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SUMMARY

Major edible fat and oil produets, in order of relative consumption,
are lard (used directly as lard}, shorienmng, butier, salad and cooking
oils, end margarine. Total per capita consumption of these items has
been relafively stable during the last 30 years. A decrease in the use
of {atty spreads for bread has been about offsat by an increase in the
use of salad «nd cooling oils. Most of the butter and lard is consurmed
in the same form in which it is prucueed. Other cdible iat and oil
products are produced {rom a variety of fais and oils, of which the
two most important are seybean oil and cotionseed oil. During the
last two decades, use of cottonseed oil in such products has been
relatively siable, but use of soybean oil has increased sharply, partic-
ularly since around 1840.

The competitive relationships among food fats and oils arve difforent
for users of edible fat and oil preducts then for manufactures of
these products. Users, prineipally households, restaurants, and baker-
ies, buy shortening, margarine, coolking and salad oils, mayonnaise and
selad dressings, lard, ang butter. In the users’ marke$, these products
compete with ench other. However, as ingredienis in the manufacture
of these products, competition is almost wholly amony food {ats and
oils other than butter and Iard. In these uses, butter and lard neither
compete with each other nor, to any appreciable extent, with other
food fats and oils, Competition of cdiblr. olls with Luiter and lard
is slmost entirely indirect, through their use s ingredients in the
manufncture of margarine and shortening.  Such oils compese directly
with each other as ingredients in the manufacture of edibla fat and
oi! products.

Consumption of marparine varies more or less directly with the
price relationship between butter and margarine, particularly after
allowing for the long-term upward trend for margarive and the
downward trend for buster. However, when the factors shat affech
prices of food f{als and olls other than butier and lard were anclyzed,
"1t was found that changes in the supply of hutter apparently had no
stefisfically significant efft.ct on these prices during the period incleded
in tke snalysis.

A close relationship exists between consumption of lard snd con-
sumphion of (vegetable} shortenings. Wher consumption of one
declines, consumption of the other fends to rise. The statistical
analysis previously referred to indicated that, for the yoars included in
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the analysis, a 1-percent change in the supply of lard had sboub two-
thirds as much elleet on the price of cdible futs and oils, other than
butter and lard, as did & 1-percent change in the supply of these items
assuch, Thus it is clear that there is a divect competitive relationship
betwecn these fwo groups of fats and ois. IReflccting a number of
factors discussed i this report, the refall value of lard has shown g
deelining percentage of the total retail value of Iard and sboriening
since the early 192¢'s. Owing mainly to cobcerted action on the
part of the lard industry, this trend may have been reversed in 1951,

During the 1920's and the early 1930's, cottonseed oil was the lead-
ing mrru_chent used in edible fat and oil pioducts Cogonut oil (now
used L eely in soap and certain industrial produets) and corn oil
were next in importance. In these years, most of the cottonsced oil
was used as the major ingredient in shortening. The bulk of the
coconnt oil used in edible produets was used in margarine.  Corn and
olive oils were the leading competilors ol cottonseed ol In food uses
other than shortening and margarine. Imposition of the 3-cent-n-
pound processing tax on coconut oil in 1934, logether with the ennct-
ment of numerous State laws taxing margarne that contained non-
demestic Tats and oils more heaviiv than other margarine, matorially
reduced the use of coconut ol in Lhis produci. A few years later,
domestic production of soybean oil hegau to increase rapidly, reflecting
in part Government avreage-contral programs for eorn, wheat, cotton,
and peanuts in the late 193%s wnd favorable prices during World
War I1,

With these dev olopmon[q eotionseed oil Inrgely replaced coconut
i} in margarine, and the increasing supply of soybean oil was directed
chicfly to use in shorlening. In addition, soybean oil was used to a
grenfer extent than ff)rmmiy in mmgqrme smd other food produets,
Use ol eveenut oil in food products now is confined mainly {o certain
specinlized uses for which domestic {als nnd oils nre nob well suited.
In nome years, subslanlial quantities of seybean oil 2 ~ used in drying-
oil products and substantinl quantitics of lurd are used in soap.

Two types of demaud exist for most Ials and otls. One has to do
with the minimum amounts or proportions that manufncturers
helieve muwt be used to give the standardized products they desire,
In the minds of manulacturers, there 18 no substitute for these mini-
mum wneunts of the particular oil they use 1 manuff:ctuung 2 specific
product.  The other has to do with ‘the remaining requirenients for
futs and oils. Thoy nre seleeted for these requir ements malnly on
the basiy of price and avatlable supply.  These two types of demand
may be thought of as noncompetitive and competibive, respectively.
Year-to-year variations tn the proportlovate amounts of cottonseed
oil, for example, used in leading fal and oil products indiente that the
competitive demand for coltonseed oil cunuot be ignored. The bigh
proportionate use of colfenseed oil in these products, even when
prices of this oil are uunusually high in comparision with those for
other fatz snd oils, Indicates (hat the noncompetitive demand for
cottonseed oll must be considered also.

When the suppiy of cottonseed oil is larger than the demand for
its noncompetilive use, the cxeess may be couaulercd part of 2 spccml
comunodity group of fats and oils. This group indudes supplics of
other food fats and oils, excluding butter and Imd which arc iz excess
of any noncompetitive ‘demand thot may exist {or them. The close
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agreement between price changes for coitonseed oil and those for
other edible vegetuble oils indicates thaé cottomseed oil usually
competes with other food fats and oils as an ingredient in the manu-
fecture of certain products. As it is not possible to scparate the total
supply of an individual fat or oil into its excess and noncompetitive
supplies, a study of the relationship between the price and the supply
of any single oil must e directed toward the price-supply relationship
for food fats and oils, other than butter and lard, as a group.

The equivalent-price of an edible fat or oil, as used in this bulletin,
1s the price of the crude fat or oil plus all the costs incurred in trans-
porting, processing, and using it in the manufecture of a particular
produet. When it is immaterial to & manufacturer which of o number
of fats and oils be uses in his product, their equivalent-prices must be
equal if they are to be competitive. Price margins at the crude,
E o. b. mill level that result in identical equivalent-prices for two or
more fats and oils differ from product to product, from manufacturer
to manufacturer, and from time to time. Average price marging that
prevail during a given marketing year are such as to result in the
complete vtilization of svailable supplies of each {at and oil, after
allewing for exports and carry-over, :

In an analysis of the factors that affect prices of food fats and oils
other than buster and lard, the three variables—per capita supply of
fats and oils used in food products (other than butter and lard), per
capite supply of lard, and personal disposable income—explained 92
percent of the variation In prices for 1922-42 and 1947-51. On the
average, 8 1 percent change in the supply of tiese fats and oils was
assoclated with a change of 1.6 pevcent 1n the oppusite direction in
price. Thus the demand for edible fais and ois af the wholesale
level 18 “inelastic.”  On the average, a T percent change in the supply
of lard was associnted with a 1.1 percent change in the opposite
direction n prices of edible fats and oils. Based on these relaticn-
ships, a 1-pound change in the per capite supply of lard would be
expected to have sbout as much effect on the price of edible fats and
oils, excluding buiter and lard, as does o 0.9-pound change in the per
capite supply of these fats and oils. A 1-percent change In per capita
disposable income, on the average, was associated with a change of
1.4 percent in the same direction in price.

Residuals from this analysis apparently follow a patters that is
related to changes in the dependent variable. This would be expected,
with the changes in inventory and purchase pracéices that are known
Yo ogeur as a result of changes in the trend in prices of fats and oils.
Thirty-eight percent of the variation in prices unexplained by the
three indepeadent variables included in the analysis was associated
with year-to-year chenges in these prices. Thus, when prices of fats
and oils rise, actual prices would be expected to be at & higher level
than that indicated by the anealysis; when prices fall, actual prices
would be expected 1o be at a lower level than thal .ndicated by the
analysis.

Production of eotionsesd oill mey increasc or decrease as a result of
several circumstances. Among these are changes in acreage planted
to eotton, in the yield of cottonseed, in the quantity of cottonseed
reteined for planting the following year's erop, or in the method of
processing the seed for oil and meal. Relationships given in this
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report were developed particularly for use in measuring the probable
offects of the adoption of oilseed processing methods that result n
higher yields of oil on gross returns to the cotéonseed-crushing industry
and to growers of cottonseed and other oil-bearing materinls. The
Production and Marketing Administration is preparing a report on
the types of new cottonseced crushing plants that will be most feasible
and the probable cconomic effect of the adoption of such planis upon
returns to the industry and io growers of cotton. Their report wilt
use the cquations developed in the present study that show the
supply-demand relationship for cottonseed oil and the effect of change
in the value of major coltonsced products per ton of sced processed
on the season average price of cottonsecd paid to growers,  An increase
in the vield of oil resulting from improved processing methods would
nok affect the yvield of meal, as this yield is regulated by mixing in
additional guantitics of hulls.

Three relakionships that ave of value in this connection are developed
in this bulletin. The fist, which has been discussed, shows heow an
inerease in production of cobtonsced oil would affect the wholesale
price of edible fats and oils. A separate equalion is used to show what
effect tlus price has on the price of cottouseed oil.

The second relationship estumates the effect of changes in the value
of the major cottonsced products obtrinad per ton of seed processed
on the scason average price of cottonseed paid to growers. An
increased yield of oil, for example, would increase the velue of the
SE(zd ;iiub this would be offsel in pari by the lower price obtained for
tie oil.

The shird relatiouship estimates the cffect of ehanges in the price
of colionseed on the pereentage of the coltonseed crop, less use for
planting, sold to mills. lnereases in the price of cottonseed bend to
nerease stightly the percentage of the crop sold.

These antlvses provide a frameworls by which the probable effecls
on prices and returns {o farmers and Lthe cotlonseed-processing indus-
try of the adoption of cerlain processing methods for cotlonseed can
be measured.

INTRODUCTION

Three agencies of the UL 8. Department of Agriculture—the Pro-
doction and Marketing Administration, the Farm Credit Adminis-
trotion, and the Bureau of Agricultural Eeonomics—are conducling
a joink study under the Agricultural Marketing Act of 1946 (BRMA,
Title II) to asvertain the eflects on the price of cotlonsced products
sold by oil millers and the price and total relurns from cotlonseed sokd
hy farmers thet woukd accompuny the partial or complete adoption by
coltonsced-oil mills of methods and equipment thal would mosl
tmprove their ccanomic position. The Bureau of Agricultural Heo-
nomies has the responsilnlily, under this project, of determining the
relationship between the price and the supply of cottonsecd oil and of
outlining mmethods by which the effect on the price of cottonseed oil
and on total returns fo growers and processors of an increase in the
supply of oil ean be eslimabed.

These methods, and the cconomic and statisiical reasoning on which
they are besed, arc presented here. DBackground material developed
under another project is included to provide an understanding of the
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esonomic forces that affect the cottouseed indusiry. A similar report
by Simon (2) * on soybeans Is being published concurrently.

THE FOOD FATS AND OILS ECONOMY

Edible {uts and oils, including butter, represent more than 60 per-
cent of the total consumption ol all fats and eils in the United Siates.
In order of relative consumption, the major products are; Lard used
directly as lard, shortening, butter, salad and cooking oils, and mar-
garive. TFigure 1 shows the per capita consumption of these items
from 1922 through 1951. Total consumption of lard and shortening
(the two major cooking fats} was relatively stable, and the consump-
tion of shortening increased in years in which production of lard was
small. Censumptlior, of butter declined sharply during the early
part of World War IT and tended to follow a declining trend in other
years. This decline was only partially offsel, by an incrcase in the
consumption of margarine. Consumption of salad and cooking oils
followed a generslly rising trend after about 1933. Consumption of
ell {ood fats and cils has heen relatively stable during thic last 30 yeurs.

Most of the butter and lavd is consumed in approximately the same
forra in which it is produced. OQther cdible (st and ol products
{shortening, margarine, and sslad and cooking oils) are produced
from a variely of edible {ats and oils, including some lard. The two
major items included in these products are soybean oil and cottonseed
oil. The use of cottonseed oil in edible products has been relatively
stable since 1931 (the earliest year for which delailed stalistics are
available), but the use of soybean oil has increased sharply, partie-
ularly since about 1940.  The use of other lood fats sud oils has been
reletively stabls, During the 1930%s, substential quentitics of
oils used mainly in nonfood products, such s coconut and palm,
were nsed in food products. During World War II, the available
supplies of these oils were channeled to witally needed nonfood prod-
ucts, In the postwar ynars, the large supplics of domestie edible oils,
available at comparatively low prices, displaced a larga percentage of
the nonfood oils previously used in focd (fig. 2).

A characteristic {eature of {ats and oils s inferchangeability. In-
dividual fats and oils may be best suited for specific uses, but most
fats and oils can be used for a variety of products. Tor example,
the four major products in which fats and ods are utilized are: Food
products, soap, drying-oil products, and miscellanceus industrial
products. Individual fnts and oils can be classified according lo the
leading use to which they are put. Cottonseed oil, soybean oil, and
lerd arc eonsiderad food {ats, beenuse they are usad chielly as {food or
in the manufacture of food products. Coconub oil and inedible
tallow are used lergely in making soap; linseed oil is used largely as a
drying oil. Iowever, these {ats and oils are used in other products
as well. For example, coconut oil is used in food products and for
various industrial purposes other than soap, nnd soybean oil is used
to a considerable extent in products that require drying olls.

Tigure 3 shows tlhie principal cconomic Torces that are helieved to
affect food fats and oils olher than bubter and lard. Prices of this
commodity group are aflected by a number of factors. One seb in-
cludes the supply of lard and possibly the supply of butter. Bath of

8 Italic figures in parentheses refer to Literature Cited, p. 45,
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DISAPPEARANCE OF FOOD FATS
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Froeure 1.—Total consumption of [ood fats s been [nirly stable during the last
30 years. No trends have been evident with respect to the mojor cooking fats.
The decline in consumption of fatly spreads lor brond has been about offset by
an increase in the consumption of salad and cooking oils.

these commodilies compete in he consumers” market for edible fat
and ol products. A second set includes factors that affect the demand
for raw madlerials for use in soap, deying-oll produrts, and othear indus-
trial products. Flese Mctors aflect the price of food fats and oils as
follows:

If the supply of zoap fats or of drying and indusirisl oils is low and
demand is bigh, manuvincturers of these udustrial products look to

248337 —53 2
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FATS AND OILS USED IN FOOD
{ Except Butter and Lard)

BiL.LBS.

—— NONFOOD QILS

:.;x
o

’ ‘. 7 4 7

1935 1940 1945 1950 1955

U, 5. DEPARTHMENT OF AGRICULTURE HEG. 24234-21X HUREAD OF AGRICULTURAL ECONOMICS

Ficare 2.—Use of soyhean oil in food products incrensed sharply in the last
decade, reflecting mainly n phenomensl increase in the domestie production of
soyheans. Since 1943, the use of nonfeod oils in food products hus been com-
paratively small, Duung World War 11, these olls were used meinly in vitally
needed nonfood products. More lecently bhey have Leen displaced by the
large supplies of domeslic edible oils.

food fats and oils to make up the deficiency in supply, thereby bidding
up their price.

Other fa.t.t,ors include the supply of food fals and oils, other than
butier and lard, consumer income, sind the demand for st.ora.ge and
export. F 01e1gn demand for ¢l fats and oils other than butter 1s in-
cluded as o factor in determining the price of fats and oils other than
iard and butter, because the principal uses of fabs and oils in foreign
markets differ to some extent from their utilization in this country.
For exsmple, whale and linseed oils are practically always used in
nonfood products in the United States. 1n certain other countries,
however, they are used mainly in food products. The relntionships
mvolved in this diagram are discussed in grester detall in later sec-
tions of this bulletin.

DEenmarns Foir DoMEsTIic CONSUMPTION, EXPORT, AND STORAGE

The dashed arrows in figure 3 indicate the physicel flow of the sup-
ply of foed fais and oils other than butter and lard mto the three
channels: Domestic disappearance {consumption), exports, and stocks.
These outlgls represent three separate demands. Domestic consump-
tion is affected by consumer income, average priges of the several fats
and oils acludgd in the group, and the prices of related commodities
in the consumers’ market, such as lard. Exports of thess products are
affected by domestic prices [or these ats and oils and {ereign demand
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PRINCIPAL ECONOMIC FORCES THAT
AFFECT FOOD FATS AND OILS OTHER
THAN BUTTER AND LARD
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Figure 3.—This chart presents a siinplified dingram of the economie relationships
that affect the prie, and demand for [ood fats and wils other than Lutler and
lard. Tt may he ecounsidered as a part of a larger diagram covering the entire
fats and oils cconomy, The numercus relationships of the faclors tndiented
in fhe chart are discussed in some detail in the text.

{or all fats and oils other thau butter.  Year-end slocks are intluenced
by anticipations ol conditicns of supply and demand in the year ahead
and inventories on hand at the beginning of the year.

Statistical analysis for 1921-42 indicates that, on a per capita basis,
& 1-pound increase in the supply of fais and oils used in Tood produets
{other than hutter and lard) tended to increase domaeslic consumption
0.66 pound; stork holdings, 0.23 pound; and exports, 0.10 pound.
That s, during these years, n.bout 66 pereeat of a given increascin the
supply of fals and oils used in food products por (iLj)lUL tended to go
into domestic disappearance. From 1943 to 1951, changes in slocks
and exports were more imporiant,  For these years, o I-pound increase
10 supply tended to increase domestic consumpltion 0.36 pound; stock
holdu‘ms, 0.35 pound; and exports, 0.29 pound.?

These relal,lons}nps Lhave o bearing upon the effect of an increase in
the supply of oll on its price. If the addilional supply of oil were to
go entirely toward inereasing the dowmestic disappearance of food fats
and oils, prices would decline sharply, as domestic demand for Lotal
edible fats and oile is highly inelastic. The tendency for prices lo
decline with an increase ju supply s reduced, as parl ol the additional
supply flows into larger exports (or reduced 1111.p01t'v.) and into inven-
fory accumulations.

4 Bee Appendix nole 3, p. 51



http:Jomest.ic
http:increa.se

1} TECHNICAL BULLELIN 1068, U, S. DEPT. OF AGRICULTURS

CoareriTive RELATIONSEIPS AMONG Foop FATs anp Qs

As discussed above, food fats and oils logically fall into three groups:
Butter, lard, and other edible fats and oils. Butter and lard are
ordinarily used directly by households and bakeries, Before 1936,
miner quantities of butter were used in margarine. Relatively small
quantities of lard are used in shortening, margarive, and nonfood
products (table 7). Other focd fats and oils are used principally as
mgredients n shortening, margarine, cooking and salad oils, and
mayonnaise and salad dressings. Smeller quantilies are used in other
food products such eas confections and potalo chips, und in
canning fish.

Tats and oils other than lard and butter that are or have been im-
portant in the food field are mainly of vegetable origin.  Chief among
these are cotlonseed, sovbean, and coconut ~ils, Ii’idible tallow and
oleo oil are the lending animal fats and oils in this group, but
they are less imporiant than the minor vegetable oils, such as corn and
peanut oil.

Cottonseed and soyhean oils are the leading ingredients in shorte ning
and margarine® In other food products, principally cooking and
salad oils, mayonnaise, and salad dressing, the leading oils used are
collonseed, corn, and suybean oils. Peanut vil is of lesser tmportance.
Olive oil was important as a salad oil before the outbreak of World
War II.  However, its price is considerably higher than prices of the
other oils mentioned.

The competitive factors that govern the use of food fats and oils by
users end by manufacturers of edible fat and oil products differ.
Houscholds, restaurants, and hakeries buy edible fat and oil products,
such as shorlening, margarine, cooking and salad oils, mayonnaise and
salad dressings, lard, and butter. In the users’ market, competition is
primarily between butter and margarine and belween lard and shorten-
ing, olthough some substitution occcurs among other fat and eil
products. For example, in some houscholds butier or margatitie may
be used interchangeably with lard, shortening, and cooking oils for
such purposes as [rying.

But the competition for fats and oils used as ingredients in the
manufacture of these products and for other purposes, such as in
confectioneries, fish canning, and potato-chip making, is almost wholly
araong 1ood fats and oils other than butier and lard,  In these uses,
butter and lard do not compete with eacl: other nor, Lo any appreciable
exteni, with otber foed fats and oils,

Therefore, competition of the edible oils with butter and lard through
their use as ingredients in the manulacture of ot and oil products,
principally margerine and shortening, is almost entirely indvrect. As
ingredients in the manufacture of edible fat and ol products, such oils
compete directly with cach other.

* Bince 1940, vse of lard in shorlening, as reported by the Burean of the Census,
has increased.  Just before 1940, lard made up Jess Lian 1 pereent of Lhe total Tats
and oils reporled used in shortening; in 1040-46, it made up between 1 and 5 per-
cent; and m 1847-50, 7 to 10 pereent.  This use of iard is believed {o represent
ehiefly usc in o shorloning product eomposed of a high pereeniage of lard pius
other fats.  For purposes of this report, it is conveniont Lo consicier Ghis shortening
praduet ag a forin of lard, instead of eonsidering this use of lard as a compelitor
of vegetable oiis tn preduction of shoriening.
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TaBLE 1.—Major fals and oils used in food: Domestic disappearance,
and wtilization by major classes of producis, averages, 1938-51

Percentoge of domestic disappearance

Domeostic
Commodity and period disap- Food use
parsnce

Cther fond

Shortening  Marparing ase !

TER

Mitlion
Avcrage: pounds

193741 2 185
1948-51 1, 558

Average:
1, 582 . ) 9,
193741 1, 659 . . 3,
1048-51___________.{ 2,041 13

OTHER FOOD FATS AND O

Cotionseed oil
Average:
19.
22,
31,

Soybean oil
Average:

1948-51

Clorn o1l
Average:

Peanui oil
Averape:
1932-36

1948-51

Tallow, edible
Average:
1932-36
Jo8
1948-51

Olea oit
Average:

1948-561 ... —
See focteotes at end of toble.
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TaBLE 1.—Major fots and oils used in food: Domestic disappearance,
and utilizatton by major classes of products, averages, 1939-51—Con.

