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AGRICULTURAL ECONOMICS RESEARCH

VOL. 28, NQ, 3, JULY 1974

Demand for Feed Ingredients by U.S.

Formula Feed Manufacturers

By Karl D. Meilke!

In 1969, formuia feed manufacturers utilized 23.1 percent of all the feed grains and
wheat fed to livestock. Estimates of aggregate demand by the mixed feed indirstry for
corn, oats, barley, grain sorghum, and wheat are presented. As expected, all of the feed
grains have elastic demands. Grain sorghum has the highest direct price elasticity (—5.42),
followed by corn (—4.81), ocats (—3.82}, and barley (—2.75). The direct price elasticity of
wheat is estimated to be —0.85. The location of feed manufacturers is found to play an

important role in the demand for feed ingredients.

Keywords: Barley, Corn, Demand, Demand elasticity, Demand functions, Feed grains,

Grain sorghum, Livestock feeding, Oats, Wheat,

Use of feed grains by formula feed manu-
facturers in the United States has been in-
creasing for at least the past 20 years. In 1949,
10.2 million tons of feed grains and 1.3 million
tons of wheat were utilized by the formula feed
industry (8). This represented less than 11
percent of the total feed grains and wheat fed in
1949. By 1969 (the latest year for which these
data are available) the formula feed industry was
consuming 31.5 million tons of feed grains and
0.8 million tons of wheat, or 23.4 pereent of the
total feed grains and wheat fed to livestock (6).
The total amount of the individual feed grains
fed and the percentages used in formula feed for
1949 and 1969 are shown in table 1.

The mix of feed grains used by formula feed
manufacturers has also changed since 1949 when
6.9 million tons of corn, 0.6 million tons of
grain sorghum, 0.8 million tons of barley, 1.8
million tons of oats, and 1.8 million tons of
wheat were used in manufaciured feeds (8). By
1969, 19.8 million tous of corn, 7.6 million tons
of grain sorghum, 2.4 million tons of barley, 1.7
million tons of oals, and 0.8 million tons of
wheat were utilized in formula feeds {6, p. 17).
The use of comn and barley tripled while the use
of grain sorghum increased 10 times and the use
of oats held steady.

There are three basic types of formula feeds,

1 would like to acknowledge the encouragement and
assistance given by Dale C. Dahl, Department of Agri-
culiurat and Applied Economics, University of Minne-
sofa, and the two journal referees. Valuable insights into
the data collection procedures were provided by George
Allen and Earl Hodges, ERS, and Fred Thorp, SRS,
USDA,
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each with different requirements for ingredients.
They are complete feed, supplement feed, and
premix {6, p. 2). Complete feeds contain all the
nufrients needed in the nonroughage portion of
an animal’s diet, Complete feed is the major user
of feed grains and is the dominant type of feed
manufactured in States deficit in the production
of feed grains. Supplement feed is combined
with other feed ingredients to improve the
nutritive balance in an animal’s diet. Supple-
ments are produced heavily in feed grain surplus
States where they are mixed with farmers’
home-grown grain. Supplements contain large
amounts of high protein ingredients as well as
vitamins and minerals. Premixes are formula-
tions of one or more microingredients, such as
vitamins, trace minerals, or drugs, mixed with a
carrier, The premix is used to distribute micro-
ingredients evely throughout a formula feed.
Premixes are heavy users of all the microingre-
dients, and their production is centered in the
Corn Belt.

Feed manufacturers are expected to be more
responsive than individual livestock producers to
changes in the price of individual ingredients.
This is because the large amounts of feed mixed
by feed processing firms enables them to expend
considerable resources in the assessment of the
relative prices of the various ingredients and of
interstate price differentials. Also, the individual
livestock producer is unlikely to sell home-grown
grain and then repurchase some other feed grain
unless relative prices aie very favorable.

