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SUMMARY 
The three feed grains-oats, barley, and sorghum grains- • 

normally represent about a fifth of the total COnCE:'lltrates fed to 
livestock. From 1946 to 1950 they contributed respectively 15, 3, 
and 2 percent of the total. Contributions of these grains to the 
quantity of feed consumed by livestock ·are more important from 
a regional viewpoint than nationally. This is particularly true for 
barley and sorghum' grains which as a rule are produced in areas 
where production of corn is comparatively unimportant. 

Oats are produced mainly in the North Central region-leading 
States are Iowa, Minnesota, Illinois, and Wisconsin. In 1951 
production for these States represented 51 percent of the United 
States total. In recent years 25 to 30 percent of the crop has 
been sold, and the remainder fed or utilized as seed on farms 
where grown. 

Production of barley is concentrated in the West North Central 
region and California-leading States are North Dakota, South. 
Dakota, Minnesota, and California. In 1951, production for these 
States represented 60 percent of the United States total. In recent 
years 57 to 63 percent of the crop has been sold. 

Production of sorghum grains is even more concentrated than 
is production of oats and barley, centered as it is in the semiarid 
parts of the Southweflt. The principal producing States are Texas, 
Kansas, and OklahoI113,. In 1951 P~-0l1uction for these States rep
resented 91 percent of the United States total. Sales by farmers 
of this grain have averaged about 65 ~;( rcent of the crop in recent 
years. 

Since 1920 production of these three feed grains has trended 
steadily urnvard except for the drought years in the 1930's, when 
production was materially reduced. The increase in production of 
oats has come wholly as a result of the illcrease in yield, as 
harvested acreage decreased slightly. For barley and sorghum 
grains, a combination of increased yield and acreage has resulted 
in an increase in production substantially greater than that for 
oats or corn. Much of the increase in production of these two 
grains has gone into nonfeed uses, including exports. This is in 
contrast to corn and oats where the increase has been absorbed 
largely as feed by the expanding livestock industry. 

Year-to-year variations in planted acreage and yield show that 
there are distinctive differences between individual grains as a 
result of the different roles they hold in the ':t.gricuItural economy 

_as a whole and of their geographic distril:.ution. Variations in 
yield for sorghum grains are substantially greater than those 
for barley and oats, because production is concentrated in a region 
where climatic conditions are hazardous. The greater stability in 
yields of oats and barley comes partly from the fact that their 
production is more widely distributed. The roles that barley and 
sorghum grains playas "catch crops" and as substitutes for 
certain cash crops contribute to greater year-to-year variation 
in planted acreage th<L!l for oats and corn, which are produced 
mainly for the relatively stable livestock industry. • 
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• 
Normally about 85 to 90 percent of the oats, half of the barley, 

and 55 to 60 percent of the sorghum grains produced are utilized 
domestically as feed for livestock. The remainder of these grains 
is utilized as human food in many diversified forms, for industrial 
use, for seed, and for export. The principal llonfeed use of oats 
other than for seed is for breakfast foods. Exports of oats are 
normally small. The barley used in production of malt accounts 
for a large share of the nonfeed use of this grain. Exports are 
more important for barley than for oats, padicularly in California 
where most of these exports originate. In recent years, exports 
have been a major outlet for sQrghum grains, but food and 
industrial uses have also been substantial. The United States is 
normally a net exporter of all feed grains, but in years when 
either production was very small or unusual demand conditions 
existed, imports have exceeded exports. 

• 

PRICE RELATIONSHIPs.-Prices of feed, in the aggregate, are 
determined mainly by supplies of feed available, numbers of 
animals to be fed, and prices of livestock and livestock products. 
Prices of the three grains and of corn are closely correlated, 
reflecting the fact that the four feeds can be used interchangeably 
in most livestock feeding. Thus an analysis of the principal factors 
that affect the price of anyone of these feed grains becomes, in 
effect, an analysis of the factors that affect the prices of all 
feed gr:a-ins. Practically all of the year-to-year variation in the 
prices of the three main feed grains is associated with variations 
in prices of corn and in the supply of each grain relative to the 
supply of corn. 

The quantities of oats and barley Hsed for nonfeed purposes 
apparently are little affected by their prices. As the value of these 
grains used for industrial purposes is generally low in relation to 
the price of the final product, this is not surprising. Barley and 
oats used for food are relatively cheap in relation to alternative 
foods, even when their prices are high~r than normal ~n relation 
to the general price level. Nonfeed uses apparently move clP and 
down mainly with special factors which affect the demand for 
the end products. As usc for feed is the largest single item of 
utilization fo)" all three grains, factors connected with the feed
livestock economy are the principal ones that affect the prices 
of these grains. 

From July to October the bulk of each crop is harvested, and 
normally more than 55 percent is sold. Statistical analyses of 
prices during these months however; are particularly difficult. 
A method developed by Foote (7),2 based on regression analysis, 
was used. By this process, weights for the components of supply 
that affect July to October prices can be determined from the 
data. When all series are expressed in millions of tons, the relative 
weights (which add to 1) in the analysis for prices of oats are 
as fonows: New-crop production of oats plus carryover should 
be multiplied by about 0.57, July 1 stocks of corn by about 0.19, 

• 2 Italic numbers ill parentheses refer to Literature Cited, p. 98. 
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and the prospective new-crop production of corn by about 0.24. 
The new-crop supply of bal;ley was found to have no significant 
effect on prices of oats. For the July-October study of barley 
prices, it was determined that new-crop production. of barley 
should be weighted by about 0.55, the supply of oats by 0.20, 
July 1 stocks of corn by 0.11, and prospective new-crop produc
tion of corn by 0.14. A similar analysis for prices of corn is 
given in Foote (7). 

Logic suggests that the supply of any commodity would affect 
its price (ton for ton) more than would supplies of competing 
commodities. The weights obtained in all three studies are in 
agreement with this consideration. 

For oats, the composite supply factor, together with the prices 
of livestock and livestock products for these months and pro
duction of livestock for July to December, explained 77 percent 
of the year-to-year variation in July to October prices from 
1922 to 1942. The composite supply factor for barley, together 
with prices and production of livestock and livestock products, 
explained 81 percent 01' the year-to-year variation in July to 
October prices of barley for the same period. 

The elasticiti0s of demand for oats and barley at the local 
market level, as indicated by the July to October analyses, are 
respectively -0.5 and -0.4, indicating an inelastic demand for 
these grains. These coefficients compare with the value of -0.6 
for corn obtained by Foote. The differences are not statistically 
significant. All three coefficients may reflect more nearly the 
elasticity of' demand for all feed grains and possibly for all 
feed concentrates. 

Prices of all feed grains are affected by demand factors in about 
the same way and the locational aspects and relative feeding 
values ordinarily remain constant over time. Thus th, principal 
variables that influence year-to-year variations in the relationship 
of their prices to prices o;f corn are relative supplies. The supply 
of oats relative to the supply of corn explained 77 percent of the 
year-to-year variation in the November to May price of oats 
relative to the November to May price of corn from 1922 to 
1942. Production of barley in the West North Central region 
relative to the supply of corn explained 67 percent of the year-to
year variation in the price of barley (for the West North Central 
States) relative to the Iyrice of corn for the same period. 

Relative prices of sorghum grains presented a more complex 
problem as the locational. difference in production of sorghum 
grains versus production of corn necessitated additional variables. 
Although 69 percent of the year-to-year variation in prices of 
sorghum grajns relative to prices of corn was explained by 
production of sorghum grains relative to the supply of corn, 
the addition of animal units fed in Texas, Kansas, and Oklahoma 
and production of corn in these same States relative to the 
United States production of corn improved the analysis. These 
three variables together explained 79 percent of the variation 
in relative prices for the years 1932 to 1942. 

• 


• 


• 
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• 
The statistical analyses of actual and relative prices of these 

grains, based on the interwar period, appear to be valid in the 
post\var period. 

OTHER STATISTICAL ANALYSES RELATING TO OATS, BARLEY, AND 
SORGHUM GRAINS.-Prices of these gl' ains tend to decline during 
the period of heavy marketing and to rise as the marketing season 
progresses. Seasonal variation for prices of oats and barley follow 
similar patterns, reflecting their nearly identical production and 
marketing periods. The monthly patterll of prices of sorghum 
grains follows more closely the seasonal variation in prices of 
corn, as the production and marketing period for sorghum grains 
approaches that for corn. Prices of oats vary 1110re widely during 
the marketing season than do prices of the other grains, and 
the seasonal pattern for oats has tended to change over time. 
The changing pattern for prices of oats is the result of a 
changing pattern of farm marketings. Seasonal variation for all 
three grains is less than that for corn. Seasonal patterns of these 
grains by regions also are discussed. 

• 

Prices of these grains vary regionally, reflecting chiefly costs 
of transportation from surplus-producing to deficit areas. Prices 
of oats and barley are lowest in the West North Central region 
and highest in the outer fringe of States that border the Atlantic 
and Pacific Coasts. Regional variation is greatest for oats, re
sulting mainly from the higher tram;portation cost pel' unit of 
value. Relationships between terminal market prices and United 
States average prices received by farmers and between principal 
producing States and terminal markets through which they 
normally are marketed also are shown. 

SUPPORT PROGRAMS.-Price support programs have been in ef
fect in every crop year since 19,10 for barley and sorghum grains, 
and since 1945 for oats. Quantities pledged for price-support 
loans were negligible in 1940 to 1947, but in 1948, 1949, and 
1950 substantial quantities were placed under price-support be
cause of some reduction in demand and large feed grain crops in 
1948 and 1949. Data concerning price-support operations are 
shown. 

ECONOMIC IMPORTANCE OF THE THREE GRAINS 
Oats, barley, and sorghum grains together are second only to 

corn as a feed. In the 1950-51 feeding year they represented about 
a fourth of the total grains and a fifth of the total concentrates 
fed to livestock. The combined value of these three grains ac
counted for about 8 percent of the value of all crops produced 
by farmers in 1951 and 'was exceeded only by corn, hay, wheat, 
and cotton. Of the estimated 336 million <!cres harvested in 1951, 
54 million, 01' 16 percent, were devoted to tile production of the 
three gra.ins. The livestock industry of 1,he United States depends 
to a considerable extent on the production of these grains. 

• 
Among the feed grains, oats is secDnd to corn in importance. 

Oats represented 17 percent of the combined farm value of all 
feed grains produced by farmers from 1946 to 1950, compared 
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with 74 percent for corn, the leading feed grain in the United 
States. Barley represented 6 percent of the total farm value of 
the four feed grains, and sorghum grains accounted for 3 percent. 

GEOGRAPHIC DISTlUBUTION AND TRENDS IN ACREAGE, YIELD, AND PRODUCTION 

Although for the entire country the combined value and pro
duction of these three grains is less than that of corn, these 
grains are of major importance in the feed-livestock economy of 
some geographic areas. In many regions the climate prevents 
successful growth of corn. In these regions substitute crops are 
produced. Different climates call for different crops and different 
methods of cultivation. Although physical factors may be looked 
upon as the principal determinant of the location and distribution 
of a crop, economic and various secondary factors are also im
portant. The areas of production of these feed grains relative 
to corn are shown in figurE) 1. Barley and sorghum grains are 
produced largely outside the Corn Belt, while production of oats 
is concentrated in the Corn Belt. 

The position of oats relative to that of corn is not comparable 
with that of barley or the sorghums. The primary center of pro
duction of oats coincides with that of com. Barley and sorghum 
gl'ains are produced in areas to which they are well suited 
ecologically and corn is not. In general, the best ecological condi
tions for oats are found north of the Corn Belt. The explanation 
for the concentration of production of oats vvithin the Corn Belt 
lies in the fact that corn cannot be produced year after year on 
the same land without redudion in yield and deterioration of the 
land. For optimum results, rotation must be practiced along with 
other preferred agricultural practices. Many crops have been 
found that fit into the rotation with corn, but in many areas oats 
are most economical. . 

Oats are produced in every State of the Union. Iowa, Minnesota, 
Illinois, and Wisconsin together comprise the principal produc
ing area. These four States produced 51 percent of the Unitec1 
States production in 1951. Other important producing States are 
South Dakota, North Dakota, Nebraska, Michigan, Indiana, Mis:. 
souri, and Ohio. The combined production of these 11 States 
accounted for 83 percent of the 1951 production. 

Temperature, rainfall, and length of growing season preclude 
commercial production of corn in the northern parts of Michigan, 
W'isconsin, Minnesota, the central and 'western areas of South 
Dakota, and in most of North Dakota. Barley is better suited 
ecologically to these areas and is more practicable than corn or 
oats; the primary center of barley production is located· in this 
area. Secondary factors also are important in determining the 
acreage of barley in these areas, particularly in the Dakotas 
and Minnesota, where acreage may decrease or increase depending 
on the success or failure of wheat seeding. A statistical analysis 
for 1943-52 indicates th,at 86 percent of the variation in planted 
acreage of barley in 7 principal producing States of the North 
Central regioll-North Dakota, South Dakota, Minnesota, Ne
braska, Wisconsin, Michigan, and Iowa-was associated with 

• 


• 
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vari.?ti011S in oats planted in these states and spring wheat 
planted in North Dakota, South Dakota, and Minnesota. This 
relationship reflects the overlapping of the barley-producing 
areas with those of spring wheat and oats. 

