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ABSTRACT

A RECURSIVE MODEL OF THE UNITED STATES
DOMESTIC SOYBEAN MARKET

by Leonardo A. Paulino

This study obtalns parameter estimates relating to
the demands for soybeans, soybean meal and soybean oill 1n
the United States for the marketing years 1946-63. The
investigation also examlines the feasibillity of the
recursive method in analyzing the demand and price
structure of the interrelated markets of these com-
modities.

A four-equation model of the United States soybean
market 1s developed. The quantity of soybeans processed
annually 1s first estimated using variables whose values
are essentlally known at the start of the marketing year.
The generated estimates are then employed for the quantity-
of-soybeans variable in each of the price-determining
equations for soybean meal and soybean oil. The soybean
price equation in the model 1s, in turn, dependent upon
the calculated values of the guantity of soybeans pro-
cessed and the prices of meal and oll from the first
three relationships. For comparative purposes, two
functional forms are used for each set of the four
equations--one set in terms of the "natural" values of
the observations and the other in terms of their loga-

rithms.
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The soybean quantity relationship serves its purpose
well in the framework of the model; in both of the
functional forms used, annual quantities of beans crushed
are accurately estimated. Both of the estimated equations
for soybean oil yield satisfactory coefficients of de-
termination. The soybean meal equation expressed in terms
of "natural" numbers fails to satisfactorily account for
the variations in meal price during the sample period; a
much better fit is shown by the logarithmic form of the
relationship. Fair statistical fits to the observed data
are obtained for the soybean price equations, apparently
reflecting their dependence upon the performance of the
other relations in the model. The estimated coefficients
of the explanatory variables generally exhibit algebraic
signs that are consistent with expected results.

Price flexibility estimates computed from this model
are comparable to previous estimates obtained by ordinary
least squares. They are also comparable to the results
of an earlier investigation that employed a simultaneous-
equations model estimated by two-stage least squares pro-
cedure. The non-logarithmic set of equations in the
present study yields price flexibility estimates, at the
point of means, of -0.74 and -0.77 for wholesale demands
of soybean meal and soybean oil, respectively, and -1.21
for processing demand of soybeans at the farm level.
Constant price flexibtilities shown by the logarithmic

equations are -1.30, -0.72 and -0.82, in the same order.
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In accordance with the results of previous investi-
gations, this study indicates that the demand for soybean
meal in the United States 1s becoming less elastic over
time. Differing from the findings in earlier studies, the
results show that feed grains are complements with soybean
meal. The tendency towards the increased use of prepared
feeds in the United States livestock industry could result
In complementarity between high-carbohydrate and high-protein
feeds. As expected, the prices of soybean meal and soybean
oil are shown to be more important determinants of the
annual price of soybeans than the gquantity of soybeans
processed.

The study concludes by suggesting improvements for
the recursive model and by suggesting some implications
of the results with bearing on price analysis work on

soybeans and other agricultural commodities.
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CHAPTER I

INTRODUCTION

Soybeans, which now occupy a significant position
among the agricultural commoditles iIn the United States,
are a unique crop. They are unique in the sense that,
averaging over the past two or three decades, the value
of soybeans i1s about equally provided by the joint pro-
ducts of meal and oil. The demand for soybeans 1s de-
rived from the demands for soybean meal and soybean oil.
These joint commodities flow into essentially independent
markets; soybean meal enters the livestock industry while
soybean oll joins the edible fats and olls complex of the
food processing industry. An integrated analysis of the
markets for soybeans and soybean products can yield
additional information regarding the interrelated demands
for these commodities.

The complexity of the structure of the markets for
soybeans, soybean meal and soybean oil suggests the use
of simultaneous relations for the above-mentioned analy-
sis. Houck developed an analytical model in this frame-
work and employed both the two-stage and ordinary least
squares methods for estimating the different relation-
ships 1n the model. 1In appraising the results of his

1



1963 study, Houck writes, "Most estimated equations dis-
played expected signs. The LS (least squares) and 2SLS
(two-stage least squares) estimates of the structural
coefficlents are similar in most cases. Several least
squares reduced form equations fitted actual data ex-
tremely well."l The ordinary least squares method was
not appropriate for the model but nevertheless employed
for comparative purposes. Based on these results of
Houck's study, the use of ordinary least squares as a
relatively simple procedure for an analysis of the com-
plex soybean market invites further investigation. But,
i1t would be well to first review the developments re-
garding the methods employed in price analysls work.
Statistical price analyslis work entered a new
dimension in the second half of the present century
following the contributions made by Haavelmo, in 1943
and 1944, regarding the use of simultaneous equations
systems and methods for the quantitative measurements
of economic relationships.2 Studies on price and de-
mand relations before 1950 essentially revolved around

the single-equation approach employing least squares

lames P. Houck (1963) Demand and Price Analysis of
the U. S. Soybean Market, University of Minnesota Agri-
cultural Experiment Station Technical Bulletin 244,

2Tpygve Haavelmo (1943) "The Statistical Implica-
tions of a System of Simultaneous Equations," Econometrica
(11); and (1944) "The Probability Approach in Econometrics,"
Econometrica (12) Supplement.




techniques. The continued use of this method, despite

the recognition that economic relationships exist as
systems which are governed by simultaneity, invited

doubts and began to be questioned. Haavelmo had argued
that the separate determination of each equation con-
tained 1n a group of simultaneous relationships 1is not

a satisfactory procedure since due regard must be given

to the several restrictions that might be imposed on a
varlable which appears in more than one equation. Simul-
taneous equations methods were then subsequently developed,
with much of the initial work done by the Cowles Commission
group.

These developments, however, have not prevented
further applications of the traditional least squares
technique; Fox argued that many of the market demand
relationships for agricultural commodities are such that
multiple correlation methods can be effectively employed.3
With the development of high-speed computers which enabled
small-sample evaluations of both techniques, results seem
to indicate that least squares sometimes will not perform
as well as simultaneous equations methods; however, the
controversy remains unresolved. In a symposium on simul-
taneous equations in 1960, Christ pointed out, "it is not

yet clear that the least squares method for structural

3Karl A. Fox (19%58) Econometric Analysis for Public
Policy (Ames, Iowa: Iowa State College Press).




estimation is dead and should be discarded. . . . The most
important task ahead is to learn more about how to decide
which estimation method is likely to be best for any given
actual econometric problem."“
Wold still believes In the soundness of the tra-
ditional regression methods and argues that "much of the
confusion around the controversial issues can be removed
by bringing out more explicitly logical principles behind
regression analysis."® He evades the objections to the
use of least squares by the selective application of the
technique to sets of economic relations which can be
formulated into "recursive" or '"causal chain" systems.
A distinct computatioﬁal feature of such a system is
that equations can be individually determined by using
estimates of a variable which result from one relation
for the values of the same variable in the other relations,
rather than employing the observed values of the variable
in all the equations where it 1is involved. The appeal of
tre recursive system lies mainly in the justified use of
ordinary least squares; consequently, 1ts advantages

are those which accrue to the analytical method.

Ycarl F. christ (1960) "Simultaneous Equations: Any
Verdict Yet?" Econometrica (28).

SHerman Wold and Lars Jureen (1953) Demand Analysis
(New York: John Wiley and Sons, Inc.)




Objectives of the Study

The objectives of the present study are essentially
twofold. One 1s to analyze the demand and price structure
of soybeans and soybean products in the United States.

For this objective, the estimates of the economic parameters
relating to the domestic demands for soybeans, soybean meal
and soybean oll will be obtained. The other objective is

to determine the feasibility of the recursive technique in
analyzing the interrelated markets of soybeans and soybean

products.
Procedure

A study of the United States soybean market at the
national level 1s made by employing a model consisting
of the following relationships: (1) an estimating
function for the quantity of soybeans processed each year,
(2) a wholesale-price-generating function for soybean
meal, (3) a wholesale-price-generating function for soy-
bean oil, and (4) a farm-level-price function for soy-
teans.

Each of the relationships 1n the above structure
is formed by a combination of endogenous and predeter-

mined variables.6 Relation (1) contains an endogenous

SRichard J. Foote (1958) Analytical Tools for Study-
ing Demand and Price Structures, U. S. Department of Agri-
culture Agricultural Handbook 1&6. A structure is a




variable and several predetermined variables; each of
relations (2) and (3) has two endogenous variables, one
of which appears in (1), besides the predetermined vari-
ables; and relation (4) contains four endogenous vari-
ables, one from each of the first three relations, and

a single predetermined variable. The equations are
formulated as a causal chalin of market relations for
each observation year, the functions belng linked each

/\
\./

Considering each numerical figure and arrowhead in
the above diagram as representing an endogenous variable,
one can easily note the number of endogenous variables
in each of the relationships given earlier. Formulated

as a causal chain, however, the arrowheads represent

process by which a set of economic relations is believed

to be generated. The variables whose values are explained
by the structure are endogenous whlle those whose values
are determined outside of the structure are exogenous;
lagged values of endogenous variables together with ex-
ogenous variables are said to be predetermined. Sta-
tistically, the endogenous variables are assumed to be
correlated with the unexplained residuals iIn the structural
equations in which they belong.




estimates from previous relations. Thus, equation (1)
is an independent function in itself, equations (2) and
(3) both depend on the results from equation (1), and
equation (4) depends on the results of the three previous
relations. Computationally, therefore, each of the
formulated relationships contains only one '"real" endoge-
nous variable since the calculated values of the other
endogenous variables can be considered as predetermined.

The fully recursive systems formulated and described
by Wold possess two properties, namely, (1) the system 1is
recursive in a twofold sense; (a) i1f the development of
the variables is known up to time t-1, the system gives
the variables at time t, and (b) the variables at time t
are obtained one by one; and (2) each equation in the
system expresses a unilateral causal dependence.7 The
set of relationships forming a causal chain in this study
thus differs from the fully recursive types in the extent
of recursiveness. Recursiveness in the present model oc-
curs only within periods; that in fully recursive models
occurs within and between periods.

Foote lists the requisites of a recursive system

8

as follows:

"Wold and Jureen (1953) op. cit.

8Foote (1958) op. cit.



1. At least one equation contains only a single
endogenous varlable. Consistent estimates9 of the coef-
ficients in such equations can be obtained by fitting them
directly by least squares, provided the endogenous variable
1s treated as dependent.

2. At least one other equation must contain only
one endogenous variable 1n additlion to those contalned
in the first set. Consistent estimates of the coef-
ficients 1In the equations can be obtained if they are
fitted directly by least squares, provided calculated
values of the endogenous variables included in the
equations referred to in item (1) are substituted for
actual values before making the computations and the
single new endogenous variable 1s treated as dependent.

3. The recursive system as a whole must be of such
a nature that by successive steps each of the equations
can be transformed into one that contains only a single
endogenous variable other than those which have been
treated as dependent in prior analyses.

The use of calculated values 1n order to determine
the equations where endogenous varlables are made to oc-
cur as causal variables is reasoned out in the following

way:

9Alexander M. Mood (1950) An Introduction to Statistics
(New York: McGraw-H11l Book Co., Inc.). A consistent esti-
mate becomes near the true value of the parameter with
probabllity approaching one as the sample size increases
without limit.




(1) The unexplained residuals in the several

equations within an equatlion system are assumed

to be correlated one with another and, by

definition, an endogenous variable in a particular

equation 1s assumed to be correlated with the un-

explained residuals in that equation. (2) Calcu-

lated values for a given variable in a given

equation are known to be uncorrelated with the

unexplained residuals in that equatlion because

the residuals are ignored in the computations.

(3) Hence, calculated values for an endogenous

varlable obtained from one equation are un-

correlated with the unexplained residuals in

another equation within the same system, and

the calculated serles_becomes 1n effect a pre-

determined variable. 10

The choice of the predetermined variables which
enter in the functional relationships for soybeans and
soybean products is based on a priori theory and on
previous studies made on these commodities., Prelimi-
nary computations also led to the elimination of some
initially-included variables which appeared to contribute
little in explaining variations in the observed values of
the dependent variables. Following the '"traditional
compromise" in the use of regression analysis for economic
relationships, the study includes only those that are be-
lieved to be the main causal factors concerned with changes
in the effect varilables.

As already indicated, all of the formulated equations
are estimated with least squares regression. Two different
economic relationships among the variables are employed.

Sub-model I expresses the relationships as linear in terms

10Foote (1958) op. cit.
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of "natural" numbers and thus assumes the relationships
among the varlables to be additive; on the other hand,
sub-model II equations are linear in the logarithms of

the observed values and therefore assume that the economic
relationships are multiplicative. The estimated equations
In both sub-models are examined as regards the goodness of
fit to observed data and the algebraic signs of the esti-
mated coefficients. Price flexibility estimates obtained
from the model are compared with those found 1n earlier
studies and from more complicated models.

Data for the study cover the 18 marketing years
beginning October, 1946 and ending September, 1964. Price
indexes for product groups and the deflators for actual
price observations are on the 1947-49 base; they refer
to the October-September year and are thus colncident
with the observation periods. The sources of data are
largely the publications of the United States Department

of Agriculture (USDA), mainly from Agricultural Prices,

Grain and Feed Statistics (an annual supplement of

Statistical Bulletin 159), Fats and 0ils Situation, and

Feed Situation. Some data are also drawn from the Soy-

bean Blue Book of the American Soybean Assoclation and

from publications of the Bureau of Labor Statistics on
wholesale prices. The data used 1In this investigation

are presented in Tables 6 to 11 of Appendix A.



CHAPTER II

THE UNITED STATES SOYBEAN INDUSTRY

Some background information about the United States
soybean 1ndustry would be helpful 1n developing a model for
an analysis of the domestic markets of soybeans and soybean
products. Knowledge of the structure of the industry pro-
vides a useful guide in the selection of the relevant
varlables that enter the model. The present chapter 1is
devoted to a discussion of the growth of the soybean
industry in the United States since the mid-1930's, the
domestic utilization of soybeans and soybean products,
the processing of soybeans and the markets into which
these products flow. The tables mentioned in this chapter

are found in Appendix A.

Growth of the United States Soybean Industry

The development of the soybean industry in the United
States underwent rapid strides during the past three decades.
From an average annual soybean production of 56 million
bushels in the 1935-39 period, at which time the country
was ranked third among the world producers of the crop,
output rose to 209 million bushels during the immediate
post-World War II years and then climbed to almost 700

11
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million bushels in 1963. These increased outputs represent
370 per cent and 1240 per cent, respectively, of the 1935-39
level. In a span of three decades, soybean output in the
United States has grown more than a dozenfold. The national
output started to outrank those of other countries in the
early 1950's and by the 1962 season, the harvested soybean
crop of the United States was about 65 per cent of world
production. Corresponding acreage figures for the 1945-49
and 1963 periods are respectively 350 per cent and 940 per
cent of the 1935-39 average annual harvested area. This

is indicative of the relatively stable yields per acre
during the first of the last three decades and a signifi-
cant improvement 1n the past 20 years. But Kromer notes
that the increasing yield per acre of soybeans in the
country during the post-war years reached a '"plateau"

in 1957.11 (Tables 11 and 12.)

The major impetus in the rapid growth of the United
States soybean industry from the late 1930's was initially
provided by the cutoff in the supply of foreign fats and
oils in the Second World War; the consequent need to fill
the domestic requirements in fats and oils stimulated an
increased production of soybeans. Among other factors
which brought about the rise in soybean output during

the period, Goldberg includes the development of the

1lg. w. Kromer 1965) "Trends in U. S. Soytean Acreage
and Production, 1947-65," Fats and Oils Situation, USDA,
April issue.
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mixed-feed industry, the high government support prices,
and the government supply control operations on feed
grains.12 By the end of the war, the domestic market

for soybeans was well established and instead of im-
porting the crop upon return to world normalcy, the
United States accelerated the development of the industry
in order to meet the expanding local demand for soybean
products. Further increases in soybean acreage and im-
proved ylelds made the United States the major exporter
of the crop by the 1950's.

The production location of the crop among regions
in the country has undergone major shifts through the
years.13 In early 1920's the Atlantic States produced
more than three-fourths of the national soybean output.
The center of production moved to the Corn Belt States
in the middle of the 1920's, where continued expansion
during the following decade pushed the output of the
region to over 90 per cent of the national production.
Acreage increases during the World War II years boosted

the Corn Belt output 2.5 times compared to prewar levels

12Ray A. Goldberg (1952) The Soybean Industry (Minne-
apolis, Minnesota: University of Minnesota Press).