Linear programming has been widely adopted
by the formula feed industry and is used to
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Table 1. Use of feed grains and wheat by U.S. formula feed manufacturers, 1949 and 1969

Crop year 1949

Calenday year 1969

Taoatal
amount
fed

Amount used
in formula
feed

Formula feed use/
total feed use

Total
amount
fed

Amount used
in formula
feeds

Formula feed use/
total feed use

Mil, tons

Corn 79.4
Grain sorghum 1.8
Oats 18.1
Barley 3.3
Wheat 3.3

Total 106.9

Mil. tons

6.9
0.6
1.9
2.8
1.3

11.5

Percent Mil, tons

8.7
38.3
9.9
24.2
39.4

10.7

99.8
i7.6
11.6
5.6
5.8

140.4

Mil. tons

19.8
7.6
1.9
2.4
0.8

32,5

Percent

19.8
43.2
16.4
428
13.8

231
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Sources: The Formula Feed Industry, 1969: A Statistical Summary, U.8. Dept. Agr., Statis. Bul. 485, Feed Con-
sumed by Livestock: Supply and Disposition of Feeds, 1949-50 by States, U.S. Dept. Agr,, Statis. Bul, 145,

determine least-cost rations. With the aid of
linear programming, feed processors can vary the
composition of their mixed feeds within limits
sel by nutritional constraints. As early as 1956,
Mighell pointed out that the expansion of the
formula feed industry would have a stabilizing
influence in feed grain markets by tending to
keep the prices of alternative feeds more nearly
in line with their marginal feed substitution
values (13).

A large formula feed industry has two impli-
cations for grain marketing. First, an increase in
the level of substitution between grains reduces
the extent to which the price of a single grain
can be set independently of the prices of other
feeds, should this ever be desirable from a policy
point of view. Second, geographic variations in
the prices of ingredients could result in consider-
able increases in interstate grain shipments.

This model is an attempt to show how the
aggregate feed manufacturing industry reacts to
changes in the prices of the major feed ingre-
dients. Linear programming can indicate how a
cost-minimizing firm should adjust its ingredient
use to obtain a least-cost ration under a certain
set of specific nutritional constraints, but it
cannot indicate how industry demand will
change, given the different types of formula feed
produced.

This study has at least two purposes. They are
(1) to indicate the relative degree of substitution
among the feed grains, and (2) to show how
price variations may affect the ingredient needs
of the formula feed industry under different
ingredient price and growth assumptions.

555-880 D - T4 ~ 2

Objectives

This study provides estimates of the demand
by formula feed manufacturers for corn, oats,
barley, grain sorghum, and wheat. The study
answers the following types of questions:

(1) What are the direct and cross price
elasticities among the different feed grains?

(a) What effect would a high price for
one of the major feed grains, perhaps as the
result of a poor crop, have on the demand for it
and the other feed grains?

(2) What effect does location play in the
demand for feed grains?

(3) How will the expansion of the formula
feed industry affect the demand for feed ingre-
dients?

(4) Do different types of formula feed have
different ingredient needs?

There is no published information available
that estimates the aggregate response of feed
manufacturers to ingredient price changes. Like-
wise, although the feed grains have always been
assumed {o be very close substitufes, no one has
been able to estimate the relevant cross elasti-
cities of demand. This study should fill a part of
this knowledge gap.

Data

The quantity data used in this analysis come
from a survey of feed mills conducted by the
Economic Research Service (6). The survey was
an attempt at a complete census of all U.S, feed
mills producing over 1,000 tons of formula feed
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in 1963. The survey was conducted uirder the
authority of the Defense Production Act of
1950, as amended, and response to the question-
naire was mandatory, Of the feed milling estab-
lishments surveyed, 7,267 produced over 1,000
tons of formula feed in 1969, The sample was
expanded by approximately 9 percent to allow
for unusable questionnaires and firms that may
have been missed by the survey. Therefore, the
final compilation of data represented the re-
sponses of 7,917 feed processing establishments.

Feed ingredient usage was reported by 4,833
firms that mixed some primary feed in 1969, A
primary feed is defined to be a feed processed
from the ground up, although it may contain a
premix used at a rate of less than 100 pounds
per ton of finished feed (8, p. 2).

Prices paid for feed ingredients were not
collected along with the quantity data in the
survey of feed mills. Therefore, before any
demand analysis can ba undertaken, prices have
to be obtained. The only comprehensive set of
price data collected, by State, is published by
the Statistical Reporting Service and relates to
the prices received by farmers for feed grains
(20). The farm price in different States reflects
the transportation differentials between States
and any premium or dockage due to quality
differences. The farm price for the feed grains is
calculated by taking a simple average of the
monthly prices received by farmers during ealen-
dar year 1969. The monthly prices reflect the
cost of storing grain from one month to the
next. Feed manufacturers purchase grain stead-
ily throughout the year and do not store
ingredients for long periods. Data in the feed
mill survey indicate that feed manufacturers
maintain slightly more than 30 days inventory
of grain (6, p. 45). Hence, it is not necessary to
weight prices more heavily in some months than
others in computing average farm prices,

A study by the U.S. Department of Agricul.
ture alsc indicated that seasonality in the pro-
duction of manufactured feed was not great.
Production varied from a peak of 8 percent
above average in April to 6 percent below
average in August (23, pp. 30-34).