In the spring wheat area, barley serves as a "catch crop" 
or alternative for spring wheat and in the areas that produce 
oats ·it serves as a substitute for oats in rotation with corn. In 
these States oats compete with spring wheat to a limited extent 
only, on the basis of a similar analysis, reflecting the greater 
geographic separation of their respective areas of production. 
In California-J. secondary center for production of barley
physical factors are more favorable to production of barley than 
to production of any other cereal grain; as a result, barley is the 
principal feed grain produced in the State. Barley also is pro
duced to a considerable extent throughout the Mountain and 
Western States. . 

Barley was produced in 40 of the 48 States in 1951. Production 
of barley was more diversified than production of sorghum grains 
but less than that of oats. In recent years North Dakota has been 
the main producing Stat~ but in 1950 and 1952 it was exceeded 
by California. North Dakota, South Dakota, California, and Min
nesota together normally account for about 50 percent of the 
United States production. Other important producing States are 
Nebraska, Colorado, Montana, Idaho, Oregon, Kansas, ..'\!ld \Vis
consin. In 1951 these 11 States represented 82 percent of the 
production. 

In the semiarid parts of Texas, Oklahoma, and Kansas, corn 
is often subject to failure. For this reason the need for a sub
stitute feed grain was recognized early in the agricultural de
velopment of this region. The feed grain that best fulfilled the 
requirements of the area was sorghum grain. Sorghum grains, 
although largely a cash crop, hold a position in the feed-livestock 
. economy of this area similar to that of corn in the more humid 
North Central region. Sorghum grains also serve as a "catch 
crop," as the acreage planted varies with abandonment of winter 
wheat acreage and the success or failure of cotton planting. A 
statistical analysis covering 1929-52 indicates that 81 percent of 
the variation in planted acreage of sorghums for all purposes 
was associated with variations in acreage of winter wheat har
vested in Texas, Oklahoma, and Kansas and of cotton in cultiva
tion on July 1 in Texas and Oklahoma. 

Production of sorghum grains is not so widely distributed as 
that of other feed grains, as it is grown mainly in the more arid 
regions of the'Southwest. In 1951, this grain was produced in only 
16 States, J)roduction being concentrated in 3-Texas, Kansas, 
and Oklahoma. These 3 States accounted for 91 percent of the 
total United States production in 1951. Texas is the leading 
producing State, followed by Kansas and Oklahoma. Other States 
of importance are California, New Mexico, Colorado, Nebraska, 
and Arizona. These 5 States accounted for 7 percent of the 1951 
production. 
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• 
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Year-to-year fluctuations in production and yields per acre for 
the three grains and for corn tend to move with each other, 
principally as a result of common weather factors. From 1921 to 
1950, 47 percent of the year-to-year variation in total production 
of oats, barley, and sorghum grains was associated with changes 
in production of corn. A 1-percent change in production of corn 
was associated, on the average, with a 0.8 percent change in the 
same direction in production of the other feed grains. As these 
grains are affected to a considerable extent by common factors, 
such as weather and economic conditions, this relationship would 
be expected. Long-term trends in production also are similar, 
reflecting primarily somewhat similar trends in yield. The per
centage variation and direction for anyone year, however, may 
not be the same nor do the longer term trends for the three grains 
necessarily move identically with each other. 

From 1920 to 1950, production increased for all three grains 
but the rate of increase differed considerably. Using average 
production for 1920-24 as a base, average production of oats in 
1946-50 increased by ] 0 percent; average production of barley 
by 79 percent; and average production of sorghum grains by 
113 percent. The percentage increase in yields pel' acre of each 
grain was about the same. These increases were: 16 percent for 
barley, 1tl percent for oats, and 12 percent for sorghum grains. 
Sorghum g1'ains showed the greatest increase in acreage "\vith a 
gain of 97 percent; barley increased by 54 percent, and oats 
declined by 4 percent. 

Although year-to-year variations in yield reflect forces over 
which farmers in general have little or no control, variations 
in planted acreage are to a large extent based on decisions by 
farmers. The degree of variation in planted acreage reflects, 
among other things, the stability of demand for the commodity, 
the number of alternative crops that can be produced on the 
land, and weather at planting time. Year-to-year variations in 
planted acreage of these grains reflect the respective roles that 
corn, oats, barley, and sorghum grains play in the feed-livestock 
economy and in the agricultural economy as a whole. For 1930-50, 
the average change from the preceding year, ignoring direction 
of change, for corn, oats, barley, and sorghum grains was 3.4, 
4.0, 10.0, and 14.5 percent, respectively. Corn and oats are pri 
mary crops. They are produced essentially as the basic raw ma
terial for the relatively stable livestock industry and are thus 
affected principally by factors connected with the feed-livestock 
economy and the requirements of rotation. Therefore, the year
to-year percentage changes in planted acreage are small. Barley 
and sorghum grains serve dual roles; that is, they are produced 
to a considerable extent as feed for livestock in areas to which 
corn and oats are not suited but their role as "catch crops" 
or alternatives for other cash crops results in greater year-to-year 
percentage vadations hI acreages planted. 

Year-to-year fluctuations in yield per acre have been much 
greater for sorghum grains than for barley and oats, because 
production of the latter is concentrated in three States. Correla
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tion of yields among adjacent areas or States tends ~0 be higher 
than for more distant areas. In general, the wider 4,:le distribu
tion of a crop the greater is the tendency for yields per acre in 

• 

one area to offset those in another and to give greater stability 
to the United States average yield of these grains as a whole. 
Yields of barley for 1920-51 show a smaller year-to-year percent
age fluctuation than do those of oats and sorghum grains. Explain
ing this tendency are the two widely separated concentrated 
producing areas and the generally wide distribution of the crop. 
Oats show the second largest variation, although they are more 
widely grown than barley. This is to be expected, as the bulk 
of the crop is produced in one area and more distant regions 
would not be expected wholly to offset conditions in the main 
producing area. Data on production, acreage, and yield per acre 
from 1900 to 1952 are given in table 1. 

Except for year-to-year variations reflecting weather and 
othel unusual factors, production of oats showed no consistent 
trend either upward or downward from 1900 through about 1941. 
More recently production has been larger, reflecting mainly an 
increase in yield per acre. 

From 1920 to 1929 production of barley increased rather 
rapidly, principally as a result of increased acreage. Mainly be
cause of unfavorable weatheJ:, production was reduced consider
ably in some years during the 1930's, but then increased to a 
peak in 1942. Barley is the only feed grain whose production 
has tended to decrease in recent years. Acrea.ge has followed a 
pattern similar to that for production. Yields per acre increased 

• 

during the 1920's, were reduced by unfavorable weather in some 
years in the 1930's, but have since shown a tendency to increase. 

Production of sorghum grains varied considerably from year 
to year during the decade of the 1920's, but for the period as a 
whole no pronounced trend was evident. In 1930 to 1936, Pl'O
duction was reduced sharply, reflecting mainly decreased yields 
per acre caused by severe weathe:::. From 1937 through 1951 the 
trend was rather sharply upward. Acreage of sorghum harvested 
as grain increased steadily from 1930, when 3.5 million acres 
were harvested, to 1950, when a record 10.3 million acres were 
harvested. Acreage remained fairly constant in 1920-29, averag
ing slightly more than 4 million acres a year. Year-to-year 

, fluctuations in yield have been large, reflecting variations in 
weather and the concentration of production. Yields per acrp 

from 1920 to 1929 showed no definite trend. From 1930 to 1936 
yields were mostly below the average of the 1920's, and they 
reached a low of 8 bushels an acre in the drought year 1934. 
Since this low point, yields have trended upward, reaching a 
record high of 23 bushels in 1950. 

FLOW CHART FOR OATS, BARLEY, AND SORGHUM GRAINS 

Figure 2 illustrates the movement of these grains from time 
of harvest to sale of the finished products to consumers. For 
purposes of comparison, corn' and other concentrates fed to 
livestock are included in the diagram. The sizes of the various 

• 
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• boxes and channels indiCate the relative volume of movement 01' 
utiliZation based on data for 1946-50. The box in the lower portion 
of the diagram measures the total concentrates fed to livestock, 
and its individual sections indicate the relative contributions of 

• 

the various concentrates. 
Most oats and barley are sown in the spring and 11lature in 

summer. In the South and in California, oats and barley normally 
are sown in fall or winter and mature earlier than the spring
sown portion of the crop. The production period for sorghum is 
l'oughly comparable to that for corn-it is planted and harvested 
later than the small grains. Upon harvest, all of the grains move 
either dil'ectly into marketing channels or into storage. The 
marketing season for oats and barley begins in June, the peak 
month of sales by farmers usually being August. For sorghum 
grains, the first sales by farmers are in July and the peak month 
is November. Percentages of sorghum grains and barley sold by 
farmers are relatively greater than the percentage of oats. In 
recent years about 65 percent of the sorghum grains crop, be
tween 57 and 63 percent of the barley crop, and 25 to 30 percent 
of the oat crop have been sold by farmers. 

Varying quantities of the individual grains are retained as 
seed or fed to livestock on or l1ear farms where they are grown. 
Of the commercially sold grain, some is soM directly as grain 
for feed or is used in mixed feeds. The remainder of the com
mercial supply is used for the manufacture of various food and 
nonfood products and for export. 

IMPORTANCE OF THE THREE GRAINS FOR LIVESTOCK FEED 

In recent years oats, barley, and sorghum grains have accounted 
for about 20 percent of the total concentrates fed to livestock. 
Corn has accounted for about 60 percent, and other grains and 
byproduct feeds have marle up the remainder. These three grains 
can be fairly readily substituted for corn in feeding livestock. 
Jennings (12) computed the feed-unit value of these grains and 
other feeds relative to that of corn for all types of livestock under 
average conditions in the United States and when fed to each of 
the various types of livestock. According to Jennings, on the 
average, 100 pounds of barley is equal to 95 pounds of corn, 100 
pounds of oats is equal to 90 pounds of corn, and 100 pounds of 
sorghum grains has the same value as 100 pounds of corn. The 
value of these grains as a substitute for corn varies with the 
type of livestock to which the g).·ain is fed and with the form 
in which jt is fed. Their relative values when fed to different 
kinds of livestock and for the United States as a whole are shown 
in table 2. The high substitution ratio of oats, barley, and sorghum 
grains for corn has enabJ(\cl farmers to produce livestock efficiently 
throughout the United ~tates. 

Most of the production of these grains is utilized as feed. In 
recent years about 55 to GO percent of the production of sorghum 

• 
grains hab been utilized as feed, about half of the production of 
barley, and 85-90 percent of the production of oats. In 1926....,50, 
oats, barley, and sorghum grains accounted on the average for 
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Y(·nr ~ 
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 .0 
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J\lOR............ , ... _... , ....... . :34.:3 2·1.2 82\).:3 1.·1 2:~ .1 170.8 .- ........ ......... . .... , ..... !J1 

I!lOO ...................... , ... " . 85 . .1 28.\) J ,Ola.!) 1.1 22.5 17:).1 ..... - .... ••• .... ...... t1
•••• Of· 

IOtO............................ . 86.8 :)Q.O 1 ,Hlli. 2 1.5 IR.!l 1·.12..1 , ........ . ..... ..... ......... . i::tj 

lUll ......................... . :37 .1 2:3.R 885.5 7.li .1 ~l. I 145. t ..... '''''' .......... ..... ' - ... 'V 
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 ;3 
IIlI:3.... ..... .. ........... . 37.2 27.n 1,030.1 1./ 20.7 158.S · .......... ......... . .... , .. ,' . o 
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1 Bll) ..•. _...... : .•..• , .... _..... . :~8.8 :H.O 1,435.:3 7.3 28.·1 20i.0 .......... ......... . ........ o. 
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JUju .......................... .. g!).n 27.!1 1,100.1i ,(i.li 11l.9 1:11.1 · 
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~ 
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• • • 
1925.................•............ 4,1.2 :H.SI 1 ,·105.:~ 8.2 ! 2:Lii I 1\12.5 .· ....... r...·.... 58.9 I,j 

1926............................. '12.9 

2(in I 1,152. n 7.n I 21.0 l(jtLO .................... 72.7 ~ 


1927 ............................ ·10.4 27.1 l,OUil.2 !l.i:', I .,- . 2:30.1 .................•.•• 83.01 (')
_..1..1 H 

*2,) ....1928. ....................... . 40.1 .) .... 1 1,!312.H 12.7 25.S I :328.4 .................... 79.0 t::J 

1929•........................... 
19:30............................. 
1931. ..... , ... " .... , ............ 
1932............................. 
1!l33............................. 
1934............................. 
1935............................. 
1936............................. 
1937........................•..... ' 
1!l3S............................. 1 

1939............................. 
19-10............................. 
1941 ............................. 
1942............................. 
1943 ............................. 
1944............................. 
1945............................. 
1946............................. 
1947............................. 
1948............................. 
1949............................. 
1950.............................. 
1951 ............................. 
19522 ••••••••••••••••••.•••••••••• 

, Computed from unrounded data. 
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37.\l 
a!l.:; 
:l!l.2 I 
·10.7 I 
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1 
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MOVEMENT OF OATS, BARLEY, AND SORGHUM GRAIN* 

• 
USES: 

•INDUSTRIAL ·EXPORT 

AND FOOD 
 CORN 
~RODUCTS 

·EXPORT FED 

TO 

LIVESTOCK 

J;;:;;;::;;='~~!:;::;;::~r-- BARLEY AND SORGHUN: GRAIN 

:) No.,r.,d IIlU. ~1It0( beginning Jilly for ooh I.~~~~~~~~====:O~;A~T~S CONCENTRATES FED 

Qnd bOII.y, yur beginning Oaob:u lor 


sorghum groIn. Concel'llroh,~ 'ltd 10 live. 

doC',)'ItOf beginning Oelober. 