13The soybean producing regions given here are composed
as follows: Atlantic States--North Carolina, South Carolina,
Virginia, Maryland, and Delaware; Corn Belt States--Illinoils,
Iowa, Indiana, Ohio, and Missouri; Lake States--Minnesota,
Wisconsin, and Michigan; Delta States--Arkansas, Mississippi,
and Loulslana; Plains States--Kansas, Nebraska, North
Dakota, and South Dakota.
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but the largest relative rise in production among the
reglons was registered by the Plalins States where production
increased almost 40 times. Although the Corn Belt has main-
tained a large lead in absolute production, further ex-
pansions in other areas since World War II, especlally in
the Delta and Lake States, have diminished the relative
share of the region in the total United States output to
about 65 per cent in the 1960's. (Table 13.)

In point of value, soybeans were considered unim-
portant before the war; the estimated value in 1939 was
only five per cent that of corn, the leading cash crop.
This relative value increased to 10 per cent in 1946 and
by 1963, the farm value of soybeans ranked fourth among
the cash crops and amounted to $1.8 billion, or 41 per
cent of the corn value for that year.

Domestic Utilization of Soybeans and
Soybean Products

Although there are many uses of soybeans besides
those of soybean meal and soybean oil (see Fig. 1), the
bulk of the value of the beans comes from these two joint
products. Over the years meal and“oil have exchanged
positions In their value contributions to soybeans. The
share of o0ll in soybean value consistently exceeded that
of meal up to 1947, then fell behind the latter in seven

of the next ten years. Since 1957 the value of meal per
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bushel of soybeans has been larger then that of oil. 1In
the 1963 marketing year, soybean meal constituted 65 per
cent of the value of processed beans. (Table 7.)

Preliminary reports of the 1963 Census of Manu-
factures show that of the non-oil products of soybeans
manufactured during that year, 97.6 per cent were of soy-
bean cake and meal, 1.5 per cent of soy flour and grits,
and the remaining 0.9 per cent of lecithin and other
minor by—products.14 Soybean meal 1s consumed by live-
stock and poultry as a high-protein supplement in feeds,
The increased importance of soybean meal in the United
States livestock industry is well indicated by the rise
In 1its use from 12 per cent of all high-protein feeds
fed to livestock during the 1935-39 period to more than
50 per cent in 1963. (Tabtles 14 and 15.) The non-oil
products of soybeans for human consumption are principally
soy flour and soy grits, which find their way into bakery
and candy products. lecltnin, a by-product in tlrie degum-
ming process of soybean oil, has a numter of uses, among
them as baking ingredient, emulsifier and wood preserva-
tive. (Fig. 1.)

Soybean oi1l forms an Important part of the domestic

supply of edible fats and oils in the food processing

14, s. Bureau of Census, Census of lManufactures,
1963 (Preliminary reports).
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industry. Before World War II it constituted only seven
per cent of the edible fats and oils supply in the United
States; in 1963, soybean oll represented 35 per cent. The
major outlets of soybean oil for food uses are shortening,
margarine and the salad and cooking oils, which absorbed
more than nine-tenths of its domestic disappearance in
1963. During the 1935-39 period soybean oil was eight

per cent of the total gquantity of fats and oils used in
the manufacture of shortening and ten per cent of that

of margarine but by 1963, these percentages were 47 and
75, respectively. The non-food outlets of soybean oll
include the drying oills industry, which absorbs atout

four per cent of trne domestic disappearance, and other
miscellaneous uses such as soaps, insecticides, adhesives
and others. (Tables 16-19.)

A portion of the domestic disappearance of soybeans
goes to seed use which accounts for some £5-6 per cent of
output; a smaller fraction is fed on farms where soybeans
are grown. Other miscellaneous food uses of soybeans, as
beans, absorb small amounts and are part of the "residual"
in official USDA data, a balancing item that also includes
those amounts fed on farms other than where soyteans are

produced. (Table 6.)



Processing of Soybeans

The major portion of United States soybean output
1s processed into meal and oil. Although the quantity
of processed soybeans relative to total supply declined
from 82 per cent to 62 per cent between 1946 and 1963,
bean crushings actually increased 160 per cent above the
initial level. During this 18-year period, a 60-pound
bushel of soybeans yielded annual averages of 46 to 48
pounds of meal and 9 to 11 pounds of oil. (Tables €
and 7.)

Until 1950 more than half of the total quantity of
beans processed were reported crushed by the screw and
hydraulic press methods. Processing is now largely done
by the solvent extraction technigue which has almost
totally replaced the older methods. USDA statistics
indicate that the solvent process was used for atbtout
95 per cent of the beans crushed in 1958, With previous
methods, the crude soybean oil was extracted from cooked
soybeans by mechanlical means; the solvent process separates
the solid and liguid portions of conditioned beans by dis-
solving the oil componenf into a solvent and recovering it
by vaporizing the solvent. The soybtecan flakes also undergo
further treatment tefore trese are processed into meal.

The solvent method of processing soybeans is more effective

in extracting the oil as it reduces the oil content in the
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meal from five per cent, the amount retained with older
techniques, to only one per cent; on the other hand, the
protein content of the meal is increased from 41 per cent
to 44 per cent. King notes that although solvent-processed
meal contains a higher percentage of protein than that
ylelded by mechanical process, it has less productive

energy and a slightly higher fiber content.15

Markets for Soybeans and Soybean Products

Domestic

As mentioned earlier, the major portion of the annual
soybean supply in the United States flows into the market
for processed beans. Although soybean meal and soybean
oil are linked by common origin and jointly supplied,
these two commodities enter into essentlally independent
markets; the former flows into the llvestock industry
while the latter goes to the manufacturing industries
using fats and oils.

Soybean meal forms with cottonseed, linseed, peanut
and copra meals the oilseed-meal group used as feed of
high protein content for livestock and poultry. Other
high protein sources are grain by-products, especlally
wheat millfeeds, and those of animal and marine origin.

The chief competitor of soybean meal in the oilseed group

15Gordon A. King (1958) The Demand and Price Structure

of Byproduct Feeds, USDA Technical Fulletin 11%33.
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is cottonseed meal. While soybeans are a direct source
of soybean meal, cottonseed meal is only a by-product
of the cotton industry, thereby limiting its competition
to soybean meal., Rising competition has been noted from
synthetic urea but its general acceptance as a substitute
protein source for ruminant feeds still remains to te
determined.16

The market demand for soybean meal as livestock
feed was greatly enhanced by the development of the
formula-feed industry. About 63 per cent of the total
quantity of high-protein feeds consumed bty livestock in
the United States in 1949-50 were in the form of formula
feeds; prepared feeds served as the outlet for 86 per
cent of the total amount of soybean meal fed to livestock
during that marketing year.17 A recent development in
the formula-feed industry that may further influcnce the
soybean meal market in tne United States 1s thne increasing
horizontal integration of trne feed-mixing and tean-crushing
operations.

Soybean oil, on the other hand, competes with other
fats and oils mainly in the food fats and oils market.

Direct competition is met with cottonseed oil for use in

16USDA (1965) Feed Use of Ures in the United States
(An Administrative Feport).

17, p, Jennings (1954) Feed Consumed ty Livestock,
Supply and Disposition of Feeds, 1949-50, ty States, USIA
Statistical Eulletin 14=.




21

shortening and margarine; an indirect competition exists
with butter and lard. Prior to the 1940's, cottonseed
0il largely dominated the fats and oils needs in the
manufacture of shortening and margarine but soybean oil
surpassed it for shortening in 1944 and for margarine in
1951, Major use of soybean oil in margarine occurred
much later than in shortening tecause of the tendency of
the oil to flavor reversion. FEut developments in the
further processing of soybtean oil, especially in hydro-
genation, were able to remedy thils undesirable charac-
teristic and made possitle a wider use of soybean oll

in the edible fats and oils market. Other vegetable oil
competitors of soybean oil for food uses are the peanut,
corn and coconut oils; however, their shares in the food
fats supply are relatively small compared to that of soy-
bean oil. (Tabtles 17 and 18.)

In the drying oils market, strong competition to
soybean oil comes from linseed oil, the use of which has
dominated in the industry. The gquantity of linseed oil
relative to the total guantity of fats and oils utilized
for drying oil products has declined from about 71 per
cent in 1946 to 45 per cent in 1963 while the relative
share of soybean oill increased from seven per cent to 21
per cent during the sam~ period. The slow-drying quality
of soybean oll limits thre competition it offers to lins~ed

0il for use in the drying oils industry. (Tatlas 19,)
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Pomestically, the price support operations of the
government through thne Commodity Credit Corporation (CCC)
exert influence in tre soytean market. Soybean price
supports, which started in World War II, were continued
after the war but since 1946 and except for the years
1957, 1958 and 1961, the season market prices of soybeans
have stayed above the support level, Tne average per-
centage of the annual soytean crops under the price
support program in 1946-63 was 9.7, with yearly per-
centages ranging from 1.9 in 1947 to 24.2 in 1958, The
guantities of the crop in tne program are mainly due to
CCC price support loans to farmers but some arise from
purchase agreements of farmers with tne CCC. Many soybean
producers avail themselves of the loans while awalting
favorable prices. After tre loans mature, usually by the
end of May each year, actual dellveries of the beans to
the CCC are made. With the average annual market prices
mostly above support prices, many of tne soyteans placed
urtder the loan for tne period under study were redeem=d
before the maturity of trne loan; thus actual holdings of
the CCC have been generally small., The largest purchase
and loan take-over Lty tre Corporation was made in 1928,

a year when the support price of soyb-ans exceeded tre
season average price., Actual deliveries to tne CCC in
1958 amounted to about 23 million tushels, or 14 per cent

of the soybtean supply for trne yez~, Of tris roldirg,
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however, the Corporation was able to dispose 39 million
bushels through normal trade channels before the end of

the year.18 (Tatle 10.)

Export

Output response 1in soyteans 1in the United States
over the years has eratled the Industry to meet not only
the increasing domestic demand for crusnings but also
the much-enlargecd demand for beans in the export market,
Exports have so grown in importance as to substantially
diminish the relative snare of the supply which processors
acquire annually. ZDurirg the 1946-£3 period, the average
yearly exports of United States soytbteans represented 19
per cent of total supply, sub-period averages being six
per cent in 1946-£2, 17 per cent in 1953-58 arnd 24 per
cent in 1959-6€3. Tne major importers of United States
soybeans are Japan, Canrada and the Western European
countries, notably West Germany, Netherlands and Italy.
Soyteans from Mairlard China offer competition to Urited
States soybeans in trhe foreign markers, especially in
Japan and Western Europe. Despite the lower prices of
Chinese soyteans, however, the recurrent tight food

.

situations reported in Mainland Jnina and lower tean
gquality can set limits fo tre competition with tne soy-

beans from the United States.

18ysra (1960) Fats snd 0ils Situation, May lssue,
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Soybean meal exports for 1946-50 were largely mili-
tary relief shipments of nigh-quality meal and low fat
flour.19 From small quantities averaging less than one
per cent of supply in 1951-53, the commercial exportations
of soybean meal started to increase in 1954 when five per
cent of the supply were shipped abroad. In 1963, an
estimated 1.5 million tons of soybean meal or 14 per cent
of total supply were exported. (Table 14,) More than 70
per cent of the 1963 exports were sent to Western Europe
where the leading importers were France, Spain, West
Germany and Netherl!ands. The expanded livestock economy
In Europe, especia.ly the broiler production in the EEC
countries, largely account for the recent increases in the
export demand for meal.

The export market for soybean oil is relatively more
important than that of meal since & large part of the oill
leaves the country. Exports increased from about 112
million pounds, or six per cent of supply, in 1947 to a
peak of 1.3 billion pounds, or 24 per cent of supply, in
1961. (Table 16.,) 1In 1955, soybean oil joined the other
domestically-produced fats and oils under the Unifed
States Public Law 480 (PL 480} program which started in
1954, Slightly more rnan nulf of trne total quantity

exported in 1961 were shipments through PL 480, mostly

19%ing (1958) op. cit.
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under Title I (sales for foreign currencies) of the Law.

The major importing countries of United States soybean oil
are led by Spain which acgquired about a third of total
exports in 1961; others are Pakistan, Yugoslavia and Turkey.
The demand for soybean oil in foreign markets 1s greatly
influenced by the supply of olive oil from the Mediterranean
Basin and that of sunflower oil from Argentina.

The export markets of soybeans, soybean meal and
soybean oil are closely tied since the meal and the oil
can compete with soybeans in the world market. Importing
countries with crushing facilities can import soybeans
instead of o0il or meal if demand and other conditions
warrant. As an example, a study of the export trends of
United States vegefable oils made by Thomason shows that
the extent of the imports of United States soybeans by
other countries during the second half of the marketing
year is determined by both meal and oil requirements.go
If the meal demand greatly exceeds oll demand after the
first half of the year, soybean meal rather than bean
imports are accelerated., Imports of oill, nhowever, are
determined at this part of the year by the foreign supply
of oil as well as by the prospects for the succeeding crcp

of soybeans in the Unitred Sratres,

2OFrancis G. Thomason (1903) "Ine Changing Export
Pattern for U. 8. Edible Vegerable Oils," Fats and Oils
Situation, USDA, May issue.
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United States Soybean Supply and Disposition,
1946-63

Figure 2 shows the relative magnitudes of the differ-
ent items of supply and disposition of soybeans and soybean
products in the United States. The rectangles in the dia-
gram represent the weighted averages of the reported quanti-
ties for the items during the 19U46-63 period. These aver-
ages are computed from the data appesring in Tables 6, 14,
and 16 of Appendix A. Since the computations are made on
quantities, the portion of the diagram for soybean meal
and soybean oil does not reflect the comparative values
between the two commodities. For the 1946-63 period, meal
and oil respectively accounted for 53 per cent and 47 per
cent of the total value of soybean products. Within each
major branch of the diagram, however, either weight or
value comparisons can be made.

The average annual soybean supply in the United
States of 12.7 million tons in 1946-53 was composed of
about 0.4 million tons of Octoter 1 stocks and 12.3
million tons of production. Tire different items of
disposition for soybeans accounted for the following
percentages: seeds, feeds and residuzl, seven per cent;
exports, 18 per cent; guanftity processed, 71 per cent
and end stocks, four per cent.

October 1 stocks congtitute 3 relatively minor

portion of the total supply of soytean meal in fre
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United States. In 1946-63, the averasge amount of stocks
at the start of the marketing year was about 0.05 million
tons; the average production each year was 7.07 million
tons. Soybean meal imports during the 10 years from 1243
to 1958 averaged out to about 0,01 millionth of a ton for
the 18-year period. The total annual meal supply was
largely consumed by livestock, as shown by the following
percentages of the different irtems of disposition: 1live-
stock feed, 92 per cent; exports, six per cent; industrial
uses, one per cent and end stocks, one per cent.

In the case of soybean oil, significant quantities
of the product are carried over from one marketing period
to the next. Of the average annual supply of 1.74 million
tons of soybean oil in the United States during the 1946-63
period, 0.14 million tons were stocks as of the start of
the marketing year; production per year contributed 1.60
million tons. The relative guantities of the different
items of disposition are as follows: food use, 65 per
cent; non-food use, nine rer cent; exports, 106 per cent
and end stocks, 10 per cent. (Tre percentuges fer food
and non-food uses are based on a relative treaskdown of
computed domestic diszppearance. Startirg in 1957,
factory consumption revorts have consistently exceeded

the computed disappearance figures.)
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Price analysis wcr« orn soytesns an

N

ducts has been largely spproscred witn correistion arnd

[ N

multiple regression techniques; a few investigations
employlng other methcds hzve, however, zrpezred in
recent years. The follcwing reviews represent some of
the statistical investigutions mude on these commodities,
elither singly or &s & grcup, =znd are here presented in
chronological order.

In a study made in 1949, Paarlbterg found that the
effect of the price level was tre standout factor in-
fluencing the prices of soybeans, soytean meal znd soy-
bean oil durlng the 1931-41 period.21 Amorg the factors
used 1In the correlation arzlysis were ftle prices of ofher
fats and oils, livestock products, corn zrnd bran, fthe
non-agricultural income, the supplies of soyteans and
soybean products and the general price level. Specific
results of the investignticr 1ndicated v nt ftre gerernl

price level and the anrusl yprices of soybedn meal and

2lpon Paarlberg (1942)
Products, Purdue Universirty
Bulletin 538,
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soybean oil, taken together, accounted for more than 80
per cent of the varinticrns in soybean price. 1lNo close
relation was found with tne mezssures cf prcducticn znd

supply. General price level, bran price =2nd soybdesn m2ol

production explained 86 per cent of the price varistions
of soybean meal. 1In the c=se of tre rrice of soybteszn cil,
the closest relatiorstiiy w=zs fourd wlih (he gerer:l price

level while conslderable effects were also shown by soy-
bean output and the price of cottonseed oil; these three
factors in combination explained Q0 per cent of the price
variations of soytean oil.