FPereontage of domestiv disappearayce

) Domestic
Commndity and perid disap-
bearanea

Food usa

Other food

e | Tolal

Shortening | Mergarine

OTEER FOOD FATS AND QiLs—continued

Cleosicarine Mittio

Ave rage poznds Bereent Pereent FPereent Percent Percent
1932-30 345 61. 2 8 4 27. 7 47. 3 .
42 60. & 7.8 30. 98. 6 1.4

29 42,5 11. 1 46. 99. 7 .3

Olive o1l, edible
Average:
99.
99,
99.

NONFOOL OILS

Coconut oif
Averege:
1932-36

1948-51

Palm ol
Average:
253 a7, : . 3. 34.
275 34. . . 41,
48 1§ 1] 1.

P Includes fats and oils sold to bakers aod other food manufacturers.
¢ Ineluding ““Foots,” the residue from refining.

¥ Less than 0.05 percent. '

From Bureau of the Census, Bureau of Internsal Reveuue, and U. S, Department
of Agriculture. Domestic disappearance computed from data on production,
factory and warehouse stocks, imports, and ‘exports (including shipments to
Unijted States Territories in the case of lard). Beginning with 1949, all data are
on an as-reporied basis. For prior years, stocks nnd imports and exports of
refined oils are included on a erude hasis. Use in margarine, prior to June 1950,
Burcau of Internal Ruvenue, after June 1950, Buresu of the Census; other uses
based mainly on factory cousumption, Burcau of the Census. Difference between
dcm?stic disappearance and totel factory consumpiion included in “other food
use.’

Recariox or Burrer 70 Oruer Foop Fars anp Ois.—Butter is
known to compete with margarine as a spread for bread. This competi-
tionis difficult to measuresiatistically, in part because margarine, and to
& lesser extent, butter, also compete with shortening and other fats and
oils for cooking and {rying. Consumption of margarine varies more nr

less directly with the price relationship between butter and margerine.

-
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Irn analyzing the factors that affect prices of food fats nud oils, other
than bufter and Iard, for this study, changes in the supply of butter
appeared o have no statistically significant effect during the period
included. For this reason, the supptl{y of butier was omzited from the
analysis. With the increased importance of margarine in recent years,
it is possible that changes in the supply of butter may currently affect
prices of edible vegetable oils. From 1920 to 1940, the ratio of con-
sumption of margaring t0 cousumption of butter was 0.14; and from
1950 to 1951, the ratio was 0.62.

Revarion oF Liarp 1o Orger Foon Fars anp Qins.—As indigated
in figure 1, a close relationship exists between consuraption of lard and
consumption of vegetable shortenings. YWhen supplies of lard were
short during the mid-1930 droughts, consutmption of lard declined and
that of shortening increased. Less evidence is available as to whether
a reverse shift takes place. In any case, the statistical analysis
referred o0 sbove indicated that, for the years included in the analysis,
a 1-percent change in the supply of lard had about two-thirds as much
effect on the price of edible fats and oils, other than buiter and lard,
as did & L-percent change in $he supply of these items as such., Thus
it is clear that there is a direct competitive relationship between these
two groups of fats and oils.

The retail value of lard has represented & declining percentage of
the total retail value of lard and shortening since the early 1920%s.
During the peak year 1923, the retail value of lard accounted for 67
percent of the total value of heth fats, wherens in 1950, it accounted
for only 39 percent. If allowance is made for the increased use of
lard in shortening, the figure for 1950 would be 44 percent. Both
prices and consumption of lard declined in relstion to those of shorten-
ing. Seversl factors are believed to have been of importance in bring-
ing about this shift in consumer preference. One was the lack of
uniformity in lard, both from packer o packer and frony different
renderings of the same packer. Shortening, at least for any given
brand, is quite a uniferm product. Some mannfacturers of shortening
have advertised heavily and have packed thetr preduct in hermetically
sealed metal cans. Under normal conditions, shortening in cans will
lzeep indefinitely prior to opening.  Also, it can be stoved conveniently
in the original container until 1% is used. Lard usuelly is packed in
lightweight cardboard containers.

Housewives apparently prefer s gencral-purpose shorteuing. To
male satisfactory cakes with lard, special recipes are reguired and
those published by manufacturers of shoriening are designed o give
satisfactory resulis only with shortening. Renderers of lard are tyying
to reverse this trend by marketling o product that contains & high
percentage of lard but scts like a typical vegetable shortening. It is
packed in cans similar to those used {or advertised brands of household
shortening and is called by a brand name that bears no resemblance to
lard. Special blends of lard, with or without hydrogenated vegetable
oils, also are prepered for vse in specified types of commercial baking.
A third measure adepled by renderers of lard to popularize their prod-
uct is to improve both the quality and method of packeging lard,
For example, addition of a small quantity of lard flakes results in a
product that will keep ssiisfactordy without refrigeration.

In 1951 the percentage of the tofal retail value of lard and shorten-
ing represented by the retail value of lard increascd to 47 percent,
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not allowing for lard used in shortening, and to 53 percen$ after this
adjustment. The increase probably reflected in part the large demand
for lerd for export and in part the efects of improved methods of
preparing and merchandising lard.

Use o7 Orner Fars anp OiLs 1v Foop Probuors.—The NHmMErous
uses possible for most, fats and oils and the extent to which one can be
replaced by another results in a kigh degree of competition among
these commodities in the market. The relative utilization of indi-
vidual fats and oils in margarine, shortening, and other edible fat and
oil products hes shifted. These shifts reflect several influences, in-
cluding advances in technology relating to fats and oils, trends in
Telative supplies of fats and oils available on the mayricet, and Govern-
ment policies and regulations.

TAELE 2.— Major fais and oils used in Jood products {(other than lard and bulter):
Percentage distribulion of supply, 1220-51
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Rurean of the Consus and Bureau of Agtionitunt! Economics,

Table 2 shows the percentage distribution of the supply of the major
fats and oils, other than bubter and lard, used in food products. The
total, which represents 100 percent on this table, equals the total supply
of fats and oils {other than bulter and lard) used mainly in food prod-
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uests, plus the use in food produets of other fats and oils, suck as coconut
st palm sil, less the use of Toad fats and oils in nonfood products.
From 1920 to 1933, cotlonseed oil represented 65 to 80 percent of this
total, Tn most of these years, the uss of coconut oil in food products
was the second nmiost important item, although in o number of years the
supply of corn oil was about as laige. Prior to 1835, the supply of soy-
bean oil was negligible.

From 1920 to 1933, the bulk of the supply of cottonseed oil was
utilized in production of shortening; it made up from 80 to more than
90 percent of the total fats and oils consumed for this pwpose (table
3). Other outlets were in margarine and i food uses other than
shortening and rargarine (tables 3 and 4). The latéer uses represent
principally cooking and salad oils, mayonnaise, and salad dressings.
Increasiny per capite eonsumption ol letiuce, especially during the
1920s, and probably g rising trend in per capite consumption of other
salad 1toms, has tended to merease the unportance of these uses as
outlets for fals and oils.  An additionnd factor has been the inereasing
use of what was originallyv a southern custom of spreading sandwiches
with mayonnaise or ereamed salad dressing instead of with butter or
margarine, coupled with the inereased sale of sandwiches at drug
stores and lunch counters. From 1920 to 1933, corn and olive oils
were the leading competitors of cottonseed oil I food uses other than
shorfening and mavgarine.

Tasre 3.—Fuls ond oils used tn muargarine and shortening: Perceniage distribuiion,
averoges 1920-51

! Other ! Taks]

Cat- & o .. [ T ' C OHeg ! : f

ton | Soy- Tea- fCaco-- Oleo- . Oico Pahm Bdible: futs | fats

Liem seqrd | Ve |l oo stel ) Tand Gl Gl talle and | aad

ofl | ¢ o0 e ; i | oils | alls

] N H

Per- | Per- ! Fer- ] Per-} Ber- t Per- b Per- b Per | Pere | Per-

cemd | eemd ' oeenf § oeenl | océmd b ocemi b ocent | cend | ceMf  cent
0.9 25! LG &4 E4 (it [&]} 1. 2.2 100. 0
A ) 1.5 2.4 -9 2 1.9 4.3 384 MK
8.2 LG 1.5 | A {3} L5 5.3 3.4 109. 9
d8.4 4.0 -0 1.5 251 (% L4 4.4 2.4 [ I00.0
3.0 24 21 -9 e @ U] LT &0 100.0

Margnrine: !
Average:
1020-25_ 0.3 (4] .2 %3 251 LB T o] ] 3.2 000
10— .7 -1 L0 6%L5 2.2 T4 143 {8 (%) 1.8 1 104, B
39,8 2.9 L1] 37 12 1.3 [ {2 Q] 481 100.0
BB | 487 1.G 24 .7 1.8 3.5 {3 &) 2.5 0.0
1047-5L, . .. 86.0( 3241 .9 ‘al S u‘ L2 0.0
1

130023 and 1929, 1, B, Tarilf Commission {{#, pp, 160-1613; 1931-51, reporid of the Bureat of the Censua,
Data not avuilalle for 1024-28 and 1930,

1 Ineluded in other fats and olls.

¥ Wol reported sepnrately,

{ Loss than 046 percent,

51920 and 15821, calendar-year averuge of fscal-yenr dailn: 1922-Fune 1950, compiled fram monthly data
publisbed [n repurts of the Burezu of Infernal Revenne; July 1050-date, from Bureaw of the Census,

From 1920 to 1933, the hulk of the coconut oil censumed in edible
products was utilized in the manufacture of margarine. This ail
accounted for 35 to 75 percent of the fotal fats and oils used in mor-
garine. In the carly part of this period, cottousced oil, oleo oil, and
neutral lard were important, alihough relatively deelining, ingredients
used for this purpose.

The decline in the use of cottonsecd oil, lard, and oleo oil in marga-
rine from 1920 to 1933 reflects the shift by,many manufacturers
from products containing cottonseed oil and animal fats to all-

246527 —53——38
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vegetable-oil producits wusing mainly coconut oil. According to
Snodgrass (14, ch. 12), utilization in margerine prodaction of a
hydrogenated mixture of coconut oil and a small percentage of anothor
vegetable oil, usually peanus oil, resulted in a product with improved
texture, especially in warm weather. Other fats and oils made up
1‘ela.t,ive’1y minor proportions of the totel fats and oils utilized in
production of margarine from 1920 to 1933.

Tanue 4—Liguid oils used wn food products oiher than shortening and
margarine: Percendage distribution, qverages 1981-51 1
|

Period Cottonseed!  Com TPeanuk Soyloap Olive Sasame [ Totgl
olf oil oil ol oil il oiis

Average H Parcent Percend FPrereenl Fereend Pereewt Fereent Percent
1931-40___ 53.1 2L § 35 3 12.5 17
1941-46___ 44, 4 217 atl 25, ¢ 1.7 .2 100§
1947-51_.. 42, 6 1% 85 . @ 26, 4 36 ] 160, 0

! Includes mainly use in the manufacbure of salad and cooking oils, mayonnaise,
and salad dressing, and also use by hakers and other food manufacturers, such
as confectioners, potato-chip manufacturers, and fish canners,

Estimated by the Bureau of Agricultural Ieonomies hased mainly on reports
of the Bureau of the Ceusus,

Since 1933, owing to a number of circumstsnces, the relative
utilization of fats and oils in margarine, shortening, and other food
products has shifted. In the early and middle 1930's many States
enacted laws that taxed margarine containing nondomestic fats and

oils more heavily than other margarine. The chiel nondomestic
ingredient of margarine was coconut oil.  Under the Internal Revenue
Act of 1934, a tax of 3 cents a pound was inpesad on the first domes-
ic processing of cogonut oil produced in the Philippines or [rom
copre produced in the Philippines. An additional tax of 2 cenis a
pound was impeosed on the first domestic processing of other eoconut
oll, but this was larrely ineffective, as imports from other countries
were reduced to o negligible rale in most years. These taxes became
effective Moy 10, 1934,

The droughits of 1934 vesulted in ruined acrcages of corn and other
crops eatly 1n the season and led to sharp increases in the acreage
planted to soybeans. Reduction in ncreages planted to corn, wheal,
cotton, and peanuts, vader the acreage-control program, led to in-
creased plantings of soybeans as an alternative erop in the second
half of the 1930’s. The favorable price and marketing conditions
that existed during World War II resulied in further large inereases
in the acreage of soybeans. In addition, development of improved
varietics and other factors resulted in inecressing yields per acre.®
Consequently, domestic production of soybeans and soybean oil
%'pul%cllcd rapidly afler the middle 193¢'s, particularly during World

ar IL

For these and other reasons, rclative supplies of the major edible
fats and oils in the demestic market have shifted considerably since
1933. The percentage of the Lotal represented by coltonseed oil
declined almost steadily after 1933 to 35 percent in 1951 {labic 2).

¢ Bee Strand (15).
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This decline was a reflection of acreage controls for cotton and an
expanding production of soybeans. The supply of soybean oil
ingrensed steadily to 55 percent of the total in 1951, Use of coconut
oil in food products declined after 1935, dropping io zero in certain
years during World War IT when supplic; were diverted to more
esscatial uses under orders of the War Food Administration. Since
1847 the amount of coconut oil used in food products has been from
2 to 4 perecent of the supply variable for all fats and oils (excluding
butter and lard) used in food products. Similar shifts occurred for
some of the less imporiant fais aad oils.

As & result of the tax wcentives for the use of domestic fals and
oils in margarine, the relative decline in the supply of cottonseed
oil, the sharp risc in the supply of soybean ¢il, and the rapid im-
provement in equipment and methods of processing soybean oil,
major shifts sccurred alter 1933 in the relative utilization of edible
fats and oids i the manuiacture of individual products. Cotton-
seed oil largely replaced coconut ol in margsarine, as it is the favored
domestic oil for this use. Consumption ol coltonsced oif in short-
ening declined rapidly beeause it was used to an increased degree
in the manufacture of margarine and also because of its declining sup-
ply as o peresntage of the total. The increasing supply of soybean
oil was used largely for the mapufacture of shortening, In addition,
soybean oil was used to n greater extent than formerly in margarine
and other food products.

Supplies of coronut oil available to the Thited States were greatly
reduced during World War 11 beezuse of the occupation of the Philip-
pines by Japan.  Use of coconut oil in margarine had been materially
reduced {ollowing the imposition of the 3-cent processing tax in 1934
but it represented 34 percent of all {ats and oils so used from 1934 to
1940. During the war years, when no cocenul oll could be used in
margarine, manufacturers found that they could make a product with
better spreading properties {rem hydrogensted cotionseed and soy-
bean oils. Unlike most {ats, coconut oil does not soflen graduslly
with inereasing tempoerature. It s inelined to pass rather abruptly
from & briitle solid to o liquid within a temperature range of & {ew
degrees. A further disadvantage of coconut oil in products vsed for
cooking is the teadeney it has (o make the produel foum and sputter.
These properties tond to restriel the use of voconut oil in feod prod-
nets such as margarine and shortening.

Tor oibier food products, coconul oil is not enly desirable but
praciicaly essential.  Coconut oil is used for contings by both con-
fectioners and bakers beeause coatings must be nongreasy at ordinary
temperalure but must melt quickly 1 the mouth. Biscuit makers
use coconut oil for making fillings for such producls as swectened
wafers.  Certain popular vosweetened erackers require & coating of
{al on the outside surface, This enriches the cracker and imparts a
charaeleristic glossy appearaunce. Cocovul oil is superior to domestic
oils for this purpose beeause it has less tendeney Lo turn rancid.  Itis
estimated that in the early 105¢'s, 100 to 125 mullion pounds of coconut
oil were used nnnually {or such purposes? Since the war, most of
the coconut oil in Lhe United States has been used in soap or for
specialized industrial purposes.

? Bee Simplification of {ustoms Administration, (I8, p. 21).
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Use oF I'oon fars axp Orus 1w Nowroon Provucrs.—In certain
yveers substantial quantities of fats and oils ordinarily used mainly
in foed are used in nonfood products. Quantities used are determined
largely by economic forees which are not directly related to food fats
and oils. For example, rorve than 150 million pounds of soybean
oil were used in drying-oil products in each year from 1947 through
1949. Defore 1947, the greatest quantity that had been used in any
year was 67 mitlion pounds. The large usage during those years may
be accounted for mainly by the high Government support price pro-
vided for flaxsead and the wide margin thus resulting between the
prices of linseed and soybean oils. TUse of soybenn oil in drying-oil
products was moderately lower m 1850 and 7951. Similarly, sub-
stantial quantities of lard were used in soap during certain months in
which the demand for inedible tallow and grease was unusually large
in relation to the supply. As a resull, prices of inedible tallow
equaled or exceeded those for grades of lard which were of equivalent
value to the soapmalker.

COMPETITIVE AND NONCOMPETITIVE DEMANDS FOR A
SINGLE COMMODITY

Notwithstanding the high degree of interchangeability among
certnin fats end oils as ngredients in shortening, margarine, and other
food products, their plysical snd chemical characloristics differ.
Some of these differcaces affect the taste, odor, and other gualitics of
the products in which they are used. Some affect the degree and
pature of the processing required when a fat or oil is used in rannu-
facturing other produets.

Because of these differences, formulas used by individual maou-
fncturers of fat and ol products dilfer with respect to the proportions
of enimal and vegetable fats and oils used and, in all-vegetable-oil
products, in the proporiions of individunl ¢ils used. Formulas used
by & single manulacturer for s specific produci also may vary from
time to time.

Several considerations enter into the making up of formulus. These
Jurlude the physical and c¢nemical properties of individual fats and
ous, the size and relative steadiness of bhe year-to-year supply, rel-
ative prices, and the producer’s knowledge of and expericnee in the
use of individual fats and oils, Factors thab decide the relative use
of cotlonseed and soyhean oils are emphasized in (his and the follow-
ing sechion. Similar principles would apply with respeet to other
fats and oils.

Corrowserp OIL I1v Formuras ror Foop Probucrts

Producets of shortening, margarine, and other food preducts {re-
quently scll branded items., They try to maintain uniformity with
respect Lo Laste, texture, color, and other qualities Go which tbeir
customers have begome accustomed,  Although lormulag are adjusted
to some extent to reflect relative prices, available supplies, and other
factors, manufacturerss as o rule are apparently reluctant to malee any
marked changes in [ormulas. This may reflect o reluctance hoth to
alter production roulines and to risk affecting the specific quality of
their products.
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A major factor in making up formuvlas is the general beliel by the
industry that certain minimum quantities or preportions of cotton-
seed oil are needed to produce an all-vegetable-oil shorfening or mar-
garine of good quality. In the present slage of fat and oil technology,
especially processing techniques, this may be true.  The guanlities or
proportions of cotlonseed oil helieved to be required undoubtedly
vary among manvfacturers,

Limitations on micrchangenbility of fats and oils in part arc deter-
mined by their origin. Tor example, vegetable oils could not be used
interchangeably with animal fats i an all-vegetable-oll product.
There are limitations with respect Lo proportions used in spocific
products also. A manulacturer of shortening or margarive who re-
quires a cerlain proportion of cotlonsced oil in his product may use
several Ints and oils taterchangeably for the remainder.

Comperimive anp Noxcomeirritive Dexmanos ror Corronseep QIL

Manufacturers of edible fat and oil products have two types of de-
mand for eottonseed oil.  Fhst, Lhere is the demand made by the
manufacturer who uses minimum quantities or proportions of colion-
seed oil; and second, the demand for cotlonsced oil made by the manu-
Taclurer aller hie has satisfied his minimum requirement.

In the mind of the manufacturer, there is no substitute for the
cotlonseed oil e uses 1o satisfy his minimum requirement.  For the
oil used over and above his minimum requirement for vottonseed oil,
he ean use fats nud oils other than cottonseed oil—soybean oil, peanut
oil, corn oil, edible tallow, olevstearine, and possibly otbers.  These
he selects on the basis of relative prices and available supplics.  This
demand may be designated the competitive demand for cotlonsced oil,

Within the sompelitive segment of a manefacturer’s demaud, the
several fals and oils that he chooses solely on the bLasis of relaiive
prices ond availability may be thought of, In an ecconomie sense, ns
perfert substitules.

Demand for cottonseed ofl may be divided conveniently into com-
petitive and noncompetitive demand. It is recognized that, in prac-
Lice, there may be shades i between.  For o part of his fal and ol use,
a manulacturer may feel that he must have coltonseed oil regardless
of price.  For another part, be may prefer cottenseed oil and he may
be willing to pay a premium Lo obiain it for this vse but he may not
feel that it is absolutely essentinl.  For the thivd part of his reguire-
ments, his chotce may depend almost entively on the price of cotton-
seedl oil as compared with other oils.  Manulactiwrers may have
similar minimum requirements for other fats and oils.  For exampls,
o manufacturer may feel that he musi, use 2 certain proportion of both
cobtonseed and peanul oif in lis produet, and that lTor the remainder
he moy choose among these and other fats and oils solely on Lhe basis
of price and availability.

Yaar-Lo-yenr variations in the proportionnte use of cotlonseed oil in
margaring, shortening, and other food preducts indicate that the com-
pebitive demand Tor cottonseed oil canuot be ignoved.- The ligh pro-
portionate use of cotlonseed oil in these produels, even when prices of
this o1l are unusually high in comparison with those for olhier {ats and
oils, indicates that the noncompelitive demand for cotlonsced oil
mus, likewise, be considered.
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AprnicaTioN oF wHE DouBLe-DEMAND BELATIONSHIP TO ANALYSES OF
Factors TrAT AFFECT PRiCES oF CorroNseep O 8

One purpose of the study upon which this report is based was to
investigate the effect on the price of cottonseed oil of o change in its
supply. When the supply of cottonseed oil is larger than the demand
for its noncompetiiive use, the excess may be considered a part of a
special commodity group. This group includes, as well, supplies of
other food fats and oils, excluding lard and butber, that are in *excess”
of any noncompetitive demand that may exist for them. TFrom the
standpoint of the competitive demuand for cottonseed oil, these excess
supplies are as much & part of the supply of cottonseed oil as is the
excess supply of this oil itself.