"9136 BUREAU OF AGn,CULTURAL t.CONOMICS 

FIGURE 2.-In 1946-50, 89 percent of the oat crop, 50 percent of the barley • 
crop, and 57 percent of the sorghum grains crop were fed to livestock. 
The remainder was utilized for various food and industrial products and 
for export. 

slightly more than a fifth of the total concentrates fed to live
stock, the percentage ranging from 14 percent in 1933 to 24 
percent in 1940. The relative position of each grain, however, was 
less constant than ,,;ras the aggregate total. Oats consistently held 
its position whereas sorghum grains increased in importance 
and barley decreased. 

NONFEED USES 

Varying quantities of the remaining supply of these grains 
are utilized in breakfast foods, malt, and flour; for the manu
facture of alcohol, alcoholic beverages, and starch; for export; 
and for seed. Barley has the largest percentage utilization for 
domestic nonfeed purposes of any feed grain. Its largest use is 
for production of malt. A small quantity of barley is used jn 
prepared baby foods and in the manufacture of pearled barley. 
The principal nonfeed use of oats, other than for seed, is for 
breakfast foods. A small quantity of oats is used in making oat
meal crackers and cookies. Before 1942, practically all of the 
sorghum grains produced was fed; since then, its use for alcohol 
and other industrial products has steadily increased. Since World 
War II, exports have increased in importance. Food uses are • 
relatively unimportant in the disposition of the crop, although 



• • • 
TABLE 2o-0ats, barley, and s01oghu?n gmins: Relative jeecl7:ng value compa1oed with corn when fed to ,different I-tj 

kinds of livestock 1 .... ~ 
- t:3 

Kind of livestock 	 rn 
>-3- ~ 

, 	 qGrain Dairy Fattcn- IYinteJ"ing Fatten- Horses 
cows ing beef Hogs ing and Poultry Average 

o 
>-3 

cattlc cattle lambs mules d 

Percent Percent Percent Percent Percent Percenl Percent Percent ~ 
Corn....................................... 100 100 100 100 100 100 100 100 

Oats....................................... 95 85 100 85 90 90 75 90 o 


>Barley ........ '.......... , .................. ]00 88 ]00 9l 87 !J5 80 95 
 >-3
Sorghum grains .............................. 100 92 100 90 100 95 105 100 	 .rn 

to 
1 From Jennings (12) ° 	 > 

~ 
t""' 
ttj 
!.~ 

>
Z 
t:I 
rn 
o 
~ 

~ 
d 
is: 
o 

e ~ 

z rn 
I-' 
01 



16 TEGIDTICAL BcLLETIN 1080, 1;. S. DEPT. OF AGRICULTt:RE 

the quantity used for food has been increased by the opening at 
Corpus Christi, Tex.,. of a wet-processing plan which produces • 

# starch and starch products. 

~ormally the United States is a net e:-..-porter of feed grains. 


Although the quantity varies greatly from year to year, in recent 

years exports have accounted for a substantial part of the total 

utilization of barley and sorghum grains. Exports of oats llsnally 

are quite small. In general, the years in \,'hich imports of these 

grains exceeded exports were either drought years or years such 

as 1943-45 in which unnsual conditions of demand existed, and 

1949-51 so far as oats are concerned. 


Xonfee:l uses are discussed in greater detail under each grain. 


PRICE RELATIONSHIPS Ar-.IONG THE SEVERAL FEED GRAINS 

As with other farm products, prices of oats, barley, and 
sorghum grains fluctuate from year-to-year, month-to-month, day
to-day, and even hour-to-hollr. To the uninitiated, these gyrations 
or fluctuations in price o\'er time may not appear to bear any 
relation to each other nor to have any apparent causal factors, 
particularly in the shorter periods of time. Those familiar with 
agricultural prices often assign the cause to changes in the 
general level of supply and demand. This is an oversimplification. 
In general, variations in prices may result from the following. 
factors: (1) Variations caused by differences in grade and 
location, (:2) normal seasonal variation, and (3) changes in 
general conditions of supply and demand. Of these factors, de- • 
mand is the most difficult to (~2fine and measure. For this reason, 
~rreater stress is placed in this bulletin upon analysis of changes 
in demand as they affect price in the p€riod of time studied. 

Demand for these grains is c1eriverl from the demand for the 

end products in ,.... hich they are utilized. For example, th~ demand 

for barley is primarily the sum of (lemands for its use as feed for 

lin'stock and for products in which malt is used. Secondary de

mands, snch as those for export anel storage, are also important. 

Fmther complicating the problem is the fact that demand may 

increase or decrease becanse of changes in the prices of substitute 

grains, sllch as corn and oats, both of which compete in the feed 

market with barley. 


In the aggregate, prices of feed are determined by forces with 

which most agriculturists are familiar-the levels of feed supplies, 

the number of animal units fed, and the pricc>s of livestock and 

Iiyestock products. These relationships are illustrated in figure 

:L:l The physical items are shown in boxes; the economic items, 

in circles. Arrows indicate the direction of the causal effects. }Iost 

of the variation in prices of feed grains can be explained by 

yariations in the above variables. For 19~1-:!~, Foote, Klein, and 

Clough (8. pp. 36-39) found that more than 90 percent of the 

variation in prices of corn could be explained by these variables. 

A.s the index of feed-gl'ain pJ'ices is c1osel~' correlated with prices 

'For a detailed discussion of the economic implications of this diagram, • 
see Foote, Klein, and (,!ou~h (8, pp. 20-30). 
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of corn, much of the variation in the index may be explained by

• the same variables. \Vhen simple correlation analyses were run 
between the price of cum and prices of oats, bal'ley, and sorghum 
grains, respectively, the degree of association, as measured by 
the coefficient of determination in each analysis, was more than 
0.80.4 Therefore, the same variables that would explain variations 
in either the index of feed-grain prices 0.:: prices of corn also 
would explain most of the variation in the prices of oats, barley, 
and sorghum grains. 

THE MAJOR ECONOMiC RELATIONSHIPS 
IN THE FEED·LIVESTOCK ECONOMY 

L-__S_U_P_P_Ii_.~I_Of_f._._._d__~~------------------~••/ 

'---A-ni-m-a-'!!.-n-H-I-f-.d-....,~ 
Feed f.d per 

Dnimal unit 


,------ -------,
I Techno'o9ica' chang.. i 
~______________ J• 1 
Prod~ldion "f livestod, 


and produch 


ARItOWS SHOW DIRECTION Of INFLUENCE 

U 5 DEPARTMENT OF AGRICUt.TUR£ NEG.4BSIJ·X BUREAU OF AGRICULTURAL ECONOMICS 

FIGURE 3.-Supplies of feed, animal units fed, and prices of feed and live
stock and livestock products are closely related. This diagram indicates 
the basic nature of these relationships. 

In the sections devoted to statistical analyses of factors that 
affect the prices of oats and barley during their heavy marketing 
periods, essentially ihe same variables are usecL The one exception 
is that the supplies of competing grains are weighted according 
to their importance as dE.termined by a multiple-regression 
analysis on price after the effect of livestock prices and animal 
units fed have been taken into account. The sum of the weighted 
supply factors is used as the supply variable. Animal production 
units and the index of prices of livestock and livestock products 
are used as joint factors of demand. For the period November 
to May, factors that cause deviations from the price of corn are 
discussed. The heavy marketing period for sorghum grains ap

• 
proximately coincides with that of corn. For this reason the 

• Foote, Klein, and Clough (8, p. 48). 
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discussion of prices of sorghum grains is limited to explaining 
deviations from the price of corn. 

In attempting to explain deviations of the price of a particular 
feed grain from the price of corn, several methods of analysis are 
open to an investigator. The price of sorghum grains, for example, 
may be expressed as a ratio to the p:dce of corn. This price ratio 
then becomes the dependent variable and factors that will explain 
variations in the ratio may be sought. Under this method the 
problem i.s not to explain 01' determine causes of variations in 
the absolute or actual price but to explain changes in relative 
prices. 

An alternate method involves use of the price of sorghum 
grains as the dependent variable, the price of corn as the principal 
independent variable, and other factors-such as relative supplies 
-that are believed to affect the price of sorghum grains as 
the remaining independent variables. The inference here is that 
the price of corn is a basic factor influencing prices of sorghum 
graii1s. Many price analysts have used this approach in studying 
prices of the minor feed grains. For example, Bennett expressed 
the price of ground oats at Utica, N. Y., in terms of the price 
of corllmeal and the relative supplies of corn and oats. He says: 
"For the most part, the price of corn affected the price of oats, 
al~hough probably the oats price affected the corn price slightly. 
This is because corn has been about Ll times as important a feed 
in the United States as oats" (2, p. 55). Shepherd also says that 
"Fluctuations in oats values are a result, not a cause, of fluctua
tions in corn values" (19, p. 310). 

This interrelationship of feed prices, coupled with the fact that 
the three minor feed grains are dominated by corll, makes analysis 
of a particular grain difficult. The relationship is further obscured 
by the fact that changes in the supply of one frequently is in the 
same directioll as the others. The closeness of the relationship of 
prices of the four feed grains is a function of the extent to which 
they can be substituted for one another. Clearly if these grains 
,,,ere perfect substitutes, that is, if they were identical in time. 
form, and location, no deviations in price could be expected. This 
is not the case. Factors that affect actual and relative prices are 
di~;cuss~d in detail in subsequent sections. 

SPECIAL FACTOHS THAT AFFECT THE PRICE OF OATS 

The importance of oats as a feed grain has been reflected in the 
studies of price and demand that have been devoted to this 
grain. The more important investigations of the prices of oats 
include those by Moore (14) in 1914, Killough (18) in 192'5, War
ren and Pearson (26) in 1928, Schultz (17) in 1938, and Bennett 
(2) in 1944. 

ECONOMIC IMPORTANCE OF OATS OTHER THAN As A GRAIN 

The importance of oats in our agricultural economy is not 
indicated by the returns per acre that farmers receive for this 
grain. In this sense, oats are relatively unprofitable. In many 

• 


• 


• 
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• 
years they may be produced at an apparent loss. The inducement 
for producing oats lies not so much in their cash value as in 
their value to farmers in their crop rotation systems. The factors 
that account for the general preference for oats over other small 
grains in rotations in many areas are: (1) The yield of oats is 
less influenced by the preceding crop than is the yield of SUell 
crops as wheat and barley; (2) oats are a good nurse 'crop for 
grasses and legumes; and (3) labor requirements for this crop 
do not conflict with demands for labor by corn and some other 
crops. Also oat straw is valuable as roughage for livestock. 
Because of its greater p2latability and softer texture, it is gen
erally considered superior for this purpose to barley or wheat 
straw. 

RELATIVE VARIABILITY OF SPECIFIED DISPOSITION LTE~[S 

The supply and distribution of oats from 1926 to 1951 may be 
Jeen in table 3. Quantities used for feed, stocks, and export show 
larger year-to-year fluctuations than do quantities used for seed 
or in the manufacture of breakfast foods and other food products. 

• 

The four sections in figure ,1 show the relationship between 
prices of oats, after adjusting them for the general price level, and 
the quantities of oats used for feed, storage, net exports, and 
breakfast foods and seed. The quantity of oats used for breakfast 
foods and seed is related hardly at all to the price of oats. This 
is not unreasonable, as oats userl for food are relatively cheap in 
relation to other foods even when the price of oats is unusually 
high. Nor is the demand for oats as seed influenced to any great 
extent by variations in the price of oats. Exports also appear to 
be affected significantly by factors other than domestic price. 

But when the price of oats is relatively high, use of the grain 
for feed declines, and when the price is relatively low, its use 
for feed increases. This is true also for ending stocks. As feed 
uses represent about 75 percent of the total disposition of oats, 
the principal factors that affect the price of oats are those con
nected with the feed-livestock economy. 'l'he total demand for 
oats can be thought of as a combination of the demands for 
feed, for domestic nonfeed uses, for storage, and for export. 

Exports of oats normally are small, both in relation to the 
size of the crop and to exports of other feed grains. The lesser 
importance of oats in international trade is largely explained 
by the fact that oats are less valuable by volume than are other 
feed' grains. During the interwar period, the United States was 
normally a net exporter except in years of short crops. In 
1939-51, however, this pattern changed. In every crop year except 
1941, 19L16, and 1947 imports exceeded exports. This is in contrast 
to corn, barley, and sorghum grains, whose exports continued 
to exceed imports by substantial margins. 

The physical composition of oats relative to that of corn, 

• 
sorghum grains, and barley prohibHs use of oats for production 
of alcohol and starch. As a result, indu.strial utilization of oats 
is negligible. 
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FIGURE 4.-Use of oats for feed apparently varies to some extent with its 

• 
price; it is large when prices are relatively low and small when prices 
are relatively high. Ending stocks show a similar relationship. Use of 
oats for seed and food, and in most years for export, is only slightly 
related to price. 
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LONG-TERM CHANGES IN DEJ\IAi'lD FOR OATS FOR FEEDING 

Oats long have been considered the premium feed for horses 
and mules-the standard with which other feeds are usually com
pareel. The decline in numbers of horses and mules on farms in 
the United States poses the question: Has the total demand for 
oats declined? 