Another empirical study on the factors affecting
the prices of soybeans and soytean products was con-

ducted by Jordan in 19F1, with dnta coverirng the 1936-49

jSh]

o0

period with the exclusion cf t-e World War I1 yenrs,©
The composite price of 21l provteln supplements was related

s - o . . | N +
rice of soytezn meal ond thne

to factors influencing tne

{

composite price of all edigls fwis - :..d ¢lls wns relnt:
to factors affectirg the rrice of cveytesn cll., Tre

method was devised to avold &¢n ctherwise compliczted

(

analysis arising from the exisfence of many sutsiitutes
for both of the commodities.
The annual comrosgi‘c rrlce of jntein supplements,

weighted by protein content, was related with dispos=zble

22¢, L. Jordan (1591) Whar Tetsrmires
University of Illinois /o loalTur-:
Eulletin 546,
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income, corn production and supplement production. The
estimated relationship accounted for more than 97 per cent
of the variations in the logarithm of the composite price.
Ninety-five per cent of the year-to-year fluctuations in
the logarithm of the composite price of edible fats and
olls were accounted for by disposable income and the
supply of fats and oils. 1In order to relate soybean
prices with the prices of soybean products, the prices
of meal and oil were determined by considering their
relative contributions to the respective group outputs.
The marketing and processirg margin function that was
formulated contained the value of soybean products and
trend as varlables and ylelded estimates that were in
close agreement with the actual margins for the years
studied. Jordan noted, however, thatf tecause of the
dynamic nature of the development of the industry in the
period covered by the analysis, a freguent review of the
factors affecting margins would be necessary.

Empirical work on the demand and price structure
for food fats and oils was done bty Armore at the USCA
in 1953.23 The study placed major emphasis on cottonseed
oll and treated soybean oil just as z comretitor among
others; although gaining imrortance then, soybean oll was

yet considered a relative newcomer in the fats and olls

23Sidney Armore (1953) The Demand and Price Structure
for Food Fats and 0ils, USDA Tecnriczl Falletin 10C3.




industry. The period of analysis covered the years from
1922 to the early 1950's but the relationships involving
soybean oil as an individual ccmpetitor used data start-
ing with 193%5. Relationships among the factors were
investigated by the use of multiple correlation and re-
gression, mostly in terms of the logarithms of the ob-
served data. In an anzlysis of the factors affecting
the prices of food fats and oils other than butter and
lard, the per capita supply of fats znd oils (other than
butter and lard) used in food rroducts, and personsl dis-
posable income, explalned 92 rer cent of the variations
in price.

A study of the demand and price structure for by-
product feeds conducted at the USPA by King in 1958 in-
cluded an individuzl =nalysis for soyte.n meal.g‘u Two
sets of data were employed, one for the period 1921-41
and another for 1921-54 with the exclusion of the war
years. Although the major part of tre analysis was on
the demand relztionships totween nig-urotein feeds,
as a group, and feed gr=zins, the coefficients for indi-
vidual by-product feeds were also determined. A partially
recursive approach was used. A geparate estimating func-
tion for determining the annual quantity of feed grains

placed under the government support program, a variable

2“K:‘Lng (1958) op. cit.



considered as endogenous 17 the aralysis, was 1lrncluded.
Estimates from this relction were subseguently applied
in the demand functions for high-protein feeds and feed
grains; these functions were then charged to reduce

forms and estimated by least sguares procedures., The

statistical analysis on individual bty-product feeds
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involved a modification of tre relszations -to
breakdown of thre demand furnction for high-protein feeds
into two equations, one for the particular high-protein
feed under consideration and another for other protein
feeds taken collectively. Thnus, the set of relation-
ships in the analysis for an individual by-product feed
contained one more equation tran that for high-protein
feeds as a whole but a common technigue was employed
for both analyses.

In general terms, trne demand guantities for nigh-
protein feeds and feed gralns were each expressed as a
function of the price of high-protein feeds, the price
of feed grains, tr2 prrice of livestork ard livestock

.
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products and the numter of =nim=l units. In the 1
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vidual by-product feeds rortion c¢f the study, tre

e
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of equations for soybean me=l ircluded prices 2rd
quantities of soyteqin mesl zrd of ovrner high-vroteln
feeds, in line witr. tle omodlflceiicn rmerniicied I the

preceding paragrapti.  Among some ol the results of tne

investigation were: (2} tre aiffererce letvesr trns
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elasticities of demand for high-protein feeds for the two
periods studied was not significant, (b) high-protein
feeds and feed grains appeared strongly competitive, on
the average, and (c) a certain independernce in demand for
the different ollseed meals was indicated, reflecting
differences in their physical characteristics and rela-
tive values in livestock rations.,

Another USDA study in 1959 snow:d that for the
period 1946-57, three factors which largely influenced
soybean meal prices were the total supply of soybean
meal, the prices farmers received for livestock and
livestock products, and the production of formula feeds,2’
In combination, these factors explained 87 per cent of the
price variations of soybean meal. Other factors which
were tried 1n thils multiple correlation study were the
gquantity of soybtean meal fed to livestock, the surply
of other high proteins, otter high proteins fed to live-
stock and the number of high-protein-consumirg animsal
units. But these fzactors were corsidered to huive ex-
plained relatively smaller proportions of the variations
in soybean meal price during the period of analysis.

Hieronymus made an aralysis of soytean mezl prices

for forecasting purposes in 1241 with data for the period

S - .- o . ) e
25USDA (1929) "IFactors Influencing Soytesn Henl

—

Prices,'" TFeed Situation, July issue.
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1947-58.26 Using logarithms, about 100 different combi-
nations of some fifteen explanatory variables were tested
for their ability to account for variations in the un-
deflated price of soybean meal. The two functional
relations yielding the test results both include soytean
meal supply, animal numbers and livestock prices. These
equations differed only in the nature of fhe supply
variable employed, with supply 1in one representing the
total soybean meal production and that in the other ex-
cluding exports. The former accounted for 86 per cent
of meal price variations for the years studied while

the latter accounted for 84 per cent,

Two features of the animal number series are worth
noting: (1) the series was constructed specific to the
consumption of soybean meal alone and thus differs from
the USDA series on high-protein consuming animal units
which involves the eleven nigh-protein feeds, and (2)

a trend value representing the difference between the
uptrend in the consumption of soytean meal and the
downtrend in meal price during the period was incorpor-
ated as an adjuster to the computed animal number series,

Perhaps the first attempt to inferrelate the prices

of soybeans and soybesn products in =n =snslysls employing

26r. a. Hieronymus (1201) "Forecusting
Futures Prices,'" Cormodity Ye~rpook, Commodity Racer
Bureau, Inc., HNew York.




simultaneous equations technigues was an investigation by
Houck in 1963.27 It will bte recalled that an early effort
to do the same with the use of "comrosite" prices was
made by Jordan in 19%51, & study reviewed earlier in this
chapter. Viewing the pricing of soybears and soybean
products as an interrelated simultuneous process, Houck
developed an eignht-equation model in studying the demand
and price relationsnips in the United States soybean
market. The analysis employed data for the marketing
period 1946-60 and took account of markst outlets via
exports and government storege programs. Filve of the
elight equations were stocnasftlc. Trey prerteained to
(a) soybean meal demand, (b) soybesn oil demand, (c)
crushing and hzndlirg margin, {d) export demand for
soybeans, znd (e) storzge demznd for soyvtesns; the
remaining equatlions were ildentities involving relations
between the fazrm-level price of soybe=zns, the value of
soybean products, mezl =nd oil rrices, and tre sovtean
supply.

In arriving at pararcter estimertee I'tom tne model,
two-stage least sguzres rrocedures were emrloyed; tne

reduced-form equations were also esrimatod Ly ordinnry

[¢3]

least squares for comuar=tive purvosges, S=avisfactory

results 1in parameter estimation and good statistical

°THouck (1963) on. cit,
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fits were obtained with the procedures employed. Although
the investigation attained relative success in the empiri-
cal estimation of parameters, Houck polnted out the lack
of clear a priori grounds on which to base the theoretical
and statistical analyses made, Headw=zy was galned, how-
ever, in treating the pricing of soybeans and soyvbenn
products as an integrated process.

Using the same set of data and procedures, Houck
later followed up his earlier investigation by reformu-
lating the original model to six equations.28 Tre
commercizl stornge demand for soybeans was considered
as completely inelestic with respect to the soybean price
for the current year thus eliminating one stochastic
equation; also, two of the identities in the previous
model were combined into one. With the modified set
of equations, the estimated coefficients obtained differed
but slightly from the ezrlier results. Houck found trat

wtean oll was weakest

U

O

the estimated relationsnip for s
in the model which he attributed to the strictly linear
relation employed and to fthe complexity of the fzts and
olls pricing mechanism,

Nakamura et al. undertook a study in 1923 which

analyzed the sovtesn sector ol trne lnived Slztes economy

v

James P. Houck (12C4) "A Stovisticos)l Yodel of _
Demand for Soytenuns,' Jourusl of Form Feooomies, Vol, 4G,
No. 2.
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within the framework of spatial egquilibrium analysis.29
Major concern in the investigation rested on the optimum
geographical flows and equilibrium price differentials
for soybeans and soybean products which are the main
objectives of this type of analysis, The generation

of an aggregate demand function that used oilseed meal
consumption, soybean meal price, price of livestock and
livestock products, and time as variables was merely
incidental in the study, being used only as a means to
estimate regional demands for soybean meal.

Many other phases of economic investigation of
soybeans and soybean products nave been made; these
include, among others, the transporration economics of
the industry, the structure of the industry as a whole,

and the structure of the export market in particular.3o

29H, Nakamura, T. A, Hieronymus and G. C. Judge (1963)
Interregional Analyses of tre Coyrcean Sector, University of
I1linois Department of Agri-ualrtural Economics, AERR-67.

30Ear1l ¢. Hedlurd (1952] ITransportarion Economics of

the Soybean Processing Industry [livanz, Lllinois: Uni-
versity of Illinols Press); Goldverg (1952) op., cif.;
Eric Berg (1960) Structure of rhe Soybean 01l Export

Market, University of Illinois Department of Agricultural
Economlcs, AERR-30.




CHAPTER 1V

THE [MODEL

The model of tre United States domestic soyrbesn

market presented in tnis study is a3 simplified one, both
from the economic znd statisticzsl viewpolnts. Economic
relations are formulated ty using a generalized version
of the market for soybeans and soytearn produ:ts in the
United States (see Fig. 2, p. 27) and a number of simpli-
fying assumptions. These assumptlons are recessary 1in
order to reduce the complex and interrelated markets

for soybeans, soybesn me=zl and soybtesn oil into a relsz-
tively convenient anslyticel form, The chcice of the
variables which enter In tne marxet relections 1s btased
on a priori conslderations from e7oromic treory zrnd upon
studies bty previous l1lrvestigztores, Frelliminery computer
runs also enabled limiting tne numter of explanatory
variables 1n each of the relationships. Statistically,
the functional relatiors are interiinked irto a simple
causal chain for eacn margoting vesr znd do rot follow

the fully recursive svstem wrere rrne functions also

interlink from one otsc:rvaticon reriod To tro next.3l

31ps an example, see K. J. Crom ard W, R. Iuki (1970)
"A Dynamic Model of a Simularea Livestock-feat Economy,"
Agricultural Economics Regearch, Ecoromic Resenrch Service,
USPA, Vol. 17, llo, 3.

2
oy
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In a strict sense, the functicns c¢f the model form a set
cof simultanecus relaticnships and wceuld thus call for the
use of simultanecus-equaticns techniques; however, they
are formulated such that cne equation generates estimates
fcr an endcogencus variable which appears as an explana-
tcry variable in ancther equation. This permits a uni-
equational apprcach tc each relaticnship and makes the
ordinary least squares procedure applicable to the whcle
mcdel.

Follcwing the identificaticn cof all the variables,
the economic and statistical aspects of the mcdel are
presented. The distinctiocn between these two aspects
is not clearcut and certain areas of discussion may
overlap; nevertheless, the separate treatments are made
in the hope that a clearer presentaticn of the model can

be achieved.

Variables Employed

The mcdel makes use of four endogerncus and 12
predetermined variables; these zare identified below with
the symbols that are used later. All cf tne variables
refer to the marketing yeur btegirning October 1 and

ending September 30.

Endcgencus Variables

The follcwing are treated as endogencus varliables

in the four relationships of the mcdel:
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= total quantity of soybeans processed in the

United States for meal and oil, thousand tons.
average price of soybean meal, bulk Decatur,
quoted at 41 per cent protein up to June 1950
and at 44 per cent protein thereafter, de-
flated by the U. S. Eureau of Labor Statistics
Wholesale Price Index, dollars per ton.
average price of domestic crude soybean oil,
tank cars, Midwestern Mills, deflated by the
U. S. Bureau of Labor Statlistics Wholesale
Price Index, dollars per ton.

average price received by United States
farmers for soybeans, deflated by the U. S.
Bureau of Labor Statistics Wholesale Price

Index, dollars per ton,

Predetermined Variables

The predetermined varizbtles in the model consist

of exogenous variables and of endogerocus varlables whose

lagged values are used in the different relationships.

These are:

Sp

VO

= total supply of soybeans in the United

States, equal to the sum of production

and October 1 stocks, thousand tons.

= index of wholesale prices for all vegetable

oils of domestic origin, 1947-49 = 100,

= foreign output of soybeans, thousand tons.
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average value cf soybean prcducts derived
frcm a bushel cf scybeans crushed, deflated
by the U. S. Bureau of Labcr Statistics

Wholesale Price Index, dollars.

ratio of the government support rate for
soybeans to the average price received by
United States farmers for the crop in
October.

index of prices received by United States
farmers for livestock and livestock products,
1947-49 = 100.

domestic disappearance of the four major
feed grains in the United States, in terms
of corn equivalents, million tons.
production of formula feeds in the United
States, million tons.

domestic disappearance of vegetable olls
other than soybean oll in the United States,
million pounds.

domestic disappearance of butter (actual
weight) in the United States, million pounds.
domestic disappesarance of lard in the United
States, million pounds.

linear trend, 1946 =1, ..., 1963 = 18,
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Notes on Some of the Variables

The sources of data for the variables in the model
were mentioned in the first chapter but a few brief ex-
planations of some of them would be helpful.

1. All of the price indexes, including the index
of wholesale prices for all commodities that serves as
a deflator for the price and value observations, are on
the January 1947 to December 1949 base. These indexes
are averages for the twelve months starting in October
of each year, in conformity with the observation period
used 1n the study.

2. Based upon the preliminary computations for
the different functions, the observed values of some of
the variables are converted to units different from those
published. This is done in order to have as many signifi-
cant figures as possible for the resulting estimated
coefficients. The results are reported in the units
clited in the preceding page.

3. The quantities of feed grains are expressed
in terms of corn equivalents, computed with the use of
the following conversion factors:32 corn, 1.,00; oats,
0.90; barley, 0.90 and sorghum grain, 0.95.

4, Vegetable oils other than soybean oil include

cottonseed, linseed, corn, coconut, peanut and olive oils.

32From Ralph D. Jennings (1958) Consumption of Feed
by Livestock, 1909-56, USDA Production Research Report No.
21.
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5. Estimates of formula-feed production are
approximations from a series of calendar year data of
the Bureau of Census for 1962-64 and backward projections
for 1946-61 based on percentage changes published by the
American Feed Manufacturers Association.33 Marketing year
outputs are derived by adding 25 per cent of the production
in one calendar year to 75 per cent of that of the succeed-

ing calendar year.

The Economic Model

Functional Relatlonships

The four causal relationships constituting the
model are presented below with the use of the symbols
for the varlables glven earlier; secondary subscripts
t and t-1 indicate values for the current and previous
marketing years, respectively. Following the notation
of Foote, a colon separates the endogenous variable(s)
from the predetermined variables in each of the re-

1ations.3u

33y. S. Bureau of Census (1965) Poultry and Live-
stock Feed Production, M2OE (1964); American Feed Manu-
Tacturers Association, AFMA Bulletin, November 24, 1965
and Feedstuffs, a weekly publication of the Miller
Publishing Company, Minneapolis; February 1950.