For theoretical convenience, the supply of cottonsecd oil may be
segregebed into two parls—the supply for noncompetitive uses and
the residual supply for competitive uses. The proportion of the tofal
supply of cottensced nil that goes into each of these scgments each
year 1s no{ lknown. la eertain years, supplies of cotiouseed oil rany
be short and only the noncompetitive segment of demand may he met.
This cannot be determined statistically as the guanticy or proportion
of cottonseed oil that each manufacturer thinks he must have in his
product varies among manufacturers and from time to time for cach
manufacturar. However, the substantial year-to-year changes in the
proportionate use of cottonsced oil and the close agreement between
price chenges for cottonseed ol and for other edible vegetable oils
inclieate that cottonseed oil usunlly compeles with other food fats and
oils as an ingredisnt in the manufacture of specific products.

Inan mvcstnmtmn of the relationship between the supply of cotton-
seed oil and its price, the excess supplies of other edible fals aud oils
(excluding buiter and lard) must he added to the supply of cotionsecd
oil. In general, an increase in the excess supply ol coflonsesd oil
would be cxpu,tcd to have the same effoct on the price of cottonseed
oil as an incrensc in the excess supply of any other {at or oil in the
group. As it is not possible to separate the total supply of any ful ov
oil into its excess and noncowmpekitive supplies, o study ol the relation-
ship between price and supply of cottonsced oil must be directed
townrd the price-supply l[}ll‘LLlOI‘LShlp for Jood fals and olls, other than
butter and lard, ns a group.’

A consideration of the dual nature of the demand for cottonseed
oil will be helpful in oblaining an understanding of Lhe price relation-
ships between cottouseed oil and other food fats nod oils.  The com-
petitive segment of the demand for cottonsced oil, considered in
connecbion with the concept of equivalent prices, pr ovides the key to
these price relationships,

THAE CONCEPT OF EQUIVALENT PRICE

The equivalent-price of an cdible fab or oil Is the price of the crude
{at or oil plus all the costs mcurred in transporiing, processing, and
using i in the manufacture of a particular product. ‘I'hese cosis vary
among fais and oils. When it is immaterial Lo a manuflacturer which

# T'or u more teechnical diseussion of double-demand relationships, see Appendix
note 1, p. 46,
? See Appendix notes 1 and §, p. 46 and p. 56.
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of a number of fats and oils he uses in his product, their equivalent-
prices must he equal if they are to be competitive.

Facrorns Tuar AFrncT ManReINs AmoNGg Prices ofF Ixprvipuar Fats
Axn OIiLs

When the costs involved in processing and using & particular fat or
oil are greater than the costs of using cottonseed oil Tor the purpose,
the crude price of the particular faf or » oil must be Jower thai he price
of cottonseced oil, il the fwo are Lo be compelitive in the market.
But if these costs are lovwer [or o pavticular fat or oil than for cotton-
seed oll, the price of cottonseed oil must be lower if they are to be
competitive. Therefore, it is to I expected thal prices of food fats
and oils used pr u1c1pﬂ.Uv as ingy vients in edible fat and oil products
will fluctuate up and down togothm and thai average price margins
will refleet differences in the costs wvolved in transporting, processing,
and using it in manufaciure.

Under only one condition eould the price of coltonsced oil fluctuate
independently of prices of other fats and oils (hat are normally com-
petitive with it,  This could oecur only when the supply of cotlonsced
oil is 50 small, compared to the noncompetitive demand for it, that
there is no exeess supply Lo compete with other Jood fats and oils as
an ingredient.  Jn such an event, cottonseced oil becomes an independ-
ent. commodify—thal is, o eommodity with no substitufes.  Manu-
laeturers would then be willlog to pay any reasonable price to oblain
Lhis oil for use in their products, regardless of the price ol other fats
and oils.

But even when the supply of eottonscod oll is small and no excess
supply is I sight (0 compete wil other Iab and oil ingredients, s
higher equivalent price for this o1l might prove {0 be only Lemporary.
Pressures likely to develop in the markel would Lend to bring about
arfjustments that weuld make the equivalent prices of cotlonsced oil
aud other food Tats and oils, other than butter and lard, equal.

Coltonseed and soybean oils are ihe leading ingredients i shorten-
ing, margarine, and other edible {at and oil products. IT a short
supply of coltonsned 01l results in a higher equivalent price for 1t than
lor soyhean oil, it would be to the advantage of manulacturers to
shift to sovbean oil as [ar ns possible.  Some manufacturers are more
enterprising than others and have greater “know-how® in using soy-
bean oil.  Although they may require a certain minimuwn quantity of
coltonseed oil In their products, they are able to use larger quantities
of soybean 01 thon others and they do so whenever this 18 to their
advantage. When this happens, others are compelled to utilize
greater quandities of soyhean oil Lhon they ordinarily prefer if they
wish (0 offer their produets (o consumers af competitive prices. 1t
is probable thel the minimum quantity ol eottonsced oil thatl muny
manufacturers think they uced in thewr products is flexible.  Under
pressure of compelition, these manufacturers may findithat they can
subslitute more soybean ol for colionsced oil than® they st frst
{houghi possible.

Tlis vesults in an inereasing demand lor soybean oil, which n tuen
operates to pull upils price.  Bul as manuleeturers shifl their demand
(o Lhe cheaper soybean oil and awny [rom the more expcasive colton-
sead oil, the demand for cotbonsced oil is reduced. This aperates to
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pull down the price of cotionseed oil. As these prices are pulled
toward cneh other, the price of soybean oil upward and the price of
cottonseed oil downward, the spread between them tends fo stabilize
ab the point aé which their equivalant prices under existing conditions
of supply are equal.

A bumper cottonseed crop, on the other hand, accompanied by
“normal’”’ supplies of other fats and oils, might result in a psychological
reaction in the market Lhat would initially wealen the price of cotton-
seed oil and drive its equivalent-price below that for other fats and
oils, such as soybean oil.

As has been emphasized before, coltonseed oil is the preferred
ingredient in certain edible fat and oil produets; s drop inits equivalent
price, therefore, would result in ifs increased utilization. Producers
who for some purposes could just as well use soybean oil would tend
under these conditions to shift to the less expunsive cottonseed oil.
The strong demand for cottonseed oil would operate to pull iis price
ypward, while the reduced demand for soybean oil would pull its
price downward, and the spres:l between their prices would tend fo
stabilize at the point ot which their equivalent prices are eqgual.

The average price margin between eotionsced oil and other edible
{ats and oils al & crude 1. 0. b. mill level, which results {rom differences
i the costs of transporting, processing, and using these fats and oils
in manulacturing, may be expected to vary from period to period.
This variation rcflects, among other factors, shifts in the relative
svailabilities of oils and fats and the extent o which each is used in
products by meanufncturers. As processing costs vary among pro-
ducers, the price margins required (o make thesc fats and oils com-
petitive differ likewise. In ether words, the price margin between
unrefined coitonseed oil and another fal or oil, which results in equal
cquivalent prices, is smaller for some manufacturers than {or ethers.

More processing of a certain fal or ol may be requirved for use in
one product than for use in another. Thos, the price margin that
results in equal equivalent prices diflers from product to product,
even for the same manufaeturer. Further, as the price margin be-
tween coltonseed oil and other food Tals and oils (not incuding butter
and lard) reflects relative costs in processing and vsing these fats and
oils in the manufaciure of produeis, it is influcneed by changes in labor
and olher charees that malke up these costs.  Thatl is, price margins
tend to move up and down with changes in the general price level.

Prices of crude oils are generally quoted f. o. bh. erushing milis.
Thus, margins between rotations on crude ol prices for the various
oils nlso reflect varinliomns in transportation cosls. Because of the
geographic location of the largest refiners and manulacturers, most
of the fat and oil products are processed in the Northern States, from
Chicago easlward, slthough somc of the important refineries and man-
ufacturing plants are in other parts of the country. When supplies
of soybenn oil are large, prices of erude soybean oll must be depressed
more than the usual amount in relation 50 cottonsced oil to enable the
oil to move to more distant manufacturing plants, s their equivalent-
prices must be equnl at the plant.

When supplies of soybean oil ave small relative Lo those of cotlonseed
oil, the bullc of the soybean oil may be used in plants near the soybean-
oil areas, and cotionsced oil may be used for competitive purposes in
plants farther from the coltonseed-crushing arca. This afone would
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cause the price of crude soybean oil 1o be higher than normal in rela-
tion to the price of crude cottonseed oil, when both prices are quoted
on an £, 0. b. mill basis, in years for which supplies of soybean oil are
relatively small.

This discussion of the factors that affect marging among prices of
individual fats and oils may be summszrized as follows: (1) If the equiv-
alent-prices for two or more competitive {ats and oils for use in g specifie
product, by a particular manufacturer, at o given time are not equal,
he will tend to use more of the lower (equivalent) priced fat or oil and
less of the higher-priced one. This action, of itsell, will tend to equal-
ize the equivalent-prices; (2) price margins that result in identical
equivalent-prices for two or more fats and oils differ from product to
produet, from manufacturer to manufacturer, and from time 1o time;
(3) average price margins that prevail during a given marketing year
will be such as to result in complete utilization of available supplies of
each fat and oil after allowing for exprrts and carry-over.'® A discus-
sion of the relationship between prices of cottonseed oil and those of
soybean oil in terms of equivalent-prices is presented in & subseguent
sechion,

STATISTICAL ANaLYsES Rerarep To Tuis CONCERT

On the basis of the competitive relabionships discussed in conneciion
with the food fats end oils economy, fluctuaiions in the wholesale
price of coltonseed oil would be less closely related 4o cb anges in prices
of butler and lard than o changes in prices of other food fais ancl oils.
But, in view of thevarious factors that afect tle Price margins between
cobbonseed oil and ovher food fats and oils (not imeluding butter and
lard), their price movements would not be perfectly associated.,

Statisbical analyses of these price relationships have been made for
the period 1922-40.% 'These analyses confirm lhe relationships
expected. About 66 percent of the year-to-year variation in the whole-
sole price of cottonseed oil in 1922-40 was associated with year-to-year
variation in sverage wholesale prices of other [ood fals and oils, exclud-
tng butter and lard, after adjusting these prices {or charges in the
general wholesale priee level,

After allowance had been made for changes in the general wholesale
price level, it was found that about 40 percent of the year-to-year vari-
ation in the wholesale price of cottonseed oil was associsted with year-
to-year varintion in the wholesale price of lard. "This relationship
undoubtedly retiects, at least partly, the fact that during the period
covered, 192240, cottonseed oil was Ghe leading ingredient used in
shortening, which competes directly with lard. A similar analysis
for cottonseed oil and butter indicaled that, during the same period,
no relationship existed between the wholesale prices of these products.
This 1s reasonable, as the price of butter is determined to 2 greater
extent by conditions in the dairy industry than by factors of supply
und demand relating to other fats and oils,

The analyses indicated also that, after ad; usting for changes in the
general price level, a 1-cent per pound incresse in the price ol food fats

® In terms of econemic theory, the prevaling price argins will be determined in
such g way that the cquivalent-prices will lse equal for Lhe marginal use in the
marginal plant of the marginal manulacturer at an ¥ given time,

il Hee Appendix note 4, p, 52.
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and oils, other than cottonseed oil, butter, and laxd, in 1922-40, was
accompanied by a similar incresse 'in the price of cottonsced oil.
Thus, no matter how high or how low these wholesale prices were in
1922-40, they tended to differ by a constant margin, when the effects
of changes in the price level ave taken into aceount. Based on the
diseussion of equivaleni-prices, this would be expected.

Although the analyses indieated thet wholesale prices of cottonsead
oil and lard moved up and down together to some extent during 1922~
40, a 1-cent per pound increase in the price of lard was accompanied
on the average by an 0.4-cent per pound incresse in the price of
cotbonseed oil. That is, the wholesale price of lard, during 192240,
fluctuated more widely than the wholesale price of cottonseed oil.

Price ReraTionsuies BrrwreN CoTTORSEED aAND Soyeian Oms 2

The chief competitor of cotlonseed oil is soybean oil.  Cloltonseed
oil is preferred for certain uses, and maavfacturers have had many
years of experience with it. As an important ingredient in edible fnt
and oil products, sovbean oil is a relative newcomer, 1t is generally
believed in the indusiry that soybean oil cannot completely replace
cottonseed oil in shortening, margarine, or other edible products,
although some all-soybean-oil products are made.

TasLe 5.—Cottonsced and soybean oils: Wholesale prices and price
marging, 1935-51

Wholesule price per pottned

Your begianing Aupgest Cottongeed all, . . P Alargin
r:rude.‘ tink t'm*.,i. i "‘t?ﬁ’lll‘{eg?r:,mf ‘bmf'l(l‘

[. 0, b, SBouthenstern . Midwestent mills

mills [ Aetund Duflated ¢

Clenls Cents Cenls Clenis
. L 1.

(7T

Sy
Fe b IS = e SR O TG0
OO OO0 oL

) ol e o AT

Eapll= T R S oo J e N o Yo TR S v AT L N A

fan Bro b BLOR o R b s T R L R T R A e
Rl R LTI (S I B s e o BT L)

2,
1

13

! Actual margin divided by wba Bureau of Labor Slatisties index of wholesale
prices of all commoditios (1935- 3%==100).

1 11-month nverage.

? 10-month avernge.

Prices compiled from Oil, Painl and Drug Reporier (9).

12 This scction skeiches bLeiefly the wholesale priee relationships between
cobionseed and soybean oils in lLering of the previous discussion of competitive
reluationships and equivelent-prices. Detailed analysis of price relationships
among food fats and oils is planned for a later publication.
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Arnwuan Price Mareins.—Table 5 presents average wholesale
price margins between crude collionseed and soybean oils for 1935-51
{vears beginning Augast). Marging varied from 0.3 to 3.4 cents a
pound during this pertod, averaging 1.2 cents & pound for 193540
and 1946-48, During most of the time from December 1941 to July
1946, margins did not fluctuate frecly, beecause of price controls.
When the influence of changes in costs due to changes in the general
price level are removed,® fluctualions in price margins are consider-
ably veduced. Deflated margins varied from 0.3 to 1.7 cents a pound
in 1935-51, averaging 0.8 cent ¢ pound in 193540 aund 1946-49.

From 1940 to 1950 {omitting 1943-45 when price controls were in
effect), 85 percent of the variation in the deflated margin was associ-
ated with changes in the supply (production plus August 1 shocks) of
cottonseed oil (lable 8).  Although {he number of yvears on which this
relationship is based is small, o correlalion of this size would be
obtained less than 1 percent of the time by chance if no relationship
between the two variables existed, Based on the discussion of equiv-
alent-prices and the factors that aflect price margins, o relationship

Tanue C—Aercage and production of collonseed and soybeans, and production,
sloeks, and erpor's of cottonserd and soybeun oil, 1030-32

Yoar baghming Angnst Year beginelng Octoher
3
Cuttonseed Cottonsead il Soyhenus | Soybong pkb
1’{.,5“- — i CmE e N AT E———T——— i — Tr— e
Acreage Fugtaey i Factory | i
inculid-t Pra- ¥ Riocks, | LI 7 ML L I T T
vation, | duction | !I"{i“ (1 oAngt Exparts Aereage Ly, oy @ d:i::rgt-m Ocl. 1 :Emﬂrls
Juiy ) Hetlan i i
M. . ! ATHL Mt M. AL AL Ml
| ih, ucret B, i ih. ih.
i 8 3 T 5 i 5
i i3 4 i7 40 1 %
I 14 4 17 ] 17 !
i 23 4 T4 W i1 b3
| 5 ] 3 5 15 4
4 8 4 1)) i4 4
3 1 4 7 34 184 it 5
} 5 ‘ S 7 L1 knt ] 7
i 5 g ;2 415 ar T
g By} il 1l S 4a 15
] W 12 3R o 0 14
8 1 107 707 | 6% 21
[is} 15 188 1244 il 44
U 16 it} Lag | 26 59
8 i w k| 2w o7
0 14 143 L5 |: 216G 7
8 iz il 1,531 ¢ it il
' 5 11 Y86 1,584 g 3 b4 115
B4 K] prieg 1, 867 i - i
7 IH ) 17 I i3 i)
i 81 1% mhy omastt 13 400
i 148 i i 244t i71 Ei3]
P2 e U I : 17 S

T Acres geown nlone, with an allowangce for acronge grown with other ceapss.
2 Soyheans harvested for Beins.

Acrenge nnd produtiion of llseeds comiplied from reportsof the Dirvess af Agricollural Teonomies; fuclory
prodoction, stocks, and exporcs of cottongee! nod soybeun ol fronn Purean of Lhe Census,  Steeks of colton-
soed and soyhenn ol nre erstde phus relined copvertod Lo grude throwglt 1947; boginniag M8, cradde ang rotined
nru nedded ns reporied.  Cotlopsead od] exjinres, H00-47, ernde pias refined convertod to crede, 1048-date
crade plos refloed withoul converchg.  Soyboeon ofl expords prisr to Janwaey 1043, enude and refined not
soparately reporied wsed os eroda; 88347 erude plus robped convarted to erede; 1048-Onte erude plos refined
withoud ronverting,

3 Influence of Lhe general price level was removed by dividing the aslual margins
hy the Burean of Tabor Slatistics index of wholesale prices for all commnodities
(1935-39=108). These are enlled defluted margins.
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of this type would ke expected. A similar relation apparently did not
-exist before 1940, This may reflect the faci that supplies of soybean
oil in those years were small, 8o that prices of soybean oil less accurately
reflected gencral supply-demand relationships for edible fats and oils.

Montiny Priez Mareins.—Table 7 presents monthly wholesale
prices of crude cottonseed and soybean oils and price margins for 1937
and 1947 (vears beginning July). These years were chosen because of
special circumstances which might have been expected to cause some
deviations from normal in the price margins.

The acreage planted to cotton was Jarger in 1937 than in the three
previous seasons (table 6). The 1937 cottonseed crop was the second
largest on record; it came at a time when stocks of cottonseed oil
were substantial, Acreage and production of soybeans and soybean
oil Tose likewise in the 1937 season, but the supply of soybean oil was
sma]l relative to the supply of cotionseed oil, Because of the abun-
dant supply of cottonseed oil in 193738 its price dropped appreciably,
thus narrowing the price margin between cottonseed oil and soybean
oil. In October 1937, this price margin was 0.3 cent a pound; from
October 1937 to March 1938, it varied from 0.3 to 0.7 cent a pound
(table 7).

TasLE 7.—Cotionsced and soybean oils: Wholesale prices and price
marging, 1987 and 18471

Wholesale price per pound
Season 1037 1547
beginning
July Margin Margin
Cotton- | Boybean Cotton- | Boybean
seed oil oil seed oil ofl
Actusl | Daflated 2 Agtual | Deflated 2

Cents Cents Ceiity Cents Cents Cents ety Centy
July______. 8.0 | oo | 222 | 17.2 5.0 2.7
Aupust_ . ___ Fo0 foe i feee o 185 15. ¢ 2.6 1 4
Septemher. . 52 SV IV N 206} 188 1.8 .4
{Detober__.__ G.1 5.8 0.3 0.3 21. 4 20.7 .7 .4
November__ G.0 5.6 N .4 26. 6 25. 6 10 . B
December___ 5.9 5.2 L7 .7 26. 9 26. 2 7 .4
Januvary. ___ G. 2 5 8 .4 4 28. 0 26. 6 1.4 .7
February_ _ . 6.7 6.1 .6 ] 22. 2 19. 6 24 1.3
Mareh._____ 7.0 6. 4 . B .6 23.9 21. 4 2.5 1.3
April____. 6. ¢ 59 1.0 .1 29, 2 24 5 4.7 2. 4
May__.__-. 7.0 57 1.3 1.4 34. 6 26. 3 8.3 4.1
June____.__ 6. 8 5.2 1.6 1.6 358, 4 27. 3 8.1 3.9

! Cotionseed oil price—crude, tank cars, f. o. b. Southeastern mills, Soybean
oil price—crude, tank cars, {. 0. b, Midwesiern mills,

2 Actual margin divided by Bureau of Labor Statisties wholessle price index for
&ll commoditics (1935-39=100).

Prices cotzpiled from Qil, Paint and Drug Reporter (3).

The narrowing of the margin between the price of cottonseed oil
and that of soybean oil probably resulted in & lower equivalent-price
for cottonseed oil than for soybean oil for most uses. This tended
to bring aboutl an increased ufilization of cottonseed oil. The strong
demand for cottonseed oil strengthened its price in later months and
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L
the reduced demand for soybean oil was accompanied by o falling
price. As a resul, from April to June 1938, the margin widened from
month to month, reaching 1.6 cents & pound in the latter month.
This widening in the margin probably also reflected the sharp cut
in acreage of cotton in 1938 and the concern among manufacturers
of {at and ol products that the supply of cottonsced oil weould be
substentially sialler in the 1938-3% marketing year.

Production and stocks of coltonseed oil generally declined during
World War II. At the beginning of the 1947 crop vear, stocks of
cottonseed oil were the lowest since 1923.  Acreage planted to cotton
in 1947 was low, although larger than for the three previous seasons,
The cottonsesd crop and the production of cottonseed oil were larger
than for the two previous years. However, in view of the domestic
and world shortages of fais and eils, the supply of colionseed oil
available during 1947-48 was not considered large. During this
season, the acreage of soybeans was higher than that of the previous
season and produclion was lower, but the season’s production of
soybean oil added to the ecarryover made avaiable a greater supply
than that of the previons year. During 194748 exports of beth
cotlonseed oil and soybean oil were considerably higher than they
were the previous vear, as a result of the woild shortage of {fals and
oils and the Xconomic Cooperation Administration program, which
was inaugurabed in April 1948.