Many agricultural analysts have answered this question in 
lhe afIirmatiYe. To quote a few: T. W. Schultz says: "Oats are 
usually considered the ideal horse feeel; but as the influx of 
tractors, automobiles, and trucks has reduced the number of 
horses and mules about a fourth since 1920, the demand for oats 
has consequently cleclined" (18, p. L16). Burtis adds: "\;YTith the 
elecline in numbers of horses on farms, the demand for oats 
was reduced ..." (4, p. 87). But Bennett says: "Those who insist 
on the necessity of large numbers of horses as a market for oats 
owrlook the fact that oats are probably as valuable for feeding 
other kind of livestock as for feeding horses" (:2, p. 52). Stanton 
says: "The use of the automobile and the tractor has greatly 
decreased the demand for oats as horse feed. However, that 
portion of the crop former1y consumed by horses now is being 
fed, at least in part, to young stock and dairy cattle" (21, p. 2). 

The number of horses and mules on farms reached a peak in 
the 1910 decade and has since declined steadily. During that 
decade, the number of horses and. mules on farms on January 
1 averaged 26 million. In the 1940 decade the average was 11 
millioll, a decline of 58 percent. If the demand for oats as a 
superior feed for horses and mules were a major part of the 
total demand, either the supply of oats would decline with the 
decline in the number of horses and mules, or the price of oats 
relative to corn would be expected to decline. That the decline 
in numbers of workstock has affected the demand for all feed 
cannot be denied, but that it chiefly has affected the demand for 
oats is llot bome out by existing data on prices and supply. 

A statistical test commonly used to determine whether the mean 
of OIW group of observations differs significantly from the mean 
of another \,,'as used to find whether oats declined in value relative 
to corn between 1910-20 and 19.10-50. The mean of the price 
j·::ttios for the November to May average farm price per bushel 
of corn and oats in 1910-20 ,vas compared with the mean for 
1940-50. The mean ratios for these two periods were similar
60.8 and 61.2 respectivel.y. The difference is not statistically 
significant. 

Figure 5 shows the November to IVlay average farm price of a 
bushel of oats relative to the November to IIIay farm price of ::t 
bushel of corn, anel the supply of oats (production plus July 1 
stocks plus imports) relative to the supply of corn (production 
plus October 1 stocks plus imports) for 1910-51. This chart indi
cates that, in addition to a cyclical pattern, the value of oats 
relative to that of corn has fluctuated from year to year, but 
that no significant long-term change in the price ratio has 
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• 


• 
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• occurred. The chart also indicates that changes in the relative 
price of oats are associated with changes in the relative supplies 
of oats. This relationship is cUsc:l.1ssed in greater detail ·in the 
section elevoted to statistical analyses of factors that cause the 
price of oats to deviate from the price of corn from November 
to May. 

OATS: HISTORIC TRENDS IN PRICE AND 

SUPPLY RELATIVE TO CORN 


SUPPLY RATIO (%)1 I I PRICE RATIO (%J 
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FIGURE 5.-The long-term relationships shown here confirm the analysis of 
trends in pl'ice and supply of oats relative to corn which indicated that 
the effect of the decline in numbers of horses and mules on farms on the 
demand for oats has been largely offset by an increase in demand for 
other uses. 

STATISTICAL k'l/ALY~ES OF FACTOnS THAT AFFECT PRICES FHOM JULY TO 
OCTOBER 

III an earlier section we learned that prices of feed are mainly 
determined by the three factors: Supplies of feed, animal units 
fed, and prices of livestock and livestock products. As In'ices of 
oats are closely associated with the index of feed prices, the same 
variables can be expected to eKplain most of the variations in 

• 
pric('s of oats. The principal problem that arises in analyzing 
any particular feed grain is how to treat the supply variable. 
From July to October, the bulk of the oat crop is marketed, new
crop barley can be fed, and the prospective size of the new corn 
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crop begins to influence prices. Existing supplies of old-crop 
corn, which can be represented approximately by July 1 stocks, • 
are aJ.oo important. The problem is essentially statistical-How 
to weight these various components of the supply variable? 

The method used in ascertaining the appropriate weights is 
identical with the method used by Foote (7) in an analogous 
study of factors that affect the price of corn from June to Sep
tember. Essentially this method involves relating the price of 
oats, after adjusting for thp effects of animal units fed and 
prices of livestock and livestock products, to the various supply 
components which are believed to affect the price of oats. The 
final regression coefficients obtained from a series of iterative 
analyses are used to obtain weights for the components of the 
supply variable. 

Based on this mUltiple-regression analysis,· the following 
weights apply (after converting each variable to million tons) : 
0.19 times JUly 1 stocks of corn, excluding stocks under loan or 
owned by the Commodity Credit Corporation on the following 
October 1; plus 0.24 times an average of the July 1, August 1, 
and September 1 Crop Reporting Board estimates of the size 
of the new corn crop; plus 0.57 times the supply (July 1 stocks 
plus production) of oats, excluding stocks under loan 01' ')wned 
by ecc on October 1. The supply of barley did not influence 
significantly the price of oats and therefore it is not included in 
the composite supply variable. This variable is designed to give 
an estimate of the "free" supplies of feed available for feeding • 
during this period, and also to allow for indicated price-making 
effects of the prospective new crop of corn. 

These regression coefficients (weights) were tested statistically 
to learn whether they differed significantly from each other.'; The 
differences ,,'ere found to be significant at about the I3-percent 
level; that is, differences as large as were obtained would be 
expected to occur about 13 times in 100 if the regression co
efficients were in fact equal. Many research workers require a 
level of significance of 5 percent 01' less, but this method of 
weighting the components of the supply factor was retained as 
the weights appeared logical. 

As the animal-units-fed series is not available by quarters, the 
series given in Jennings (11) on livestock production units was 
used instead. Based 011 thc analysis by Foote (7), data for the 
July-September and the October-December quarters were com
bined with equal weights. The third independent variable used 
in the analysis ,vas an average of the index numbers of prices 
received by farmers for livestock and livestock products for July 
to October.' 

Of the total year-to-year variation in the price of oats, 77 
percent was associated with variations in these variables. This 
figurc is nearly identical with that obtained by Foote in his 
analysis of factors~affectjng the price of corn from June to 

• For a description of this test, see Foote (7). • 
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September, using similar variables. This accords with the thesis 
that particular prices of feed grains are determined by similar 
factors. The low percentage explained in both these analyses 
(and for barley in a later section) for this season is typical of 

feed grains. Statistical analyses for other seasons, particularly 
from November to May, yield more refined results. To some 
extent this is ac;counted for by changing prospects of new-crop 
corn, which are not fully compensatefl for by the variables in
eluded. Also, in years of small carryover, the prospect of large 
crops for the year does not influence price to the same extent 
that it does when year-end stocks are large. In years of short 
supplies particularly, variations in nonfeed demands may affect 
significantly the price during the last quarter of the marketing 
year. No allowance was made for these factors in the analyses. 

The analysis was based on year-to-year change, after convert
ing all of the data to logarithms. The effects of specified percent
age changes from the preceding year of each of the independent 
factors on prices of oats are shown in table 4. 'rhe range shown 
for each variable is approximately equal to the range from 1922 
to 1951. Data on which the analysis was based are found in 
table 5. If the effects of all three factors 011 the price of oats are 
desired, they can be determined by multiiJi.v-:ng the separate 
ratios together. The final result should be mult;.~lied by 0.981 
to aHow for the average shift in clC!mand over time. 

For example, suppose the weighted supply variable is expected 
to be 20 percent above that of the preceding year, prices of live
stock and products 10 pereent above, and livestock production 
units 5 percent above. Then the analysis indicates that the price 
of oats would 13 expected to be roughly 21 percent below _the 
preceding year, based on these three factors. This percentage is 
obtained in the following computations: 

0.69 X 1.10 X 1.06 X 0.981 X 100 = 79 100 - 79 = 21. 

When the percentage change from the preceding year, as 
indicated by table 4, is multiplied by the actual price in the pre
ceding year, to estimate the expected price in the year for ·which 
the forecast is made, there is a 65- to 70-percent chance that the 
estimated price will differ from the actual price by not more than 
18 percent, and a 95-percent chance that it will differ by not more 
than 40 percent. 

Figure 6 shows the price of oats, adjusted for the remaining 
variables, against each of the independent variables in turn. Data 
for 1922-/12 used in the analysis arc shown as dots and data for 
the war and postwar ycars as x's. Each section shows the relevant 
partial regression curve, based on a mathematical analysis. The 
curvilinear nature of these reflects the fact that the analysis was 
bascd on logarithms. rrhe gra.ph in the lowest section of the chart 
shows the result obtained when the unexplaincd Tcsic1uals were 
plotted against time. This section of the chart indicates that no 
significant change in the nature of the relationships has taken 
place over time. 
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TABLE <i.-Oats: ReZctiion betwee.n yea1·-to-yecL1· changes in J'uly
to-Octobe1' prices 1'eceivecl by fa1·me1'.'J and a specified supply 
'I.'((l'iable, Ju!y-to-Octobe1' 1J1'ices of livestock ancl livestock P1'0
Ci?lCtS, and July-to-December 'lL11:its of livestock procl'lwtion on 
farms 1 

RATIO To PRECEDING YEAR 

--------.~--~--------.-----------~--.----i 

x.. 
X'I i X, Xo' Prices of X.I X. 
< 0 I :)l1pplyEstimated Estimated liv('stock and Estimated Production of 

prire of oats 2 variable 3 price of oats' livestock pro-price of oats' livestock 5 

, ducts' II 
----~--~-.---------- ------1-----

2. OS 0 . 70 :' O. 71 O. 70:.. . . . . .. . . .. . .......... . 

1.82 .75 .76 .75 !i ...................... .. 


1.58 I .80 .SO .80 i! 0.76 0.80 
1..11 .85 .85 .85 " .82 .85 
l. 24 . \)0 . \)0 . 00 ,- . 87 . 90 
1. 12 . n5 .95 . fl5 ' .0·1 .95 
1.00 	 1.00 1.00 t 1.02 1.00 I 1.02 

.92 l.05 1.05! 1.00 1.06 i 1.00 

.82 1. 10 1. 10 1. 10 1. 1:3 1 10 

.70 1.15 1.15 I 1.15 ' 1.19 1.15

.m) 1.20 1.20 1.20 ...................... . 
• (job 1.25 1.251 1.25 :1 ....................... . 

. 58 1.:jO 1.20 , 1.30 '....................... . 


_____ :g~: __~..L~8 .~.~~:~~J=.. ~:~~.ii::::::::::::: :::::::::::: 
1. 'When the other independent variables in the analysis remain at the 

previous year's level. From an analysis based on first-differences of 
logarithms, 1922-42. 

, Computed from the following equation when all variables are expressed 
as first-differences of logarithms: 

X,,' = -0.0083 --2.0377XI + 0.9832X, + 1.2527X, 

The 	following values also relate to this analysis: 

$\'01.", = 0.287 so.". = 0.073 r" .3." = 0.194 

Sb., '3 = .240 1" 01." = .748 R" •.1" = .769 

s~.)" = .618 1" .'.IS == .485 


NOTJ-J.-The constant value in the regression equation does not differ 
significantly from zero. 

3 See text for method of. obtaining this series. 
'Index numbers of prices received by farmers for livestock and livestock 

products (1910-14 = 100). 
• From Jennings (11), livestock production in terms of production units. 

DEMAND ELASTIClTY.-The elasticity of demand is a coefficient 
·which measures the percentage change in consumption that is 
related to a given change in price, This coefficient can be estimated 
by taking the reciprocal of the price flexibility as shown by an 
analysis in which prices are used as the dependent variable, This 
economic concept of elasticity is important. If the demand for a 
product is elastic (if it has an elasticity greater than 1), the total 
value received from a given quantity marketed will increase as 
the quantity marketed increases. If the demand is inelastic (if 
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TABLE 5.-0ats: Actual and computed prices per bushel ancl 
related variables, 1921-51 

X,Price X. 
Units of(July to Oetober) Price received 

XI by farmers for livestock 
Year Supply' livestock and production 

Actual Computed I products (July (July to 
.L
XI0 to October) 3 December) , Xo 

Million 
Mill{onsGents Gents lOllS 

]22.5 . .............
1921. ...... 31.9 ......... . 37.0 

3,L7 125.0 .... , .........
1922 ...... 34.9 38.2 

35.2 34.4 126.8 ..............
1923 ...... 38.8 
128.5 79.1192·1. ..... ·18.6 38.9 33.3 

46.2 151.3 78.61925 ...... 40.3 36.4 
48.0 150.3 80.51926 ...... 37.6 33.5 

143.3 8'1.41927 ...... 44.8 46.6 30.0 
31.1 161.8 82.21928....... 42.6 37.1 

192\} ...... 43.6 47.9 31.6 159.8 81.9 
1930 ...... 8·1.9 36.4 :-;11.6 127.3 81. 7 
1981.. ..... 20.8 23.8 3~.5 94.5 85.2 

13.5 78.8 84.:31932 ...... 15.0 85.1 
H.8 88.61\}83 ...... H2.9 23.2 28.1 
85.5 69.7193·1. ..... 46.8 54.9 20.6 

69.81935 ...... 28.0 34.6 27..1 115.0 
75.31936 ...... 41.2 '1:3.1 23.·1 119.8 

26.0 130.0 73.51987 ...... :32.2 29.8 
25.4 l11.S 77.71938 ...... 22.1 31.9 
25.3 106.3 85.91939 ...... 28.'1 BO.7 

194-0 ...... 27.6 27.6 BO.\} 110.0 83.9 
32.9 147.5 89.61941 ...... 36.0 34.6 

43.3 41.0 36.3 177.0 102.6194-2 ...... 114.3H)4.3 ...... 68.7 54.6 36.1 198.3 
55.3 198.3 97.31\}4·1. ..... 69.3 35.6 

194.5 ...... 61.5 63.4 3\}.B 211.0 100.5 
,n.7 258.3 94.7Hl:Hi. ... " 78.2 60.3 
84.4- 294.0 92.21!H7 ...... 101.0 125.3 

78.3 40.4 330.0 90.91948 ...... 73.5 
59.5 272.5 96.1194-\} ...... 60.0 H.9 

1950 ...... 73.3 71.6 3\}.9 293.3 98.1 
85.0 336.3 102.41951 ...... 78.'1 40.3 

1 Computed from the equation shown in footnote 2, table 4. 
2 See text for components of supply variable and weights assigned. 
• Index numbers, 1910-14 = 100. 
• From Jennings (11). 

it has an elasticity less than 1), the total value decreases as the 
quantity marketed increases. If the elasticity of demand is 1, or 
unit elastic, the total value remains constant as marketings vary. 