3hroote (1958) op. cit.
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1. Quantity of soybteans processed each year
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2. Average price of soybean meal each year
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3. Averaée price of soybean oil each year
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4, Average farm-level price of soybeans each year
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Assumptions

In the formulation of these relationships, some
simplifying assumptions are made. These assumptions
abstract from reality but are necessary 1if actually-
observed economlc data are to be employed for theoreti-
cal analysis.

1. Domestic soybeans and their Joint products of
soybean meal and soybean oil are assumed to be homogeneous
commodities., This assumption is probatly needed more
for whole soybeans and soybean meal than for soybean oil.
The American Soybean Association lists at least 28 lead-
ing commercial varieties of soybeans in the United
States, yielding beans of different color classes which,

together with other physical cheracteristics of the
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prcduct, set standard grades 1in trade.35 Scybean meal 1s
similarly governed by standard specifications. Rules
governing the purchase and sale cf soybtean mezl in the
United States specify the prctein, fzt and fiber con-
tents fcr the three classes cf meal 1In the market. As
previcusly menticned, clder methids cf crushing scyteans
yield meal of 41 per cent prctein and mcdern techniques
have reduced the cil ccontent in the meal tc result in
44 per cent prctein; with & further reducticn in the
fiver ccntent, meal of 50 per cent proctein can now be
cbtained. In the case cf crude scybean cil, the trade
cnly requires the custcmary cleaning cf the cil prcduced
frem any cf the crushing methods employed.36

2. It is assumed that the private sectcr cf the
United States dcmestic scybean market 1s a single market
ccmpesed of a large number cf buyers and sellers whc are
adequately infcrmed cf prices and quantities, with nc
single buyer or seller large encugh tc affect prices.
The assumpticn 1s nct unreazlistic ccnsidering the vast
and efficlent transpcrtaticn netwerk in the United States
and an actlive futures market existing for scyteans and
soytean prcducts 1in the ccuntry. However, desplite the

characteristic of large numbers which appears to descrite

35American Soyktean Assoclatlcen, Soybean Elue Eock,
an annual publicaticn; Huds:n, Icuwa.

36

Ibid.
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the market, the conditicnal clause of the assumpticn may
be viclated. There are individuals in the United States
soybean market who can te 1in positicns to affect the
prices cf scybeans and scytean prcducts because of their
size; these are the large scybean prccesscrs, the majcr
manufacturers of fats and olls prcducts and the blg
formula-feed ccncerns. rends in the scyctean processing
industry appear to inaicate a decline in the number but
increases in the size cof crushing mills.37 Furthermore,
some of the large processors have started to integrate
the prccessing of scybeans and the mixing cf formula
feeds. The significant sizes which socme processcrs cf
soybeans and soybean prcducts have reached can give them
some market influence on these commodities.

3. It is also assumed that the seascnal pattern
in the annual merketing cf soybeans and scybean prcducts
occurs uniformly over the years and that transportaticn
and other service costs of these products are constant
over time. Since the analysis emrlcys data which cover
the whcle marketing year and the whcle country, some
abstractions are made regarding time and space. Price
changes resulting from differences 1n seasonal patterns

through the years are igncred. Pasrlberg found little

37Gecrge W. Kromer (1964) "U. S. Soybtesn Prccessing
Capacity Continues to Expand," Fats =2nd 0ils Situation,
USDA, November issue.
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seasonality in the prices cof soybean products but a
distinct seascnal concentration in the sales of soy-
beans.38 As in many other United States crops, soybean
prices move from a harvest low during the fall months
to a pre-harvest high in the late spring and summer
months. Price changes caused by changes 1in transporta-
tion and other service costs over the period of study
are likewise igncred., Unchanged transportation and
other service costs over time would mean that for each
cof these commodities, there exists a fixed price sur-
face which rises and falls as a whole over the years.
4, The stccks of soybeans, scybean meal and
soybean c¢il at the turn of the marketing year are
assumed to be results of the normal end inventories in
these products and not due to deliberate actions in
anticipation of the sizes of succeeding crops or other
bases of speculation. For the period covered by the
study, the average quantities of end stocks of soy-
beans, soybean meal and scybean oll relative to their
supplies are three per cent, cne per cent and eight
per cent, respectively (see also Fig. 2). Except for
three yeérs, the end stocks of soybeans in 1946-63 ranged
from 0.5 per cent to 3.5 per cent of total supply; in

1957, 1958 and 1961, these percentages rose to 4.3, 10.3

38Paar1berg (1949) cp. cit.
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and 8.4, in that order, with the btulk of the stocks in
the hands of the CCC.

In the case cf soybean meal, the assumpticn is
nct unrealistic since the quantities carried over frcm
cne marketing year to the next were very small and can
be considered to have 1little effect in influencing prices;
thcse for soybean oil, however, averaged atout 9.5 per
cent of the total supply in 1946-63. The wide differ-
ence between the relative amounts cf carryover stocks
of scybean meal and soybean oll may be traceable to the
nature of the commodity in regard to storabllity, a
factor which lends soybean oll to speculative purposes.
This is bcrne out by the previously-clted study by
Thomason (1963) on the pattern of United States soybean
cll exports, showing that the quantities shipped abrcad
during the second half of the marketing year are in-
fluenced by the oncoming harvest crop of soybeans.

5. It is finelly assumed that in the processing
of soybeans, meal and oll are derived in relatively
fixed proportions. The a@ssumption of constant yields
of soybean meal and soybean oil appears to be reason-
able since the actual yields of these jocint products
have varied within narrow ranges cover the years. As
indicated by USDA data for 1946-1963, the reported

average ylelds in soybean processing ranged frcm 46.2
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to 48.1 pounds of soybean meal and from 9.0 to 11.1

pounds of soybean oil per bushel of soybeans.

Rationale of the Model

The framework of the economic model may be briefly
stated as follows: If the amcunt of soybeans crushed
in each marketing year can be estimated well enough
without involving their price in the process, the subse-
quent estimates of the output quantities of their Jjoint
products, assuming constant yields, can lead to estimates
of meal and oill prices. These prices, in addition to the
quantity of soybeans processed, constitute the major
determinants of the price of soybeans during the period.

Quantlty of soybeans processed each year.--Like

other basic commodities which give rise to jolnt products,
soybeans for processing possess a derived demand. Such
demand depends upon the demands for soybean meal and soy-
bean oll, which in turn are dependent upon those of the
end uses of these commodities in their separate markets.,
Soybean processors are interested in the margin they can
realize from their operaticns as determined by the price
of the basic commodity and the prices at which meal and
éiilﬁéuld sell, taking into consideration the various
service costs‘attendant to crushing activities. If

processing were the only significant outlet for a given

fixed supply of soybeans, and assuming that no
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institutional barriers exist, then processing demand
would be the only active determinant of soybean prices.
Consequently, only the supply of soybeans and the com-
ponents of processing demand would be necessary in ex-
plaining the quantity of beans which are crushed each
year., However, although the bulk of soyteans in the
United States goes into processing, other bean out-
lets have been getting larger over time; the export
market 1s rapidly expanding and, as a result of the
brice suppcrt activities of the government, the end
sFocks of soybeans have swelled to significant amounts

in certain years. The annual amounts accounted for by
s;édé;_&holé—bean feeds and the residual are relatively
constant so that their combined effect on soybean prices
can be ignored. Consldering that soybean supply for the
year 1s a passive‘determinant, the price of soybeans is

determined largely by the processing demand for beans

and partly by the two cutlets mentioned above.

The_fifst relationship of the mcdel fits in the
overall framework primarily as a predictive function;

1t estimates the quantity of soybeans crushed during

a given marketing year with the use of variables

whose values are essentially known at the start of the
year and, thus, are not in turn affected by the esti-
mate itself. With the condition that soybean price

is not used as an explanatory variable 1in the
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relationship, the gquantity of soybeans processed during
the year 1s taken to depend on the total supply of the
beans, on factors which directly affect the processing
demand and on indications of the influences of exports

and end stocks. The value of soybean products obtained
from a bushel of soybeans processed during the previous
marketing year represents a measure of the combined demand
for soybean meal and soybean oil. Beczuse of the time lag
between the decislion to process a given gquantity of soy-
beans and the sale of the joint products obtained there-
from, it is assumed that processors use a projection of
fﬁe average prices of soybean products during the previ-
ous year rather than the immediate prices prevallling at
the time the processing decisions are made. Soybean
purchases by processors are largely concentrated durlng
the early part of the marketing year.

In the hope that a variable representing the whole
of one of the markets of the Joint products will help
attain estimates of the quantity of beans crushed each
year which are close to the observed data, the price of
all vegetable olls during the previous marketing year
is also included in the relationship. The inclusion of
both the prices of all vegetable olls and of all high-
protein feeds, along with the value of soybean products,
as explanatory variables mny overly represent soybtean

meal prices in the relationship. As formulated, the



effect of comblined changes in the prices of soytean meal
and soybean oil on the gquantity of soybeans processed is
obtalned by allowing the value of soybean products to
vary while the other variables are held constant. The
result Implicitly reflects the effect of changes in the
price of all high-protein feeds since soybearn mezl prices
dominate the high-protein feed price index. The same
cannot be sald for all vegetzable olls since thils group
includes major non-focd industrial uses where soybean

0il 1Is not dominant.

The 1nfluence of the export market for United
States soybeans is considered by the inclusion of soy-
bean output abroad during the previous year as an in-
dependent variable. While foreign output of soybeans
for the current year would be the ideal indicator, it
i1s not avallable at the beginning of the marketing year
as a predictor variable thus preventing 1ts use in the
model. The relaticnship can only assume a lagged effect
of foreign supply on soybean crushings every year. For
an indication of the iInfluence of the price-support
operations of the government on soyteans, especially
during the years when significant guantities held over
to the succeeding pericd were government-owned, the
relationship uses a ratio of the support rate to the
average price received by United States fzrmers for

soybeans during the initial month of the marketing year.
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It is reasonable to expect that lower ratios (resulting
from high market prices relative to the support rate)
would tend to increase the direct flow of soyteans from
producers to processors., Higher ratios are likely to
be assoclated with significant quantities of end stocks
owned by the CCC and thus, serve as indicators of in-
creases In soybean demand for this outlet.

Average prices of soybean meal and soytean cil

each year.--0On the assumptlon that a constant tecnnolo-
gical relationship exists in the processing of beans
for the production of meal and oll, estimates of the
respective quantities produced of these Jjoint products
can be obtained from an estimate of the quantity of
soybeans processed during the marketing year. Thus,
the price-generating functions for soybean meal and-
soybean oil make use of the common estimate of the
quantity of beans crushed during the year as a major
determinant. Other explanatory variables for the two
relations depgnd upon the separate markets of meal and
oll. Also common to both relationships 1s the foreign
output of soybeans in the previous year which, as in
the quantity relationship, serves as an indication of
the influence that the export markets of these com-
modities may exert on tnelr prices.

The price-estimating function of soybean meal in-

cludes the prices of livestock and livestcck products



during the previous marketing year, the production of
formula feeds and the domestic disappearance of feed
gralns as other explanatory varlatles. Hieronymus cltes
two reasons for the importance of livestock prices to
soybean meal prices: firstly, livestock prices move in
sympathy with the general price level, and seconrdly,
producers of livestock change feeding practices accord-
ing to changes in the prices of livestock.39 His analy-
sis, like those of King (1958) and Houck (1963 and 13964),
treated current livestock prices as a predetermined
variable, However, changes in feeding practices are
likewlise determined by feed prices, which can affect

the supply of livestock products and, conseqguently,
livestock prices. Because of the possible Joint effects
of feed and livestock prices, the model uses instead the
prices of livestock and livestock products during the
previous marketing year as an inderendent varlable and
assumes that livestock prices exert lzgged effects on
the price of soybean meal,

A high proportion of soytean meal production in
the United States is consumed by livestock in the form
of formula feed; as noted before, about 86 per cent of
the soybean meal output in the country in the 1S49-50

marketing year was absorbed by the mixed-feed industry.

I’y

39%teronymus (1961) cr. cit.
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As such, formula-feed manufacture is a direct demand
for soybean meal. Employed by the USDA (1959) study
and by Houck as an explanatory variable for soytean
meal prices, formula-feed production supplants the use
of the number of protein-consuming animzl units included
by King and, in a modified form, by Hieronymus (1961).
Formula-feed production may be a better indicator of
the trend in the demand of soybean meal by the livestock
Industry, as 1t reflects not only the changes in animal
numbers but also that in the feeding rate per animal
unit.

Also included as a price-affecting variable in
the soybean meal relationship 1s the domestlc disap-
pearance of feed grains, a production input which
constitutes the greater component of the total amount
of concentrates consumed by livestock in the United
States. Based on USDA data, about 152 million tcns
of corn eguivalents consisting of the four major feed
grains in the country, compared to about 16 million
tons of soybean equivalents of high-protein feeds,
were consumed by United States livestock in 1963. As
a major determinant of the level of livestock pro-
duction, the amount of feed grains fed to livestock
exerts influence on scybean meal prices. The general
price level, which was found to influence the price of

soybean meal greatly in the analysls made by Pazrlterg
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(1949), 1s incorporated in the model through the use of
deflated prices.

In the case of soybean oil, the independent vari-
ables which enter the price relationship include the
quantities of the direct and indirect substitutes that
are utilized during the year. The relationship is
similar to that employed by Houck but with certain modi-
fications. The effects of butter and lard are separated,
the income variable 1is excluded and an indicator of the
export market has been included in place of the export
function in Houck's set of simultaneous relations. Be-
sides the quantity of oils, income was also employed as
a variable in the analyses of fats and oils made by
Jordan (1951) and Armore (1953). Computations on inter-
medlate forms of the relationship in this study included
income as an explanatory variable but 1t was later
omitted since its effects were negligible.

Vegetable olls other than soybean oll represent
the directly-competitive products in the output of
shortening, margarine, cooking olls, sazlad dressings
and the drying oil products. Paarlberg included the
effect of cottonseed oil, in particular, for his study
but since the time his analysis was undertaken, cotton-
seed oll has relatively declined in importance as a
distinctly significant substitute to soytean oil. Thus,

as 1n Houck's mcdel, cottonseed oil is included in the
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other-vegetable-oils group. Soybean oil 1s indirectly
competitive to butter and lard through margarine and
shortening, respectively. The effects of these indirect
competitors on soybean oil prices are likely to depend
upon the relative strengths of the direct competition
offered by butter and lard to the margarire and shorten-
ing uses of soybean oil.

Average farm-level price of soybeans each year.,--As

major determinants of the price which United States farmers
recelve for soybeans during the marketing year, the last
functional relationship of the model includes the quantity
of soybeans processed during the period and the current
prices of meal and oll. Estimates of these variables are
provided by the three previous relationships.

The soytean-price function 1s patterned after that
of Paarlberg's study, which used the general price level
and the prices of meal and oil as explanatory variables,
except that the quantity of soybeans and time have also
been included. As in the case of the meal and oil re-
lationships in the model, the general price level 1is
taken into account by deflating the price variables by
the wholesale price index for all commodities. Beilng
the Jjoint result of soybean supply and the processing
demand for soybeans, the quantity of soybeans crushed
each year bears a definite relation to soybean price.

A linear trend variabtle has also been emplcyed in the
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relationshlp as the best availatle measure for other
sources of systematic variation which cannot be directly
observed but which exert influence on soybean prices.
Among others, these would include the possible effects
of technology changes in the soytean industry, toth

in the processing and marketing of soybeans and soy-
bean products; over time, crushing methods have rela-
tively improved and the marketing marginuo appears to
have narrowed.

In relating the price of soybteans to those of mezal
and oil, Houck (1963) employed the price spread approxi-
mation as an identity, thus ignoring the time lags 1in
processing activities. The annual price of soybeans
and the quantity of soybeans crushed during the market-
ing year are not directly related in Houck's model,
although such relationship 1s Implied through a margiln
function., If the estimatling egueticn for the price of

soybeans were derived from this Implied relationship,

the resulting explanatory variables would be 1dentical

“OPaarlverg (1949) op. clt. The marketing margin,
usually expressed in dollars per bushel, represents the
spread between the combined value of soybean products, with
processing yields and current prices of meal and oll as
bases, and the price which farmers receive for soybeans;
it includes the costs of processing, freight, storage,
risk, merchandizing and other services. The method of
computation is only an approximation on account of the
lag between the sale of tne kears and the sale of the
Jjolnt products obtained.
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to those of the soybean price relation in the present
41

model. However, coefficlients are imposed on the meal
and oil price variables in their relationship with the
price of soybeans (see equation 3, footnote 41).