Since the price data are collected at the farm
level, the published prices have to be adjusted to
reflect the wholesale price. The margin between
the prices received by farmers (farm price) and
the prices paid by feed manufacturers {wholesale
price) includes charges for handling, assembling,
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and blending of the grain ingredients. The farm
prices of feed grains are adjusted to reflect
wholesale prices by adding a margin for the
assembly function. The margin is computed
irom data collected by the U.S. Department of
Agriculture on the cost of handling grain at

- country and terminal elevators in six regions of

the United States (16).2

For, some States, prices received by farmers
for feed grain are not reported. In these States
estimates of the prevailing wholesale prices
during 1969 were obtained from private trade
sources,?

The Model

A single-equation demand function for each
of the feed ingredients is estimated using ordi-
nary least squares. Identification of the demand
curve is possible, using single-equation methods,
if we assume that feed manufacturers consider
the major feed ingredient prices as fixed. If feed
manufacturers consider feed grain prices fixed,
the supply facing a particular firm is perfectly
elastic and the regression of quantity on prices
provides parameter estimates of the demand
curves (10, p. 509).

The demand curves for the feed ingredients
are obtained using cross section data collected
from feed manufacturers for 47 States for
calendar year 1969 (6, pp. 16-20), None of the
major feed ingredients were used in all of the
47 States surveyed. The number of observationg
for a particular ingredient varies frem 45 for
corn and oats to 43 for barley, 39 for wheat,
and 32 for grain sorghum,

n computing the marketing margin, grain received
at the feed mill by truck is assumed to come from a
country elevator where it is also received by truck.
Eighty pereent of the grain received at a feed mill by rail
is assumed to originate from a country elevator, and 20
percent from a terminal market where the grain is re-
ceived by rail from a country elevator. The margin be-
tween farm and wholesale prices varies from r low of 3.8
cents per bushel in North Dakota to a high of 6.8 cents
per bushel in several Northeastern States.

It is well known that if the independent variables in
a multiple regression analysis contain measurement
error, the ordinary least squares estimates of the co-
efficients are biased and inconsistent. In this portion of
the study, the chance of measurement error in the price
variables is fairly high. For this reason, the estimates of
the demand parameters should be interpreted as provid-
ing only estimates of the general magnitude for the true
demand parameters, J. Johnston, Econometric Methods
{New York: McGraw-Hill, 1963}, pp. 148-176.
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The same two basic demand equations are
estimated for each of the feed grains, They are:

(1) logQ;=loga+blogP;+clogPF;+d

logCF;+elogL;+ f CC;//CF; + u
and

(2) log Q; =log e+ b log (Pi/PF;) + ¢ log CF; +

d log L; + e CC;/CF; + u

where
@; = quantity of feed ingredient @ used
in State i
P; = price per ton of feed ingredient Q
in State i
PF; = weighted average price per fon of
the other feed grains used in
State §
CF; = quantity of complete formula feed
mixed in State i
L; = a ten-one variable used to indicate
the location of State {

The choice of variables to include in each
equation is based on derived demand theory and
data limitations. The theory of derived demand
for feed inputs is developed by King (%) and will
not be reproduced here. In general the demand
for an input depends on the price of the input,
the price of other inputs, and the price of the
cutput. In this study the inputs are the feed
grains and the output is complete formula feed.
Unfortunately it is impossible to calculate a
representative price for formula feed in each
State. Therefore the quantity of complete for-
mula feed mixed in each State is included as an
independent variable in each equation. This
variable performs two roles: (1} it accounts for
differences in feed grain usage, because of the
size of the formuia feed industry in each State,
and (2) it picks up some of the influence of the
excluded price variable assuming price and guan-
tity move in an inverse relationship.* The
inclusion of the quantity puts certain restric-
tions on the estimated elasticities. In particular,
the demand for each ingredient is estimated
assuming the quantity produced, rather than the
price of the output, remains constant.