The cottonsced oil-soybean oil price margin varied from 0.7 cent
to 8.3 cents a pound from July 1947 through June 1948, When
deflated, the price margin varied from 0.4 cenb to 4.1 ecnis a pound.

In July 1847 ihe price margin was high, amounting Lo 2.7 cents a
pound (deflated). ‘This probably rveflected a temporsry squeeze
before the new-crop oil become available in volume. The price
margin (deflated) declined (o 1.4 cents & pound in August and varied
from 0.4 to 0.9 cent a pound from Sepleraber 1947 to January 1948,
rising to 1.3 cents a pound in February to March 1948,

From Aprd to June 1948, the price margin widened, varying {vom
2.4 to 4.1 cents a pound (deflated). This probably refleeted the large
supplemental expert allocalions announced in March 1948, RExporls
of cottonsecd oil had been large sinee Oclober 1947.  This reduced the
supply of cottonsced oif available for domestic consumption, causing
considerable concern among manuiacturers of margarine, shortening,
and other edible fal and oil products. The price margin helween
cottonseed and soybean oils widened materially; as a vesult of the
short supply of cotbonseed oil, no excess supply was avalable to
compete with soybean oil or other food {ats and ois as ingredients in
adible fal and ol products. The available supply of cottonseed oil
was taken up for noncompetitive uses.

FACTORS THAT ATFFECT PRICES OF ¥OOD FATS AND OILS
OTHER THAN BUTTER AND LARD ‘

Analyses of the quantilative effects of specified factors on the prices
ol a group of closely related commedities are useful from several
standpoints. Such analyses indicate the relative effects of each major
{actor taken separately and the telal part of the variation in prices
that can be explained by the scveral faclors taken together, An
annlysis of all {food fabs and oils (execpt bulter and Iurd) showed that
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8 major part of the variation in prices for this group may be accounted
for by the supplies of this group of fats and oils, the supplies of lard,
and consumer income, This would be expected, as a result of the
findings outlined in preceding sections. It estimates are available of
the probable level of the supply variables and of consumer income,
the anslysis can be used to indicate the tnost likely level of price for
some period in the future. Likewise, it can be used to indicate the
probable effect of changes in supply or in income on price. Such an
analysis will be useful in appraising the probable cffects of an increase
in the yield of cottonseed oil on prices of cottonseed oil and related
fats and oils.

Factors THAT AFFECT THE AVERAGE PRICE FOorR THE GrROUP

Tigure 4 shows the results of an snulysis of the factors that affect
prices of food fats and oils other then butter and lard. The following
three variables were used in explaining annual variations in this price
index: (1) Per capita supply of fats and oils used in food products
(other than butter and Iard) in pounds; (2) per capite supply of lard in
pounds, and (3} personal disposable income per capite in dollars.
Because of {echnical reasons discussed in Appendix notes 2 and 5, all
of the variables were expressed in logarvithms, This accounts for the
curvilinear nature of the average relationships skown on the chart
when all variables are expressed in their original terms. The analysis
was based on the calendar years 192242 snd 1947-51. During the
omitted yeers, price ceilings were in effect. The three variables
together accounted for 92 percent of the variation in prices of edible
fais and oils during this peried, The variables used, together with the
ectual end computed prices and certain related statistical measure-
ments, are shown in Appendix note 5. Certain slternative analyses
also are discussed in note 5.

The uppermost section of the chark shows the relationship between
price and supply of fats and oils used in food (excluding butter and
lard) after allowing for the effects of the other factors included in the
analysis. Years included in the analysis are indicated by dots; years
excluded arc indicated by x's.  On the average, a I-percent change in
this supply variable was associated with a change of 1.6 porcont in the
opposite direction in price. As prices are more variable than supply,
the demand for edible fats and oils at the wholesale level is said to be
“inelastic.” Tlis has been generally recognized by other rescarch
workers and the fats and oils trade. Some of the factors that would be
expected to cause this are discussed in Appendix note 5.

The second section of the chart shows the rclationship between the
price of edible fats and oils, excluding butter and lard, and the supply
of lard after allowing for the effects of the other factors included in the
analysis. On the average, o I-percent change in the supply of lard
was assoclabed with a 1.1-percent charge in the opposite direction in
prices of edible fats and oils. Thus, a I-percent change in the supply
of lard had about two-thirds as much effect on the price of edible fats
end oils, excluding bustter and lard, as did o 1-percent change in the
supply of these oils.  For the yearsincluded in the analysis, the supply
of lard was about three-fourths as large as the supply of other fats and
oils {excluding butter) used in food.  Thus, a 1-pound change in the
per capita supply of lard would be expected to have about as much




THE DEMAND AND PRICE STRUCTURE FOR FOOD FATS AND OIL§ 20

i

EDIBLE FATS AND OILS EXCLUDING
BUTTER AND LARD: WHOLESALE PRICES
IN RELATION TO SPECIFIED FACTORS

From an analysis based on logarithms for the periad 1922-42, 1947-51
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. Fravere 4.—The three factors—supply of Fals nnd oils used in foed {(excluding

butter and lard), supply of lard, and disposgbic income—accounted for 92

° percent of the variation in prices of edible {ats and oils, excluding butter and
lard, during 1932-42 and 1947-51.
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effect on the price of edible fats and oils, excluding butter and lard, as
does an 0.9 pound change in the supply of these oils.

Thie third section of the chart shows the relationship between price
and disposable income after allowing for the effects of the other factors
mmcluded in the analysis. On the average, » 1-percent change in per
capite disposable income was associated with a change of (.4 percent
in the same direction in price.

In the fowrth section of the chart are shown the residuals {that is,
the percentage the actual price is of the caleulated price) platted
against time. These residuals did pot follow a time trend, whick
would have indicated that one or more factors were causing the demand
for these fats and oils to shift gradually over time. However, the
residuals apparently follow a pattern that is related to changes n
prices of {ats and oils or to changes in the general wholesale level of
prices. Such data as are available indicate that when prices rise,
manufacturers and dealers (end to build up their stocks of fat and
ol products, so that the demand at the wholesale level is greater
than that represented bv direct movement into consumption. If such
stacks have accumulated, a reverse effect takes place when prices
derline,  Manufacturers and dealers tend fo reduce their stocks, so
that demand at the wholesale Jevel is less than that represented by
direct consumption. Of the varintion in prices uncxplained by the
three independent variables included in the analysis, 38 pereent was
explained by vear-to-vear changes in these prices. TFurther details
of this aspect of the analysis are given in Appendix note 5.

Table 8 indicates the not effect of each of these faciors separalely
on the price of edible fats and oils, excluding butter and lard. The
ratio of each independent variable to its average for the years included
m {he analysis is shown over a considerable range, together with the
related change in price. If the eflect of changes in several vaviables
at o time is desired, this can be oblained by mudtiplying togother the
indicated ratio for each item,

For example, suppose the supply of fats and oils used in food in-
creased by 30 pereent above the average supply, the supply of lard
increased he 10 percent, and dispesable income increased by 50 per-
cent above its average. As indicated in the table, prices of edible
fats and oils would incrense by 3 peteent above the average of the vears
ncluded in the analysis. This resuit is oblained as follows: A ratio of
supply of fats and oils used in food of 1.30 is associated with o valio for
price of 0.66. A 1.10 ratio for supply of lard is associnted with a ratio
for price 01 0.90. A 1.50 ratio lor incorue is nssocinted with a ratio for
price of 1,74, Multiplying the three ratios for price toeether gives o
ratio of 1.03. This 18 equivalent to an inerease of 3 percent in Lhe
price of edible fats and ofls.  For the years included in the annlysis
the index of prices of edible {ats and eils averaged 50 percent of the
194749 uverage. Thus, under the circumstances outlined bere, the
index would bhe 1.03330, or 51.5.

The aetual fevel of prices in terms of index numbers that would be
associated with given levels of the throe independent variables is shown
in table 9. Expecled prices for levels not shown direetly in this table
cen be obluined by interpolation, Therejs a 65- to 70-percent chance
that estimates derived from these tables will differ from actual prices
by not more than aboul 15 percent, and a 95-pereent chance that they
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will differ by not more than 30 perceni. More exact values are given
in Appendix table 19,

Table 9 can be used to ascerfain the expected effect on price of a
change in any one of the factors when the other {nctors used in the
analysis are af given levels. For example, the first line in the teble
indicates the price associsted with specified levels of the per capita
supply of iard when the per capita supply of {ats and oils used in food
products is at 15 pounds and disposable income per capita equals $500,
Based on these data, an 4ncrease in the supply of lard from 310 o 15
pounds normally would be asscciated with o decrease from 129 to 82
in the index of wholesale prices of edible fats and oils, exeluding
butter and lard.

TanLe 8.—Fdible fais and vils, excluding buiier and lard: Wholesale
price as a ratio to the price expected under specified circumstances in
relation to given levels for supply of fats and oils used in food products,
supply of lard, end disposable income?

rer Rose o sl i fgprie e
Ratin o Luppiy of Eupply of
promge Disposabis
Futs amd olls ingonme Tncame
nsedd it fong Lard Fats und ofls Lard
products
Raizo { Pounds Pounds | Dollars ftatio Ralie Ratio
0.30 joomo . 9.0 328 |omcccaoooo 2,16 0. 39
B0 [ 16. 8 391 .. 1. 76 . a0
.70 i6. 9 12,6 456 1.73 149 .61
.80 1G 4 14, 4 522 1.42 128 T4
.80 218 16.2 587 L I8 ¢ 1,12 .87
100 342 18, 8 452 1. 60 1. 00 1. 00
1,10 26.6 19. 8 L7 1 .90 114
1.2¢ 29.0 21.6 782 L7h .82 i 28
1. 30 3.5 23,4 848 . 66 . 75 1.43
1. 40 33.9 252 913 .59 .69 1. 58
1, 50 36.3 27. 0 978 .53 . B4 1,74
1.60 - et 1,043 |- 1. 60
L70 f el e e 1,108 | o e 2. 06
1) I O I I B USRI 2,23
L U* 11 I S 1, 239 e [ 2 41
200 {un el 1,804 | T ITTTITUT 2. 58
b2 € SRR O 1,309 1. oL i mmmam—a - 2,76
2 20 b 1,434 0 . ___ b 2. 04
P ) S O 3,500 e |, 3.13
bR I Y [ 1,668 e : .......... i 3. 31

t When the other independent variables in the analysis remain at Gheir aver-
age level.  From an analysis based ou logarithms {or the years 1922-42 and 1647~
51. See Appendix noic 5.

2 Txeluding - uster and Iard. See table 2 for items ineluded in fhis variable.

The last line of the sccond section of table § indicates the price
associated with specified levels of the supply of lard when the supply
of {ets and oils used in food products is 8t 40 pousnds and per capita
disposable income equals $1,000. Under these circumslances, an
inecrease in the supply of lard {rom 10 to 15 pounds per capite normally
would be associated with a decrease from 71 $o 45 in the price index,

24662 7—53——6
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Tasre 9.—Edible fats and oils, excluding butler and lard: Index num-
bers of wholesale prices with given levels of relaied factors?

[1947-49=-100)

Supply of fats and olls nsed Per eapita supply of Invd, pounds

it fond prodocts per
capita !

15 20 25

Disposable income per capita, 500 doll

isposable income per eapita, 1,000 dollars

332 212 154 120
211 98 76
149 G0 ad
112 62 40
§8 ) 41 32
71 5 33 26

Disposable income per capita, 1,500 dollars

H7Y 4649 268 209
368 235 170 133
250 1G5 120 94
1B 124 a0 70
L1od 97 71 L]
124 79 57 4h

Disposable income par eapita, 2,000 dollars

I
857 ; 847 397 310 253
844 348 | - 253 197 161
354 245 178 139 113
259 184 134 104 85
226 144 105 52 67
184 117 85 t6 54

! From an analysis based on logarithms for the years 1928—42 and 1947-51,
See Appendix note A,
? Exeluding butler and lard. See cable 2 for items included in this varinbie,

Expected effeets on price of changes in the per eapita supply of {ats
and oils used in food products can be observed by using any given
column for the supply of lard within any one of the four sections
relating to different levels of disposable income. Tor example, with
& supply ol lard at 20 pounds per capita and & per capite disposable

“




THEE DEMAND AND PRICE STRUCTURE FOR FOOD FATS AND OILS 33

tncome of $1,000, an increase in the supply of {ats nnd oils used in
food producis from 15 to 20 pounds normaliy would be asseciated
with a decrease in the price ndex from 154 to 98.

Effects of changes in income on the index of prices can be studied
by comparing the figure for any given row and columa in one seetion
with the figure for the same row and column 1o another section. ITor
exnmple, w vith a supply of lard at 20 pounds per capita and a supply
of fats and oils used in food products at 15 pounds, an increase in
per caplite income from 5500 to 81,000 normally would be associated
with an increase in the price index from 60 to 154. Expecied offects
for other combinatbions of changes and levels for the causal variables
ean be found directly from the table or by interpolation.

RevaTion oF Praces or CorronseEen OIL To THE GROUP AVERAGE

As later sections of this bulietin emplosize cotlonseed oil, an analyvsis
was made Lo delernune the nverage relationship belween the prices
of rotionseed ol and thie prices of all edible futs and oils, exeluding
bubter sudd laxd,  As was done in the preceding annlyvsis, all variables
were expressed as Jogavithins,  This analysis indicated thaet more than
90 pereent of the variation in prices ol cottousced ott was associrbed
with changes in prices of all edible fats and oils, exeluding builer and
lavd, and that n 1-pereent change in the over-all index was associaled
on the avernge with a change of 1.1 pereent in {he price of cotlonsced
otl.  The ‘uml\sis was based on the same period as the preceding
analvsis.  An analysis alse was made in whicl the general lovel of
wholesale prices was used as o third varinble,  Results were essentinlly
the same as for the Lwo-varinble analysis. These analyses are discussed
in Appendix nole 6.

ADDBITIONAL ANALYSES NEEDED TO MEASURLE EFFECTS OF
INCREASED YIELDS OF COTTONSELD OlL ON PRICES AND
GROSS RETURNS

Many factors may cause produciion of cottonseed ol (o Increase or
to deerense.  Changes in arreage planted to colton, in yvield of cotton-
seed, in quantity of cottonseed used s leed or fertilizer or fov planting
the following erop, in the oil content of the seed, or in the method of
processing Lhe seed ler ofl and meal would affect produetion of cotton-
seed oil,  Relationships giver i tHus veporl were develaped partieu-
laxly for use in measuring prohable effoets of the adoption of provessing
methods for oilseeds wlieh vesull in increased vields of oil on gross
returns o the eoilonseed-erughing industry and to growers of colion-
gsecd and other oil-bearing matevials.  Adepuon of these methods
would net affect production of cotionseed meal, as this yield is regu-
lated by mixing in additionsl quantities of hulls, 1 xpeeted effeecs of

- adoptien of these pmomsmu methods are (o be discussed in & lnlor
report to be issued by the Production and Marketing Administration.
Ln this seetion, methods by whicli the effects can he estimated are out-
lingd, "This gmmnl appronch ean be used also in studying related
problems that desl with the expected cconomie effeets of an nerease in
the yicld of cotionsced oil beeruse of other elements.
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Propucrs OBraiNep FroM ProcessiNg CorTroNseep M

Major products obtained from crushing cottonseed are oil, meal,
linters, and hulls. In addition, minor products—motes, grabbots,
flues, and sometimes hull fibers and hull bran—result.

The yield from processing a ton of cottonseed, in quantitative terms,
is the largest of all the major products obtained, and the yield of hulls
is second.”® A considerably smaller quantity of oil is obtained, and
only a small quantity of linters. But the value of the oil obtained far
exceeds the value of any of the other products, and the value of meal
produced is second. The value of linters is considerably lower than
that of either oil or meal, and the value of hulls is lowest of any of the
four major products (table 10),

The purposes for which cottonseed oil is used were discussed in
earlier sections.

The pressed cakes, from which the meal is obtained, are sold in one
of five major forms—slab cake, cracked cake, bulk meal, bagged
meal, and pellet meal. Slab ceke is sold only to feed dealers or large
feeders for further processing. Ground hulls are added to the meal
to regulate its protein content, so that & reduction in oil content does
not affect the total quantity*of meal aveilable for sale. Most of the
ceke and meal is used as o high-protein feed for livestock, although
in some years, small quantities are used for fertilizer.

After the linters are cleaned, they are baled and sold on the basis of
length of staple and other factors of quality to producers of mattresses,
felted products, photographic film, guncotton, paper, celiulose, and
other products. Linters are considered one of the best sources of raw
fellulose. The rayon industry is a major user of the shorter-staple
inters.

Facrors TrHar Arrecr Yisups or Qin—Yield of cottonseed oil
per ton of crushings has trended slightly upward since 1909. From
1909 to 1926, the yield averaged 304 pounds, fluctuating between 291
and 322 pounds. From 1827 to 1951, the yield averaged 314 pounds,
ranging from a low of 303 to a high of 324 pounds. At least part of
the gradual increase is the resudt of increased use of improved
methods of processing the seed.

The hydraulic press method of processing cottonseed has been used
since the eighteenth century, 1t is still the principal method used in
areas east of the Delta, where production of cotton is declining. The
equipment used is rugged, has a long life, and permits the use of semi-
_ skilled or unskilled labor. The screw-press method was perfected after
World War I; it is used to process o variety of ollseeds. The outburn
of oil is considerably higher by this method than by the hydraulic
process. Screw presses predominate in the cotton areas of Oklahoma
and Texas which were developed after World War 1. The solvent
method of extracting oil from cottonseed was perfected after 1947.
Higher yields of oil are obtained by this process, but the plant is
more expensive to install. A relatively large volume is needed for
efficient operation and slso more highly skilled labor.

4 Discussion of stages in cottonseed processing are given in Bailey (2, ehs, 14 and
15) and Jamicson (6, pp. 189-206).

1® The yield of hulls does not include the quantity of bulls mixed with the meal
toregulate the protein content.
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TasLe 10.—Cotionseed, major preducts: Yiclds and values, averages,
1938-46, annmal 1947-51

Yleld per ton of cottonseed jrrocessed ! Price per pound 2
Year beginning
AUgust

ol Mes}l | Linters? | Huils ol henl Linters | Hulls

Avorage: Foundrs | Pounds | Pounds | Pounds Cenis Centy Centa Cents
1932-36._ 309 908 127 528 6. 8 1.3 3.4 0. 33
193741 __ 316 894 157 508 7.4 1.4 3.0 .37
1942—-46 . _ 312 899 182 473 15.2 2,6 5.4 . 62
1947 . . __ 312 930 186 | 452 26, 3 4 3 6.7 .78
1048 ... .. 320 807 183 . 463 ; 15.4 3.2 3.9 . 33
1949 . ... 323 895, 176 465 @ 12,5 3.2 5. 6 .35
1450, ... - 321 386 ; 185 461 ; 20.4 I 39 16. 2 . 90
1951. ... . 319 ;930 ! 160 451 13.0 ; 4, 2 87 . B7

| : 1 H
Vaine of yisld
Tutal [ Poreeninge digtribution
i : : ; :

, O | Meal . Linters . Hulls i ail I' Aleal? E Lintars I Hulls?

Average: Deltgrs | Doltars | Dotlors | Dotiars | Pereent | Percenl E Fercent | Percent
1932-3G..: 21.81 ) 11.80 : 4,321 L 74 34. 0 30,41 11.1 .3
1937-41__, 23.38 : 12.52 } 471} L8} 50| 29.5] 1L 1 4, 4
1042-46__ 47.42 ) 23. 37 ; %83 @ 203 a6, 7 28.0; 11.8 3.5
1947 .. 82,06 i 30.99 12,46 | 3.53] 59.4| 20.01 9.0 2. 6
1948, ...  49.28+ 28701 7.14: 153 56.9; 383.1: &2 1.8
1949 .. 40.38 § 28.64 + 0.86 ¢ 164 ] 0.1 3.6 12.2 2.1
1950.. ... 65 48 ; 34. 04 . 25,07 ! 4. 15 48. 6 26. 0| 22.3 3.1
1951-____,_-;. 41, 41 | 38 97 ; 13, 86 3. 92 42. 2 39. 7 i 14. 1 40

' Computed from production reported in terms of “equivalent 500-pound bales
on basis of nel weight.” .

2 (Jottonseed oil: crude, tanks, . o. b. Southeastern nills; cottansesd meal:
4l-pereent protein, bapgped, demphis; cotbonseed linters: weighled average value
per pound for &il grades wnd market points, £, 0. b. mill; coftonseed hulls: average
value per pound, 1932-44, computed on the basis of deta on tolal production and
tolal value, 114546, £, 0. b, mills throughout territory, 1947-51, earload lots,
Atlanta.

3 These percentages have 2 slight upward biag hecause of the guotations used.

Compiled from reports of the Bureau of the Census, the Producéion and Market-
ing Admioistration, the Qil, Paint, and Drug Reporler (9) and the New York
Journal of Comnerce (£).

In the neweor cotton-producing scctions of Texas and the far West,
the solvent method is gradually replacing the older methods. These
arcas hove sullicient supplies of cottonseed and adequate rural high-
ways Lo permit easy transport of the raw material to keep the large
plants operating more than 300 days & year. It is estimaied that
arcunrl 7 to & percent of the 1950~-51 crop of cotionseed was processed
by seivent methods in five plants, and that around 20 to 30 percent
was produced by ihe screw-press method.™®

The constitucnts thal determine offictal United States grades of
cottonsced arc oil, prokein or ammonia, moisture, free fatty scids,
and foreign matter. Doia on the average qualities of cotionseed, as

" The abeve taaterial was taken from Technology in Foed Marketing (16,
p. 70
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determined by chemical measurements of these censtituents in sample
quentities of seed, are available starting with the crop year 194445,
These are shown in tabls 11.