It 1s probably more realistic to assume that the
prices of soybean meal and soybean oil are functionally
related to soybean price without specific coefficients,
Therefore, no such restriction occurs in the soybean
price relationship of this recursive model. Any coef-

ficient restriction arising from the assumption of con-

stant yields of the Jjoint products can be imposed in

ulJames P. Houck (1963) op. cit., p. 26. Expressing
the concerned relationships of Houck's model in terms of
the symbols for the variables that are employed in this
study and writing the estimated form of his margin
function, we have

(1) P, = 0.478PM + O.lOMPO - M from 6.1 and 7.1

B
A A A
b, + Db1Q + b.T 3.1

N
(2) m = gc T P2

O

An estimating function for soybean price can be derived
from these equations by substituting the estimate in
equation (2) for the margin, M, in equation (1). Thus,

(3) %y

A
0.478PM + O.lOMPO - M

I

A A
O.ﬂ78PM + O.lOMPO - bO - leBC 5
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deriving the approximate margin function.42 But to con-
sider the soybean price equation as stochastic in Houck's
model would complicate his set of simultaneous relation-
ships. A strong reason for Houck's formulation of the
marketing margin equation should be pointed out. By
excluding the quantity of beans processed as an explana-
tory variable, the problem of multicollinearity is
avolded. Multilcollinearity arlses when the explanatory
varlables are highly correlated with one another, as 1is
the case when the quantity of soybeans and the prices

of the joint products are used together., This is a
possible weakness of the last relationship in this

recursive model.

The Statlstical Model

Equatilons
The economic relationships given in the previous
section are shown below in specific functional forms

including their statistical components. Statistically,

ung the soybean price relationship were

N A A A A A

a slight manipulation of the equation will give
A A A A
Pg = 0.478Py + 0.104P5 + by + bpo1Qpe + (bop - 0.478)Py
+ (%23 - O.lOlL)PO +%214T
A comparison of this last eguation with equation (1) in fcot-

note 41 will indicate an approximste margin function of

A A A A A A
M= - [PO + bElQBC + (b22 - o.u78)PM + (b23 - O.lOM)PO + bguq]



62

the general model in this study breaks up into two sub-
models, one for each of the assumed algebraic forms of
the relationship between the variables. In the following
equations, the same set of symbols for the variables are
employed; the b's and d's are the structural coefficlents
of the variables, except biO and diO which are constants,

and the u's and v's are disturbances.

Sub-model I

+ b + u

157, * Y1
A
PMt = bgo + bngBct + b22PLt_l + b23QFFt + bgaQFGt

FBt 1 t
A
= + + Do + +
Fo, T P30 * Paifeoy * P3fyo, * Paster, * P3ulip,
+ b, Q + u
> FBt_l 3'(:
A A A
PBt = bao + bulQ’BCt + bagPMt + ba3POt + buuTt + uat

Sub-model IT

Log QBCt = le + dlllog SBt + dlglog VSPt_l + d1310g PVOt_l

+ dlulog QFBt_l + dlSICg RPt + vlt

N
Log PMt = dzo + dgllcg QBCt + dgglog PLt_l + d2310g QFFt

+ dgulog Q + d25lcg QFH + v,

FGg “t-1 0t
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A
Log POt = d3o + d31log QBCt + d3210g QVOt + d3310g QBTt

+ d3410g QLDt + d3510g QFBt-l + V3t

A A
P P

A
Log PBt = dMO + dqllog QBC + duglog Mt + du310g 0

t t

+ d,_mlog Tt + Vat

Assumptions

In addition to the assumptlons regarding the
specifiled varlables glven under the economlic model,
the followlng are also made in connection with the
statistical aspects of each functional relationship.

1. The economlc relationships in sub-model I
are assumed to be linear in "natural" numbers, or
equlvalently, the varlables are presumed to be re-
lated 1n an additive way; those 1n sub-model II are
assumed to be linear in the logarithms of the vari-
ables, or equlivalently, the relatlionships between the
varlables are presumed to be multiplicative.43_

Although previous studles on the analysis of the
prices of soybeans and soybean products have employed

elther one of these assumptions, there appears no

43Linearity in logarithms implies a multiplicative
relatlonshlp between the varlables. A non-linear functilon
of the varlables 1s transformed into a linear relatlon-
ship with the use of logarithms., For example, the last
function in sub-model II can be written as:

dy;  Ad g g

A adye Ady3 dyy

Pn =Dy, . Qua .+ Py . LT, LV
By ~ 4O ' UBCy * TMp * Top * Ct ot Vi
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indication for the specific use of one over the other;
accordingly, both types of relationships are considered
here for the comparability of results.

2. All of the functions in ﬁhe model are assumed
to be continuous and differentiable at 2ll points. This
assumption is necessary in making estimates of the eco-
nomic parameters relating to the demands for soybeans and
soybean products.

3. The explanatory variables in the model, other
than the calculated values of the endogenous variables,
are assumed to be independent of the disturbance terms
in the structural equations in which they belong. (It
will be shown 1In the next section that, with this
assumption, the calculated value of an endogenous vari-
able which is used as an explanatory variable becomes
independent of the disturbance term). The assumption
is important because the nature of economic behavior
and strict independence between economic variables are
not consistent with each other. Within reasonable limits,
however, the assumption is justified since the concerned
variables 1n the model are either quantities or, with
the exception of the price-ratio variable, one-year-
lagged prices. The price-ratio variable 1s essentilally
predetermined as i1ts components are a prescribed support
rate and a price observation for the initial month of the

marketing year.
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Mathematically, the consequences of the assumption
can be expressed in terms cof expectations. Using the
disturbance term cf sub-model I and letting x be any
explanatcry variable in a relationship, we arrive at

the following statements if x 1s independent of u:

a. E(ut|x) = E(uy)
b. E(uflx) = E(uf)
c. E(usut‘x) = E(usut)

These expressions respectively state that the mean, vari-
ance and covariance of the disturbances in the relaticn-
ship are nct conditicnal upcn the given explanatory varil-
able.

4, Fcr each cf the relationships in the model,
the u's cr v's, as the case applies, are assumed tc be
random disturbances with a pcpulaticn of zerc mean and
a hcmcgeneous variance. It i1s further assumed that
there 1s no serial correlaticn amcng the disturbances,
1.e., the series cf disturbances 1in the relation is not
correlated with the same series lagged by cne cr more

L4

cbservation periods. By follcwing up the expressions

in (3), we have in mathematical nctation

a. E(uy) =0 for all t
b E(u%) :02 " " "
4
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c. E(usut) =0 for all s # t
which state the assumptions of zero mean, constant vari-
ance and absence of serial ccrrelaticn in the populatiocon
cf disturbances belcnging to each functional relaticnship.

Regarding these assumpticns, Foote states, "When
working with eccnomic data, we usually assume that these
specifications hold, but we may test at least the one
regarding serial independence . . . after we have run the
analysis."45

5. Since tests will be made on the estimates of
the structural coefficients in the first relationship of
each sub-mcdel, the populations of uy and v, are each

assumed to possess a normal distribution.

Rationale of Least Squares Application

When the least squares principle 1s applied to a
single equation, the resulting estimators are best,
linear and unbiased provided certain rigid assumptions,
as specified by the Gauss-Markoff thecrem, are satis-
L6

fied. These assumgptions include the independence

“S51p14.

A6An estimator refers to the statistic, or the method
of computing such statistic, which yields the estimates of
the parameters in the equaticn. Best, linear and unblased
estimators are those which respectively result in estimates
of minimum variance, are functionally related in a linear
fashion, and yield estimates whose mean over all pcssible
samples of a given size is equal to the parameter being
estimated; these prcperties cf the estimators are ccmmonly
attached tc the estimates cobtained from their use.

Discussions on the Gauss-Markcff theorem can be
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tetween the explanatory variables and the disturbance
terms 1n the relationship. However, this independence
implies that the explanatcry variables are fixed and,
thus, enables setting one of them at different levels
while holding the others constant. Since economic vari-
ables cannct be controlled like experimental variables,
violations to the assumpticn become unavoidable and the
above-mentioned properties cf least squares estimators
are not really attalined when the technique 1s applied

to economic relations. Johnston indicates two lines of
approach in the use of the method for economic models.47
One way would be to lean on the conditional probability
statements regarding the estimates for the given levels
of the independent variables in the equation; the alterna-
tive course is to assume that the independent variables
are stochastic and to consider Joint distributions.

A general Justification for the use of the least
squares approach in the recursive model cf this study
was made in chapter 1. The primary concern was focused
on the endogenous varilables which are used as explana-
tory variables in the different relationships and on

reasons why the use of their calculated values can satisfy

found in J. Sohnston 71963) Econcmetric Methods (McGraw-Hill
Book Co.: New York) and Arthur S. Goldberger (1964) Eco-
nometric Theory (John Wiley and Sons: New York).

HT1p14.
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the requlisites of the ordinary least squares method.
Such concern 1s expected because the endogenous variables
are, by definition, correlated with the disturbance terms
and thelr use as Independent verlables In ordinary least
squares analysis will lead to unsatisfactory results.
But, as will be shown later, the 1independence tetween
the calculated value of an endogenous variable and the
disturbance term rests on the conditicn that the other
explanatory varilables 1in the relationship are 1ndependent
of the disturbance term. Independence between these
other explanatcry variatles and the disturbance term 1is
one of the assumptions for the mcdel and is implicit in
the Justification given in the first chapter.

An important implication of the assumption that
the explanatory variable and the disturbance term are
independent 1n each relationship 1s worth mentioning
at this point. There is no problem when the assumptlon
is made for a uniequational model since there will be
only one set of explanatory varlables and one population
of disturbances to consider. However, when such an
assumption 1s applied to a relationship that 1s part of
a set composing a model, other relationships are auto-
matically involved. For the particular set of relations
in this study, the four populations of disturbances in
each sub-model are correlated one with another. Thus,

to assume that the explanatory variable is independent
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of the disturbance term in one relationship implies that
it 1s likewlse independent of the disturbances in the
cther relationships c¢f the sub-model.

The reasoning behind the use c¢f calculated values
in applylng the crdinary least squares methcd 1s similar
tc that for the two-stage least squares epprcach. The
estimaticn procedures are similar except that in using
crdinary least squares, regressicn is done con different
sets of predetermined variables. The discussion that
follows 1is an attempt to show that the calculated values
cf endogenous varlables, which serve as explanatcry vari-
ables, are free of stochastic ccmponents and are there-
fore essentially independent of the disturbance terms.

By omitting the primary subscript cf the quantity
variable and all secondary subscripts, and by grouping
all the other explanatory varlables 1in each equaticn
as z, the relationships 1in sub-model I can be written

as follcws:48

Q =Dy + bllzl +uy (1)
Pyy = bpog + b5Q + bpozy + up (2)
Po = P3p * b31@ + b3z + ug (3)
PB = Dyo + Pyn® *+ DyoPy T PygPo F byuzy tuy o (H)

48Except for scme of the parameters in the first and
last equaticns, the b's and u's in these relationships are
not identical to thcse appearing in sub-model I.
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With the exception of eguaticn (1), the direct
application of least squares to each of the above
equations would result in unsatisfactory estimates
cf the structural coefficients. Working equation (1)

by least squares, we get an estimate for Q@ which is

A A A
The observed Q can now be expressed as
A A
Q =Q + 71 (6)

Substituting equation (6) in equation (2), we get
A A
Py = bog + bp1Q + bopozy + (bpoply + up) (7)
It 1s the property of the least squares approach that
A A
the unexplained residual, u;, 1s Independent of z;. Q 1is
A
independent of uy; 1t 1s also independent of uo, the dis-
turbance term in equation (2), because z1 1s predetermined
A
in the model. Thus Q is independent of the composite
A
disturbance (bojuq + uo) shown in equation (7). The same

procedure can be applied to equation (3) tc arrive at

A A
Py = b3y + bgyQ + bapZg + (b3lu1 + u3) (8)

For the sake cof brevity, we can let the composite dis-
turbances in equations (7) and (8) be represented by
' !

ué and Ug, respectively. If we now apply least squares

to these equations, we get estimates for PM and PO as

shown:
A A Pl A A
A A N A A
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and as in equation (6), we have
A A
Py = Py + up (9)
A Al
By substituting equations (6), (9) and (10) in
equation (4) for Py, the result will be

A

N A
P = byg * byyQ + bypPy + bysPy + 02y

+ b433'3 +uy) (11)

+ (o707 + 50
For the same reasons given befcre, the calculated
values of Q, PM and PO are independent of the overall
ccmposite disturbance shown in equation (11). Thus, if
tne assumption regarding the independence between the
cther explanatory variables and tne disturbance terms
nolds, the least squares technique can be justifiably
employed in determining the equations in the model.
Although the use of the calculated values of the
cndogencus variables in the study paves the way for the
application of the method cf least sguares, this step
impcses statistical limitations for the model. Statis-
Tical inferences that are based on the estimates of
tne standard errors of the structural coefficients
will have to be confined to the first relationship in
each sub-model. As mentioned in tre first chapter,
recursive-model estimates are consistent, Since con-
sistency is a large-sample property, the usual signifi-

cance tests are not applicable to the estimates of the
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coefficients in the price relationships of the model.
No small-sample tests have yet been formulated for re-
cursive-model estimates, Christ mentions the same
limitations for two-stage least squares estima‘ces.a9
llevertheless, the estimated standard errors of the
coefficients in the three price equations can still

be used to indicate the relative importzrce of the
price determinants. For this purpose, the "level of
significance" for each estimated coefficient, as shown
by 1ts estimated standard errcr, can be computed to

serve as the standard measure for comparisons.

Y9christ (1960) op. cit.



CHAPTER V
RESULTS OF THE STUDY

The overall results of this investigation can be
considered as satisfactory, despite some shortcomings
in the performance of certain relationships in the model.
The quantity relaticnships of the two sub-models show
very gocd statistical fits to the observed data and both
of the estimated equations for soybean oil give satis-
factory coefficients of determination. One of the two
soybean meal equations does not satisfactorily account
for the variations in meal prices during the sample
period but a better fit is obtained for the other,.

Fair statistical fits which are shown by the soybean
price relations reflect the dependence of these
equations on the nature of the results of the other
relations in the model.

The estimated coefficients of the explanatory
variables generally exhibit algebralc signs consistent
with the expected results. As applied, the "levels of
significance" of the estimated coefficients appear as
good indicators of the important determinants of the
dependent variables in the different relationships.