“The use of the guantity of feed mixed in the de-
mand equation ran be compared to using the number of
animal units in a demand function for all feed grains,
For example see, R. J. Foote {5).

Theoretically, we would expect the sign of
the coefficient on P; to be negative and the sign
on PF; to be positive, We would expect both the
direct and cross price elasticities to be greater
than one because of the availahility of close
substitutes.

The sign of CF; should be positive and close
to one, A coefficient of one implies that the use
of a feed ingredient varies in direct proportion
with the amount of feed produced. In some
equations the coefficient for CF; is constrained
to equal one,

For most ingredients, the increased pro-
duction of certain types of formula feed has a
greater impact on their use than the increased
production of other types of feed. For this
reascn the proportion of cattle feed produced in
each State is used as a demand shifter. Multi-
collinearity between CC;/CF; and CF; was not a
problem.

L; is a location variable that indicates whether
a State is in the Eastern, Western, or Midwestemn
region of the United States. Figure 1 indicates
the boundaries of the three regions, In general,
the West contains States that are deficit in the
production of corn but surplus in the produc-
tion of one or more of the other feed grains. The
Midwest contains the Corn Belt States, which
are all surplus corn-producing States. The East
contains States that are generaily deficit in the
production of all the feed grains, although there
are a few exceptions. For example, North
Carolina is a surplus corn-producing State. The
location variable is included in the analysis to
pick up two possible influences. First, feed
manufacturers may be reluctant to use ingre-
dients that are unfamiliar to their customers.
This is especially true if the formula feed is sold
with an “open label.”® Second, the location
variables may pick up some of the nonfeed costs
of using ingredients shipped long distances. For
example, North Carolina feed manufacturers
may not use barley because delivery from the
Northwest is uncertain and because of the extra
cost involved in locating distant sources, even
though the price of barley, including transporta-
tion charges, may be slightly cheaper than corn.

Equation (2} is similar to equation (1) except
that relative prices are used instead of absolute
prices. This form of the equation constrains the

5 An open label lists the ingredients included in the
formula feed.
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direct and cross price elasticities to be equal.

All of the demand equations are estimated
using data converted to logarithms, except for
the ratio of CC; to CF;. Logarithmic equations
are preferred when (1) the relationships between
the variables are believed to be multiplicative
rather than additive; (2) the relations are be-
lieved to be more stable in percentage than in
absolute terms; and (3) the unexplained resid-
uals are believed to be more uniform over the
range of the independent variables when ex-
pressed in percentage rather than absolute terms
(4, pp. 37-38). In this analysis it is felt that the
independent variables affect the dependent vari-
ables jointly, rather than additively; therefore,
log-log demand curves are estimated. If an
additive relationship is used for the prices of the
various grains in the demand equation, it implies
that the effect of a change in the price of com,
for example, on the quantity of corn used would
be independent of the price of other feed grains.
It seems more realistic to assume that the effect
of a change in the price of corn is greater when
the prices of the other grains are relatively high
and their usage low than when the other grains

82

are relatively cheap and their usage high. This
amounts to assuming a declining marginal rate of
substitution between corn and other grains. It is
one way of arguing for the constant elasticity
assumption which is implicit in a multiplicative
model.

A word of caution should be given concerning
the interpretation of the elasticities calculated in
this study. The estimates given below are based
on geographic variation in grain prices. This
price variation, over space, allows the estimation
of cross demand effects that are impossible to
detect in time series data, because of the
tendency of feed grain prices to move together
over time.® Therefore the ceteris paribus as-
sumption imposed in estimating the demand
curves, namely that the price of one feed grain
varies while the prices of the other feed grains
are constant, is not likely tc be met over time.
Hence, the demand elasticities for any individual
feed are much larger when holding the prices of

SFor a discussion of the problem of estimating the
eross demand relationships among the feed grains using
time series data, see K. W, Meinken {12).
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other feed grains constant than when allowing
the prices of all feed grains to vary together.?
Consequently, the elasticities calculated in this
study are most applicable in determining how
the use of a particular feed ingredient will vary
when a change in freight rates or cropping
patterns makes it more or less expensive relative
to other feed grains in a State.