In the above multiple-regression analysis, a 2.0-percent change 
in the price of oats was associated with a 1-percent change in the 
opposite direction in the weighted supply variable. The reciprocal 
of this price flexibility yields a figure of -0.5, indicating an 
inelastic demand for O[1ts.tl This coefficient, however, does not 
represent the "true" elasticity of demand for oats, as the supply 
variable is a composite containing other feed supplies. It may 

• Schultz (17, p. 461) indicates that the elasticity of demand for oats is 
between -0.5 and -0.6. 

http:O[1ts.tl
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OATS: JULY TO OCT. AVERAGE PRIC~ •
IN RELATION TO SPECIFIED 

FACTORS, 1922-51 
From an Analysis aased on FIrst Differonces 01 Logarithms for 1922.42 
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FIGURE 6.-The three factors-weighted supply of feed grains, prices of 
livestock and livestock products, and units of livestock production
explained 77 percent of the yeal'-to-year variation in the price of oats 
in 1922-42. Apparently these relationships have remained unchanged since • 
the end of World War II. 
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represent essentiaUy the demand elasticity for total feed grains. 
The true elasticity for oats alone probably ,,,,ould be higher. It 
would reflect the elasticity of demand for feed as such, plus the 
elasticity of substitution of oats for other feeds. 

The relationship between price and the supply variable dis
cussed above applies only if there is no change in units of live
stock production or in prices of livestock and livestock products. 
In practice, the number of animal units fed tends to respond to 
a change in supplies of feed. This response comes about more 
quickly than does the resulting change in livestock prices, as a 
lag occurs between the time feed is fed and the time the livestock 
products produced therefrom are sold. Thus, over a period of a 
few months, the demand for oats and other feed grains probably 
is more elastic than is indicated above. Over a longer period, the 
effects of the change in animal units on the price may be about 
offset by the opposite effects of the change in livestock prices. 
STATISTICAL ANALYSES OF FACTOHS THAT CAUSE DEVIATIONS FROM PRICES 

OF CORN FROM NOVE)[BER TO :MAY 

Over the years, the ratio of the price of a bushel of oats to the 
price of a bushel of corn has been rather constant. When the 
November to May average farm price of oats was compared with 
the November to l\:Iay average farm price of corn for 1921-42, the 
price of oats, on the average, was 59 percent of the price of corn. 
This ratio fluctuated from a low of 0.46 in 1924 to a high of 0.73 
in 1933. The question that arises is: Why is a bushel of oats 
relative to corn worth different amounts in different years? 

This ratio is not equal to that which would be obtained by com
paring calendar-year prices or in comparing months other than 
November to :May. Seasonal variations in prices occur for both 
corn and oats. Unless adjustment is made for this, the price ratio 
for any given set of months will deviate from the ratio for a full 
year to the extent that the seasonal variation between the prices 
of corn and of oats differs. For November to May, corn is sea
sonally low in price while oats are seasonally high; therefore, the 
1921-42 average November to May price ratio of 0.59 is higher 
than the average annual ratio for the same yeal"S. 

The most logical variable to use in explaining these variations 
in the price ratio is the supply of oats relative to the supply of 
corn. When the price of oats is high relative to that of corn, the 
supply of oats relative to the supply of corn would be expected to 
be low. Results of the analysis relating the price ratio to the 
supply ratio shmv that from J 922 to 1942, 77 percent of the year
to-year variation in the price ratio was associated \\Tith variation 
in the supply ratio. 

When the price of oats is expressed as a function of the price 
of corn and the supply ratio for the same years, the analysis 
shows that 96 percent of the year-to-year variation in the price 
of oats is associated with variations in these two variables. 
Variations in the price of corn are associated with 84 percent of 
the variation in the prke of oats; the addition of the supply ratio 
to the analysis brings this percentage to 96. 



30 TECHNICAL BULLETIN 1080, U. S. DEPT. OF AGRICULTURE 

Both analyses were based on first differences of logarithms. • 

Table 6 contains the data used in these analyses. The variables 

used in the two methods were as follows: 
Method 1:

X,-Ratio of the November to May price per bushel received by farmers 

for oats to the November to May price per bushel received by farmers for 

corn.
X,-Ratio of the supply of oats (production plus July 1 stocks plus im

ports) to the supply of corn (production plus October 1 stocks plus imports). 

Methocl 2:
Xr--Pr;ce per bushel received by farmers for oats, average for November 

to nIa:\'.
X,-Price pC'l" bushel received by farmers for corn, twerage for )l'oyember 

to May.
X,--Same as X, in method 1.
There are two objections to using method 2 in forecasting actual 

prices of oats: (1) The price of corn must first be forecast and 

(2) relating a price of one commodity to that of a close substitute 

does not take into consideration the basic factors that influence the 

prices of both commodities. Both these criticisms may be avo}ded 

by substituting for the price of corn in this equation the coeffi

cients obtained by Foote t1) in his analysis of factors that affect 

the price of corn from November to l\Iay. Before substituting 

these coefficients in the equation
X, = -0.0007 .1_ 0.982X. --0.717X, 

the constant value is omitted as it does not differ significantly 

from 0 and the regression coefficient for Xl of 0.982 is changed to 

1 as it does not differ signifIcantly from one.7 The coefficients • 

obtained by Foote are now substituted and the eqllation reads 
Xu = 0.004 - 2.36X. + 1.94X, + 1.13X, -0.717X. 

where Xl is the supply of feeel concentrates, X:! the number of 

grain-consuming animal units, Xl the index of prices of livestock 

and liwstock 111'0ducts, and X I the supply of oats relative to the 

supply of corn. Kovember to l\Iay average prices computed from 


this equation are shown in the second column in table 6. 

The effects of specified ratios to the preceding year of each of . 


these independent factors on prices of oats are shown in table 7. 


The range shown for each variable is approximately equal to that 


which prevailed from 1922 to 1951. The effects of all four factors 


on prices of oats can be determined by multiplying the separate 


ratios together. The final result should be multipled by 1.004 to 


allow for the average shift in clemand over time. For an example 


of such a computation see page 25. 

For method 1, the effects of specified ratios to the preceding 


year of the supply ratio on the price ratio are essentially the same 


as shown in the last two columns in table 7 for actual prices. The 


percentage change from the preceding year, as indicated by the 


last two columns in table 7, can be mUltiplied by the actual price 


ratio in the Drecec1ing year to give an estimate of the expected 


price ratio in the year for which a forecast is being made. There 


is a 65- to 70-percent chance that the estimated price ratio will 


, The following statistical coefficients were obtained from this analysis: • 

s 01> = 0.035 Sb.Z•1 = 0.095 r' OM = 0.961 

Sb u•• ' = 0.047 R' 0.12 = 0.961 r' 02.1 = 0.758 
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differ fro111 the actual price ratio by not more than 8 percent and. 
a 95-percent chance that it will differ by not more than 17 percent. 
The following statistical coefficients relate to this analysis when 
all variables are converted to first differences of logarithms: 

Xo = -0.0003 - 0.7l:5X,' 
50.' = 0.034 Sb", = 0.091 r' 01 = 0.771 

where Xl is the supply ratio. 
Fjgure 7 shows the relationship behveen the price ratio and 

the supply ratio, in terms of percentage of preceding year, for the 
first method. The regression curve, based on the mathematical 
analysis, has been drawn. Data for 1922-4.2 used in the analysis 
are shown as dots and data for the war and postwar years are 
shown as x's. The lower section of this chart represents the 
result of plotting the unexplained residuals against time. 

Figure 7 indicates that the ·war and postwar relationships be
tween the price and supply ratios have not changed. Therefore, 
the l'egression equation based on 1922-42 would give results for 
the war and postwar years comparable with those obtained in the 
prewar analysis. No long-time h'end is evident that from 1922 to 
1951 the value of oats rehltive to that of corn declined or increased. 
Only year-to-year fluctuations in the relative price of oats occur 
and these are primarily associated with fluctuations in the supply 
ratio. This confirms the deductions reached in the analysis of the 
decline in numbers of worl{stock discllssed on page 22. 

As the relationship between the price ratio and the supply ratio 
is not perfect, factors other than those owing to random causes 
or errors in the original data may influence the price ratio. An 
analysis was run, using the quality of the COl'n crop as an addi
tional factor affecting the price ratio. (Year-to-year variations 
in the quality of corn are relatively large, but those in the quality 
of oats are relatively small.) Results from this analysis indicate 
thAt the quality of the corn crop, when the criterion of quality is 
taken as the percentage of receipts grading number J, 2, and 3 
at representative markets, does not significantly affect the price 
ratio. This is in contrast to the results obtained by Bennett (2). 
He found that the quaHty of the corn crop significantly affected 
the price ratio. But Bennett's study is not perfectly analogous 
with the analysis used here, as he compared the price of ground 
oats with the price of cornmeal in Utica, N. Y. Quality of the 
corn crop may affect prices of particular grades of oats at certain 
markets. A\'crage prices at the farm level, however, do not appear 
to be influenced significantly by this factor. 

ELASTICITY OF SUBSTITUTION.-Elasticity of substitution is a 
coefficicnt that measures the percentage change in the ratio of the 
quantities of substitutable goods consumed which is related to a 
gi\'en percentage change ill the ratio of the prices of these goods. 
In 1110re COmmon terms, this coefficient measures the increased 
or decreased share of the market taken by a given commodity 
(within the framework of a fixed, expanded, or contracted total 

, The constant value in the regression equation does not differ significantly 
from zero. 
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NOV. TO MAY OATS - CORN PRICE RATIO 

RELATED TO OATS -CORN 


SUPPLY RATIO, 1922 - 51 

From on Analysis Based on First Dill.rences 01 Logarithms lor 1922 .. 42 
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FIGURE 7.-Th<, supply of oats relative to the supply of corn explained 77 
pel'cent of the year-to-year variation in the pI'ice of oats relative to the 
pril'e of corn in Ifl22-l2. There appears to he no significant trend in these 
corn-oats supply-price relationships, although prices of oats have been 
relatively low in most of the postwar years. 

market) when the price of the commodity decreases OJ.' increases 
relath'e to competing commodities. This coefficient can be esti
mated by taking the reciprocal of the relative price (lexibility as 
given by an analysis in which relative prices are used as the 
dependent and relative supplies as the independent variable. The 
larger the coefficient (the more elastic) , the more easily can a com
modity be substituted for the competing commodity; conversely, 
the lower the coetl1cient (the less clastic) the hardcr it will be 
to substitute the ·commodity. 

In the above regression analysis, a I-percent change in the 
relative supply variable was associated "rith a 0.73 percent change 
in tl'r2 opposite direction in the relative price of oats. Taking the 
reciprocal of this relative price flexibility yields a value of --1.'1, 
indicating that Mts may be substituted fairly l'Gadily for corn. 
A comparison of this coefficient with comparable coefficients for 
barley and sorghum grains is shown on pag-G 72, together with a 
discussion of w!::r they differ. 
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SPEC[AL FAL'T(mS THAT AFFECT PRICES OF BARLEY 

Few im·estigations of the factors that influence the price and 
demand for barley have been made. Althougb barley is not a 
major crop in the total agricultural economy, it is important in 
several regions, and it is the principal raw material of the malting 
industry. But despite its regional importance and its position in 
the malting industry, the author has founel only t,,;o published 
studies that deal in detail with price and demand for this grain. 
Of the two, one by Braun (3) in 1931 discusses the factors that 
affect the California barley industry. The second, by Schultz 
(11) in 1938, is on a national level. It deals principally with 
mathematical investigations of the factors that affect the quantity 
of barley rlemanclecl and the interrelationships of its price with 
those for feed grains and hay. A general discussion of the position 
of barley in the agricultural economy and its principal uses ap
peared in the 1922 Yearbook of Agriculture (22). A further 
study, with emphasis on the historical and geographical evolution 
of this grain, is found in ,\Veaver (27). 