The computed price flexibilitles for soytean meal and

73
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soybean o0il are of Jjustiflably levels and are comparable
with those found by other investigators. (Table 3.)
Divergent results are obtained for the price flexibility
of soybeans in the two sub-mcdels and, consequently,

only approxlimate relaticnships between the price flexi-
pilities of soybeans and soybean prcducts can be indi-
cated., With the use cf zpproximate tests, no evidence

of serial correlaticn is shcwn fer the different relation-
ships. These results are discussed in detail in the

chapter,

Estimated Relatlionships

The estimated equations for the different relation-
ships in the model are presented below; corresponding
equations of the two sub-models appear together under each
general econcmic relation. All of the secondary sub-
scripts of the variables have been omitted from the
equatlions. The statlistical measures cobtalned are indil-
cated under each equation; these irclude the coefficient
of determination--botn uncorrected (RS) and corrected (ﬁg)
for degrees of freedom, and the Durbin-Watson statistic
for testing serial correlation amcng the disturbances,
Instead of the usually-shown estimated standard errors
of the estimated ccefficients, the levels of significance
for rejecting the hypothesis that the parameter ccef-

ficient 1s zero are given. Estimates of the structural
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parameters and their estimated standard errors are pre-
sented up to five decimel figures in Table 1. For the
comparability of results between the two sub-models,
"R2," "R®" and "d" zre irdlcated under the logarithmic
equations; these measures are btased on the actual
observations and the antilcgarithms of the estimates
from the relationships. The corresponding measures
calculated directly from the lcgarithms are shown 1in

Table 2,

Quantity of Soybeans Processed

1. Qgg = 7710 + 0.482gg - 1510Vgp + 22.0Pyqy - 0.137Qpg

(0.00) (C.00) (0.01) (0.14)
- 913Rp
(0.31)
R = 0.995 R® = 0.993 d = 2.48

2. Log QBC = 2,031 + 0.724Log Sg - 0.411Lcg VSP

(0.00) (0.00)
+ 0.183Log Py, - 0.297Log Qg - 0.069Log Ry
(c.01) (0.01) (0.35)
"R2" = 0.997 "RE" = 0.995 "g" = 1.84

Average Price of Soybean lMeal

N
1. Py =1.16 - 0.0048LQz; + 0.302Pp - 0.00184Qp4

(0.25) (0.23) (0.55)
+ O.582QFG + O.3A1QFF
(0.20) (0.77)

R2 = 0,565 R2 = 0,384 d =1.32
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N\
~. Log Py = 1.5101 - 1.30Log Qpg + C.371Log Pr,

(0.01) (0.25)
~ N
- 0.243Log Qpg + 1.78Log Qp, + 1.11Log Qpp
(0.57) (0.02) (0.14)
"R®" = 0.711 "Re" = 0.521 "g" = 1.28
fverage Price of Soybean 01l
A
P = 1540 - C.C202Q., - 0.01314yz - 0.25MQy,
(0.01) (0.42) (0.01)

+ C.1819p- - 0.h02Qpp
(0.35) (0.01)

R = 0.832 = 0.762 d =1.91

A
Log Py = 11.7206 - 0.721Log Qpn - 0.369Log Qpg
(0.00) (0.51)

- 1.10Log QVO + 0.984Log QET - 1.3%Log QLD

[C.02) (0.26) (0.11)
e =n ~ u——'2 ) Lo !
F=" = 0.899 R " = C.5854 "g" = 2.14

cvaroge Farm-level Price of Soybeans

A A A
Pz = 8.35 - 0.00384Q5; + C.7C7P,; + 0.119P4 + 3.02T

C
(0.21) (0.18) (0.04) (0.18)
R® = 0.689 RS = 0.85%4 g =2.42
Ting PB = 0.6364 - 0.08CLog 3:0 - ¢.378Log ?ﬁ
(C.77) (5.23)

A
+ 0.347Log Py + C.058Log T
(C.40) (0.68)

" En ~ Q- (K=t . - toan
R = (0.682 R o= CLEs "q 1.85



[

TABZLE 1.--Estimates of ccefficients and standard errors,
sub-mcdels I and II.

Equa?icn Sub-Mcdel I Sub-Mcdel II
and o Estimated [Estimated [Estimated Estimated
varlat_e Coefficient S. E. Ccefficient S. E.
) QEC:
gq + 0.48128 0.01929 + 0.72404 0.C3127
Veap -1507.107C5 360.€4714 - 0.41072 0.09675
Puo + 22.02924 7.35814 + 0,18338 0.05441
QFs - 0.13673 C.08834 - 0.29750 0.09710
Fp - 912.54180 867.90735 - 0.06914  0.07115
P
%zc - 0.00484 0.0C397 - 1.30467 0.43970
Qg - 0.00184 0.00291 - 0.24290 0.41183
Pr + 0.30193 0.23958 + 0.37069 0.30758
Upg +  0.88192 0.42713 + 1.78436 0.67728
CrR +  0.34117 1.20385 + 1.11297 0.71364
30y
Qe - 0.02021  0.00601 - 0.72121  0.15990
“ps - 0.01315 0.01872 - ©.359C8 0.53134
9 - 0.25374 0.07417 - 1.1C499 0.41829
Qar + 0.18057 0.18641 + 0.,98395 0.84117
Qp - 0.bo214 0,13623 - 1.333984 0.81974
(1) PE:
%Ec - 0.00384 0.00293 - 0.07369 0.27185
?m + 0.70732 0.50542 + 0.37776 C.30104
®, +0.11921  0.CE(6h  + 0.34E68  0.39271
T +  3.02171 Z.18171  + (.C0E772 0.134z0
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General Results

The followlng discussions cover the results on the
goodness of fit of the estimated equations and the alge-
braic signs and levels of significance obtained. Figures
3 to 10 provide rough visual aids for the measures of fit;
further reference to these figures 1s made later in the
chapter. It should be pointed out that because of the
method of computations employed in determining the
equations in the model, the statistical interpretation
of the level of significance can be strictly applied
only to the first relationship of each sub-model. "Level
of significance"” is used for the price relationships as
an approximate measure of the importance of the explana-
tory variable associated with the estimated coefficient.

Comparisons are made between the coefficlents of
determination that are obtained for the price relation-
ships in the model and those found for price formulations
in other studies. Although the sample periods and the
variables of the studies are not indicated, such differ-
ences are borne in mind when making the comparisons; the
purpose 1s merely to appraise how well the formulated
equations fit the observed data, regardless of the vari-

ables employed and the periods covered by the studles.
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Quantity of Soybeans Processed

Tne estimated equations for the quantity of soybeans
crushed during the marketing year both result in very
sztisfactory fits to the observed data. A comparison of
tne equations in the two sub-models shows that little
advzntage aprears to be gained by the use of the logarithmic
f'orm. The coefficients of determiration are practically the
s«me and, except for those of the foreign-output variatle,
the corresponding estimated coefficients of the two equations
exhibit etout the same levels of significance. A conslder-
able improvement 1in the level of significance 1s indicated
for the coefficient of the foreign-output variable when
the logaritnhmic relationship is employed.

Statistically, the estimated coefficlents of S, VSP
and PVO are all highly significant in both sub-models;
that of Qpp 1s insignificant in sub-model I but highly
significant in sub-model II. The estimated coefficlents
for Rp in the two sub-models are both insignificant; the
res3ulting levels of significance indicate that with re-
pested sompling, coefficients as large =s the respectlve
estimates can be obtained 31 per cent of the time with
sub-model I and 3% per cent of the time with sub-model
1T, if tne true ypesramsters nre zero.

Tne algebtraic signs of the coefficients of the
different economic varisvles are, 1in general, ccnsistent

wirh those expected; only the coeflficient of the foreign-

M
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output variable appears to have a wrong sign. It is
reasonable to assume that the lagged effect of foreign
soybean production on the quantity of domestic crushings
would be in the same direction, but of a lesser degree,
as the effect of the current value of the variable.

Such teing the case, a large soybean output abroad in
the preceding year would lead to a decrease in the
current export demand for United States soybeans. The
resulting decline in the total demand for beans 1s apt
to decrease soybean prices and consequently increase the
gquantity demanded for domestic processing. Thus, it
aprears that the foreign-output variable in this study
may not be a good indicator for the soybean export mar-
ket. The other coefficients show acceptable signs, in-
cluding the price-ratioc variable.

The soybean quantity relationship serves its pur-
pose well as an estimating function. Accurate estimates
of the observed quantities are obtained with the use of
variables whose values are essentlally known at the
start of the marketing year. With this performance, the
relationship attains its objective in the overall frame-

work of the model.

Average Price of Soybean Meal

The estimated equation for soybean meal in sub-

model I appears the weakest in this recursive system,



with respect to both statistical fit and "levels of
significance." The resulting R2 of 0.57 is rather low,
compared to the results obtained for meal-price equations

in other studies that similarly assumed an additive re-
lationship between variables. (Table 3.) Price formulatiors
bty Paarlterg (1949) and 1In the 19538 USDA study gzve un-
corrected coefficients of determiration of C.85 and C.87,

o)

respectively. Houck (1263) obtained an R of 0.69 in
applyirg ordinary least sguares to the meal eguation in
his model. The corrected coefficient of determination
for sub-model I in this study is only 0.38. It is seen
that the lower the value of Rg, the greater 1s the
difference between RS and R2.

In earlier studles which employed logarithmlic
relatlionshirs, the soybtean meal equation used by Kirg
(1958) gave uncorrected coefficients of determination
of ©.8C and 0.94 for two sample periods. The highest
R2 from the different comblnatlons of varlables tested

vy Hieronymus (1961) was 0.86. An R

of 0.73 is indl-
cated for the soytean meal price equation in sub-model
II of this study.

The results of this investigation show strong evi-
dence that a multiyglicative, razther than an additive,
relationship exists between the economic variables in
soybean meal pricing. In sub-nodel I, variations In

the values of the explaratory varinbles nccount for
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C.57 of the variations in the price of soybean meal during
the 1946-63 period. With a logarithmic relationship, 0.14
more of the variation in soybean meal price can be associ-
ated with variations in the values of the same set of cause
variables for the same period (see "RZ" in Table 2).

Based on the "levels of significance" of the corresponding
estimated coefficients, three of the flve explanatory
variatles show 1increased impocrtance when the logarithmic
equation 1s used; the remaining two eppear unaffected by
the change in the algebraic form of the relationship.

The quantity of soyteans processed determines the
quantity of soybean meal that 1s produced. As an 1im-
portant determinant of meal prices, the quantity of soy-
teans appears better represented ty the results in sub-
model II than those 1in sub-model I. Simllarly, the
non-logarithmic equation does not appear to reflect the
due importance of feed grain consumption and formula
feed output, two variables which can be expected to
significantly affect soytean mezl prices., Llvestock
prices and foreign soybean output, the two lagged vari-
ables, maintain their relative 1mportance in both sub-
models.

The algebraic signs of the estimated relationships
generally agree with expectations. The normal price-
quantity relationship of the demand for a commodity 1is

exhibited. Ircreases 1in the price of livestock anrd
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livestock products are expected to be associated with in-
creases 1In soybean meal prices when the quantity of soy-
teans is held constant. Livestock prices In the formula-
tion reflect lagged effects while formula feed output
represents the current influence of the livestock com-
plex. The algebraic sign for formula feed production
is likewise reasonable since increases in the manufacture
of formula feeds can be associated with increases in the
orice of meal when the other variables remain constant.
The positive coeffliclent for the quantity of feed
gralins suggests a complementary relationship between
soybean meal and feed grains. This result differs from
the findings of King in 1958 which showed that '"high-
protein feeds and feed grains are strongly competitive
on the average."50 However, it is also likely that the
expanded production of mixed feeds can lead to a comple-
mentary relation between these two commodities; high-
proteln feeds and feed grains tend to be mixed in
proportions which yleld certain percenteges of protein
and carbohydrates per given weight of the prepared feeds.
A negative relationship with soybean meal pfices
is indicated for the foreign output variable. As noted
earlier, soybean meal and soybeans are competitive to a
certaln degree in the foreign market; importing countries

which have crushing facilities can import either meal or

50King (1958) op. cit.
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beans. But whichever the United States exports, changes
in the foreign output of soybeans are likely to be counter
to those in the price of soybean meal. For example, a
decrease in the production of soybeans abroad will lead
to an increase 1n the forelgn demand for United States
soybean meal and directly tend to increase meal prices.
On the other hand, if importing countries prefer beans
instead of meal, the likely increase in the price of
soybeans can put pressure on the price of soybean meal.
In the latter case, however, 1t 1s also possible that
the marketing margin may absorb the price "squeeze"

and keep the price of meal unchanged.

Average Price of Soybean 01l

Good statlistical fits are shown by both of the
estimated relationships for the average price of soy-
bean oll during the marketing year. Comparison of the
equations in the two sub-models shows that the logarithmic
form "explained" 0.07 more of the price varlations of
soybean oll in 1946-63. Based on the actual price ob-
servations and the antilogarithms of estimates, the un-
corrected coefficient of determination obtained for the
logarithmic relationship is 0.90. The uncorrected coef-
ficients of determination in toth equatlions exceed the
R° obtained by Paarlberg (1949) in his oil price equation.

The soybean oil price function in Houck's (1963) model
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gave an R2 of 0.54; comparative measures in the present
study are 0.76 in sub-model I and 0.85 in sub-model II.
The results of this study indicate a tendency for the
relatlionship of the variables in the soybean oil rela-
tion to be multiplicative, but the evidence is not as
strong as that shown for soybean meal.

With the "levels of significance" of the esti-
mated coefficients as 1ndicators; the oil equations in
the two sub-models show that the quantity of soybeans
and the quantitles of other vegetable olls and lard are
important determinants of the price of soybean oll.
However, the quantity of lard appears to be of lesser
importance in sub-model II than in sub-model I. Both
equations fail to reflect the expected significance of
the soybean oll export market whose influence 1s repre-
sented in the study by the foreign soybean output during
the preceding year. Because a large part of the United
States soybean oll output 1s exported, it 1s reasonable
to expect that the export market for soybean oil 1s of
greater importance than what the results of the equations
suggest. This may indicate need for a more appropriate
signal of foreign demand in the oil relation of the model.

A1l but one of the estimated coefficients of the
cause variables exhibilt acceptable algebraic signs. The
negative coefficients for the quantity of soybeans pro-

cessed and the foreign output of soybteans are explained
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by the same reazsons presented for the soybean meal equations.
A negative sign for the quantity of other vegetable oils is
consistent with the directly competitive relationship be-
tween this group and soybean oil., 1In the case of the in-
direct competitors of soybean oil, the negative coefficient
of the quantity of lard agrees with the expected result

but the positive coefficient of the quantity of butter
appears unacceptable, The results suggests that soybean
0ll and butter are complements, which 1s contrary to the

"known' relationship between the two commodities.

Average Farm-level Price of Soybeans

The estimated equations for the average price
United States farmers received for soybeans during the
1946-63 period indicate fair statistical fits. The un-
corrected coefficients of determination are about the
same for the two sub-models but are lower than the 0.79
obtained by Paarlberg (1949) for his soybean price
equation. Except for Paarlberg's investigation, the
other studies reviewed earlier did not include specific
price relationships for soybeans.

Based on the indicated "levels of significance"
of the estimated coefficients, the results of the soybean
price relation are not as consistent between the two
functional forms as they are in the meal equations.

Comparing the relative "levels of significance" of the
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estimated coefficients in the two sub-models, 1t appears
that an additive relationship between the variables 1is
a better assumption for the soybean price relation. How-
ever, if the "levels of significance" were used as an
indicator of the relative importance of the explanatory
variables within each equation, it would aprear that the
logarithmic relationship gives better results. Although
both relationships indicate that the quantity variable
1s of lesser importance than meal and oll prices in
determining the price of soybeans, sub-model I shows
that the price of soybean oil is the major determinant
while sub-model II indicates that soybean meal 1s more
important. While a slightly larger portion of the
value of soybeans for the early part of the sample
period was contributed by soybean oil, the share of soy-
bean meal was larger for a longer part of 1946-63,
Furthermore, due to differences in physical storabllity,
soybean meal 1s almost wholly consumed during the year
it is produced while soybean oil can be stored for the
succeeding marketing period. It 1is for these reasons
that the result indicated by sub-model I appears less
acceptable than that shown by sub-model II,

The algebraic signs of the coefficients of the
quantity of soybeans and the prices of meal and oll are
those expected. As in the meal and oll equations, the

normal price-quantity relationship is indicated.



90

Increases 1n the prices of meal and oll are expected

to be assoclated with increases in soybean price when the
quantity of soybeans is unchanged. The estimated price
equation for soybeans shows a poslitive trend over time.
The positive sign of the trend variable in the estimated
equations possibly reflects the results of the improved
techniques in soybean processing and a thinning of the
marketing margin over time. DMore efficient methods of
bean crushing tend to increase the value of soybean
products from a given quantity of soybeans processed.
There may also be a tendency for lesser margins per unit
with larger volumes of the commodity.

Although the results of the soybean price equation
in sub-model I are fairly satisfactory, there are reasons
to bellieve that an additlive relationship between variables
1s the correct specification. As shown by the model in
this study, the soybean price relatlon 1s dependent upon
the results of the estimated equations for the quantity
of soybteans processed and the average prices of meal and
oil. The quantity relationships perform satisfactorily
and the results of the soybean oll equations appear
acceptable. The poor results come from the soybean meal
equations; however, the meal equation in sub-model II
gives relatively much better results than that in sub-

model I.
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It 1s reasonable to assume that a large part of the
inconsistent results of the estimated equations for the
price of soybeans is contributed by the meal equations.
If the correct specification for the soybean price rela-
tion were sub-model I, the fair performance of the esti-
mated equation is likely caused by the poor results of
the meal equation in that sub-model. On the other hand,
despite the relatively tetter results of the mezl equation
in sub-model II, the resulting soybean price equation of
this sub-model still yields rather unsatisfactory "levels
of significance." It is therefore doubtful that a multi-
plicative relationship would be appropriate for the soy-
bean price equation. A further reason which suggests the
use of sub-model I is that one would expect an additive
relationship between the price of soybeans and the price
of meal, price of o0il, and marketing margin. This rela-
tionship includes two of the major explanatory variables

of the soybean price relation in the model.