Empirical Analysis: Feed Grains and Wheat

Corn. In 1969, 96.8 percent of the 4.717 feed
establishments that used some feed grain re-
ported using com (6, p. 16). Com is the feed
grain against which all other feed grains are
measured. It is unexcelled in feeding poultry,
and because of its net energy value, corn is one
of the best feeds for use in broiler rations. A
large percentage of corn is included in most of
the high energy mashes for broilers. It is an
excellent feed for dairy cattle but is generally
used 4s only a part of the concentrate mixture,
frequently being mixed with oats. Com is also a
good beef cattle feed and unsurpassed for grow-
ing and fattening pigs (15, pp. 415-522).

The statistical estimates of the demand for
corn are presented below. The ¢ values of the
estimated coefficients are in parentheses below
the-coefficients. Since all of the variables have
been converted to logarithms, the coefficients
can be interpreted directly as elasticities.

(3) QCi=2.8~17.01PC; + 5.01PFC; + 1.05CF;
(6.13)  (4.67)  (11.01)

R? =077

(4) QC;=5.3-4.81PC; + 1.4TPFC; + 0.99CF; _
(4.71)  (2.04) (18.00)

0.59 West —0.26 Mwst
(2.40) (3.10)

R? =0.93

(8) QCi=—0.57 ~ 5.14PCy/PFC; + 1.06CF;
(4.50) (10.70)

R? =0,74

7For a detailed analysis of the demand for feed grains
over time, see K. D, Meilke (11),
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where

QC; = quantity of com used in State i
{1,006 tons)
PC; = price per ton of corn in State i

PFC; = average price per ton of all feed

grains except corn in State i
CF; = quantity of complete formula feed
mixed in State { (1,000 tons})

West = a zero-one variable equal to one for
Western States and zero for all
other States

Muwst = 3 zero-one variable equal to one for
Midwestern States and zero for all
other States

Equation (3) is the simplest formulation of
the demand curve for corn. All of the co-
efficients are significant at the 5 percent level,
and the equation explains 77 percent of the
variation in the dependent variable. The direct
price elasticity in equation (3) is —~7.0, and the
cross price elasticity is 5.0. Equation (3) predicts
a 1 percent change in the use of corn in response
to a 1 percent change in the production of com-
plete formula feed.

Equation (4) is the same as equation (3)
except that two location variables have been
added. The major effect of this adjustment is to
lower the direct and cross price elasticities to
~4.81 and 1.47, respectively. Holding all other
variables constant, States will use less com than
those in the Midwest or the East. According to
equation (4) a change in th2 price of com will
have about three times the effect on the
quantity of corn used as will a similar change in
the average price of the other feed grains.®

In equation (5) the two elasticities are con-
strained to be equal, and the estimated elasticity
is found to be —-5.14.°

Grain sorghum. Grain sorghum was utilized
by 62.0 percent of the feed processing firms

8Due to the close correlation among the location
variables and the type of teeds mixed in the different
regions, it was difficult to determine whether the differ-
ent rates of use were due to the difference in the type of
feed mixed or location. If the difference is due to the
type of feed mixed, then increases in the production of
pouliry feed will have a much larger effect on the use of
corn than increases in the production of other types of
feed,

%If the location variables are added to equation (5},
the estimated elasticity falls to approximately one-half

of that found in equation {5),
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reporting ingredient usage in 1969 (6, p. 16).
Grain sorghum is well liked for fattening cattle
and produces nearly as rapid gains as com. The
feeding value of grain sorghum is close to that of
com for poultry, when used in well balanced
rations. If a large proportion of grain sorghum is
used in a broiler ration, it will produce white
skinned and shanked birds. Grain sorghums are
excellent in feeding swine {15, pp. 453-456).
Four demand curves for grain sorghum were
fitted statistically and are presented below:

(6) QGS; =— 4.98 — 7.50PGS; + 9.12PFGS; +
(2.82) {2.10)

0.93CF; + 0.87TMuwst + 1.64West
(3.42)  (2.60) (5.55)

R? =061

(7) QGS; = — 2.42 — T.48PGS; + 0.99CF; +
(2.35) (3.91)

0.76Mwst + 1.60West
(2.78) (5.65)

R? =0.60

(8) QGS; = —4.90 — 5.42PGS; + 6.7TPFGS; +
(1.53) (1.53) (1.46)

1.04CF; + 0.88CC;/CF; +
(8.71)  (1.35)