GEOGRAPHIC SHIFTS 1~ PRODl·CTIO:-; 

During most of the years since 1900, the West ~orth Central 
region has produced more than 50 percent of the barley gTO'.vn in 
the United States. The Western region l dominated by California) 
was second, contributing on the average about 30 percent from 
1900 to 1952. The East North Central region ranked thh·d; it 
averaged about 13 percent of the tota1. The North Atlantic, South 
Atlantic, and South Central regions supplied negligible quantities, 
hut their importance has steadily i~lcreased. Table 8 shows pro
duction of barley by regions and regional production as a per
centage of total l:nitec1 States production, in terms of 5-year 
averages. 

The chief geographic shifts in production of barley, as table 8 
indicates, have occurred in recent years. From 1900 to 1939, as a 
rule, the relative quantities contributed by each region remained 
fairly constant, despit~ ~he large variations in production in the 
period as a whole. The West North Central region, which before 
1945 had been the main producing area, has declined in impor
tance. In 1952 less than 40 percent of the United States production 
originated in this region. The closely adjoining barley-producing 
areas of thr~ East North Central region experienced an even 
greater decline. From 1900 to 1939 this region normally produced 
about 16 percent of the total, but in 1952 its production was only 
3..1 percent. Offsetting the decline in these two regions to some 
extent have been the substantial increase in the "\Vestern region 
during the last decade and the continued increase in the North 
Atlantic and South Atlantic regions. The South Centra.l region, 
which had gained steadily in importanl.'c from 1900 to 194·1, 
decUned abruptly in the postwar period. 

The steady long-term rise in production of barley in the Western 
region, including irrigated areas of the Southwestern Great 
Plains, reflects the greater suitability of this grain to the climate 
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<~''''--'----~~~'- --.-,• ., -.- "d 

~ .....I{!'~ion (') 
l",j

P"rio!1 .- ---- "··-····--·~-·l······ Tol:t! 
U1Xorlh IEast Xnrth \V('~t X(lI·th ::-;oullt ::)outh \\"('~I.l'rIl 1-3
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of these ai"eas and the similar increase in grain-consuming animal 
units. In the North Central region barley faces stronger competi
tion from other small grains, particularly wheat and oats. On 
page 6 it was noted that 86 percent of the variation in planted 
acreage of barley from 1943 to 1952 in seven principal producing 
States in this region was associated with vadations in spring 
wheat planted in North Dakota, South Dakota, and Minnesota 
and oats planted in the seven States. Apparently during these 
years wheat and oats displaced barley in these States to a con
siderable extent. 

RELATIVE VAHlABlLlTY OF SPECIFIED DISPOSITION lTEIIIS 

Table 9 shows the supply and disposition of barley from 1910 
to 1952. The quantities used for malting purposes and for seed 
vary relatively little from year to year, after allowance for trend 
and the effects of Prohibition, reflecting the rather constant de
mand for these purposes. The remaining uses-feed, export, and 
ending stocks-yary substantially from year to year. 

Scatter di"agrams similar to those shown in figure 4 indicate 
that little or no relationship exists between nonfeed uses and price 
of barley; special factors probably determine the quantities taken 
for these purposes. Quantities u:sed for feed show a relatively close 
association with the price of barley and, as feed uses represent the 
largest single item of utilization, factors connected with the feed
livestock economy maiuly affect the price of barley. As prices tend 
to be high when supplies of barley are low and low when supplies 
are high, the quantity of barley demanded for storage, other things 
being equal, varies inversely with the price of barley. The total 
demand for barley may be thought of as a combination of demands 
for feed, for domestic nonfeed uses, for export, and for storage. 

[OXG-TERlII CUAl';GES IN DElIIAXD FOR BARLEY Fon FEED A,'W FOR ~L-I.LTIXG 

Barley differs from corn and oats in that a substantially smaller 
percentage of the crop is llsed for feeding livestock. Producers of 
barley depend upon the malting industry for disposition of a 
large portion of the crop. This was particularly true before the 
18th amendment was enacted on January 29, 1919. This amend
ment directly affected production of barley and also marked a 
turning point in the position of barley in the agriculture of the 
United States. 

Up to the enactment of this law, barley was produced primarily 
for the malting industry and only secondarily for feed in most 
areas of the country. The 1903 Yearbook of Agriculture (22, p. 
618) states: "Except on the Pacific Coast barley is not extensively 
used as a feed in the United States, doubtless mdng to the fact 
that it is in such demand for brewing purposes that it is high in 
price wherever it is grown. However, it is frequently possible 
to secure at a lovi' cost, grain which is off color, owing to rain or 
fog during harvest, and which for this or some other reason, is 
unfit for brewing, but valuable as feed." Data on the quantities 
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of barley utilized as feed and in production of malt are given in 
table 9. .. 

A further factor that retarded production of barley as a feed 
grain was the characteristically barbed beards, which not only 
made the crop difficult to handle but had detrimental efiects on 
livestock as well. The extent to which this factor had served to 
retard production of barley for feed is stated by vVeaver (27, p. 
39) : "Although a quantitive measmement of the total effect "yould 
be impossible to obtain, it is certain that one of the leading ele
ments that always militated against the spread of barley as a 
general farm crop has been the roughly barbed beards, which 
have made this cereal so disagreeable to handle. The farmer was 
not only reluctant to cope WWl the barley beard at harvest time 
himself, if it was possible for him to grow other types of grain 
for feed, but he had abundant evidence that the rough awns were 
annoying, as well as often dangerolls, to his animals. For many 
years as a result, the superior feeding qualities of this grain were 
either not recognized or ignored." Along the same lines, Harlan 
(9, p. 4-5) says: "That it is not more 'widely grown now is cluE' 
to two causes: (J) Its rough awns make it an unpleasant crop 
to handle, and its value as a stock feed has not been realized by 
the farmers east of l\t[ontana; and (2) the brewing trade until 
recently so dominated the eastern markets that buyers of feed
stuffs did not think of barley as a feed crop." 

Although the stage had been set by the 18th amendment for the 
reorientation of barley as a feed grain in the agricultural economy, 
the transition was made possible only by the plant breeders. In
tensive research in various agricultural experiment stations re
sulted in the development of several new and improved varieties, 
characterized chiefly by high yields and absence of the annoying 
barbed awns. Respollse by farmers to these new varieties was 
rapid and widespread. Production increased from the low level 
of 149 million bushels in 1919-23 to 281 million bushels in 1929, 
an increase of 89 percent. Although production increased in all 
regions of the counh'y during this period, the increase that oc
curred in the 'Vest North Central region overshadowed the in
crease in the United States as a whole. In this region, where 
barley had previollsly been produced principally for the malting 
trade, production increased from 76 to 174 million bushels. All 
of this increased production, plus a good part of the previous 
production, was utilized for feed 01' entered export channels, as 
quantitiesusecl for malting were materially reduced from 1919 
through 193J. 

With repeal of the 18th amendment on December 5, 1933, the 
malting industry again became a factor in the demand for barley. 
Barley used for malt increased steadily from the low prohibition 
levels. In recent years it has averaged close to 100 million bushels. 
The effect of prohibition on the price of barley is discussed on 
page l19. 
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lli TABLE 9.-Ba7·ley: S~tp])ly and disposition, Un'ited States, 1910-52 o 
~ 

~ 
Supply Disposition • ~ 

Z 

Used in o H 


producing malt > 

Year beginning July Cnrry- Feed, other Domestic t'" 


over I Production Imports 2 Totnl L<'or alcohol Seed uses, and Exports • disnppcar- t:d,....
supply 3 and }Cor waste 0 ance 3 

alcoholic other 8 
t'"bcvernges JlUl'JlOSCS 5 trj 

..-.-.---~--_ ..- ---...... '-,.. -------'--- - --- 8 
Million l1fWion Million .11illio n MUlion Jfillion Jlillion Jlillion JInlton Million Z
lilts/leis bushels bushels bushels bushcl.~ bushels ilu.shelli Ims/wls bushels bushels .....1-?1910 ......•........... 0 1'12 ( 7) 0_ 66 8 1·1 ·10 10 137 o 


1911 ...............•.. 5 145 ~o 
a 153 Ci5 S 1-1 G3 2 140 00 

.)1912 .................. ., 1!)7 l7) 200 OS S 14 711 IS Hi0 

1913 .................. 12 I.'ll) ( 7) 172 ()\) S 1·\ G6 7 156 ~ 


( 7)1014.•......•.••... '" . 8 178 ISO HI 8 13 (i0 29 151 rn
1915 .................. (\ 207 ( 7) 213 5\) 8 I·t S!l ;31 170 


( 7) 1-? t::I19Hi ..... , ............ 12 159 (- SO 8 15 ·1:3 20 1·\7 

trj

1!n7 ................ o' n 182 1 IS8 :~5 8 17 {).I 2!) 154 "t:I

5 225 ( 7) 230 2·1 10 12 135 29 ISO1915 ... ~ 0 ••• ••••••••••• 

20 131 ( 7) 152 S 10 1;~ 70 B5 1111 
1920 .................. (i 171 ( 7) 177 S 10 1:1 10!) 27 la·, I">j
1921 ...............•. 10 13:~ l·IS '0 12 12 85 28 11.'l 

191\) ..... o0 ••••• ••••••• 

( 7) 

HJ22 ............•....• 
0 

0 153 (7) 15!) li 11 13 101 22 130 > 
1923 .....•............ 7 159 ( 7) IGG 0 11 13 117 1-j 14.7 o 

1924 .....•............ 5 Hi5 171 0 136 H
( 7) 10 15 100 2!) ~ 

1925 ...............•.. G 1!)2 ( 7) Ill!l fl 11 15 125 :m 157 o 
q

( 7) 177 5 12 17 117 20 151 
1927 .................. 7 23!) ( 7) 2·10 5 H 22 155 3!l l\)G 8 

t'" 

UJ28 .................. 11 328 ( 7) 33!) 4 15 2G 20S GO 25-1 q 
1!)20 ..•............... 25 2S1 ( 7) 30G 5 15 24 2HJ 2,1 2G8 ~ 
1\)80 .................. IS :302 1 :321 4 17 2-.1 2·15 n 2!)0 trj 


1!l31 .................. 20 200 


192G .................. 11 Hill 


2 222 :3 15 25 163 5 207 



• • • 
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CIJ 
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1939 .................. 51 278 3 332 57 3 20 191 5 27 q 

1040 .................. 50 311 2 30'~ 58 4 20 213 2 301 o 


81941 ................. no 303 2 42.5 09 -1 32 24G 3 352 q
1942 .................. 70 429 27 527 79 6 28 321 2 434

1943 .................. 120 323 41 ·185 85 0 23 202 3 40G ~ 

194·1. ........ _........ 7G 270 ;:18 390 97 G 10 ]60 5 29o

194.5 .... , ............. 95 267 li BG8 83 7 19 191. !) 30 o 

19Mi .................. 50 265 ·1 328 88 7 10 HI 81(\ 25 > 

1947 ................... 50 282 I 33!l I \13 , 21 142 8 2,1 26 8 

19·18 .................. 52 3Ui J2 380 !n (j 18 137 R 28 25

1940 .................. 101 237 18 850 8, 0 22 HI s 22 25 t:d 

1050 .................. 80 304 14 :{O, n 18 1·1·1 s 40 2(; > 

~
1951 .................. H·1 25·1 I",) 3nl li 15 148 s :n 2; 
 t"' 
••••••••••••••••• 101952 9 73 227 25 325 ........ ......... . ......... . ... ...... ....... . , t.".l
~:1 

sn 

.!-<1 

>, Stocks on August 1 until 1934, July 1 thereafter. Farm and • Principally for food. Z 
terminal market stocks only prior to 1943. o Residual. t1 

" Includes grain equivalent of malt. Less than 500,000 bushels. [Jl1 

o Computed from unrounded numbers. "Includes exports for military relief feeding abroad. o 
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FOREIGN TRADE FOR BARLEY 

Exports of barley have been of greater relative importance in 
the disposition of the crop than is true for corn and oats. Barley 
exports have exceeded those of oats in most years. In a few years 
they even exceeded those of corn. Normally imports are substan
tia1ly smaller than exports. From 1920 through 1952, they 
averaged less than half as large. Imports exceeded exports in only 
6 years. Two of these were years of poor harvest and the remain
ing four were war years when demand was unusual. Exports and 
imports for these years are Shovv11 in table 9. 

Exports of barley have a dominant influence in certain regions. 
The three chief producing regions of the United States, in order 
of importance, are the V\Test North Central, Western, and East 
North Central. Minnesota, North Dakota, California, South 
Dakota, VVisconsin, Nebraska, and Kansas account for most of 
the United States production, and for a large part of the barley 
that enters commercial channels. California ranks first as a com
mercial producing State. On the average more than 80 percent 
of the crop produced there was sold from 1921 to 1941, as com
pared with 41. percent for Minnesota, the second ranking. State. 
Although they produced only about 12 percent of the total crop 
during these years, sales by California farmers represented 27 
percent of total sales by farmers in this country. A substantial 
part of the California barley sold is exported, largely through 
the port of San Francisco. Exports from California during this 
period, on a June-May crop-year basis, on the average accounted 
for about 30 percent of the total California disappearance (used 
: ..,.: seed, local malting, local feed and waste, eastern shipments, 
and exports). Exports from California for 1921-50 are given in 
table 10, together with production and sales by farmers. Com
parison of these export data with those in table 9 indicates that 
most of the barley exported from the United States originates in 
California. These two tables are not strictly comparable as United 
States exports are on a JUly-to-June basis and California exports 
are on a June-to-l\'1ay basis. 