Derived Estimates of Economic Parameters

Estimates for other economic parameters related to
soybeans and soybean products are derived from the sta-
tistical estimates of the structural coefficients in the
different relationships of the model. The computational
procedures used in arriving at the estimates shown by

the study are given in Appendix B. Because of the
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direction of causation in the functional relations,
estimates of the price flexibilities of demands for
soybean meal, soybean oll and soybeans are obtailned,
rather than thelr price elasticitles. The price elastic-
1ty of demand for a commodity can be defined as the per-
centage change 1in the quantity demanded of the commodity
assoclated with a one per cent change in the price of
the commodity, assumling that the prices of other com-
moditles are constant. On the other hand, the price
flexibllity of demand for a commodity 1s the percentage
change 1n the price of the commodity assoclated with a
one per cent change in the quantity demanded of that
commodity, assuming that the quantities demanded of
other commodities are constant.

In the discussion of the results of this study,
the suggested price elasticitlies will be indicated as
reclprocals of the estimates of price flexibilities.
Although this 1s done, 1t should be pointed out that,
in general, one measure is not the reciprocal of the
other; the definitions of price elasticity and price
flexibllity indicate that these two measures are obtained
under different assumptions. Regarding the relationship
between price elasticlity and the reciprocal of price
flexibility, Houck writes,

the departure of the true price elasticity

from the flexibility reciprocal depends upon the
cross effects of substitution and complementarity
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with other commodities. . . . The reciprocal of
Fhe direct price flexibility forms the lower limitﬁ1
in absolute terms, of the direct price elasticity.-’
The recursive model 1In the present study ylelds an
estimate of the price flexibllity of demand for soybean
meal at wholesale, measured at the polint of means, in sub-
model I of -0.74; sub-model II, which assumes a constant
price flexibility, gives an estimate of -1.30. A flexi-
bility estimate of -0.2 is implied in the study made
by Paérlberg (1949) with data for 1931-41 (see Table 3).
From two sets of data covering 1930-54, the price flexi-
bilities computed by King (1958) were -0.48 and -0.58.
The 1959 USDA study indicated estimates of -0.76 and
-0.77 for the years 1946-57.52 Data for about the same
sample period, 1947-58, were used by Hieronymus (1961)
and the two most satisfactory comblnations of varilables
in his analyses suggested price flexibilities of -1.38
and -1.45. With two-stage and ordinary least squares
prodedures on the same sets of equations, Houck (1963)
obtained estimates of -1.12 and -1.08 in one model and
-1.32 and -0.84 in a second model., His follow-up study
a year later used the same 1946-60 data and indicated

a price flexibility of -1.12,

5l7ames P. Houck (1965) "The Relationship of Direct
Price Flexibilities to Direct Price Elasticities," Journal
of Farm Economics, Vol. 43, No. 3.

52Cited by Houck (1963) op. cit.
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The estimate of the price flexibility of demand for
soybean meal from sub-model I of this study appears to
agree with those of the 1959 USDA study while the esti-
mate from sub-model II compares with later studies,
particularly the analysis by Hieronymus in 1961. Judging
from the comparative results of the two sub-models as
discussed 1n the previous section, it would be more
reasonable to accept the price flexibility estimate from
the logarithmlc equation. The sub-model II estimate and
the results shown by past investigations indicate that
the price flexibility of demand for soybean meal has in-
creased in absolute value since the 1930's. This implies
that the demand for soybean meal in the United States 1is
becoming less elastic over the years. The lower bounds
of the price elasticity of demand for meal suggested by
the price flexibility estimates of this study are -1.35
In sub-model I and -0.77 1n sub-model II.

In the case of soybean oil, the corresponding
equations of the two sub-models show consistent results.
The estimate of the price flexibility of demand for soy-
bean oll at wholesale, again computed at the point of
means, 1n sub-model I 1s -0.77; that directly indicated
in sub-model II is -0.72. Paarlberg's (1949) study sug-
gested a price flexibility of -0.10. The direct whole-

sale price flexibility estimate for soybean oil obtained
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by Brandow in 1961 was -1.77.23 Houck (1963) obtained
price flexibility estimates of -0.43 with two-stage least
squares and -0.39 with ordinary least squares; his re-
formulated model in 1964 gave an estimate of -0.52.

The lower bounds of the price elasticity of demand
for soybean oil suggested by the results of this study
are -1.3 for sub-model I and -1.4 for sub-model II.

These suggested estimates of elasticity from the two
sub-models may appear rather low. Because of the high
degree of substitutabllity between soybean oil and the
other food fats and olls 1n the edible fats and oills
group, it is expected that the demand for soybean oil

is highly elastic. However, 1t 1s for the same reason

of high substitutabllity that a large deviation between
the price elasticity of demand for a commodity and 1ts
price flexibility reciprocal (the suggested price elastic-
1ty) can be expected. The elasticity matrix in the study
bty Brandow gave an estimate of the direct price elastlicity
of demand for soybean oil at wholesale of -3.99; on
inversion of his matrix the estimate of price flexibility
was -1.77.9% If the price flexibility estimate obtained

by Brandow were used as an indicator of the price elasticity

53g. E. Brandow (1961) Interrelations Among Demands
for Farm Products and Implications for Control of Market
Supply, Pennsylvania State Agricultural Experiment Station
Eulletin 680.

54

Ibid.
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of demand for soybean oil, the suggested elasticity would
be - T%77 or -0.56, a figure much lower than the suggested
elasticities in this study. Following Brandow's reasoning,
it would take a larger change in quantity of soybean oil
to clear the market with a one per cent change 1iIn the
price of soybean oll if the prices of other fats and olls
were held unchanged than if the guantities of other fats
and olils were unchanged.55

Apparently absorbing the divergent results of the
meal price equations, the estimates of the price flexi-
bility of processing demand for soybeans from the two
sub-models are almost reciprocals of each other. The
estimate 1n sub-model I, determined at the point of
means, 1s -1.21; that computed from sub-model II 1is
-0.82. The suggested lower bounds of the elasticitles
from these estimates are respectively -0.83 and -1.22.
Approximate farm-level elasticlitles of processing demand
for soybeans computed by Houck (1963) in one model were
-1.48 and -0.82 from two-stage and ordinary least squares,
respectively. Estimates for a second model which employed
time as a variable, as in the formulation of the present

study, were not computed in Houck's investigation.

55Ibid., p. 61. In reasoning for the difference be-
tween the price flexibility and reciprocal of price elasti-
city, Brandow writes, "It is intuitively evident that a
much larger price change would be required to clear the
market of a 10 per cent increase in soybean oil production
when production of other fats and oils was unchanged than
wnen prices of other fats and oils were unchanged."
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The linked relationships of the prices and quantities
of soybeans, soybean meal and soybean oil in the model en-
able the determination of the approximate relationships
between the wholesale price flexibilities of demands for
meal and oil and the farm-level price flexitility of soy-
bean demand for processing. Using fB’ fM and fO to derote
the price flexibilities of processing demand for soybeans

at the farm level and of wholesale demands for meal and

0oll, the resultling relationships are:

Sub-model I: fp = -0.479 + 0.576 fj + 0.388 £

Sub-mcdel II: fy = -0.080 + 0.378 fiy + 0.347 ¢

0

These linear relaticnships between the farm-level
price flexibility of processing demand fcr scybeans and
the price flexibilities cf demands fcr meal and cil at
whcsesale are rough apprcximaticns. They, however,
reflect the results cf the corresponding eguaticns in
the two sub-mcdels which yield clcse estimates cf price
flexibility for scybtean cill but diverse results fcr both
meal and scybeans. In sub-model I, the estimates of
price flexibilitles are -0.74, -0.77, and -1.21 feor
meal, cil and beans, respectlvely; those 1in sub -mcdel

IT are -1.30, -0.72, and -0.82, in the same order.



Actual Otservaticrs =2nd Estimates

The cbtserved values and the estimates fcr the quantity
cf scybeans crushed, the sverage price United States farmers
received fcr scybteans and the average whclesale prices c¢f

!

meal and cil fcr the marketirg years 1346-03 are presente

(3

in Tables 4 znd 5. Grovhilcesl compariscns between sctusl
data and the estimates from each equaticn z2nd fcr eazch subi-
mcdel apprezr in Figures 3 tarcugh 1C,

Estimates cf yeurly scybesn crushings during thre
sample pericd are clcse toc the observed quantities in
btoth sub-mcdels. (Figures 3 and 4.) The largest differ-
ence tetween zctual and c-mputed values in sut-mcoel T
is an cverestimate of abt . ut seven per cent cf the quantity
¢f teans processed in 1949; in sub-mcodel II, the maximum
deviaticn freom actual data 1s an underestimate cf zround
five per cent cf trne crusnings in 1251,

Tne resulting cceflicients cf determinaticn for tie
meal price equaticn are indicative of the mzjor deviaticns

tetween the estimates and the chserved values cf the

(€2}

average whcoleswle price ~f scyteqn meal in the s=nople

ot

pericd. Figure & shows thnnt sub-mcaoel I arpeors to nave
merely indicated the generzl trend cf soybean mezl prices
fer 1946-63. Althcuch toth of fhe sub-modals fail tc
account for the price cr-oires from the inmediste yeor:

<

after World War II up o tihe outlrosk of the Forvenn W
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FIGURE 3.--Annual quantity of soybeans processed, actual and
estimates obtained from sub-model I, 1946-63,
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FIGURE 4.--Annual quantity of soybeans processed, actual and
estimates obtained from sub-model II, 1946-63,
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FIGURE 5.--Average wholesale price of soybean meal deflated
by the wholesale price index, actual and estimates obtained
from sub-model I, 1946-63.
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in 1950, sub-mecdel II gives relatively satisfactory
estimates of meal prices for the following decade,
(Figure 6.) Both sub-models overestimate the prices
of soybean meal for the years from 1954 to 1960, with
the exception of the 1958 marketing year in sub-model
ITI. These overestimates are caused by the large in-
creases 1n the feed grain consumption by livestock and
the production of formula feeds, two variables which

positively affect soybean meal prices. The two sub-

‘g‘:'_.ﬁ Lo AP i M ’

models result in considerable underestimates for the
1962 marketing year. An increase in formula feed pro-
duction from 1961 fails to offset the simultaneous
negative effects of increases in the soybean output
varlables, both the domestic and the foreign, and

the decrease in feed graln consumption.

The two fitted equations for the soybean oil
relation fail to "explain" the price variations of
soybean oill during the first three years of the period
covered by the study. (Figures 7 and 8.) From 1948
forward, the logarithmic equation results in estimates
which are relatively better than those of sub-model I.
Outside of 1946-48, the largest deviations of the {
estimates from the observed oil prices are both indi-
cated by the two sub-models for the 1960 marketing
year, The computed values in 1960 underestimate the

observed price of soybean oil by 33 per cent and
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FIGURE 6.--Average wholesale price of soybean meal deflated
by the wholesale price index, actual and estimates obtained
from sub-model II, 1946-63,
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FIGURE 7.--Average wholesale price of soybean oil deflated
by the wholesale price index, actual and estimates obtained
from sub-model I, 1946-63.



107

Dollars
Per Ton

\\ Actual

Loo | - --—-Estimate

300 |-

200 +

100

FIGURE 8.--Average wholesale price of soybean oil deflated
by the wholesale price index, actual and estimates obtained
from sub-model II, 1946-63.
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24 per cent in sub-models I and II, respectively. This
underestimate 1s due mostly to a 12 per cent increase in
the quantity cf other vegetable oils utilized between
1959 and 1960; other explanatory variables either stayed
at the same levels or show changes which tend to 1in-
crease scybezan oll prices. Changes in the guantity of
other vegetable oils aprpre=r to similarly cause the de-
viations between the estimates and the =zctual observa-
tiorns for the years 1252, 1954, 1257, and 1958. This
time, however, decreases in the use of other vegetcble
olls cause noticeable overestimates by both models that
are more marked in sub-model I than in sub-model II.

A considerable decrease in the value of the foreign out-
put variable and a decline in the use of lard in 1963
seem to account for the overestimates by both sub-models
for that year.

Comparisons tetween the actual and tne computed
average prices United States farmers received for soy-
beans during tne 1346-63 pericd are shown 1in Figures
9 and 10. The Jjoint results of the meal and ocil
equations are reflected in the estimztes of soyrvean
prices. Like those for meal and cil prices, the esti-
mated equations for the farm-level price cof soybtesans
do not satisfactorily "explazin" the price charges in
the early part of the same period. After 1948, sub-

model I ylelds estimates which fit the observed-price
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FIGURE 9.--Average price received by farmers for soybeans
deflated by the wholesale price index, actual and estimates
obtained from sub-model I, 1946-63.
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FIGURE 10.--Average price received by farmers for soybeans
deflated by the wnholeszle price index, actual and estimates
obtzined from sub-model II, 1946-63.
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line falrly well but sub-model II appears to poorly
account for the year-to-year changes in soybean price.

Sub-model I significantly underestimafes soybean
prices for 1951 and 1962 and yields overestimates for
the years 1954-60, except the 1956 marketing year.
While the low estimate in 1951 appears to be caused
by a decline in the price of oll alone, the significant
underestimate for 1962 is caused by changes in the
quantity and price variables of the soybean price
relation, 2ll tending to exert downward effects on
the price estimate. Increases in the prices of meal
and oil in 1957 and of meal alone in 1958-59 appear
to have caused the ncticeable overestimates for
these years.

The pattern of estimates in sub-model II for
1955-62 generally follows that in sub-model I and the
estimates for the period may be explained by the same
reasons as for sub-model I. The apparent divergence of
the results between the sub-models for the 1963 market-
ing year 1s largely due to the differences between the
corresponding estimates of the quantity of soybeans
crushed and the price of soybean meal in the two sub-
models. In sub-model II, the calculated values for
these variables indicate an increase in the quantity

of soybeans crushed and a decrease in the price of
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meal; these changes are in contrast to thcse shown for

the estimates of the same variables in sub-model I.

Tests for Serial Correlation

A test for serial correlation among the disturtzrces
in each relationship of the model is made with the Durbin-
Watson statistic, d, which is ccmputed from the unexplainred
residuals of each equation. The values of d are given
under each of the estimated relationships presented
earlier and, as previously noted, those appearing for
the logarithmic relations are based on the differences
between actual observations and the antilogarithms of
the estimates (see also Table 2). Applied to this model,
the test for serial correlation is only approximate be-
cause the model involves calculated values of the endoge-
nous variables which cannot be considered "fixed." The
test is specially applicatle "to regression models in
which the independent variables can te regarded as fixed
variables,"50

Durbin and Watson give the lower and upper bounds
cf d for tests at specified levels of significance.57

In a test for positive serial correlation, the hypothesis

56J. Durbin and G. S. Watson (1951) "Testing for
Serial Correlation in Least Squares Regression,' Bicmetrik:
Vol. 38.

5T1p14.,
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is made that no positive serial correlaticn exists. If
the computed value of d 1s less than the lower bound,
the test statistic 1s significant at the given level
and the hypothesis is rejected. If the computed d
exceeds the upper bound, the value 1is not significant
and the hypothesis can be accepted. However, if the
test statistic falls within the test bounds, the re-
sult of the test 1s inconclusive. A test for negative
serial correlation is made by computing (4-d) and sub-
jecting the result to the same test as for positive
serial correlation, although this time the hypothesis
is that there 1s no negative serial correlation.

The lower and upper bounds of d for a two-tailed
test at the five per cent level of significance are
given below; these values are for testing the relation-
ships in this model, each of which has 18 observations
snd four or five independent variables.58

(a) For five independent variables:

dL = 0.62 dU = 1.93
(b) For four independent variables:
dr, = 0.72 dU = 1.74

We apply (a) for approximate tests on the relationships

for the quantity of soybeans processed and the average

58
““The values shown are upper and lower bounds for

a

single-tailed test at 2.5 per cent level of csignificance,

From table by Durbin and Watson (1951) op. cit., p. 174,
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wholesale prices of meal and oil; (b) 1is applied for
testing the soybean price relation.

The results of the tests show no significant
serial correlation among the unexplained reslduals at
the five per cent level of significance (see table on
page 115). Only the soybean price relationship in sub-
model II shows an insignificant value of d for both posi-
tive and negative serial correlation. If the tests fcr
sub-mcdel II were applled to the actual d, as computed
frcm the residuals in the lcgarithmic relaticnships,
the results are simllar tc thcse shown in the table
except that the test for pcsitive correlaticn on the

scybean price equaticn yields an inconclusive result.
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CHAPTER VI

CONCLUSION

I ccnclude that, despite scme shcrtcomings cof tre
study, the stated objectives were attained to a reascn-
able degree. The quality of the results is less than
what was desired but much has been gained. Thls chapter
gives a btrief summary cf the principal findings in this
study and indicates measures fcr imprcving the mcdel.
Finally, some implications of the results are stated,
with the hope that they will be of value in future price
analysis wcrk on scybeans and other agricultural com-

modities.