0.68Mwst + 1.18West
(1.92) (2.65)

R% =0.63

{9) QGS; =—2.78 — 5.35PGS; [PFGS; +
(1.54)

1.09CF; + 0.90CC;/CF; +
(4.21y (141

0.59Muwst + 1.14West
(2.00) (2.65)
R? =0.63
where
QGS; = quantity of grain sorghum used by

formula feed manufacturers in
State i (1,000 tons)

PGS; = price per ton of grain sorghum in
State {
PFGS; = average price per ton of all feed
grains except grain sorghum in
State i
West = a zero-one variable equal to one for
the Western States and zero for
all other States
Muwst = a zero-one variable equal to one for
the Midwestern States and zero
for all other States
CC;/CF; = cattle feed produced as a percent-
age of total complete feed mixed
in State {
CF; = quantity of complete formula feed
manufactured in State { {1,000
tons)

All of the coefficients in equations (6) and (7)
have the correct sign and the t-values for all of
the variables are over 1.64, the eritical value foi
a one-tailed test of significance at the 5 percent
level.

The direct and cross price elasticities for grain
sorghum are both quite high, indicating the
demand for grain sorghum is very elastic. This
seems reasonable since the price of grain
sorghum is such that it can compete with com in
the Midwest and barley in the West. The cross
price elasticities are slightly larger than the
direct price elasticities in equations (6} and (8).

The coefficients on the location variables
show that grain sorghum is used more inten-
sively in the West and Midwest than in the East.

All of the equations indicate that the demand
for grain sorghum will increase about 1 percent
for every 1 percent increase in the production of
complete formula feed. An increase in the
proportion of complete cattle feed mixed, hold-
ing total production constant, will also cause the
demand for grain sorghum to increase,

Oats. Oats were utilized by 86 percent of the
formula feed manufacturers in 1969 (6). Oats
can be used as a part of the ration for swine, but
because of a high fiber conient, they are too
bulky to ke the chief coneentrate. Oats are very
desirable in poultry rations because of certain
special characteristics, such as the tendency to
prevent picking and cannibalism. Oats also im-
prove the growth and feather development of
chicks while helping to prevent mortality. Oats
have a higher value for dairy cows in comparison
with com than would be expected on the basis

St st s S e okt R i e s 2 i g S




of iotal digestible nuirients. Dairymen com-
monly include some ground ocats in the concen-
trate mixture for dairy cattle (15, pp. 427-431).

Equations (10} through {13) are the demand
curves estimated statisticaity ror oats.

(10) QO; = 8.76 — 3.82P0; + 0.85PFO; +
(2.63)  (0.50)

0.83CF; + 0.65CC;/CF; — 0.34West +
(8.75) (2.60) {2.15}

0.08Mwst
(0.51)

R? =0.75

(11) Q0; = —1.24 — 3.07P0;/PFO; + 0.81CF; +
{2.05) {8.19)

0.63CC;/CF; — 0.15West +
(2.40) (1.05}

0.34Mwst
(2.96)

R? =072

(12) QO0; = 3.51 —4.32P0; + 1.21PFC; +
(2.93) (0.69

1.0CF; — 0.69CC;/CF; — 0.3TWest +
(2.68) (2.29)

0.03Mwst
(6.20)

R? =043

(18} Q0; = —1.76 — 3.57P0,/PFO; + 1.0CF; +
{2.35)

8.67CC/CF; —0.1TWest +
{2.48) (1.19)

0.30Mwst
(2.56})

R? =0.36
where
Q0; = quantity of oafs used by formula

feed manufacturers in State i
(1,000 tons)

PG; = price per ton of oats in State {
PFQ; = average price per ton of all feed
grains except oats in State {

West = a zero-one variable equal to one for
the Western States and zero for
all other States

Muwst = a zero-one variable equal to one for
the Midwestern States and zero
for all other States

CCiJOF; = cattle feed produced as a percent-
age of total complete feed mixed
in State i,

All of the variables in equations (10) through
(13} have the correct signs, and equation (10)
explains 75 percent of the variation in the
dependent variable. The coefficient on the PFO
variable in both equations {10} and (12) is not
statistically significant.