Table 11 —Cotlonseed: Factors measuring guality and yield of oil, meal,
and haulls, 1944-50

Yiald por ton of ¢oftonsced

Fuoetors measuring cottonseed quality erushed

Yem;\ begiﬂ;u‘ng

ugos Frealntty :
Foroign

acld von- il leal Hulls

ent matter

on Ammonia| Molsture
content | contenmt | content

Percent | Percent | Fercend | Percent | Percen? | Pounds | Pounds Pounda
1

85 3. 88 11, 2 1.4 . & 311 919 463
1866 | 3.62} 12,2 2.6 11 312 879 480
18.7 | 8.61 12. 4 L0 .8 315 &82 471
15.3 | 3.88 11. 3 1.4 .8 312 030 452
18. 7 .72 | 1L3 1.4 .9 320 597 463
19.1 3. 68 1.6 1.9 L1 323 546 4069
187 3. 64 12.8 L9 L1 321 8496 461

Compiled from reports of the Production and Marketing Administration and
the Burcau of the Census.

The principal factor that determines the yield of crude oil from
processing a Lon of cottonseed is the ol content of the seed.  Ammenia
content is secondary. The greater the ammonia content, the larger is
the production of meal and therelore the greater is the quantity of oil
that remains in the meal, An additional influence is the amount of
linters left on the seced. Normally, the greatest absorption of oil by
the linters occurs dwing hulling, which comes alter delinting. &
fourth factor thas affecls the yield of oil s the moisture content of the
decorlicated coltonsceds at time of erushing.  The higher the molsture
content, up to a certain point, the higher is the yield of oil.

The amount of free Talty acids in the oil indicates the extent to
which ihe oil has deteriorated; in other words, it is & measure of Lhe
quality of the oil. However, the higher the lree fally acid content,
the lowar is the yield of refined oil from o given guanlily of crude oil,

A statislical analysis, for Lhe crop years 1921-40, was run o ascer-
tain whethor the effeel of luctuations in the price of collonsced oil on
the yield of oil per ton of coltonseed processed could he measured."”
Many mills operate their presses on a fixed schedule without regard
to the relative value of the oil oblained and the labor and olher costs
involved in oblaining it. Some operators, on the other hand, are
price conscious and when prices of oil are relatively lLigh, they use o
longer press cyele. Results from this analysis indicate that the
effects on the guantily of cottonsced oil obtained per ton of sced proc-
essed as a result of changes in the puice ol the oil and in the quantity
ol seed processed are not measurable. These results probably reficet
partly the fact that the importance of these [actors s small and partly
the fact that such important variables as quality of the seed and type
of processing equipment on hand could not be included in the analysis
because of lack of data.

17 Bee Appendix note 7,
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Facrors Trar Avrnor TaR YIELD OF CARE AND MEAL—The yield
of cake and mesl per ton of cottonseed processed is determined by the
ammonis content of the seed. Meal is ususlly marketed by each mill
with a fixed protein content: 36 to 41 percent in the Southeast, about
41 percent in the South Central region, and 41 to 43 percent in the
Southwest. Protein content is measured in terms of ammonia. To
regulate its protein content, the mesl is filled with ground hulls.
Consequently, the higher the ammonia content of the sead, the greater
is the quantity of hulls necessary to reduce the meal to the standard
percentage of protein and, therefore, the greater the yield of cake and
meal. The ammeonia content of the seed appears to rise with incresses
in the amount of sunshine during the growing season.

Yields of cake and meal from processing 2 ton of eottonsced are not
eppreciably affected by the quantity of oil recovered from the seed.
Any increase in the quantity of oil obtained per ton of cottonseed
processed is compensated for by mixing an additional quantity of the
less expensive hulls with the meal, to maintain & given percentage of
protein, As hulls contain a minor amount of protein, each pound of
additional oil recovered per ton of seed processed would require the
addition of fractionally more than a pound of hulls. This would tend
to incrense the yield of eale and meal as recovery of cil beeomes more
efficient, However, this increase is not appreciable.

A statistical analvsis, for the crop years 1921-40, indicates that
chonges in the price of cottonseed meal have no stalistically measur-
able cffeet on the yield of canke and meal®  As menl is the second
most valuable product of cottonsced crushing, this is a reasonable
finding. After producing all the oil possible, it is to the inferest of
crushers Lo produce as much meal as possible. The analysis also in-
dicates that changes in the guantity of cottonseed erushed are not
associnted with fluctuations in the yields of cake and meal.

RELATIONSHIPS INVOLVED I¥ MEASURING IEFFECTS OF INCREASEDR YIELDS
of Corronsced O on Prices, Torar Reruens, axp OTHER
Tracrons

Figure 5 presents a simplified diagram of the economic factors that
would be affected by o change in the yield of cottonsead oil per ton of
seed processed. 'The effects of an increase in yield of oill may be con-
sidered, in a gencral way, to be two-pronged. Ouc prong oporates
through the egect on the supply of cottonseed oil; (he other, through
the effect on the value of the yvield of oil, A (hird prong indicated on
the charb relates to the effect on the yield of cottonseed hulls per ton
of soed processed. But it is not necessary to dwell upon this aspect
at ony length.  The value of the hulls accounted for only 4 percent of
the tota) value of cottonseed products in 1937-41 and only 2 percent
in 1947-50,

Changing the composition of cobtonseed meal by removing most of
the residual oil and mixing in additional quantities of hulls could affect
its quality and its acceptability for livestock feeding. Extraction of
the oil by selvent rather than mechanical means also could aflect the
meal to some extent. Research to date indieates that these problems
arc not of great mmportance. In many localities, meal from solvont
and that from screw-press operations sell al the same price.

% Hee Appendix note 8,
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ECONOMIC FACTORS AFFECTED BY A
CHANGE IN THE YIELD OF COTTONSEED OIL

COTTOMSEED Oil. YiELD FER
TOH OF COTTONIERD PROCESIED

COTINMSZED MULL
YIELD PER TOW
OF COTTONMED

CRUINED
SUPPLY OF YALUE OF
COTTONSEED COTYORSERD
o oIL YIELD
YALUE OF
COTTONEED
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Froure 5.—The cilects of an incresse in yield of eottonsced oil per ton crushed
can be considered Lo be two-pronged.

Oue prong aflfects the suppiy of cottonseed
oil; the other affects the valuc of the oil yield. The ret eflect on fhe price received '-. ]
by farmers for cottonseed must aliow for both aspects. The several inter-
relationships are discussed in detail in the text.
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An increase in the yield of cottonseed oil will increase its supply.
As indicated by the analvsis of [actors that aficet prices of food fats
and oils, this will tend to reduce its price. Heowever, the price-
depressing effects arc considerably reduced, in a sense, because a given
percentage increase in production of cottonsced oil is equivalent to a
much smaller percentoge increase in the supply of all lats and oils,
other than butier and lard, used in food. Because of the competilive
nature of the demand for gotionseced oil, this toinal supply is the effec-
tive variable in allecting prices of cottonseed oil. Other variables
shown on the chart in connection with this prong have been discussed
previously.

An increase in the vield of cottonsced ol would tend to inercase
directly the value of the products obtained per ton of sced erushed.
However, this efleet would be offsol, at least in part, by the lower
price for cottonseed oil that would result from the increased supply.
The net elfect can be determined from analvses given in this bulletin
As shown in a Inter section, prices received b\ farmers for cottonseed
in the past have been closely associated with the value of the produets
obtained per ton crushed, and this price affects somewhat the per-
centage of the erop, less use for planting, sold to erushing mills.  This,
in turn, would alfect (he supply ol ecottonseed oil. However, the
anelyses indicate that the sccondary cfiects are negligible.

Use of these analyses in messuring the net effecls of the several
relationships on prices of cottonseed and cottonseed oil and on gross
returns are discussed in more detail in a later section.

Production of cottonseed is affected only slightly by its price.’
Since 1933, acreage has been determined mainly by the Government
acreage aliotment programn. Yields have shown an upward tread io
recent years, reflecting improved planting teehmiques and continued
applications of soi.l—consvrving and improvement methods.  Cotton
lint represents & much larger part of ihe total value of the cotton crop
than does the seed. 1t can be assumed that chapges in prices of
cottonseed thet might arise from improved methods of processing Lhce
sced would only affced negligibly the acreage planted to cotion.

Cottonsced 1s highly pvr;csh'ﬂ)le Carctul prestorage handling and
processing are u'quuod to prevent dederioration and financiel loss.
The storage functien is performed almest exelusively by mills, in
which ad(‘qun te facilitics are evailable, although oven at mills, cotion-
sced 15 nok earried beyvend one season.

Tnereases in production of cottonseed oil would tend to reduce
prices of all edibe fats and oils. As most of these fats and oils are
byproducts of other industries, o lowering of their price would affect
their production very little.  Boyvbeans, howoever, are produced mainly
for their oil and meal content. 1o certain areas, thc) compete for land
with corn, cotion, and other Crups, Honcee, a pmmanentIowru;n“ L1
the value of soyimnns w compar ison with tbc price of competing crops
might result 1n some reduction in acreage and production of soybeans,
or 1n o slowing up of any expansion thal might otherwise oceur. This
would tend parily to oflset the effect of Lhe increase in the supply of
cottonseced otl on prices of soybean oil, colionseed oil, and other edible
fats and oils.

1 for p discussion and analysis of the relalionship bebween nereage of coiton
and prices of cotion and cotlensced, sce Walsh (200,
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Facrors Teat ArrEcT vHE PricE RECEIVED BY FARMERS FOR
CoTTONSEED

Prices paid to farmers for cottonseed are generally based on il
price quotations in the localify. A recent study indieated that the
price paid by ginners is most frequently computed by deducting a
specified margin from the mill price.® This margin covers various
expenses and sllows & profit. A second important determinant of
cottonseed prices 1s competition among ginners for secd.

Although most of the cottonseed processed is bought by millers in
the first 3 to 6 months of the crop year, the products of processing the
seed generally are marketed duning & longer period.® Mill prices for
cottonsecd depend to a large extent upon the anticipated yield of the
products obiained by processing cottonseed and the prices at which
millers expect to market these products during the marketing season.
Therefore, prices paid to {farmers for cottonseed reflect prineipally the
expected value of the products of the seed. As an alternative, millers
may consider cuwTent prices of futures contracts or current prices in
the forward-shipment market. These in twn depend upon anticipa-
tions of the value of the products in the delivery period, so that the
sarme economic forces are mvolved,

The spread befween the wholesale value of cottonseed products and
the price paid to farmers for coltonseed reflects various processing and
marketing costs and profit margins. In addition, the spread is
affected by the amount by which the expected value of cottonseed
products differs from the value realized when the products are marketed.

Statistical analysis for the 192240 crop years shows a close relation-
ship between chaages in the season average price received by farmers
for cottonsced and changes in the combined value of yields of major
cottonsecd products (oil, meal, hulls, and linters) per ton of seed
processed.® According to the analysis, the season average price of
cobtonseed to farmers {(in dollars per ton) tended to equal 74 percent
of the combined wholesale value of the major cottonseed products
obtained per ton of seed processed (in dolars) less $5.81. For example,
the 193940 crop year average value of the yields of oil, meal, hulls,
and linters per ton of seed processed amounted to $37.77. The esti-
mated price obtained by this compulation is nearly the same as the
1939-40 average price of $21.17 for cottonseed.

Use of this analysis in measuring the effects of increased yields of
cottonseed oil on prices received by farmers for cotionseed is discussed
in a later section,

Facrons TraT AFFECY TBE Prurcextacr ofF tee Corronstep Crop,
Less Usg vor PranTiNG, SoLp To MiLws

Part of the cottonseed crop is retained on the farm for use as seed,
livestock feed, and fortilizer. In some years, & minor part is exported.
The remainder is used for domestic processmag into oil, meal, linters,
hulls, and other products (fable 12).

Since 1944, when data firsé became available, planting requirements
have averaged bebween 27 and 32 pounds per acre in culfivation on

% Bee Whitten and Stevenson {82),

2t See Fromer and Swith (6).
* See Appendix note 9.
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July 1. Estimated seed requivements represented 7 to 12 percent of
the crop for most years during 1809-33, and from 7 o 8 percent for
most years during 198447. The decline in later years reflected the
inerease in yield of cottonseed per acre and the reduction in acrcage
during this period. The quantity of seed used for planting declined
to fror 8 to 7 percent of the crop during the 1948 to 1950 seasons, as a
result of high cottonseed yields and the use of improved planting bech-
aiques. These techniques tend to reduce the number of pounds of
seed planted per acre, as sceds ave planted less densely and are delinted
before planfing. When acresges shift sharply, as they have done in
recent years, seed requirements as & percentage of the preceding crop
fluctuate considerably.

Cottonseed is rich in protein because of its meal content and in fat
{(high in energy value} because of its oil content. To some extent,
therefore, cottonseed may be snbstitubed for cotlonseed meal, a high-
protein feed, and for corn, the leading source of ecarbohydrates (also
high in encrgy value) used in livestock feeding on cobton farms.
Heavy or prolonged feeding of cottonseed to livestock is not practi-
cgble, Lhowever, as the frec gossypol content of the seed has u toxic
effect.

TaBLe 12.—Cotlonseed: Production and disposition, averages 1921-50

sedd oat Farns Vopeeninge of
peaduetion less
v R anting * 1,’1'0‘111"-" qu:\lulity Hsed
Yoty Produe- o1 planting ? vot less + L s r SR
r"':f::;z;{ég tiout Fur l'ﬁed ‘{:':;3";51} gil wills 2
’ anc | planiing Sold Used o
Totrl | Per ngee 3 fertilizer 4 1 e o ol fed :\u(g
wills fuvsilizer
I,600 1,000 1.000 1,000 1,000
Average: tois fory Pounds fong tans tong Feregut | Percent
192J-30___; 5, 806 633 (.. —__- G489 | 5,173 | 4, 524 87. 5 5
1931-40._.1 5,588 461\ __ 580 1 5, 134 1 4, 545 88. 5 11. 5
1941-47___| 4, 458 318 fo... 265 | 4, 146 | 3, 875 93.6 6. 4
1948-50__.| &, 536 361 29 269 | 5,175 | 4, 906 94, 8 5.2

' Before 1028 production of coltonseed was compuled on the basis of 63 pounds
of seced to 35 pounds of lint.

¢ Used for planting crop of snceeading vear.

* Hefore 1943, sced used for planting was compubed ab a constuué rate for cach
Stuic. The United Skates average ranged bebween 31 and 32 pounds per acre in
cullivation July 1.

i RResidual.  Includes small quantilices exported in scine yeors,

$ Cagh sales plus exchanges for weal.

Bureau of Agricuitural Xeonomics,
o

The usefulness of cottonseed as a fertilizer results from its meal
content. Until about 1940, cottonsced meal had been an mmportant
{ertilizer, especially on cotton farms. In addition, commercial fertil-
izer contained a small proportion of cotionsecd meal. From fhe
beginning of Woild War II, the bigh price of cotionseed meal has
almost cﬁm'm&ted its dircet use for soil fertilization snd as ap ingre-
dient in the manufacture of commercial fertilizer.

During the period 1909-33 an average of 13 percont of the cotton-
seed crop, after allowing for planting requirements, was retained on
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farms for use as feed and fertilizer; the remainder was sold for process-
ing or export. In most years, exports amounted to less than 5,000
tons. Bince 1933, the percentage retained on farms for uses other than
planting has shown a dowanward trend. This percentage averaged
about 12 percent in 193140 and 6 percent in 1641-49.

Statisticel analysis for the crop years 1922—40 indicates that about
40 percer:t of the changes in percentage of the cottonseed crop sold to
mills, after allowing for planting use, were associated with changes in -
the price of cottonseed received by farmers and with changes 1n the
index of prices paid by farmers, including commodities, interest, taxes,
snd wage rates.® On the average, a change of i percent from the
preceding year in the price of cottonseed was associated with a change -
in the same direction from the preceding year of 0.1 percent in the
quantity of seed sold to mills. A change of 1 percent from the preced-
ing year in the index of prices paid by Iarmers was assoclated, on the
average, with o change in the opposite divection of 0.4 percent in the
guantity of seed sold to mills.

Table 13 indicates the net offect of each of the factors discussed sep-
arately on the percentage of the cottonseed crop sold to mills. The
ratio of each variable to the preceding year is shown over & consider-
able range, together with the related change in the percentage of the
crop sold. The effect of changes in both variables if desired can be
obtained by multiplying together the indicated ratio for cach item.
For example, during 1947 to 1949, 94.3 percent of the cottonseed, less
use for planting, was sold to mills. The average price of cottonseed
received by farmers in these years was $65.50 a ton and the index of
prices paid by farmers (1910-14=100) was 253. Suppose that the
price of cottonseed incressed by 5 percent and that the index of prices
peid increased by 10 percent. As mdicated by theltable, the percent-
age of the cottonsced crop, after deduction of the quantity used for
planting, seld to mills would havoe doclined by 3.0 percent

This result is obtained as follows: A ratio of cottonseed prices in the
current year to that of the preceding year of 1.05 i1s associated with a
rafio of 1.004 for percentage of the crop sold. A ratio of the index of
prices paid in the current year to that of the preceding year of 1.10 is
associsted with a ratio of 0.966 for perecentage of the crop sold. Multi-
Plying thesc two ratios together gives o ratio of 0.970. Thus, the
actual percentage sold would cgual 91.5 percent (94.3 times 0.970).
Results for other combinations of these two factors can be determined
{from the table, cither directly or by interpolation.

Changes in the percentage of cottonsced sold to mills probably are
more direcily affected by changes in the price of cottonseed meal paid
by farmers in the cotton States, the price of corn, the price of com-
mercial fertilizer vsed on cotton, and the availability of commercially
mixed livestock feeds than by the index of prices paid by farmers for
all commaoditics. However, the scparate effects of these changes
cannot be measured statistically. This may be due chiefly to the
following circumstance: The meal, corn, and fertilizer price series
tend to {luctuate in almost the same way as does the price of cotitonseed
received by farmers. The cflect of changes in the price of cottonseed
on the percentage of the crop sold to mills is evidently grenter than
the effects of changes in the prices of these items. Consequently, the

# See Appendix note 10.
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effect of changes in the price of cottonseed is statistically measurable,
but the effect of changes in the other prices cannot be separated out.
Another possible reason is that the effect of changes in these ibems on
the percentage of the crop sold to mills is too small to be statistically
messurable after allowing for errors in the deta.

TapLE 13.—Cottonseed erop, less use for planiing: Relation between
year-to-year changes n percentage sold to mills and price received by
Farmers for cottonseed and the index of prices paid by farmers, including
wnterest, tazes, and wage raies '

Ratio to preceding year

Estimated per- Estimated per- .
ce:&taé;&gf c?-ni! ¢ u%?i:;ieed cé&t-.;;;:ﬁ( c?op 1:_{;‘?35
0. 995 0. 75 1. 115 0. 75
. 980 . 80 1, 088 .80
. 985 . 85 1. 0H4 .85
990 . 80 1. 041 .40
. 985 .85 1. 019 .63
1. 400 1. 00 1. 660 1. 00
1. 604 1. 05 082 1.6b
1. 008 118 . 966 1. 10
1. 012 i. 15 . 948 1. 15
1. 016 1. 20 . 934 1. 20
1. 620 1. 25 . 919 1,25

! When the otner independent variables in the analysis remain at the previous

year's level. wesed on the multiple regression analysis discussed in this section.
See Appendix noba 0.

Usk or THESE ANALYSES IN MEasynring NET LFFECTS OF INCREASED
Yizins oF Corronseep Oin on Prices anp Torar Rerunns ron
COTTONSEERD

Materia} presented in earlier sections has shown how increases in the
yield of coftonseed oil would affect various related market fectors.
Three sots of relationships were presented which sccount for the major
market forces that would be affected. The analyses are designated
as relationships I, If, and 111

Relationship I estimates the effect on the wholesale price of edible
fats and oils (excluding butter and lard) of changes in the {ollowing
three factors: Per capita supply of fats and oils used in food products
other than butter and lard, per capite supply of lard, and per capite
disposable income. A separate equation Is used to translate this into
the associsted change in the price of cottonseed oil.

Relationship 11 estimates the effect of changes in the value of the
major cottonseed ‘products obtained per ton of seed processed on the
sepson average price of cottonseed paid to growers. These products
sre oil, meal, hulls, and linters.

Relationship IT1 cstimates the effect of changes in the following two
factors on the percentage of the cottonsced crop, less use for planting,
sold to mills: Scason average price of cottonseed received by growers
and index of prices paid by farmers, including commodities, interest,
taxes, and wage rates.
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The statisieal analyses discussed in Appendix notes 5, 6, 9, and 10
vield the following equations for these three relationships. In esch
equation the independent variables that would be directly affected
by a change in the yield of cottonseed oil are underlined.

Reiztionship I:

K;’—P?ice af)cottonseed oil per pound, crude, tanks, £. . h. Southeastern mills

cents

X,—Wholesale price of edible fats and oils, excluding butter and lard, at
leading markets, index numbers (1947-49=100)

Xr—Bupply of fats and oils vsed in food produets, excluding butter and lard,
per eapita{pounds). The separate items used in computing this variable
are shown 1n table 2,

Xr—SBupply of lard per capita (pounds).

X —Personal disposable income per capita (doliars).

When all variables are expressed in logarithms, the following equations apply:
Xy=1.37—1.57 X,—1.11 X;+1.37 X,
Xy=—.044+114 X,

Use of table 9 will }:Eid results nearly comparable fo those obtained from the
first equation.