Most of the barley exported from the United States, other than 
that from California, originates in the surplus areas of the West 
North Central region and moves through various United States 
lake ports. Barley not exported directly from these points moves 
eastward and is exported from Atlantic. ports. Some barley 
normally moves south to Gulf ports for export. 

STATISTICAL ANALYSES OF FACTORS THAT AFFECT PRICES FROM JULY TO 

OCTOBER, WEST NORTH CENTRAL REGION 

From July to October the price of barllOY is influenced by cur
rent and prospective feed supplies, animal units fed, and prices 
of livestock and livestock products. As with oats and corn, the 
supply variable presents a complicated problem. The price of 
barley during the July-to-October period is influenced not only 
by its supply but by the new-crop supply of oats, the stocks 'of 
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TABLE 10.-Ba1"ley: P1'oduction, sales by fanne9's, ancl eX1J01'ts, 
• CaUfo1'nia, 1921-50 


Sales 

Year beginning June Production by Exports 1 


farmers 


Million Million Million 
bushels bushels bushels 

IlJ21 ...........•.................... 26 21 18 

1922............................... . 30 22 16 

llJ23 ............................... . 27 19 10 

1924••.... ·......................... . 17 11 Q 

IlJ25 ............................... . 29 22 12 

Hl26 ............................... . 26 Hl 12 

1927 ............................... . 2·1 17 9 

1928............................... . 27 22 10 

1921J ............................... . 29 2,1 11 

1930............................... . 3·1 29 ]0 

1931 ............................... . 16 12 5 

1932............................... . ,11 87 9 

1933 ............................... . 26 2L 7 

193,1. .............................. . 26 21 5 

1935 . ...... .......................... . 39 8·1 10 


26 (j1930............................... . 31 

IlJ87 ............................... . ?- 8
29 _i) 

• 

1938 ............................... . 29 2·~ 7 

1939 ............................... . 84 29 4 

1940............................... . 34 80 1 

1941 ................................ . 26 20 1 

1942............................... . 44 38 1 

1943 ............................... . 36 31 1 

1944...... : ....................... :. 40 85 2 

1945 ................................ . 42 36 3 

19'16 ............... , .....•.......... 49 43 7 

1947 ............................... . 45 3lJ 10 

]9'18 ............................... . 50 4:3 15 

1949 ............................... . 51 46 9 

1050............................... . 60 55 23 


1 From !)E]:lH-ANNUAL IlARLBY REVIEW (23). Includes shipments of whole 
and rolled barley to Hawaii, beginning 1931. 

old-crop corn, and the anticipated size of the new corn crop. 
The method used to determine the appropriate weights for the 

several supply components is identical with the method used in 
the preceding section to determine the factors that affect the 
price of oats from July to October (see p. 24). When each 
item is expressed in million tons, the analysis indicates that 
the supply of barley should be weighted by 0.55. The supply 
of oats should be weighted by 0.20, stocks of corn by 
0.11, and the estimate of the new crop of corn by 0.1<1. As ,,'ould 
be expected, these coeffi.cients indicate that the supply of barley 
should be weighted heavily in the analysis for barley, whereas it 
appeared to have no significant effect on the price of oats in the 
analysis for oats. Other changes in the coefficients appeal' to be 

• 
equally logical. These weights were tested to ascertain whether 
they differed significantly from each other. The differences were 
found to be significant 'at the 5-percent level. 
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Relating the actual July-to-October price of barley to the 
weighted supply variable, the index of prices of livestock and live
stock product1>, and the animal production units indicated that 81 •percent of the variation in the price of barley was associated with 
variations in these variables. The remaining statistical coefficients 
pertaining to this analysis yieldecl results comparable to those 
obtained in the July-to-October analysis of the price of oats. In 
general, variations in the supply variable cause most of the year
to-year variations in the price of barley. On the a\'erage, a 1
percent variation in supply, after allowing for the effects of other 
factors in the analysis, results in a 2.4-percent change in price 
in the opposite direction; a I-percent change in the price of live
stock and livestock products is assoc.iatec1 with a change in price 
of about 1.2 percent in the same direction; a l-]1(>]"cent change in 
units of livestock production has a similar effect. 

The analysis was based on year-to-year change, after converting 
all of the data to logarithms. The effects 011 the price of barley 
of specified ratios to the preceding year, for each independent 
factor, are shown in table 11. The range shown for each variable 
is approximately equal to that which pre\'ailec1 fro111 1922 to 1951. 
The analysis was based on 1922-42. The effects of a]] three factors 
on the price of barley can be obtained by multiplying the respective 
ratios .together. The final result sh<Juld be mUltiplied by 0.99 to 
allow for the average shift in demand over time. (See page 25 
for a detailed example of the use of a similar table.) Data 011 
which the analysis was based are shown in table 12. 

The ratio to the preceding year,· as indicated by table 11, can 
be multiplied by the actual l)rice in the preceding year to estimate 
the expected price in the year for which a forecast is being made. 
Thel'e is a 65- to 70-percent chance that the estimated price will 
differ from the actual price by not more than ~2 percent and a 
95-percent chance that it 'will differ by not more than 50 percent. 

Examination of charts, similar to those in figure 6, indicate that 
interwar relationships apply in the post\\"ar years. 
DE~IAND ELASTICITY.-In the above multiple-regression anal:l'

sis, a I-percent change in the supply variable was associated with 
an opposite change of 2.4 percent in the price of barley. Taking 
the reciprocal of this price flexibility yields a figure of -004, 
which indicates an inelastic demand fo], barley. Comparable 
values for oats and com are given in table 1:3, together with the 
regression coefficients from which ther 'were computed and their 
standard errors. 

A statistical test adapted from Rao (16, pp. 112-114) was 
performed to ascertain whether the differences between these price 
flexibilities, and the respective regression coefficients ob
tained in each analysis for animal production units and prices of 
livestock and products, were statistically significant.D Results from 
this test inclicate that these coefficients do not differ significantly. 
That is, changes in the supply variable, and each of the two de

• 


mand factors, probably act upon pdces of each grain in about 
the same way. 

• This test is described in the Appendix. • 
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• 
TABLE ll.-Ba'rley: Relation between year-to-year changes in 

July-to-Octobe1' prices 'received by fCL1'me1's and a specified 
SlJ.,1Jply va'riable, July to October 1n'ices of livestock and live
stock p1'oducts, an(i July to December 'units of livestock; pro
duction on fannsl 

RATIO To PRECEDING YEAr. 

XI.XI. XI i X'. X., . . X.
Estimated Supply il Estimated Price of I' Estimatt'd Production

price of variable 'I price of livestock II price of of livestock 
harley • • ii' barley' and livestock I barley • • 

products' III 
-------I-----~~·------I---------~'--------,1-------

2.44 o . 78 II 0 . GG O. 70 ;i ........ _. .. . .......... . 

1.71 801 , 77 .80 I'li O. 77 O. 80
1.35 :00: .88 .90 .88 .00 
1.00 	 1.00 1.00 1.00' 1.00 1.00 

.8·1 1.10 1.12 1.10 1.12 1.10I 

. G·! 1.20 1.2·1 1.20 1.2,1 1.20 

.57 
045 ~ ::g il t: ~g i:~g :,: : : : : : : . : : : : .: : : : : : : : : : : : 
.30 1.50" ................. . .. . .. , ......... . : . " ......... . 


--L____ , 'I 	
~ 

~, 

1 'When the other independent variables in the analysis remain at the 
previous year's level. }'rom an analysis based on first-differences of 
logarithms, 1922-42. 

• 
: Computed from the following equation when all variables are expressed 

as first-differences of logarithms: 
XII' ;;,,:: -- 0.004 -- 2AOGX, -;.. 1.174X, :. 1.170X, 

The following values also relate to this analysis: 
Sb • = .2£)4 so"", :::. 0.088DJ._ 

Sb , ~-= .295 r' 111."= .798 R" 0,,"" - -' .808 
Sb .',10 = 0.720 r' 0:.13 = .483 

NOTE.-The constant value in the regression eql1atioJ) rioes not differ 

fr.l" 

l'ignificantJy from zero. 

, See tf'xt for method of obtaining this series. 

• Index numbers of prict's received by farmers for livestock and livestock 

J)J'oducts 0910-14 = 100). 
• From Jennings (1J) -- livestock production in terms of production units. 

Again, these various demand elasticities do not represent the 
true elasticities of demand for these grains, since the supply 
variables are composite ones that contain other supplies of feed. 
These coefficients probably reflect essentially the demand elas
ticity for total feed grains. The true elasticity for each grain 
would be higher, as it would reflect the elasticities of demand for 
feed as such, plus the elasticities of SUbstitution of each grain for 
other feeds. 

• 

Although the statistical test inclicate& chat the price flexibilities, 
with respect to supply, in the three analyses do not differ signifi
cantly, the higher value obtained for barley is not illogical. Total 
demand for barley, as mentioned previously, is the sum of demands 
fOr feed, storage, export, food uses, and for malting. Demands 
for the latter two items are quite indastic, and the quantities 
taken for these purposes represent a significantly larger propor
tion of utilization of barley than do the f(,,-.,l and industrial uses 
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TABLE 12.-Bu1'Zey: flctuul (Lncl COlnputecl price pe?' bushel and • 
1'elutecl 1Ja?'icLbles, 1921-51 

Price received Units of live-Price (July to October) by farmers for stock product-

Supply livestock and ion (.July to
Y~ar 

Xl 2 products (July J)ecl'mber) 

Actual Computed to October) .. 


I 3 X. •)[' X,Xo " 0 

Million 
MWionsCenls Cents 'Pons 

, •••••••••• 0"0HJ21. ......... 37.0 ............. III 5 122.5 

125.0 ..............
1!l22 .......... 3SA 4.5.1 18..J 


18.2 ] 2!i.S ., ..............

H)2:~ .......... ,12. I) 31).5 


128.ii 7!).1UI2-l .......... 02.0 '15A 17.4 

151.:>' 78.0W2;j .... ...... 57.n 58.S I!L1 
liiO.a SO.5Hl2(1 .......... ,J() .1 7l.0 l7.ii 

1·!:L2 81Al!127 ...... '" . 00.7 55.3 Hi.1i 
Hil.S S2.2

H12~ ••.....•.• 55.0 45.n l!L 5 
18.0 l5n.S S1.!!11l2!! .......... ·lS.5 65.G 

17.2 127.:3 81.7l!nO .•.•...... 3U.0 40.7 

25,4 17.0 Il-L5 85.21!l:~ 1.....•.... 25.0 
73.S S·1.31\1:\2 .......... l;).!) 13.8 10.S 


15.3 7·1.8 S3.0l\1;\:L ......... :3!l.Ci 20.7 
 0\).711. 1 S5.5I !l:~ I .......... 70.2 7lLS 

115.0 6\).8

10::\5 .......... :\:3 .8 43.6 1.5.n 

11!)'3 75.3Ulan .......... 77.S (i\J.8 12.2 


l!l:\i' .......... .In.'! 40.n Hi. 2 130.0 n.5 

l11.S 77.7w:\S .......... aO.n 35.S 17.7 

lOG.:) S5.\)I!lan .......•.. :3:L7 33.G 17.'1 


S3.\)
Hl-lll .......... 32.S 3·l. () 17.3 110.0 
 •
11l·1t. ......... I ·IO.ii aD.3 1\).0 147.5 S9.6 


177.0 102.0lUJ2, .•.•.••.. 51.:\ .J5.S 21.0 
7Ui 20.3 U)S.3 11·1.3l!ll:\ •......... 9:LO 


19.5 19:L::I \)7.::119-1·1 ...•...... no.o SLl; 
211.0 100.51013 .......... OS.ii 1)7.2 20.7 

258.3 0·1.7l\llli .... _..... 1:\5.0 !)\).O 22.1 
21)·1.0 92.21\)·17 .........• 18a.3 227~2 IS.7 

3;10.0 OO.\)

l!1·1S .•........ llS.O J:37 .5 22.0 

\)7.5 272.5 \)6.1

HI!!) .•..•.. , .. 102.0 22.2 
21..1 2\)3.3 OS. 11!)50 .......... 11S.5 122.7 


107.3 l·lO.S 21.7 :3:\0.3 102 A1\)51 .......... 


1 Computed from the equation shown in footnote 2, table 11. 

: Sec text for components of supply variable and weights assigned. 

• Indt'x nUll1bers, 1910-14 = 100. 

'From Jennings (11). 


for corn. Furthermore, the "rest North Central region normally 

shows the lowest feeel-grain prices and the largest percentage 

variations in price of any geographic area. This is because of its 

surplus nature and its location with respect to principal markets. 

Probably contributing to gl'catc'r flexibility of price for both bar

ley and oats during the sl1111l11er-i'all season, as compared with corn, 

is the i'act that July to October is the period of heaviest marketings 

for these CrOl)S and prices are adjusted to the new supply of these • 

grains. 
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TABLE 13.-Effect of (L 1-1Je1'cent chcl;nge in snp1JZy on p1'ices of 
• C01'11., oats, and bm'ley, 21e1'ccntage of 1Jrececling year 1 

Price flexibility 
Price analysis Inuirated 

elasticity 
Coefficient IStandard errol' 

Percent Pereent 
COI'Il (June-September)·... ,. , .. ,. -l,m 0.3·1 -D.G3 
Oats (July-October) 3, ••• '" •• , ••• -2."'[ .21l - .4ll 
Barley (July-October) ' ........ , .. -2.41 .2!l - .41 

----. ..~ ... --'.. . ~----

l When the other independent variables in the analysis remain at the 
previous year's level. From analyses based on first differences of logarithms, 
1!l22-42. 