The estimated cross demand elasticities of
0.85 in equation {10) and 1.21 in equation (12}
are much smaller than the cross demand elas-
ticities estimated for com or grain sorghum. This
is probably due to the fact that the price of oats,
in most States, is much higher in relation to
feeding value than the prices of other feed
grains. Just the same, oats are utilized in nearly
every State because of the special characteristics
mentioned earlier. To make it profitable to use
oats as a major item in livestock ratios, the price
of other feed graing would have to increase
considerably. All of the equations indicate that
complete cattle feed is a heavy user of oats,

Equations {12) and (13) differ from (10) and
(11} in that the coefficient of CF; is constrained
to equal one. This change increases the estimates
of the demand elasticities.

Wheut. Wheat was used by 68 percent of the
feed manufacturing establishments in 1969 {(6).
In only three States did the amount of wheat
used by formula feed manufacturers account for
more than 10 percent of the total grain used in
the State. Wheat is about equal in feeding value
to com for dairy cows and a good substitute for
corn or barley in faftening cattle. It is slightly
superior to com in feeding swine. Poultry prefer
wheat to all other grains, and a limited amount
is often included in pouiltry rations to increase
their palatability and to furnish variety {15, pp.
437-440).

Presented below are the estimated demand
curves for wheat.
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(14) QW; = —6.70 — 0.85PW; + 3.27TPFW; +
(0.43)  (2.49)

0.90West + 0.66Mwst + 0.T6CF;
(6.67) (4.4 (6.16)

R? =0.69

(15) QW; =— 1.83 — 2.72PW/PFW; + 0.80CF; +
(2.20) (6.73)

0.92West + 0.58Mwst
(6.68) (4.39)

R? =0.67

(16) @W; =—4.63 — 1.83PW, + 3.15PFW; +
(0.92)  (2.31)

1.0CF; + 1.00West + 0.65Muwst
(7.48) (4.19)

R? =0.65

(17) QW; =—2.46 — 2.83PW;/PFW; + 1.0CF; +
(2.24)

1.00West + 0.60Muwst
{7.54) (4.44)

R? =065
where

@W; = quantity of wheat utilized by formula
feed manufacturers in State {
(1,000 tons)

PW; = price per ton of wheat in State {

PFW; = average price per ton of all feed grains
except wheat in State {

West = a zero-one variable equal to one for
Western States and zero for all
other States

Muwst = 3 zero-one variable equal to one for
Midwestern States and zero for
all other States.

The estimate of the direct price elasticity
from equation (14) for wheat is —0.85, while the
cross price elasticity is estimated to be 3.27. The
reason for the large cross price elasticity in
comparison with the direct price elasticity can
be partially explained by the fact that wheat
prices have often been supported at levels that
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remove it from competition with the feed grains.
Consequently, wheat prices are probably not
included in many feed manufacturers’ linear
programming models unless the price of feed
grains is very high.

When the price of feed grains increases, the
cost of the feed manufacturer’s rations also
increases. This signals the feed processor to try
to find alternative nutrient sources that are
cheaper, and wheat will probably be considered,
On the other hand, when the price of wheat falls
into the range where it is competitive with the
feed grains, there is no increase in the cost of the
manufacturer’s output to signal the need for
action. Hence, the feed manufacturer may not
shift from feed grains to wheat as quickly in
response to a change in the price of wheat as he
would to a change in the price of feed grains.
More wheat is fed in the West and Midwest than
in the East, as evidenced by the large co-
efficients on the location variables.

In equations (16) and (17) the coefficient of
the CF variable is constrained to equal one. This
modification results in a somewhat higher direct
price elasticity of —1.83 and a cross price
elasticity of approximately the same size as that
found in equation (14). When the relative price
of wheat is used in the demand functions, the
estimated elasticity is approximately —2,80.1°

Barley. In 1969 the use of barley as a feed
ingredient was reported by 67 percent of the
feed manufacturing establishments (). The use
of barley is especially important in the Western
States. Feeding trials have chown thatf fattening
cattle will gain just as rapidly on ground barley,
fed as the only grain, as on shelled corn. For
dairy cattle, barley is as good as com when
composing 40 to 60 percent of the ration.
Barley is a good feed for hogs, but it needs to be
ground where com does not. For poultry, barley
is less palatable than corn, and due to the hulls,
the growth of chicks is decreased if more than
30 percent of ground barley is used in a chick
starter or more than 15 percent in a ration for
broilers (15, pp. 446-450),

Four demand equations are fitted statistically
for barley.