Helationship II:

X—=8eason average price per fon received by farmers for cottonseed {doliars)
Xr;—Combined wholesnle value of the major cottonseed products obtained
per ton of seed processed {(dollars). The separate items used in com-
puting this variable are shown in Appendix table 25.
Xy=—5.81+4.74 X,

This equation is In terms of actual date rather than logarithms.
Relationship ITI:

Xi—Percentage of the cottonszeed crop, less use for planting, sold to mills,
year beginning August (percent}

X—Beason avernge priec per ton reccived by fermers for cottonseed (doilars)

Xy—Index of prices paid by farmers, including commodities, interest, taxes,
and wage rates, year beginning August (1910-14=160}

When all variabies nre expressed in logarithms of link relatives, the following
equation applics:

Xy=2.56+.095 X)—.38 X,
Use of table 13 wiil yield comparable results.

These cquations are of necessity based on historical data; they will
apply in fufure only if the general structure of the industry remains
unchanged. The four equations apparently applied reasonably well
through the 195152 crop year. However, 1t is possible, particularly
with respect to relationship I, that they may not apply in future.
Recent developments in the marketing and processing of soybeans
discussed in Simon. {12) have tended to inerense soybean prices relative
to the combined value of the products obteined from processing s
bushel of soybeans. At the time this report went to press, the Pro-
duction and Marketing Adminisiretion was preparing & repord con-
cerning possible cconomic cffects of the adoption of types of cotton-
seed crushing plants that will be most {easible if new piants are builé.
Should 1t appear likely that the changes indicated would significantly
affcet the average cost of crushing a tow of seed or the competitive
nature of the cottonsced-crushing industry, then the equation de-
veloped under relationship IT might no longer apply and some sort of
accounting relationship would be required to indicate the probable
effects of the adoption of such plants on returns to cotton growers,
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In using these equations to estimate the probable effect of an in-
crease in yield of cottonseed oil on returns to processors and growers
or for other similar purposecs, some level must be specified for the
variables not directly affected by the change. Neb effects on the
price of cottonseed oil and on fotal returns to processors and growers
will depend upon the level used for the other variables. Thus for
any specific use of these equations, such values should be placed at
levels which appear most likely to apply.

AR of these cquations are based on siatistical analyses and are
subject to certain types of statistical crrors. The magnitude of these
are indieated in the Appendix.

A detailed example of the use of these equations is given in Appendix
note 11.
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APFENDIX
Note 1. Doupre DEMAND CUrvEs FOR A SINGLE COMMODITY

The double demand concept for cottonseed oil and its application
{0 price relationships among food fats and oils was developed in the
main body of the bulletin. The concept of double demands is dis-
cussed in this note in the technical terminology of supply and demand
curves in order to display the fundamental leln.tionsths involved.

Trive sets of supply and demand curves supporting the presentation
are shown in figcure 6. Sets 1 and 2 present, two demand schedules for
cottonseed 011 D, and D, and two supply schedules, S, and S/.
Sets 4 and 5 plesenb two demand schedules for food fats and oils
other than cottonseed oil, butter, and lard, D; end D), and two
supply schedules, S, and 8. Set 3 presents o demand schedule, D,
and a supply schedule, 8, for jood fnts and oils including cottonseed
oif but excluding butter ‘and lard.

In set 1, [, represenis the noncompetitive demand schedule for
cottonseed oil for use in food products. In the minds of manufac-
turers of margarine, shortening, and other food fat and oil products,
there are no substitutes for this segment of demand for cottonseed
oil. This nonsubstituteble demand for cottonseed oil (schedule
D)) is derived {rom the demand for these products,

The coblonseed-oil supply curve, §) in seii 1, represents the total
supply of cotlonseed oil oifered for sale to the users (manulacturers
of ecdible fat and oil products) in a given crop year. This schedule
has been assumed to be perfectly inelastic. This is approximately
true and adequate for Lhe purposes at hand.

Set 2 presents the schedules 5 and Si. The competitive demand
for cottonseed oil for use in food products is represenied by D,.  "This
is the demard for which cottonsced oil and other food fats and oils
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{excludiry; bubter and lard) are, for all practical purposes, identical
" commodities. As there evist perfect substitutes that can satisfy
this demand for cottonseed oil, 12, is perfectly elasiic.

The supply curve S; represenis the “excess supply” of cottonseed
ol that remains after the noncompetitive demand for this oil has
been satisfied. This supply is equal to S, minus ;. For example,
in set 1, the total supply is equal to PB, the noncompetitive demand
will take P4 of this supply &t price P, leaving the balance (AB)
for the competbitive segment of cotionsced ol demand. Therefore,
AB in seb 1 15 equal to PO in set 2,

In set 5, D; represents the noncompetitive demand schedule for
food ints and oils other than cotionseed oil, butier, and lard {or use

COTTONSEED OIL AND OTHER FOOD FATS AND QILS

Fwitrwilnas af Ganble Demcad Curree

COTTOMRSEED FOOE FATS AND OILS OTHER FOOD FATS AND OILS OTHER THAN
[=]1N THAN BUTTER AND LARD COTTORSEED QIL, BUTTER AND LARD
Sai l Sat 2 S0t ] Sat & Set 5

PRICE PACE FRICE PRICE PRICE

NALZ L LIS
[/ / 1/

QUAKTITY QUARTITY QUANTITY QUANTITY

b 3T e m BIAE W AT A RLm SEFFER L P Lag b CE 4 PETINPT VIR

U 3 DEFSRTRERT OF ASHIEULTUNL HEG 4847¢ Wi RUALAU OF AGRICYLIUSLL LCONONICY

Figure §.—The theory of double demand enrves for e single commnodity demon-
strotes that an analysio of the eifeck on Che price of eollonseed oil of 2 incrcase
in its supply oniy ean he studied through the priee-supply relationship for ail
food fats and oils, ether than butter and tard, taken as & group.

in food products. Fer purposes of ihis discussion, it is suflicient to
as ame thal such a demand for Whis group of foed Iats and oils does
exisk. This is probably true. Nevertheless, the existence of such
o demand Is not necessary to support the logie of this discussion.
It is shown in set 5 ns o malier of convenicnce. As DJ; represenis
the nonsubstitulable demand for this commedity group, it is iilcewise
derived from the demand for edible fat and ol producis.

The supply schedule 8; represents the total supplyofifood fats and
oils other than coltonseced oil, builer, and lard. The principal
commodities in this group are soybean and coconut oils. Soybean
oil is used in considernble quaniilics in nonfood produets, principally
in the drying-oil induslries. II the price of soybean oil rises relative
to the price of other drying oils, its use in drying-oil products, such
as painls and varoisbes, Lends Lo decline. Thus, the supply of soy-
bean oil available lo manufacturers of {eod products such as mar-
garine and shortening is not perfectly inclastic. Coconut oil is either
imported or produced from imporied copra, so that the domestie
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supply is respousive to changes in the domestic price,  Consequently,
the supply curve S, is assumed to be less than perflectly inelastic.

The demand schedule 7, in set 4, represents the competitive
demand for food fats and oils other than cottonseed oil, butter, and
lard for use in food produects. As cottonseed oil is perfectly sub-
stitutable for these fats and olls in the competitive uses, the demand
schedule D, 13 perfectly elnstic,

The supply schedule in sct 4, Sz, is the “excess supply” of food
fats and oils other than coltonseed oil, buiter, and lard and is equal
to 8 minus D;. The supply schedule S5 is similar to the supply
schedule 87 in set 2. At price P, the excess supply in set 5, A’H’
is equal to PV in set 4.

Hence, cottonseed oil does not have @ demand curve but o pair
of demand cwrves. One is [}, which max be clastic or inelastic.
The other, I, is perfectly clastic, On the basis of the charts shown
in figure 6, it 1s apparent that a study of the price-quentity relation-
ship for cotlonseed oil alone is logically incoreect. The quantity
to be associated with price in such a study must include the supply
S, as well as the supply of cottonseed oil. The excess supply repre-
sented by schedule 87 is, for all practical purposes, as much o part
of the supply ol cottonseed oil as the excess supply represented by
Si.  If the price-quantily relationship for coltonsced oil alone were
estimated, it would probably indicate o demapd schedule with a
slope somewhere hetween the slope of 7y and 74 Sueb 2 result
has no economic meaning.  As the supply represeuled by S, cannot
be measured, the relationship between (he price of cottonseed oil and
the combined supply S, plus 82 eannol be estimated statisticaliy.

The supplies indicated Ly 57 aod S: represent practically identical
commodities, Therefore, their prices will tend to be identieal.
However, in view of the differences i the physieal and ehemical
characteristics of individual food fals and oils otber than butler and
lard, as previously discussed, it is Lheir equivalent-prices thal will
tend to be equal, vather (han their market prives.  Hewee, price P
shown in (igure G represents the equivalent-prices ol coltonseed oil
and other {ood Tats and oils {exeluding butter and lardt,  As these
supplies represent identical commaodities, it is logical to combine them
aid consider them as the supply of & single commodity.  This is done
in sel 3 where the supply scliodule § has been construeted as the sum,
of 57 and 8. Tis immaderial to the manufaeturers’ demands, ropro-
sented by 1) and 1), whethier they buy 87 or Si. Therelore, these
demands may be combined into ane domand schedule (773 {or commad-
ity 8. Iowever, 74 and 72, are perfectly elastic beeause Sy and Se
ave perfect substitutes. When the supplies ace combined, the eom-
hined demand for this supply (8} is vo longer perfecily elastic as ihe
commodity represented by S no longer has perfect substitutes,  The
combined demand for & represenis the balance of the fats and oils
required for (he manufacture of margarine, shortening, and other
edible fal and oil products, after the nonsubstitutable demaoands for
eotlonseced oil and other food fats and oils other than Lutter and lard
have been satished.  Therefore, this demand is likewise derived from
the demand for these produeis.

Hence, the three demand sehedules £, By, and £ are derived Trom
the demand for edible fat and oil products.  ‘These demend curves
probably differ from the demand schedule Tor the products because

bR
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of various manulacturing and marketing coste incurred in producing
and marketing these produets. It is not necessary for this discussion
Lo determine the nature of the demand curve for the produels nor lo
discuss its relationship to the derived demand schedule, It is suffici-
ent Lo point out that there is a relationship,  This relalionship depends
upon the muketing and pricing practices of the industry and other
volated feetors.  Furllier, as the demand schedules 12, Dy, and D are
stinilarly related Lo the demand sehedule for edible fat and oil produets,
they bave the same slope and are additive.  Thevefore, although
these derived demand sehiedules cannot be separately delermined by
slatistical analvsis, the combined schedule (274D} representing
the sehedule of demand for food lats and oils other than Lutler and
turd eounld be stetistically delermined,

Tt is apparent from this developruent and from (he discussion of
competitive relationsbips among foed fats and oils that o delermine-
tion of the effect of an inerease in the supply of coltonseed oll on its
prive can be arrived al only by a study of the price-supnly relationship
for food fats and oils other than bulter aud lard {aken as a group,

Nore 2—8rarisrican Merknons L=ep

The relationships among luetors were Uivestigated by use of the
techniques  of multiple eorvelation and  regression.  Logaritlunic
rather than aritlunctic relotionships were assumed in most insiances.
Use of arithmetie for actual) data Implies that the relationships
between X, and A and between N and AXG wre additive.  That is,
the effeet of o and X upon X are independent of cach other, so that
the combined offect of X and Xy upon V) is equal Lo the sum of the
effects of Xs (Bpa N and A (b N Heoee, arithmelie dala were
used when it was thought that the net effeet of cach independent
variable upon X was independeal of the elfeets of the other independ-
et variables.

Use of logarithmie data implies (hat the rvelationships belween X
and X4 and bebween X and X, aee additive tn teems of the logarithms,
LI suel an equation is taken out of Jogarithms, the following exponen-
Linl relationship results;

N=u Nnbeabae.

Thus, use of logarithunie data implics that the independent varialles
NG and Xy jeinty affect X, That is, the separaie cffeels of the in-
dependent vartebles are multiplieative insfead of additive,  Fenee,
logarithmie dnta were used when it was thought that the independent
varinbles joinily nnd not independenily affeet Y.

In eertiun analyses, factors thal cause ypar-lo-year changes in the
dependent variable were considered; in others, factors that couse
changes from the Tong-time average. Reasons for the use of these
aliernative approaches are discussed in conpection with ench analysis,

Variables used in eerinin annlyses based on year-to-year changes in
fognrithms were pomputed by taking the logarithms of link relatives,
A Jink relntive is Lthe pereentage chunge from the preceding year for
any series,  I'n other analysis, first differences of the logarithms were
usedd,  Losarithms of link pelatives dilfer by the characievistic 2 lrom
the first dilferences of lpgarithuns for the same series. The particular
method used is indigated in ench inslance.
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Forecasts based upon an extrapolated regression relationship are
risky and must be used cautiously, For this reason, it is important
for an analyst to koow whether o particular application of & regression
relationship mvolves extrapolation. IPurther, as the risk of forecast
increases with the extent of extrapolation, he should know how much
of an extrapolation is invelved.

Waugh and Been (£7) have suggested compulation of o chi-square
for each combmalion of values of the independent variables used in
the regression analysis.® For example, il an anelysis were based upon
data for 1922-40, using as the dependent variable X, and as independent
variables KXo, A, and X, o chi-square could be computed for {he
XX, combination of values for ench year in the apalysis. ¥When
the values of all independent varigbles ara at thebr means, chi-square
equals zero. As the values depart from {heir means, chi-square
increases. Ilowever, chi-square also depends upon the sltructure of
intercorrelation among the mdependent varinbles, X,, A3, and X, in
such a way that it indicates the position of an XL A, combinalion of
values for a given year with respect to the grouping tendency of al! the
PP, ¢ conﬁ)inat-ions used in the analysis, as defined by the paltern
and degree of concentration of these combinations,

Each chi-square indicates the probability of occurrence of a given
combination of the independent variables, or one farther from the
grouping tendency, in sampling from the universe implied by the
scetter of the daln upon which the regression equation was based.
Hence, the highest chi-square computed for the X, AL X, combinalions
in the base pertod defines the outside limit of the scalter of the date
upon which the regression equation was based. If the chi-square
compufed for the A,AZX; combination used in forecasting X, for a
given year 15 higher than the highest chi-square computed for the
combination in Lhe base period, application of the regression relation-
ship for that year involves an extrapolation, The bLigher the ehi-
square the greoter the extrapolalion.

The standard error of a forecast provides a method of estimating the
probable siatistical error involved in a forecast for any given year.
This allows for the stalistical precision of the regression relationship,
the extent to which each independent variable diff'ers from its mean i
that year, and the average size of the unexplained residuals [or the
years included in the analysis.  If for the period forecasted no change
has occurred in the nalure of the relationskips prevailing in the period
on which the analysis was based, there Is a 67-percent chanee that the
estimoted value, plus or mjnus the standard error ol forecast, will
include the aclual value of the dependent variable {or any given year,
and a 95-percent chance that the estimated value, plus er minus twice
the standard error of forceas(, will include the netual value,

Chi-sguarce values and standard errors of forecasl for recent years
are shown for each ol Lhe mojor anelyses.

Two iypes of ervors involved In using a vegression relationship to
make a loreeaslt are worth mentioning, Oune type pertains to the
relationships implied by the regression equation.  Jor example, the
relationships delermined frem the base-period data may nol apply Lo
the period for which the forecast is made, This happens when
developments in the period for whichi (he {forecast is made are suffi-
ciently unportant to change the base-period relationships.

# Tor a briel discussion and formulation of the ehi-square supgested, see Armore
und Burtis (£, pp. 7-9).
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The accuracy of the forecast depends, likewise, upon the wvelues
selected for the independent variables. To forecast X, from a regres-
sion relationsbip, it 1s necessary to know or predict-the velues for the
independent variebles included in the equation. I these are In-
correctly predicted, the forceast will tend to be in ervor regardless of
how accurately the relationships implied by the regression equation
opply Lo the period for which the forecast is made.

Nore 3.—Fars axo Ows Usep 13v Foon PropGers: ReELATioNsmip oF
SuprLy To Domestic Disaprearance, Exponrts, axp Exp-or-Year
Stocks?

Three analyses are presented using the following variables:

Xi—Bupply of fats and oils, other than butier and lard, used in food products
per eapita (pounds) 2

Xr—TDomestic disappearance of these fais and oils per eapita (pounds)

Xy—Lnd-cf-year stocks of Lhese fats and oils per eapita {pounds}

XNi—Bxporis of these fats and oils per eapita {pounds)

The supply varieble A was computed ns the sum of production
during the calendar year, imports, and beginning-ol-year slocks of
fats and oils (other than butier and lard) used mainly in food, minus
use of these items in nonfood products, plus use in food products of
other fats and ouls. This supply flows into three channels during the
yenr: Domestie disappearance (consumption), exports, and end-of-
year stocks. Tfence, for each year, X is equal (o the sum of &, X3,
and .

Arithmetic first-difference analyses for 1921-42 and 1943-51 were
run for the four variables in pairs as follows: XX, ALX,, ALAX,. First
difierences were used beeause interest is centered on related move-
ments [rom one year to tlie next. Separate analyses were run [or the
two periods, as relalionships have changed greatly since the beginning
of World War II, when the United States shified from a net import
basis for total fais and oils in most years Lo & net export basis, Results
arc shown in table 14,  The dota vsed are given in table 15,

Tasue 14.—Statistical results from analyses of the relation between supply
and disposition of fuis and oils used in food products

Varkibles
Perlod and correlation measurenient

Kl

Busecd on 1021 -12:
Blandard deviafion
Simple e e e
Standard errorof b ... .

-’-:I

Based on 1943--561:
Standard deviation_ ... .
Simple & . .
Standard grror of b .. e e frmmm e
r? ;

- _{-.._.._"_____,_

i : i

1 Probability level more than 5 poreent; therefore, not significantly diflerent
fram zoro.

5 These analyses were suggested by Karj Fox, Bureau of Agricultural Economics.
8 This is the eame variabie ns X' in note 5.
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TaBLE 15.—Supply and disposition of fats and oils used in food products
. per capita, 1920-511

e syt | gZomete | Sde L agonss
Pounds Founds [ Pounds Pawnds
1920 L . 21.3 12.7 5 3 3.3
1921 . 20. 9 12,6 4.2 +. 0
1922 . 18.0 13. ¢ 1 29 2.0
1923 L. 16. 9 12,2 4 3.1 1.6
1924 L 18. 4 13 2§ 3.6 1. 6
1925 oL __ 21,2 16. G ; 3.0 1.6
1926 Ll .. 22. 8 L6 G 4,9 14
N} 24.0 16. 2 - 6.3 1.4
1928 ... 23.0 16. 4 l 55 1.1
1029 ... 23. 8 17. 6 5 2 .9
Y930 ... 241 17. 9 53 .G
1831 .. 22,2 15. 6 5 8 .9
1932 . L. .. 22.1 13. 3 7.9 L0
1933 .. 23.5 14. 3 856 .7
1934 _ . ... 22. 06 16. 4 5 8 .3
30836 . oL 25. 3 1%. 8 5.3 .2
1936 ... . . 26 2 20.5 5.0 .2
1937 .. .. 27. 6 211 6.3 .2
1038 . o 28.1 20. 8 7.2 L2
1839 .. 27.0 19,7 7.1 .3
10 . 25. 0 18. 3 G 4 .3
1941 o L_ 26. 5 20,6 9. 6 .3
1942 ... 25. 0 19, 32 .9
1943 ... 26, 6 20. 3 3.3 L1
1944 .. L.o. - ..__ 248 19. 5 4. 5 i
1945 ..o 25. 7 10. 7 8 6 L4
1946 oL ... 23.9 19.6 ¢ 3.5 .7
1947l 24. 0 200 : 3.2 .9
1948 oo 26. 1 21 2 i 4.0 . R
1949 ..l 20,7 217 q.1 3.9
1980 e 30. 6 2. 2 | 3.1 3.2
S5 30. 5 21.2 [ 52 4,2

I Cottonseed, soybean, corn, peanut, edible alive and oleo oil, vleostearine, oleo
stock, and edible tallow, Datz compuled from unrounded numnbers.

? Production, imports, and January 1 stoeks of these items, minus use of these
items in nonfood products, plus use of other [als and oils loxeept butter and lard)
in food products.

3 Includes shipmenls to United States territories.

Nore 4.—Corronseey On. axp Oruer ffoon Fars axy Cins:
Price ReriTionsuirs

Three analyses that relate the wholesale price of cottonsced oil
to wholesale prices of other food fals and oils are presented.  These
analyses are based on the following variables:

Ar—Wholesale prive of cotlonseed oil, erude, tanks, soulhensiern mills (cents
per pound)

¥p—Wholesale price of lard, prime steam, loose, Chicugo (eenls per pound)

IXs—WhoIcsg;o price of huller, 92 score, creamery, New York (conts per
poun
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X, —Average wholesale price of eight other fats aud oils used in food ¥
weighted by their averaze domestic disappearance in 1931-40 (centis
per peund)

Xs—DBuresu of Labor Biatisties index of wholesale prices of ail eommodities
(1935-39=100)

Datarelating to these variables ave shown jn table 16.  The analyses
presented are based on Lhree variables each, as follows:

Analysis I; &y, Ns, N

Analvsis 110 XA, Ny, A%

Analvsiz ITI: N, X, X

The purpose of analysis 111 is {o test the validity of the equivalent-
price concept for Tood fats and oils used as ingredients in edible fat
and ol products. As discussed in the section Factors That Affect
Margins Among Prices of Individual Fats and Qils, prices of cotton-
sced oil and those of other food fats and oils used as ingredients
tend Lo move up and down togeiher, with margins thel represent
certain cost faclors. If these cost factors did nmol vary, margins
would Gend to be relatively constant, and prices ol cottonseed oil and
of other fats and oils used as ingredients would tend o change by
equal amounts.  However, if related cost factors changed, price mar-
gins would tend Lo change as a vesult. Over a period of time, the
price of cottonseed oil is believed to change by an emount equal to
the swn of the change in the prices of olber fats and oils used as
ingredients and the change in the price margins brought about by
changes in the cost factors,

Analysis 11T was based on arithmetic first differences, to correspond
with (e additive efleets of the independent variables discussed in the
preceding paragraph. First dillerences were used because in this
nnalysis the erophasis is on the extent to which year-to-year changes
in (hese variables are related. Years used in the avalysis were 1922-
40. 'The index of wholesale prices of all commodities was used to
represent the various charges, sach as costs of labor, that affect the
price margins. The objective is to show that, when these costs are
beld conslant, margins tend to remain constant and therefore prices
of coltonseed oil and competing fat and oil ingredients fHuctuate by
egual amounts.  Analyses I and 1T were designed to show that even
when these costs are held constant, ibe price of cotlonseed oil is
differently related Lo the prices of lard and bulter, reflecting differences
in the competitive relationships between these fals and cottonseed oil.