Major Findlngs cf the Study

The ability of this recursive model to yileld a
meaningful analysls cf the demand the price structure
cf the domestic soybean market depends, 1n a large
measure, cn the performance of the quantity-cf-scybeans
relaticon. Both estimates of this relaticnship appear
to have achieved their purpose in the analytical frame-
work of the mcdel. Consequently, the findings cf

ecconomic importance, as shcwn by the price equations
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for soybean meal, scybean oll and, tc a certain extent,
cybeans, are deemed useful. Amcng these findings are:

1. The results of this study, in acccrdance with
those cf other investigations, indicate that the demand
for soybean meal in the United States 1s teccming less
elastic over time,.

2. Feed grains appear to be complements with scy-
bean meal. This result differs from thcse cf previous
findings. However, changes in the feeding of livestcck
in the United States indicate a tendency towards the
increased use of prepared feeds. This could result in
complementarity between high-carbohydrate and high-
prctein feeds.

3. Of the two indirect competitors cf soybean
oll in the domestic market, lard appears to exert more
influence on the price of scybean oil than tutter does.
Since soybean oll 1s a maJor component cf shortening
and margarine, this result suggests that the direct
competition between shortening and lard is relatively
stronger than that between margarine and butter,

4., The prices of soybean meal and soybean oil
are more important determinants of the farm-level price
of soybeans than the quantity of scybeans processed.
This was expected because the demand for soybeans is

derived from the demands for soybean products.
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On the statistical aspects cf the study, the follcw-
ing results are worthy of note:

1. With a recursive model of the type employed
in this study, an analysis of the markets of soyteans
and soybean products can be made with the legitimate use
of ordinary least squares. The application cf least
squares prccedures dces not essentially violate the
requisite that the explanatory variables should be
independent of the disturbance term in a functicnal
relationship.

2. Estimates of price flexibilities computed from
ihis model are comparable to previcus estimates obtained
by ordinary least squares. The least squares estimates
in a number of earlier investigations are considered
reascnable but nevertheless deemed unsatisfactory be-
cause the procedure employed violated the assumption
of independence between explanatory variables and dis-
turbance terms. The price flexibility estimates from
the model are also comparable to the results from a
simultaneocus-equations mcdel of an earlier investigatcr
who employed the two-stage least squares procedure.

3. The logarithmic form of the estimated equaticn
for soybean meal yilelds much better results than the
non-lcgarithmic form. This suggests that the soybean
meal pricing relationship tends to be multiplicative

rather than additive.
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4, The estimated equations fcr soybean oil per-

form relatively better than those for soybean meal.

The logarithmic relationship for scybean cil appears

to give more satisfactory results than the equation cf
"natural" values; however, the evidence of a multiplica-
tive relationshlp among variables 1s not as strcng as
that shown for meal.

5. The hypothesis that the structural ccefficient
is zero was tested for each parameter in the various
relationships. In the quantity equations, the estimated
coefficients of three explanatory variables in the non-
logarithmic form and four of those in the logarithmic
form were found significant at the one per cent level.
As applied to the price equations of this study, the
computed "levels of significance" of the estimated
coefficients appear as reascnable indicators of the
relative importance of the corresponding explanatory
variables.

6. Price estimates for soybean meal, soybean oil
and, consequently, soybeans obtained by this study indi-
cate that the major determinants of the prices of these
commodities in this mcdel are clearly unable to account
for the large price variations for the marketing years
1546-48, Evidently, exocgenous factors during the immedi-

ate period after World War II were nct reflected in this

i J
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model; these factors caused significant deviations between
the estimates and the observed prices of meal, oll and

beans.

Suggested Improvements in the Model

A better specification of the variables in the mesl
equation appears necessary., Despite the iImprovement
assoclated with the use of the logarithmic form for the
relation, the results obtained still fail to attain
desirable levels, Prior to the final form of the meal
relationship in the model, a number of other explanatory
variables were tested for use. Among these were the
quantity of other high-protein feeds consumed by live-
stock in the United States during each marketing year,
the animal-number series of the USDA and a linear trend
variable. The number of experiments was limited by the
time available; it is possible that scme untried combi-
nation between these variables and those appearing in
the final form of the equation may yield better results.
Other variasbles which may improve the meal relation are
the animal-number series formulated by Hieronymus59 and

the price expectation series worked out by Lerohl.6O

S9ileronymus (1961) op. cit.

6011 1burn L. Lerohl (1965) Expected Prices for U. S.

Agricultural Commodities, 1917-62, Unpublished Ph.D.
thesis, Michigan State University.

4

4
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The increasing importance of the export markets
of soybeans and soybean products suggests that the export
sector might be explicitly represented in the relation-
ships. The lagged foreign-soybean-output variable 1s
apparently not a good indicator of changes in export
demand; the price of United States soybeans in foreign
ports during the previous year could be tried in its
place. For the soybean oil price relationship, the
foreign output of all edible vegetable olls or oil-
seeds during the past year could be an alternative vari-
able to account for the influence of the export market.
It 1s likely that United States exports of soybean oll
are affected more by the foreign output of all edible
vegetable olls or ollseeds than cf soybeans alone,

An improved performance of the model as a whole
might be obtalned by using a combination of equations
from the two sub-models in this study. Based on the
performance results of the equations, one can choose
the more satisfactory functional form to employ for
each of the economic relationships of the modified
model. Results indicate that a logarithmic equaticn is
appropriate for the meal relation while a non-logarithmic
form of relationship appears to perform better for soy-
bean price, Either of the two functional forms can
give satisfactory results for the quantity-of-soybeans

relation. Although the logarithmic equation of soybean
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oll seems slightly better, both of the functional forms
appear applicable., Four combinations of the different
relationships are thus possible for a reconstructed model.
In modifying the set of structural equations, however,
one should not 1limit the changes to the functional forms
alone. As polnted out earlier, there is likewise the
need for trying to improve the specification of the vari-

ables.

Some Implications of the Results

The failure of the price equations in this model
to "explain" satisfactorily the price variations of
soybeans and soybean products in 1946-48 was mentioned
earlier in this chapter. A possible cause of the poor
estimates for these years is the relatively large in-
crease in United States soybean exports from 3 million
bushels in 1947 to 23 million bushels in 1948 (see table
6); as previously noted, the export market appears in-
adequately represented in the model. However, despite
the inclusion of an export demand function in Houck's
simultaneous set of relationships of the United States
soybean market, his model also did not yield good esti-
mates of prices for the above-mentioned years,6l The

results of Houck's investigation and those of this

61Houck (1963) op. cit.
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study suggest that it might be well to exclude the 1946-48
marketing years as part of the sample period in an analysis
of the markets of soybeans and soybean products.

An important implication of the results found in
this study 1s the possibility of a wider use of recursive
models for price analysis work on agricultural commecdities.
In recent investigations, fully recursive models were

62 and

applied by Harlow, in an analysis of hog supply,
by Crom and Makil in their simulation study of the United
States livestock-meat economy.63 A model of the type
employed in this study, where recursiveness occurs only
within observation periods, may find use In demand studles
on other agricultural commoditles. For example, with the
use of appropriate predetermined variables, relationships
might be formulated to generate estimates of the marketed
quantitlies of farm products. And, as in thils study,
ordinary least squares procedures can be legltimately
applied to the subsequent relatlionships between the
calculated quantities and the prices of these commodities.

Finally, the method employed in thls investigation
can be of value 1in countries where computer facllitles

are limited. While more complicated models of analysis

Iinvolve computatlional procedures requiring the services

62) pthur Harlow (1962) Factors Affecting the Price
and Supply of Hogs, USDA Technical Bulletin 1274,

©3crom and Maki (1964) op. cit.
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of modern computers, the recursive model iIn this study
is relatively simpler and computations can be performed
with ordinary calculators. 1In places where the qualilty
of avallable agricultural economic data does not lend
itself to elaborate analytical models, the output ob-
tained from a complicated set of relations may not prove
commensurate with the costs of computations reguired for
the more '"sophisticated" analytical procedures. The
estimation of demand parameters by the method in this

study can then be a practical approach.
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TAELE 12.--United States soybean acreage, production,
average yleld per acre and farm value of production,
1920-21 and 1925-63.

Area Farm Value
Year Harvested Production Yield of
for Beans per Acre Production
1000 acres 1000 bu. bushels 1000 dollars
Averages:
1920-21 171 2,546 14.8 6,503
1925-29 s47 6,874 12.6 13,421
1930-34 1,163 16,603 14.3 14,314
1935-39 3,042 56,167 18.5 46,441
1940-L4 8,246 151,004 18.1 255,266
1945-49 10,649 208,885 19.7 513,673
1950-54 14,747 298,422 20.3 779,316
1955-59 21,344 483,901 22.6 1,004,086
1960 23,655 555,307 23.5 1,185,352
1961 27,008 679,566 25.2 1,546,263
1962 27,60U 669,211 24,2 1,564,470
1963 28,580 699,363 24,5 1,845,339

Sources of data: VYearbock of Agriculture and Agricultural
Statistics, USDA.
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TABLE 14.--United States soybean meal supply and dis-
position, in thousand tons, 1946-63.

Miiget— Pro- Oct. 1 Total Exportsb Dogiiﬁic
Year duction Stocks Supplya appearance
1946 4,086 - 4,086 142 3,944
1947 3,833 - 3,833 96 3,737
1948 4,330 - 4,334 151 b,17¢
1943 4,586 13 4,625 U7 4,543
1980 5,897 35 5,965 181 5,748
1951 5,704 36 5,763 4o 5,669
1952 5,551 52 5,64l L 5,540
1323 5,051 57 5,123 66 4,995
1954 5,705 62 5,767 272 5,458
195 6,546 37 6,583 400 6,072
1956 7,510 111 7,621 443 7,123
1957 8,284 5 8,340 300 7,992
1958 9,490 48 9,538 512 8,967
1959 9,152 59 9,211 649 8,479
1960 9,452 83 9,535 590 8,867
1961 10,342 78 10,420 1,064 9,262
1962 11,127 94 11,221 1,476 9,586
19¢€3 10,609 159 10,768 1,478 9,168

dIncludes imports in years when larger than pro-
duction plus stoc«s.

Ulrclude military relief shipments from 1946-50,
Sources of data: Feed Situation and Grain and Feed
Statistics, USDA; Scytean Elue Book, Anerican Soybean
Association.
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TABLE 16.--United States soybean oil supply and disposition,
in million pounds, 1946-63.

Market - Domestic
ing Pro- Oct. 1 Total Exports Disap-
Year duction Stocks Supply pearance
1946 1,531 2008 1,731 98 1,429
1947 1,534 204 1,738 112 1,532
1948 1,807 9% 1,903 300 1,488
1949 1,937 113 2,050 291 1,646
1950 2,454 113 2,567 490 1,906
1951 2,444 171 2,615 271 2,150
1952 2,536 194 2,730 93 2,462
1953 2,350 174 2,525 71 2,326
1954 2,711 127 2,838 50 2,609
1955 3,143 179 3,322 556 2,539
1956 3,431 227 3,658 807 2,565
1957 3,800 286 4,085 8ol 3,051
1958 L,251 281 4,532 930 3,320°
1959 4,338 298 4,636 953 ,551°
1960 4,420 308 I,728 721 3,515°
1961 I, 790 677 5,467 1,308 4,135°
1962 5,091 618 5,709 1,165 4,0290
1963 4,822 920 5,742 1,106 4,403°

YAverage of the reported stocks for August 31 and
October 31 of the calendar year.

bReported factory consumption (in years exceeding com-
puted disappearance).,
Sources of data: Fats and 0ils Situation, USDA; Soybean Elue
Book, American Soybean fAssoclaticrn, o
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APPENDIX B

COMPUTATIONAL PROCEDURES

The following computational procedures are em-
ployed in arriving at the derived estimates of and the
relationships between the price flexibilitlies of demands
for soybeans, soybean meal and soybean oil., Computations
are indicated for obtaining the price flexibilities for
soybean meal and soybean oil with the use of the esti-
mate of the quantity of soybeans processed instead of
meal and oil quantities. In deriving the estimate of
the price flexibility of processing demand for soybeans
at the farm level, the estimated functions of the
prices of meal and oil are first substituted in the
soybean price equation. Thilis step 1s necessary since
meal and oll prices are both dependent on the gquantity
of soybeans processed. The same results would be ob-
tained if the total derivative of the price of soybears
with respect to the quantity of soybeans processed were
determined instead of making the substitutions indi-
cated here,.

1. Price flexibilities of demands for meal and

oil., On the assumption that constant proportions of

meal and oll are obtained in the processing of soybteans,

143
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the corresponding quantities of meal and oll can be ex-

pressed as

Qy = kMQBC and Q = k QBC

where KM and ko are the constants of proportionality. With
the use of these relationships, the price flexibilities of
demands for soybean meal and soybean oil are computed as
shown below. Let the symbols f, and f. represent the

M 0
price flexibilities for the two products.

Sub-model I: The price flexibility of demand for

soybean meal, at the point of means, is given by

Py

O
==

1

£ o=
AN

o

M M

Substituting the quantity relationship between meal and

soybeans in the equation and then simplifying, we have

Py (K Rpc)
FI,’I = —a—(“T . '—————P:_-———
Krae) M
3Py KiR_re
v 9%BC M
_ 3Py “Be
= % . ——
L Qre
= bp] ——

P
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Similarly, the price fléxibility for cll, at the polnt

cf means will be

.. %o g BC

= b —_
31

N p— —

aQBC PO PO

&

Sub mcdel II: Thils sub-mcdel assumes a constant

price flexibllity of demand. Using the results gilven

in sub-mcdel I, the price flexibllity of demand for

scybean meal 1is

9 P 0
e P %rc
M BA
Qpe Py

Manipulating the above equaticn gives

2 Py/Py,
——
3 Qpp/Rgg

~ 3log PM

= [ ——_ = d
n 21
In the same way, the constant price flexibility of

demand for soybean oil will be

3log PO

0 3log QBC 31
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Farm-level price flexibility cf processing

demand for

soybeans. PM and PO are eliminated from the

fcurth relationship by substituting their respective

estimated functiins in the scybean price equation.

Since the interest 1s the relaticn between PB and QBC’

cnly the relevant parts of the substituted functions

are indicated.

Sut-mcdel I:¢ The price equaticns may be ex-

pressed as

Py =

o
to
Il

Making the

PB =

Il

And the price flexibility for processing demand for soy-

beans, fB’

£ =

B

follcws:
A
bngBC + .. .
N\
bBIQBC + . .
A A A
Py Rpe + PyoPy + bysPo

necessary substitutions,

N A A
£, Qpe + bu2(b21QBC + .. .) + bu3(b31QBC + .

+

N N A
Py1Qpg T PupPsRpc * Py3Pg e t

N
(bul + bu2b2l + bu3b31) QBC +

at the pcint c¢f means, will be

oP

.

Qs Q

B 5C BC
= (byy + bysbsy + bybay) =

A = 1 42°21 437317 3

9 Qgc  Fp "B
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Sub-model II: Using the same procedure of substi-

tution shcwn fcr sub-mcdel I, the soybean price equation
is expressed as

N
Log PB = (dLH_ + d42d21 + d}-[»3d3l) log QBC + .
which results in the constant price flexibility of
fp = dyy + dypdpy + dy3dsy

3. Relating the three price flexibility measures,

The relationships between the farm-level price flexi-
bility cf processing demand for soybeans and the
wholesale price flexibilities of demands for meal and
oil can be obtained as follows:

Sub-model I: Rewriting the flexibility equation

for fg in (2), gives

Q Q Q

BC BC BC

fg = by — + bypbpy — + byzb3 —
Py B B

Introducing the mean prices of meal and oil in the

equation,

which can be written as

_ QR Py Py
fg = by 20 + byp 2 £y + byz =2 £,

PR Py Py
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Sub-model II: The relationship between the three

price flexibilities are directly indicated by the
equation for the price flexibility of processing demand

fcr soybeans, that 1is

and thus,

fB = d41 + dung + du3fo






MICHIGAN STA'

S
|
I

i

LT

93010052268



