -1.181  -1.404  26.017 .00l -.002
qcow 50.228 135.996 -1.393 -26.000 -0- -31.471 -4.192  .023 -0-  -.506  .047 -0- .593 .653 537.938 725.451 669.889 1217.292 .01l -.145 14..
CTOTNE -113.245  71.213  .164 -13.615 -0- 14.787  176.181  .012 -0- 14.248  .025 -0- -0- -0- 433.741 583.556 710.278 G27.430 ~-.297 .979
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