Phe resulls, which are shown in table 17, support the concepi of
equivaleat prices. They indicate that during 1922-40 the price of
cotionseed oil and the average price of other fats and oils used in food
products fluctunted by ahoul equal amounts (analysis 111, by, ,=1.18}.
But a 1-cent change m the price of lard during this period was asso-
ciated with an 0.4-cent change in the price of cottonseed oil (analysis I).
Prices of cotlonsend oil and buiter showed no relationship to each
other during this period, after allewing for the cffects of the general
price level.

The ¢ value or copslani term in each analysis docs not differ
signifieantly from zero. As these analyses were baged on first dif-
ferences, this means that, after allowing for changes in the wholesale
price level, the price velationships between cottonseed oil and other

7 (lpeonut, corn, oleo, pulm, pennnt ana seyliean oils, olegstearing, and cdible
tallow. .
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fats and oils used in food products tended to be unchanged during
1922-40.

TasLE 16.—Wholesale price per pound of cottonseed oil, and other food
Jats and oils, and index of wholesale price of all commodities, 1921-51

Cottonseed oil, Tard, prime ) Jnndex of whale-
Year ceuele, tonks, stepm, loose,  [BUtier, sreamery,| Other food fats sale price of
f. 0. b, South- Chimaeg New York and oils i all commodities
easters mills & {1935-39=100) 2
Cents Cents Cents Cents

w21 6.2 8.7 43.3 7.4 121.1
g2z ___ 8 6 10.4 40. 6 83 120. 0
1933 ____ 28 13. 1 46. 9 10. ¢ 124 8
1924 __ 91 12. ¢ 42. 6 1.2 1217
1826 ____ 9.3 15. 6 45. 3 16 8 128 4
1926 ____ 0.4 13.8 dd. 4 16. 3 124, 3
1927 ____ 83 11.7 47. 3 9.4 118 4
1928 ____ 8.4 i1.2 47 4 94 120, 0
1929 __ 81 10.9 45. 0 8.8 118. 2
1630..___ 6.9 98 36. & 7.5 107. 2
1931.____ 5.3 7.2 28. 3 68 90. 6
1932_____ 3.1 4 2 21.0 3.7 20. 4
1933..___ 3.7 4.8 217 4. 2 818
1934, .. 5.6 7.4 25. 7 5 7 92.9
1935 .. 9, 2 13. G 29. 8 88 96. 3
1936__.__ 3.6 0.7 33. 0 8 4 106. 2
1937 ... &0 111 34. 4 8.0 107. 1
1938 ___. 6.7 7.7 28. 0 6.8 97. 5
1939 __ 5.6 6.0 26, § 8. ¢ 95. 7
1840, _. 5 3 5.0 29.5 b5 6 97.5
1041 __ 9.5 3.6 34. 3 9.0 108. 3
1942 __._ 12,7 11. 8 40. 1 11. 8 122. 6
1643 ___. 12. 8 12,8 44. 8 1.7 127. 9
1044 __ 12. 8 12. 5 42 2 11. 7 1291
1845 . _ 12.8 12, 8 42 8 1L 5 131 3
1946 . 15. 8 191 62. 8 15. 5 150. 2
1947__ ___ 25.9 22.5 71.3 22.9 138. 7
1948 ___ 25, 3 20. 3 75. 8 24. 5 204, B
1949_____ 11§ 113 61. 5 13. 5 392, 3
1950 .. 15. 8 11 8 62. 2 15. 6 20, 4
1951 ____ 18. 4 16.1 69. 9 18. 4 223.8

! Average price of eight [ats and oils used in food other than cotéonsesd oil, lard,
and butter weighted by their average domestic diseppearance in 1931-40.
? Burcau of Labor Statistics.

Compiled frem the Oil, Paint and Drug Reporter (), the National Provisioner,
(7), and reports of the Production and Marketing Administration and the Bureau
of Labor Statistics.

Table 18 shows first differences for the price of cottonseed oil for
the years used in the analysis and for subsequent years and estimated
first differences based on analyses I and XII. In addition, chi-squares
and pet residuals for each year and standerd errers of fTorecast for
194151 are presented.

The largest chi-square for the independent variables used in analysis
I for the base period 192240 is 8.48, computed for 1935. Thus, a
chi-square larger than 8.48 involves an extrapolation. The cxtra-
polation involved in estirnaling the price of cottonseed oil on the basis
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of analysis I is considerable for 1946-49 and 1951.% Prices rose gen-
erally after price controls were removed in the latter part of 19486.
The price of cottonseed oil rose sharply between 1946 and 1947 and
in the latter year it was considerably out of line with the price of lard
and with the general level of wholesale prices (note the relative size of
the net residual and standard error of forecast for that year}. Whole-
sale prices dropped sharply in 1949, Fowever, as indicated by the
net residual and standard error of forecast, the cdecline in prices of
cottonseed oil was greater than would have been expected on the basis
of analysis I. This probably reflects, in part, the reaction to the
sharper rise in the price of cottonseed oil in 1947. In 1951, a tight
supply situation and an wusually strong domestic and foreign de-
mand reflecting in part a building-up of inventories, cansed prices of
Tals and oils to werease more than normally in relation to thé general
level of wholesale prices.

TanvLe 17, —Statistical resulis from enalyses of the relation between prices of specified
Jats und gifs!

Varinbles

Correlation

measurement Annlysis T Anplysis 11 Aontvsis 11T

Xl xx, nn vw | ymxd nlvax v na xodnx

Partfald . 100 | 7004 L 2014
Standurd eiror

ofthe b .. . A7 ..
Portial vz ___ |
Siniple r2
R

Standard crror |
. .88 114
| . - 112

LArithmetie Miesb-dUficrence analyses using vears 199240,

2 Probashility level more than & pereent when somnpling frem o ponulation whose true correlation (s zero;
thereloie, oot signifvantly dilforont from zero.

1 T.ess Lhan 0,005,

1 Constant volue in the regression eguation.

The largest chi-square for the independent variables in analysis IIT
Tor the base period 1922-40 is 8.42, computed for 1935, Use of this
analysis Lo eslimale the price of cottonseed oil involves a considerable
exirapolation for 1947, 1949, and 1951, The sharp rise in the price
of cottonseed oil in 1947 w: s higher than would have been indicated
by this analysis. This rise reflected the short supply of the oil and
the concern of producers of edible fat and oil products over meeting
their nonsubstitutable demuand for this oil, “That is, the rise in the
price of cottonseed oil was out of line with the rise in the average price
ol food fats and oils other than coltonseed oil, buster, and lard, as
indicated by the net residual and standavd error of forecast for analysis
IT1 for that year. The 1949 decline in the price of cottonsced oil was
approximately in line with the decline in the average price of food fats
and oils other than cotlonseced-oil, butter, and lard.

3 The theoretival probability of each ehi-square may be found in g chi-square
table.  Bueh tubles are riven in many texis on statisiical method. See, for exam-
ple, Fisher (4, pp, 110-111) or Snedecor (18, p. 163).
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TasLE 1B.—Collonseed oil, wholesale price mer pound: Actual and computed arith-
wmetic first differences, and selected correlation measures, 192851

Estimated fromn the Buress of Labor Statlstics index of wholesale priees for all com-
modifies and
Average price of fnts and ollz used in fond
< Observed Priee of lard products
il price
atad Standard| maied Standard
Brate andar mate ndat
Resld- Chi- Resld- Chi-
tice of v of serar af
Totgon. | um® | squared | SRS Cfon | aol? | sausre? | SEOLH,
sced oll seed oll
Cents Centy Centa Cente Cents
2,37 0.32 2.05 1. L 1,25 1.78
129 .58 .62 1.78 —. 58 202
—. 65 .34 —. 0 a9 =10 .73
.18 1,82 —L.04 .18 .03 2.2%
11 —. 8 -8l —.15 L2 .54
-1.15 - 87 —. 18 —. 78 —. 37 .41l
W67 —. 02 .09 —.08 .15 37
—. 28 —-. 12 —. 15 —. 62 H .31
—1.22 —. 76 —. 46 —1.00 —-.22 2.1
-1, 57 —1.65 .08 —1.80 .23 4.86
—4.10 —1.5) -, 64 —1.40 —. 79 .59
. .40 il .54 03 L2
1.61 1,58 33 1,24 .GV 34,149
3. 63 2 8Y .78 4. 36 .29 8. 42
-8 =10 .41 —. 52 —.08 ]
—. 81 Ll —1.12 L3R —_ 80 im
~1.30) =163 .35 —2.35 1,08 3.08
—1.15 —. B —. 5l —. 62 -5 L3l
-3¢ - 23 = I —. 8 La7 128
i 1.98 2.2 3.01 i) 7. 48 X
3.22 2.0 1.28 2,38 .83 4.81 .
.05 S0 —. 55 - 14 19 2,08 .
0 ] —.04 .08 —. (6 .26 .
2} .30 —-.30 —.3d — 5 .08 .
3.058 3.80 —. 4. 82 —. 77 0.42 L83
0. 12 3.4 7.4 6. 90 3.32 23. 05 .
-—. G -4 —. 52 Ll —1.77 T7.73 .80
—13.63 —3.80 —N. 64 —12.43 —1.20 155,02 .02
417 .83 3. 2,00 2,08 b .73
.60 768 - {8 2.18 .42 137 LBB

! From oanalyees I and ITT; bosed on data In table 18,
1 Ohserved value minm s estimated value.

1 For formule, ses Arr~ re and Buortis {{, p. 8.

#+ These yoars nok used 1. analysis,

Norte 5.—Foop Fars awp Omus: Facrors Tuat ArrFect Price

This analysis was based on the calendar vears 192242 and 18447-51,
using the following variables:

X:—Wholesale price of edible fats »nd oils, excluding butler and lard, at
leading markeis. index numbers (1047-49=100)

X—Bupply of fats and oils used in food produets, excluding butbter acd lard,
per capita (pounds). The separate items used in computing this
varighle are shown in table 2,

Ns—SBuppiy of lard per capita (pounds)

X—Persona! disposable income per capite (dollars)

Dats relating to these variables are shown in table 19 and results of
the analysis are shown in table 20,

The three independent variables are believed to affect prices jointly
and the relationships are belicved to bé more stable in percentage than
in absolute terms,  For this resson, all of the variables were converted
to logarithms. As omphasis in this bulletin is placed on the effects on
price of & permancnt increase in the supply of food fats and oils due to
mmproved processing techniques for oilseeds, rather than on the effects
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of year-to-year changes in supply, the analysis was based on devi-
ations from average rather than on first differences. A further reason
for using deviations from average is that year-to-year changes in the
supply variables are too small to give a reliable estimate of the slope
of the regression line.  Variations in terms of deviations from average
are several times as large.

Because of the mmportance of this analysis, a number of closely
related alternative analyses were run.  Results from these ave shown
in table 20, along with those from the one adopted for final wse, An
analysis similar to the final one was first run, omitéing the post-World
War I years. Examination of & chart similer to that shown in figure
4 indicated that the regression line for ineome was somewhat too
steep for the postwar years and that the residuals for these years
probably would be considerably reduced by including the postwar
yvears in the analysis. These years did nat, however, appear to be
part of o different universe,  As shown in table 20, mos$ of the adjust-
ment actually came in the regressions on supply. As this analysis
was based on nctual data instend of first differences snd time trends
were known to hiave been important for certain variables, time was
added as a {ourth independent variable in the analysis excluding the
postwar vears, The coefictent of partial detcvmmination for thme In
this analysis was almost zero and the partial regression coofficients for
the other variables did not change greatly, so this item was omitted
from the final analysis,

When the final analysis was completed, the residuals uppeased £o be
correlated with changes in the general price level and with changes in
prices of fats and oils. As discussed m the bedy of this bulletin,
sceumulation and reduction of inventories by members of the fats
and oils trade during periods of changing prices would be expected to
have such an cffect.  To throw more light on this point, year-to-year
changes in the dependent variable were added as a fourth independent
varizble. The multiple cocflicient of determination was rassed from
0.92 to 0.94, so that the unexplained variation was reduced from 8 to
4 percent, and u stabistically significant partial coeofficient of deter-
mination of 0.52 was obtained for the new variable. The addition of
this variable has little longer-berm forecasting value but ik does con-
firm the importance of allowing for the efifects of changes In inventories
in making short-term forecasts.

All of these analyses indiested an inclastic demand for edible fats
and oils, excluding butter and lard. Osn fGrst thought, one might
expect thaé the demand would be eclastic becouse of the competition
between shortening and lard and between margarine and bubter.
However, supply of lard has been held constant (statistically) in this
enatysis by the inclusion of supplies of lard as an independent variable,
With any given supply of lurd, demand for cdible fats and oils would
be expected to be inclastic.  As indicated in figure 1, consumption of
these products is stable from vear to year and there are few close
substitutes for them. This analysis measures elusticity at the whole-
sele rather than the retail level cod represents the total damand for
these products, including that {or export and storage, rather than for
consumption only. Further research would be required to ascertain
the elasticity of demand {or the several alternative outlets.

Table 19 includes the setunl and caleulnted priec indexes and chi-
squares {or the “final” analysis for each year and the standard errors
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of forecast for 1941-51. The chi-squares indicate that extrapolation
is involved for none of the vears omitted from the analysis.

Tarue M.—FEdible fals and oils, excluding butter and lard: Actnal and compuled
index numbers of wholesale prices and related variables, 1922-51

X. Xa
Fricat Supply of] X
Ints and Xy Persmal
oils usttl |Supply of (disposa- Chi-

in foed | lard per | ble in- | squared ) Pereent-
Actogd Com- ! produets] copila |enmie per ageal
puted ¥ | per eap- caplin fcompuited
1t 1 vaiue

Standard vrear of
Iorecast d

Actual

Pounds Duoltrrs Percent
13.0 ad1
3.8 4. 06
8.4

=4

BRRRRSE

BR8E

U"Ch"‘lH'5O“Jm@QMQD;ﬁIQQQUP\JFQQQWlJ

1
v

s ened

??‘%lQMMMME

88BE

! [ndex numbers, 14745 =1k

* ased on the snalysis discussed in this note.
¥ See table 2 for Items inclnded.

i For formula, stc Armoare and Durlis {f, p. 9.
¥ These years omlitted from analysis.

TasLe 20.—S8tlatisticel resulls from ollernaifve analyses of faclors thal affect prices
of edible fats and oils, excluding butier and lard

Analysis

Excluding postwar years Including positwar yours
Correlatien tneasureruent

Excluding Tncluding
Including time | change in cliaiye i1t
priva t price

Excluding
titee

bzs.ﬂsﬂ:lb““._--..._..._--_..-.‘._..._....-.... —1. 5307 —1.10.38 =1, 8737 =i 20
bin iy - — B | 92 | —Li20 | —.0315
L L4k, 12 AR ETN K 137,00 128k 86
LITECTE S S —amen| T 00V 00U8
LT T )
2y 0 3 LBl
The, 1kt .
LTI - .02
1T, ) bt LB

13348 Biy
[ - 4

1 Analysis used in obiaining computed vaiuees, ehi-sgunres, sad siandard crror of furceast in labic 19 and
on which fzgura 4 is

1 Probabiiity lovel mors thaz 5 percent; therefors oot significantly dlferent (rom 2er0.
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Nore 6. Corronseep Oin: Repavion oF Puice To Teat ror EpiBLE
@ Fars axp Omns, OvgEr Taaxy BurrtEr AND Lanrp

The annlysis is based on the {ollowing variables:
A —Price of cottonsced oil per pound, ¢rude, tanks, f. 0. b. Southeastern
) mills {cents)
Xo—Wholesale price of edible fats and oils, excluding butfer and lard,
leading markets, index numbrers {1947-46=100}

X y—DBureau of Labor Statisties Index of wholesale prives of all commodities
{1935-39=100)

This analysis was designed to apply results from the analysis
discussed in note 5 to cobtonsced oill.  TPor this reason, the same years—
192242 and 1%47-51—were used and the variables were converted
to logaribhms, Part of the rclationship between prices of cottonseed
oil and those of all edible fats and olls rellects the common influence
of the general price level.  To measure the direct relationship belween
the first two variables, the partial corrcletion and regression coeffi-
cients were oblained. These measure the relelionship between the
two series after allowing for the cflects of the wholesale price level on
cach series,  In this instapce, the partial and simple correlation end
regression coefficients are almost identical.  This analysis isdesigned
primarily fo measure relationship between two associated scries. It
would not be used to “forceasl” one from the obher. Therefore, the
standard errors of ferecast are not given,

Results from this analysis are shown in table 21. The original
datp are given in tables 16 and 19.

TanLe 21.—Statictical resulls from an analysis of the relation between

prices of cottonseed oil and of all edible fais and oils, excluding. butier
and lard

Variaides
Correlatlen measuremont

XX

Partial b ... ... _
Standard error of the &

Partial r2.__ . ...
Bimple b ... ... .. .-
Simple Ao ... L L.
RI

! Probability level more than 5 percent; therclore, nob significantly dilferent
from zero.

Note 7. Yiern or Corroxseen Qin Per Tox or Corronseep Proc-
EssED: Revarion 7o Price oF Corronseep OfL AND QUANTITY OF
CoTtronseep Processep

The analysis is based on the following variables:

X;—Yirld of cotlonsced oil per ton of cotlonseed processed {pounds)

Nr—Wholesale price of cottonseed oil, erude, tanks, Southeastern mills,
divided by the Burenu of Labor Stetislivs index of whelesale prices
of all commodities, 1935-39= 100 (cents per pound}

Xr—Quantity of cotionseed processed {1,000 tons)
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The purpose of this analysis is Lo ascertain whether the relation of
the quantity of cottonseed oil obtlained per ton of seed processed to
changes in the wholesale price of the oil and in the quantity of seed
processad can be measured statistically.

TasLe 22.—Yield of cottonsecd oil and meal per ton of cotlonseed
processed, wholesule price of all commodities, and quantity of cottonseed
processed, 1920-51

Cottonzeed ail Cattonseed mes]
Wholesale
price af all

Year Wholesnie W holesale commaxdities,
Coltonzeed Bureny of

beginiing | 4 price per - pricg per ton,
August 3[15'3;11.2?:;@:'3(? patind, crudo, gfﬁﬂtﬂﬁgﬁg 41 percent processed | 7 4hor Satfs-
processed tonks, {. o, b, processed Emtein, ties (1045-90=
Southeastern ngged, 100
mills Meimphis

Paiads Cemis Prounus Dodlnrs 1,000 tang

322 878 35. 95 4, 0G9
901 41. 05 3, 005
918 41. 3, 242
918 42, 55 3, 308
023 30, 4, 605
934 a3, 5, 558
901 30, 6, 306
900 45, HF 4, o4
no2 41, 5, 061
90 36. 5, 016

918 . 4,715
901 . 5, 328
506 15 4 621
909 . 4, 157
910 . 3, 550
911 . 3, 818
903 L35 | 4 498
595 400 6,326
905 . 4 471
007 .60 . 4,151

838 65 4,308
874 36. 4, 008
$87 37, 4, 498
928 .55 3,955
919 S. 50 | 4,252 130,
879 55.08 . 3,262 | 135.
882 74.55 1 3,088 | 175.
430 . 4, 633 20.
897 L300 5, 334 199.
$95 201 5,711 101,

896 70 3,724 220
930 | . 5, 469 216.

1920___.
1921 - 300
1022 __ 309
1023 __ 296
1924 C 305
1925_ ... 291
1926 2499
1927 .. 317
1928 .- 317
1929____ 313

1030 ___ 306
1931 .. 318
1982, ...
1933_, _.
1634 . ..
1935 . __
1936 .
1937.___
1938__ ..

—

Mo mSSENEeRUwRE NREONODDEmE

B k= G U2 S0 AN s Tn

SIS -IMm R oo,

fat i Lo B o T S RY L Aao— by aw

312

311

313

31l

312

wani 314 ;

R 314
1948, _. 320
104G, _ .. 323

I
I

1950 .. 321 |
: 319 .

farg=L e Rac R /LR PSRV L= oIS N

L=
oo

Yield and quantity of cotienseed processed from Cotlon Production and Dis-
tribution (17). Cottonseed oil price from the OV, Puint and Drug Reporter (19);
cotivnseed meal price from reports of Production and Marketing Adntinistration,

If the price of oil and the quantity processed measurably affect the
yield of oil, these effects would probably operase jointly. For example,
the yield of the oil in part depends upon pressing and drainage time,
As storebility of cottonseed 1s limited, a large quantity of seed on
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hand for processing would tend to reduce pressing and drainage bime,
particularty if the processing capacity of the mill were limited relative
to the quanlity o be processed. Hence, if an increase i the price of
cottonseed oil tended bo increase the vield of oil, this increase might
depend upon the quantity of cottonseed to be processed aund the
processing capreity of the mill. Data as to the processing ewpacily
of mills are not available, but they are believed to be Tully adegunte
in most years and in most ferrvitories.