1®The CCy/CF; variable was included in the demand
equation in preliminary runs. Its estimated coefficient
was not statistically significant, and its exclusion caused
only a small change in the estimated elasticities.




{18) @B; =—3.33 — 2.75PB; + 3.88PFB; +
(1.48}  (1.96)

0.84CF; + 0.93CC;/CF; + 0.95West
(4.78)  (2.90) {6.16)

R? =075

(19) @B; = — 1.45 — 3.13PB;/PFB; + 0.64CF; +
(1.73) (4.76)

0.90CC;/CF; + 0.95West
(2.82) (6.18)

R?* =0.74

(20) QB; =—4.55 — 2.59PB; + 3.81PFB; +
(1.80)  (1.78)

1.0CF; + 0.960C;/CF; + 1.02West
(2.79) {6.23)

R* =075

{21) QB; =— 2.54 — 3,00PB;/PFB; + 1.0CF; +
(1.54)

0.93CC,/CF; + 1.02West
(2.70) {6.25)

R?% =0.74
where

QB; = quantity of barley used in feed
manufacturing in State ¢ (1,000
tons)

PB; = price per ton of barley in State i

PFB; = average price per ton of all feed
grains except barley in State {

West = a zero-one variable equal to one for
Western States and zero for all
other States

CF; = quantity of complete formula feed
manufactured in State i (1,000
tons)

CC;/CF; = cattle feed produced as a percent-
age of total complete feed mixed
in State i.

Eguations (20) and (21) differ from equations
(18) and (19} in that the coefficient of the CF;
variable is constrained to equal one. In general,
this constraint has little effect on the estimated
coefficients. -All of the variables in the demand
functions have the correct signs, but the PB

variable in equations (18) and (20) and the price
variable in equation (21} are not statistically
significant at the b percent level.

The estimated direct and cross price elas-
ticities from egquation (18) are —2.75 and 3.88,
respectively. If the two elasticities are con-
strained to be equal, as in equation (18), the
estimated elasticity is —3.13. The demand for
barley is much stronger in the West than in the
rest of the country. Barley demand also in-
creases when the percentage of cattle feed mixed
increases. The estimated equations explain about
75 percent of the variation in the amount of
barley used in formula feeds,

Summary

Statistical information gathered about corm,
oats, barley, sorghum, and wheat is summarized
in table 2 and table 3.

According to the analysis, the use of grain
sorghum is the most responsive to changes in ifs
own price and to changes in the price of the
other feed grains, In terms of direet price
elasticities, com, oats, barley, and wheat follow
grain sorghum in degree of responsiveness to
changes in their own price. The cross price
elasticity of grain sorghum use with respect to

Table 2. Direct and cross price elasticities calculated
for corn, oats, barley, grain sorghum, and wheat

Elasticity with
Equation respect to:

Commodity number

Price of all
other feed
grains

Own
price

Corn {4}
Grain sorghum (8)
Oats (10)
Wheat {14)
Barley {18)

1.47
8.77
0.85
3.27
3.88

—-4.81
- 5.42
- 3.82
— 0.86
—-2.75

Table 3. Estimated elasticities when the direet and
cross demand elastitities are constrained to be equal

Commodity'

Equation number | Price elasticity

-5.14
-8.35
-3.07
- 2,72
- 3.13

Corn {5}
Grain sorghum {9}
Oats (11}
Wheat {15}
Barley (19)




the price of other feed grains is nearly. twice as
large as that for barley and wheat. The cross
price elasticily of com is lower than that of
wheat and barley but is still greater than one.
Oats are the only feed grain with a cross price
elasticity of less than one.

The elasticity estimates in this study provide
an upper bound for the true direct and cross
price elasticities for the total feed use of the
individual grains and wheat. The typical live-
stock producer, especially one who produces his
own feed, will not be as responsive to price
changes as formula feed manufacturers,

Location plays an important role in the
demand for all of the feed grains., Grain
sorghum, wheat, and barley are used more
intensively in the West than in the Midwest or
East. More oats are utilized in the Midwest and
more cormn in the East than would be expected
on the basis of intarstate price differentials.

The demand for barley, oats, and grain
sorghum is affected by the proportion of total
complete feed production accounted for by
cattle feed. When location and total production
are held constant, an increase in the proportion
of cattle feed mixed will increase the demand
for barley, oats, and grain sorghum.
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