The analysis was based upon logarithuims of link relatives of Ay, Ay,
and A%, which implies thet any cffecls on yield of the price of the oil
and the guantity of sced processed operate jointly. Link relalives
were used because emphasis in Lhis analysis is on faclors that cause
changes from one year to the next. The years 192140 were used n
the anadysis. Data relating Lo these varinbles are shown in table 22.
As dala on stocks in relation Lo capacity al ludividual mills were not
available, the total quantity of cotlonseed processed in the United
States was used as o rough substilute variuble.

Tesuits from this analysis are shown in Lable 23.

These results indicale that the effect of changes in the price of the
oit and of changes in the quantily of sced processed on the quantity of
cotlonseed oil obinined per ton of seed pracessed were not measurable.
These resultg probably refleat in part the fact that the tmportance of
these factors is slight and in part that such important variables as
quality of seed and type of processing equipment on hand could not be
included in the analvsis beeause of lack of data.

Tasue 23.—Statistical resulls from an analysis of fectors that «ffect the
yrield of cottonseed oil per ton of seed crushed.

Varighies
Correlation meesurement [ — R —
I EYRY) H A i I5X [ YRRV
i

Partinl .. ... .. | --0.(36i LR O 1 : S .. .
Standard error of the & . . .03 IR 15 I S e e
Partini r*___. . o 118 O 11 T P TR R
Simple r2... ..o . ... - Lig (12 .26 ... . .-
Ri_ . .. ol - . R PR P t 1B
Standard error of estimade. .|, . .o R (RS .01
[ DR UR SRRV IR RpUpTRPPIUIY FpRppR 2. 17

! Probubility level more than 5 percoent; therefore, not signifienntly different
from uero.
2 Less than 0,005,

Nore 8. YieLy or Corroxsien Mear Per Ton or Corrosseep Proc-
essen: Runariox ro Prace or CorroNseey Mear aNp QUANTITY OF
Corronsien PROCESSED

The analysis is based on the [ollowing varinbles:

X,—Yicld of cotionsecd menl por top of eotlonseed processed (pounds),
X,—Wholesale price of cottonseed meal, 4)-percent protein, bagged, Men-
phis, divided by the Bureeu of Lebor Statisties lndex of whalesnle
prices for all coinmoditios, 1935 39=100 (doltars per ton},
Xi—Quantity of cotionseed processed (1,800 tons).
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The analysis was based on logarithms of link relatives for 192140,
Results are shown in table 24. Dats reloting to these variables are
shown in table 22, Appendix note 7.

Results are similar to those obtaiued in note 7 for yiclds of cotton-
seed oil. It can be presumed thet they reflect similar causes.

TaBLE 24.—Staiistical results from an analysis of factors that affect the
yield of cotlonseed meal per ton of seed erushed.

Vurinhles

Corpelation measurement
X O 2XG XN

Partial &

Standard error of the b_.
Pavtial £ e
Simple 72
RZ

! Less than 0.005.
2 Probability level more than 5 percens; therefore, not sigaificantly different
from zero.

NotE 9. SEasoN Averace Price oF CoTronseEen RECEIVED BY FaRMERS:
Recation 10 CompiNen VaLUE oF Major ProsucTs oF COTTONSEED
PROCESSING

This analysis is based on the crop years beginning 1922-40, using
the following variables:

X —Season average price of cottonseed received by {armers, year beginning
Augnst {doliars per tond.

Xr—Combined wholesele value of ihe of), meal, hulls, and linters obtained
per ton of seed processed, yenr heginning Augunst (doliars),

Combining the yield velues for the major coftonsecd products into
one variable (X,) implies that a given change in the value of the yield
of any of the products would have the same effect on the price ol cot-
tonseed as would an equal change in value of the yield of any other
product. A linear relationship bebween X, and X, using actual values
rether than first differences was assumed. A similar analysis based
on first differences gave alimost the same results. Datn on which the
analyses were based appear in fable 25.

Data on prices used m table 25 for cottonssed productls are simple
averages for the 12 months dwing the markeling year. A beltor
series for this purpose could have been obtained by weighting the priee
of each product in each month by the disappearance of that product
from the mills or by weighting by some osher system that would sllow
for forward sales of the products. For purposes of this analysis,
however, this additional reiinement did not appear (o justify the work
involved. The Bureau of the Census, in its annual veport on produc-
tion and distribution of cotion (/7), publishes the total value of

roducés obtained per ton of sced, but no breakdown is given for the
individual products.
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TabLE 25.—Coltonsced; Season average price per lon, and yicld, whelesale price per
pound, and value of the oil, wmeal, hulls, and linlers per ton of seced processed,
1082~41

Cot- | Per ton of seed pravessed
¥ car ;&2{ - -
be;giﬂ- SCRSOY | Ol i Alen i Hulls I Linters | Folal
g | pvers | ! ! "valiof
Avoust ago - \ - 7 | prad-
prive ‘Yfel(l Price! Vaiue) Yield Prieef Value! Yiekd Prieet Voluey Yiold Pricet, Vilue: uels
! : ; i ; ' : :
Del. L, ! (58 t Dot} L, § CLf Dol | LD, I Ct, | Doi. | Lo, | Ci. | Dal. } Dol,
02 L an. 42, SI}Bi 0.3, 2787 9!3; ol 103 83%, o017 L M| 5 Gi 5.32 o 21
M3 1A 06, B2 2 I8 2.13] 18,55 aik L6H 379 iy 6.83! G, 437 57,15
2 . 35, 25 04 9,540 20,]!'!{ e, 1,950 18,40 578 .48 257 03, 4.85 .47
s L. .55 ool 05 20,25 034! 1657 15.69 Eﬁ?] LA 243 a4 35 53, 5
M6 __ . 22,4 a9 T 73 g0t 1568 12.88 5881 a4l o.an) SS, 300 A1.%5
My .. 3. B el B.En L QU0 2,98 ), 52 57 31 L Wi won 5253
w8 1T 3w my st omlas| voe 2o7)iSen A | oo 1o LS 52,61
W1 30002 313y TLo) D220 Sen; LS4p I6.38] S5y .46 8 139 3.37 45. 7
183G, .. 22,04 o8l G4 196t et .33 W23 553 4G, W Wik 189 36,27
M3 B.07 315 3.0 3014 Y 9] 622 567 Lo 108 o7l L350 10,40
32 _ L. 10.33| 313 3.5 1.6y  Goet TR 7.16] 568 L L 85 1.3 20, 58
. i3l do7la2wl ong! nos| omy ssif el 1ol 114] Ams 950
2 B.48' 26.4R[ M0 1.6 B4 B 31 130 4.32! i, 8%
205l B.63 2632 My L2 58l L6m 250 LA L6 44,42
304 B.1G, Y2 bt/ 1.79 : T AL 151 4.2 52 5
3ol 6600 20,46 593 L1 IR .3{3" 1. 85! 130 2,08 5. 72
BT R T A s 111 aifh. .43 218 406; 178, 31,85
34 A GL 7.8 B0 135 08 .56 2.8 1 2. SSi 3857
324 6.5-15 2.0 888 .04 ﬁﬂl! .551 a7 165 3. 63) 41,7
L1~ 3 A7, tiS! 340 1297 382 Bl 183 ELUCHENN: 1 B A | 50 -150" 1. 81
.- Jite 12,750 30, g5 857 189 482 .5F 246 8, -i.4!l 6. 81
T 1295, 3008 028 2,43 2 A0 G 251 178; 4.5 73,01
3L 137E R G.’;r g 242 30 65 3 T 440 =0
A 1275 39.?3{ Svi’ 275 2 480 .60 37 182 58 To.40
I LR OTEQGL RYT 343 171 S0 3 ??1 0 GG 135,80
313 26,95 B2.16. B30 4.3 §52. L8 351 186 AT 138. 51
a2 iG.o42 L34 BUE A 1g At 3 LL53) 183, 3.4 & 48
323 12,52 dp.44 595 316 28,723 -169! A Lol 1‘-'6_] 5 i.'al-i 80.23
i i i : ! ! ' ! i
32!.I 2(].39I 3. 45 BOG O0.88 LTE d61 DD 4R 185 16,91 20.00! 134.35
3lﬁut 1‘2.9?3k -II.‘IIi a4 38.9?& ‘li‘]]i' .STi 3.02! 15‘.]1' 1865 13 ??‘I 03,47
i i 4 H H ]

t Simple average prico por ponnd for the 12 months in the marketing yent seginning Augusl, using the
follawing quotntipus: Catlonseed off, evude, {0, b, Southenstet o mills; catlovsecd meal, -pecernt protein,
bagged, carlots, Mfamphis, cottonseed Lulls, carload lots, Alnntn; Hhters, weighied avernge price for atl
grades nnd onrket points, 1. o. B milh

t Prelistnary,

Gompiied from reporis of the Tureau of Ehe Consus, bhe Production and Marketing Administotion, the
gurcm: of :z.gcricuimral Economies, the OH, I'sint and Deug Reporter (1), and the New York Joirmal of
grinerce (8],

To indicate whother o weighled average price scrics would have
piven resulls <. flevent from those obtained by using a simple average
of prices, an analysis was run using the census data in place of the
serics on tobal value of products shown in {able 25, based on the same
vears as used in the analysis diseussod above. The slatistieal coefl-
Reients obtained were aboul the same as for the annlysis used i bhis
study. Thus it appears that this analysis gives satisfactory resulls
when imterest is contered on e average or normal relakionship
befween prices received by foermers for eolionsced and the value of
the products oblained from the socd, For any given year, results
from the (wo anelyses might differ considerably ®

¥ For a discussion of some of the problems involved In wmensuring marketing
marging for cotlonseed, see Parr and Jeen (10) aud Sabin (11).
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The following vesulis were obtatned:

Stailstical cocfficients
bﬂ. S e mmm s e mmae o b e em e m e m el
Standarderror of bz . ... . L. . .. ..
T TE 8
Standard errorof estimete.. . .. . .. L. . .. ... ... 2.48
€ e e e e i ieeee e e cmae e aoaa.. —B, 81
Table 26 shows the actual and calculated senson average prices of
cottonseed received by farmers for the years used in the analysis and

subsegquent yeavs. In addition, the standard errors of forecast for
194 1-51 are shown.

Tanre 26.—Chltonseed, season average price per ton received by farmers:
Actual, compuled and net residuals, 1922-51, and standard error of
Sorecast, 1941-51

. Standnrad
Residuai ¢ error of
foraerst 1

Compried
prige ¢

fafinrs Fhatlars Datlurs

36. 17 —4. 75
30. 61 4, 62

Fratlara
1922__ Coe 30 42
230, . . L. : 41, 23
wad_ ... . . 33 25 34. 62 —1.37
1935 . ... L. L 31. 0% 32, 47 . 88
1926 .. L 22,04 25,18 . 14
1927 .. .. . ... . 34, 83 35.41 ¢ - 8
1928 .. ... e o 3, 17 1 33.47
1929, _. ... S S 30. 92 28,15

193¢ ... . o 22, 04 21,11
... . . : 8.97 e
14932, .. . . . i0. 33 L 43 !
w3z, . . . . 12 88 - LG7
1934 S . . ) 33, vd i .47 °
935. .. . s . ned d
986, .. ... S . 3.36 !

937.. . . . . : 10

1938.... . . i TR

1084 ...l e 7

Year beeinning Augost ©Avbunl price !
i
i
'

.—!0.! .o

1040, ... . _ _ .73 ]
19414 . 65 .
16424 | 61 |
16434 ... _ RN
1944 ¢ L 52,70
1945 CBL10
1946 4_ o 72. 60 -
47 ¢ _ AR 90
1948 ¢ _ S 67.20 .
£0494. . 43,40

1oag . .. o . B, 69
19516 ... .. 6. 30

- )
L B o el e A

' Erom the anatysis presenioed in his note.
? Actual price minus cosnputed prica.

! For formula see Ezekicl (8, p. 342).

¢ These yenrs nol used in the nualysis.
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Compared with the range of values for X, ($19.60 to $57.15) for
the years included in the analysis, the value for esch crop yeer 1941
through 1851 represents an extrapolation of the independent variable,
as shown in table 25. However, the observed value for X is within
one or two standard crrors of forecast for the 1941-45 and 1950-51
seasons, and within three standard errors of forecast for the 1647-48
seasons. The season average price paid to farmers for cotlonseed in
the 1946 season was substantigily out of line with the value of the
major eottonseed products as indieated by the analysis. This may
be accounted for by the lifting of price controls in October 1946, and
the accompanying price advances for the major cottonseed products.
Farmers sold most of their cobtonsced crop early in the scason before
price conbrols were removed. Ileace, ah unusual relationship be-
tween the price of cobtenseed and the value of the major cottonseed
products resulted.

Nore 10.~~Corroxserp Cror, Less Use ror Pranrine: Facrous Tuar
Arrecr PrucentaceE Sorb 10 Miwnes

This analysis was bascd on the erop years beginning 1922-40, using
the following variables:

XN\—Pereentage of the collonseed erop, less use for plunting, sold Lo mills,
year bepginping Auguost (percent)

X,—Beason average price per ton received by larmers for cottonseed {dollars)

Xy—Eadex of prices paid by farmers, including commodities, inferesl, taxes,
and wage rales, year beginning August {1010-14=100}.

Deta relating to these variables ave presenied in table 27 end
results of the analysis are given in table 28.

The primary purpose of this analysis is to estimate the reletion-
ship bebween changes in bhe price received by farmers for cotionseed
and changes in the percentage of the crop, less use for planting, sold
to mills. The independent varinbles X; asd A, probably jointly
affeot the percentage delivered to the mills and interest in this study
is concentrated on Jactors that cause year-to-year changes in the de-
pendent variable. Hence, the variables were converted to logaritiuns
of link relatives.

Table 27 shows the actual and caleuleted pereentages of the cotton-
seed crop, less use for planting, sold to mills, chi-squares for cach year,
and the standard errors of {orceast for 1941~51,

Except for the crop year 1942, applicalion of the analysis to the
1941-51 scasons does not involve exbrapolation of the independent
varinbles. The percentages sold for the 1941-51 seasons, which were
not used in the anslysis, are generally in line with the estimates
indieated by the analysis.
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TarLE 27.—Cottonseed crop, less use for planiing: Actual and com-
puted perceniage sold to mills, and related variables, 1921-51

Porl::xllm;!c X hel Staulard error of
2 J '

sold 1o mills Feasn Priec paid furcenst
————————!  avprupn prriec hy farmers for Chi- !
fer ton of all commatitics, 1 P
cottonsmd tuehding squard ]"(,rccl(unga
recrived by interest, taxes,
faemuers ond wage rafes 2

Year beginnlng
Augnst
Com-

Aetual puted ¢

v
carnpniied Actual

vaiue

Pereent Dollurs Fercent Pereend

2 158
156
160
162
162
159
161
162
158 |
14l
119
106
116
134
122
130

L.

grosle, | e,

(=R

+

e ENEam,
A=t

OO AN LI N e GO B =100 1 700 C0 G D O G = = =T = 0O

B R )
O NGO hIN

b 80— 0 CF = S S T
£2 R 0O 08 R 5 00 0O 00 = i

e,

E it}
1 Based on the analysis discussed in this note,
1 Index numbers, 1010-14 = 100.

1 For (ormula, see Armore and Burtis (4, p. 9).
1 These years omibted from analysis,

TapLe 28 —Slalistical resulls from an analysis of factors that affect the
pereeniage of the colionseed crop sold fo mills.

Varibies

Correlation mensurement ‘—-—— -
S S S 5 T R XXX,

~ 0. 38
.18

! Probmbiliby level above the %-pé?&cnl, point,  As this relationsbip i3 o logienl
one, this variable was relained in the analysis.
# Less than 0.005.



http:25414.08

TEE DEMAND AND PRICE STRUCTURE FOR FOOD FATS AND OILS 67

NoTE 11.—StePs Invorven 1N Compurine NeEr IOFFECTS 0F INCREASED
Yierps oF CorronstEep Qui ox Prickes axp Toran RErurws Froat
COTTONSEED

The following cxample is given to indicate the exact steps ‘nvolved
in the use of the four equations in solving a specific problem. Assume,
for instance, that there is a 10-percent inerease in the vield of cotton-
sced oil above the 1948-30 average level and that the variables not
directly affccted by this change are at their average level for the crop
yveors beginning with 1948-50 or the calendar years 1949-51, depending
on the series. DBackeground date for this period are shown in the
following tabulation.

Selocted markel factors used in connection with relationships I, IT and IIT:
Average, crop years beginoning 1948-50 or calendar years 1949-51

Cottonseed oil: Item <Aeerage
Yield per ton of rolionseed crushed ! pound_. 321
BLock at factories and warchouses, January 1 335

Cottenseed: !

Production, less use for planting 1,000 ton_ . 5, 176
Hold to milis. . ... e m e e e m e e mmnr e m—amam e aan do____ 4, 961
Pereeatage sold. oo oLl e pereent. . 95,8
Value of meal, hulls, and linters per ton proerssed doliar.. 48. a9
Supply per person: ?
ard 18
Other fats and oils nsed o food, excluding bhatter:
Cottonseed oil . 2.
Other then cottonseed ofl ... 7.

do____ 30.2

Disposeble income poer person * dolinr._ 1, 339
Tetal pepulstion, July 1 million._ 152, §

1 Year hoginoing August.
2 Culendar year,

The following steps are used:

1. Yield of cottonseed oil per ton crushed—1948-50 average (321
pounds) from the above tabulation times 1.10 equals 353 pounds.

2. Production of cottonseed o0ill—1948~50 average seles of cotton-
sced to mills (4,961.000 tons) times yvield of cotlonseed ol per ton
crushed of 353 pounds equals 1,750 million pounds.

3. Supply of cottonseed oll per capita—Production (1,750 million
pounds) plus 1949-51 average stocks on January 1 (335 million
pounds) divided by 1849-51 average lotal pepulation on July 1, (152.6
million) equals 13.7 pounds.

4. Supply of fats and oils used in food products per capita—Supply
of cottonseced ol of 13.7 pounds plus 1948-51 average per capite supply
of other items (17.5 pounds) equals 31.2 pounds,

5. YWholesale price of edible fats and oils excluding butter and
lard—computations based on the analysis discussed in note 5 are
shown below:

8. The 1949-51 average supply of lard is 18.7 pounds per capita.
The logarithm of this is 1.2718. Alultiplying by the partial regression
coeflicient for lard of —1.110 gives —1.43117,

B. The 1949-51 average disposable income is 1,338 dollars per
capita, The logarithm of this is 8.1268. Multiplying by the partial
regression coefficient for incorme of 1.369 gives 4.2806.
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c¢. Combining the results from steps o and b with the constant value
from the regression equation of 1.3736 gives the rolevant constant for
this step of 4.2425.

d. The assumed supply of {ats and otls used in food produets per
cepita from step 4 is 31.2 pounds. The logarithm of this is 1.4942.
Multiplying by the partial regression coefficient for this variable of
—1.571 gives —2.3474. Adding the constant value from step ¢ gives
1.8951. The aunbtilogarithm of this is 78. This represents the index
number of wholesale prices of cdible fats and oils (excluding butter
and lerd), on a 194749 base, which normally would be associnted with
a supply of fats and oils and a disposable income of this magaitude,

6. Wholesale price of cottonseed oil—computations based on the
analysis discussed in note § are shown below.

The final logarithm (1.8951) from step 5d is multiplied by the
regression cocflicient 1,135, and the constant value from the regression
equation of —.9404 is added slgebraically to the result. This gives
1.2105. The antilogarithm of his is 16.2 cents.

7. Value of yicld of cottonseed oil per ton of sced processed—yield
from step 1 (353 pounds) tiines price from step 6 (i6.2 cents)
equals $57.19.

8. Value of all products per ton of secd processed—Value of cotbton-
sced oil of $57.19 plus the 1948 -50 average value of all ether products
of $48.59 equals $105.78.

9. Scason average price of cottonseed—eompuiations based on the
analysis discussed in note 9 are shown below:

The value from siep 8 of $105.78 is multiplicd by the regression
coeflicient 0.7424 and the constant value from the regression squation
of —5.81 is added algebraically to the result. This gives $72.72.
This represents the expecled price received by farmers for cotéonseed,
assuming that margius of cottonseed processers do not change from
those normally associated in the past with combined values of the
produets atb the levels wndicated {sec p. 44).

10. A similar set of cowputations assuming no change in the vield
of cottonseed oil gives a scason average price of cobtonseed of $71.49,

11. Percentage of crop less use for planting sold to mills—compu-
tations based on the analysis shown in note 10 are shown below:

a. The price obiained in step 9 ($72.72) is divided by the price
inclicated in step 10 ($71.49) and the resulb multiphied by 100 to give
a link relotive of 101.7.  The logarithun of this is 2.60732. This result
is multiplied by the partial regression eoefficient for price of 0.09496,
giving 0.1906.

b. As this aoalysis is based on year-to-year change, the above
resulé can be compared with that given, sssuming that there is no
change in prices received by farmers for cotionseed. This would
imply a link relative for price of 100 and a logarithm of 2.00000.
Multiplying this by the partial regression coefficient of price {0.05496)
yields 0.1899.

¢. The characteristic 2 is added $o the dilference bebween the result
obtained in steps & and b, This gives 2.0007. The aatilogarithm of
this 15 100.36. Multiplying the 1948-50 average percentage sold
{05.8 parcent) by this eguals 96.0 perecnt.

12. Gross income received by farmers for cottonseed—1948--50
average production of cottonsecd (5,176,000 tons) times the percen tage
sold from step 11 {86.0 peroent) times the price per ton f{rom step 9
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(7272 dollars) equals 361 million dollars. This should be corapared
Wit}; tﬁe equivalent value, assuming no change in the yield of cotton-
saod oil.

As in step 9, this represents the income that farmers would receive,
assuming that margins of eottonseed processors do not change from
those normally associated in the past with combined values of the
products at the levels indicated. If such mergins were expected to
change, an alternstive computing procedure weould be needed in
step 9, and the results in steps 11 and 12 might be modified.
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