" Coefficient obtained by Foote (i), 
• See te."(t. 

STATISTlCAL AX,\LYSES or F.\CTl)!1S TH.\T CAl'SI:: ])E\'I,\T10:\S FHO:\[ PRICES 
OF COHN FHO:Il i\on:~lBEn TO MAY IN THE MIDDLI:: WEST 

• 

The price of barley in the West Central region as a percentage 
of the United States average price of corn fluctuated from a low 
of 48 in 1930 to a high of 103 in 1946. As with oats, the major 
causal factor associated 'with year-to-year changes in its relative 
price appeared to be the J)l'ocluction of bal'1ey in the ,rest N'orth 
Central region relative to the United States supply of com. \Vhen 
production of barley in this region ,vas high in relation to the 
supply of com, the price of barley was low relative to that of 
COl'll. Based on a logarithmic first-dlfferonce analysis for 1922--42, 
67 percent of the variation in the price ratio was associated with 
changes in the supply ratio. A l-percent change in the supply ratio 
during this period was associated with an opposite change of 
OA5-percent in the pdce ratio. When the price of barley is ex
pressed as a function of the price of corn and the supply ratio, 
91 percent of the variation in the price of barley is associated with 
fluctuations in these two variables. The coefficient of determina
tion between barley and COl'll prices is 0.73; the addition of the 
supply ratio to the analysis brings this coefficient to 0.91. 

The variahles used in these two methods of analysis are as 
follows: 

111 ('thad 1 ; 
X,--Ratio of the West North Central region average price pel' bushel re

ceived iJy farmers for harle~' to the United States average price per bushel 
rcceived by arnwrs for corn, av('rage of Novemb('r to May. 

X,-Ratio of production of bal'l(>y in the '\V('st North Central region to 
supply of c()rn in the 'Gnited States (producti()n plus October 1 stocks plus
imports) . 

;lJetitocl ;2;10 

Xo-West North Central average price per bushel receivecl by farmers 

• 
for barley, average for Novembel' to May. 

X,-United States average price per bushel receiv('{1 by farmers for 
corn, average for November to May. 

X:-Same as X, in method 1. 
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For method 1, the following tabulation shows effects on the 
price ratio of specified ratios to the preceding year in the supply 
ratio: 

RATIO TO PRECEDING YEAR 
X.'. X, 

estimated relative price of barl~y 	 Produdion of barley relative 
1 : 	 ro supply of CCtMl 

1.51 ..•.•....•....•..•.•.........•....•.......•... vAO 

1.26 ..•..........•..•..............•.•.......•... .60 

1.11 •.............•....•..................•...•.. .80 

1.00 	 ...•.........••....•.•.....•.......•.....•... 1.00 


.92 ...........•.......•.....•...•.....••.•.•.... 1.20 


.86 •••..•..•...•••••.••.••..••..•••••••.••••••••• 1.40 


.81 .....••.................•...•..•..••.•.•..... 1.60 


.77 •••.•...•.....•.•.••.................•.....•. 1.80 

:73 .........•...........•...............•....... 2.00 

.70 ..•...............................•.•.••.....• 2.20 

.67 ......•.•..•......•.•.....•........•....••... 2.40 

.65 .•......•.••...•........••......••.•....•••.. 2.60 

.63 ..•.•........•................................ 2.80 

.61 ..............•.•..........................•. 3.00 

.59 .•.....•..................•...•.•...•........ 3.20 

.57 ••.•.....•.....•..•...........•..•........... 3...10 


! From an analysis base,! .;.n nl'st tliffen:n.::e:; of logarithms, liJ22-i2. 
'Computed from the foll'lwing equation when all variables are ex:pressed 

as first-differences of logarithms: 
X'I = 0.0103 - OA526X, 

The folluwing values also relate to this analysis: 
5"01 = 0.073 s..., = 0.067 r:., = 0.668 

XOTE-The c')llstant value in the regression equation does not differ 
• signifi.cantiy from zero. 

The range shmm is approximately equal to that which prevailed 
from 1922 to 1951. Data on which this analysis was based are 
given in table 1-1. 

\Vhen the ratio to the preceding year, as indicated by this 
tabulation, is multiplied by the actual price ratio in the preceding 
year to give an estimate of the expected price ratio in the year 
for 'which a forecast is being made, there is a 65 to 70-percent 
chance that the estimated price ratio will differ from the actual 
price ratio by not more than. 17 percent and a 95-percent chance 
that it will differ by not more than 36 percent. 

Figure 8 shows the relationship between the pTice and supply 
ratios, both in terms of percentage of preceding year and in devia
tions from avel'ag:e. In the middle section of this chart the unex
plained deviations from the analysis based on percentage of 
preceding year are plotted against time. Data for 1922-42 used 
in the analysis are ShO"W11 as clots and data for the war and postwar 
years are shown as x'::;. The regression curve based on the math
amatical analysis is plotted in the top section of figure 8. The three 

16 The following- ,'quati"n and statistical coefficients were obtained from 
this analysis: 

X, .- 0,011 - O.931X, - 0,468X: 
SOOT: ::::; 0.093 s," C'.: 0.068 r~ .:. t =: 0.673 
Sb.,., t = .077 r' "" . .;;: .849 R' •.1' = .912 

NOTEr-The constant value in the rE'gression equation does not differ 
significantly from z€'ro. 

• 


• 

• 
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• 

lines shown in the lower section were drawn in freehand to illus

trate certain shifts which have occurred. 


The upper section in figure 8 shows that the relationship be

tween the price ratio and the supply ratio in terms of year-to-year 
change is fairly stable. But an analysis on this basis tends to 
obscure the shift in the relationship that occurred from 1921 to 
1927, although the constant value in the regression equation based 
on first-differences incUcates that such a shift took place. After 
allowance for changes in the supply ratio, the price ratio ap
parently increased on the average by 2.4 percent a year. This 
upward shift to the right is clearly illustrated in the lower section. 
From 1919 to 1923 prices of barley in the Midwest were unusually 
low as a result of the enactment of the 18th amendment, even 
though production of barley was below average both in absolute 
terms and in relation to corn. By 1924 the effect of prohibition 
on the price of barley had largely worn off. 

• 

A growing awareness by farmers of the feeding value of barley, 
coupled with the introduction of seyeral improved varieties in the 
midtwenties, strengthened the clemand for barley relative to corn. 
By 1928 this gradual shift to the right had reached a point at 
which production of barley was 2% times as large as in 1922 and 
even larger in relation to corn. This resulted in a price relative to 
that of corn only 2 percent less than the price ratio in] 922. The re
peal of the 18th amendment in 1932 apparently did not affect the 
relation of the price of barley to the price of corn. In the early 
thirties the increased demand by the brewing industry ,vas prob
ably offset by the substantial decline hl exports from the previous 
high level of the late twenties. Thus, the relation between prices 
of barley and those of corn appeaTS from the lower chart to have 
remained fairly stable since 1927. Variations in the supply ratio 
explain most of the fluctuations in the price ratio. 

ELASTICITY OF SUnSTI'l'UTION-A ] -percent change in the supply 
ratio was associated with a 0,45 percent change in the opposite 
direction in the price ratio. Taking the reciprocal of this relative 
price flexibility yields a value of -2.2. This indicates that barley 
may be substituted fairly readily for corn for most feeding pur
poses. The comparable coefficient for oats was -1.1. The larger 
value for barley inc1kates that it may b~ substituted for corn more 
readily than oats. This is in line with the feeding values of these 
two grains lIelative to corn (see p. ] 5). These coeffic.ients are 
discussed in greater cletail on page 72. 

The methocl (see p. 30) used to estimate actual prices of oats 
from November to l\Iay could be used to estimate prices of barley. 
Certain modifications are necessary, however. In the equation 

X'. = 0.011 r O.931X, - O.468X,
\ 

the constant value differs substantially from 0, although the dif
ference is not statistkally significant. The constant value is 

• 
logical, reflecting the shift in demand during the 1920's, but the 
regression coefficient for XI, 0.931, is not consistent with expec
tations. To check this coefficient, the analysis was extended to 
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TABTJE 14.-Ba?·ley ancl co?'n: Avcmge p1'icc pcw bushclTccdvecl by fa?'mers ancl SlL1Jply, Octobc?'1, 1921-52 o 

1-:3 

Priec (Novpm\)rr to l\Tay) Supply 
trJ 
o 
~ 

Yl'ar 
Barley (Wl'st 
North Cl'ntml 

region) 

Gorn 
(UnitC'd 
SLates) 

Percentnge 
harley is 
of COl'lll 

l'rodll('tion 
of bnrh'Y in 
'Vest North 

Central region 

Supply or corn 
in Uuitcd 
Statl's, 

Oct. 1. 

l'crcC'ntltge 
b:lrlcy is 
of com 1 

Z ..... o 
~ 
t" 
I:d 

----
102] ..•.......•.......•............•.•.. 
1U22 ..•......•.....•....•......••......• 
1028 •.•••.•...•...•..•...•...•.•.... '" . 
102·1 ...•..•...•....••...•..•....• , .....• 
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NOV. TO MAY BARLEY -CORN PRICE 
RATIO RELATED TO BARLEY-CORN • 

SUPPLY RATIO, 1921-51 
PRICE RATIO. (x OF PREC. YR.) ~----r-----.----..-----, 


Xo ANALYSIS BASED ON 

'31 YEAR-TO·YEAR CHANGES
• IN LOGARITHMS, 1922-42 
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t ",uee 0, lURLCr Pflt au. D,VIOf:o 8Y "RICE or CORN ,.Clt au. 

U, 5. DEPARTM[NT Of "GRICULluRE NEG 4SU2·X BUR[~U or' ).CRICUUURAL [CONOMICS 

FIGURE 8.-From 1922 to 1942 production of barley in the West North 
Central region in relation to the United States supply of corn explained 
67 percent of the year-to-year variation in the price of barley in this 
region relative to the United States average price of corn. Since the 
end of World War II, other factors have been important. Shifts in the • 
relation Oyer time are indicated in the lower section of this chart. 
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include 1946 to 1951. Results from this analysis yielded a regres~ 
sion coefficient for XI of 0.998. Changes in the other coefficients 
were not significant. On the basis of this extended analysis, the 
regression coefficient for XI is assumed to be 1. The constant value, 
0.011, although substantial, is omitted as it reflects a trend that 
is no longer operating. If Foote's coefficients for corn are sub
stituted, the following equation results: 

x,: 0.004 - 2.36Xt + 1.94X~ + 1.13X, - 0.47X,=.0: 

where XI is the supply of total feed concentrates, X:! the number 
of grain-consuming animal units, X:I the index of prices of live
stock and livestock products, and XI production of barley in the 
West North Central rrgion relative to the United States supply 
of corn. 

• 

The statistical analyses of West NOl·th Central prices of barley, 
relative and actual, yielcl results that are less refined than those 
obtained in comparable analyses for oats and sorghum grains. The 
following factors partly explain these relatively poor results: (1) 
As the lower section iniigUl'e 8 illustrates, the demand for barley 
increased from 1921 to 1 ~27 and was stabili~ed l'oughly b~T 1928.11 

This also is indicated by the constant value in the regression 
equation for method 1; (2) 1934, 1936, 19L18, 1949, 1950, and 
1951, in the lower section, show substantially lower relative prices 
than would have been expected under the relative supplies exist
ing in these years. These deviations are closely associated with 
unusually heavy imports in these years. As the factors that 
caused the shifts that occurred in the 1920's could not be expressed 
by a statistical series and as large imports have occurred in only 
a relatively fe\\- years, these factors were not included in the 
statistical analyses. Consequently, results were not as accurate 
as those for the other grains. Also, year-to-year fluctuations in 
the demand for barley for malting purposes probably are a further 
cause of deviations not explained by the analysis. 

FACTOHS THAT AFFECT PRICES OF BARLEY IN CALIFORNIA 

California normally ranks as the second most important barley 
producing State. From 1921 to 19L!2, production in California 
averaged 27 percent as large as production in the West North 
Central region and represented 12 percent of the total United 
States production. Califomia is far from the primary center of 
production anel in most years it has depended to a large extent 
upon export markets for disposition of the crop. '1'herefore, a 
separate analysis of factors that affect California prices is war
ranted. 

The analyses discussed here are based on average prices received 
by farmers from August through :March, 1921-42, or in the case 
of first-difference al1alyses, ] 922-42. By August, prices in Cali
fornia and the West North Central region largely have adjusted

• H Confirming these results, Schultz (17, p. 483) found that the demand 
for barley increased rapidly from 1923 to 1929. 
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to the effect of the new crop. Thus factors affecting prices in these 
regions for any particular year can best be studied by confining 
the analyses to these months. •For 1921-42, prices of barley in California relative to prices 
in the 'tVest North Central region ranged from a low of 74 per
cent in 1934 to a high of 173 percent in 192·1 and averaged 137 
percent for the entire period. 'l'his higher relative price reflects 
the feed-deficit position of California and the higher relative 
prices of livestock and livestock products in that State. Year-to
year changes in the price of California barley have followed fairly 
closely year-to-year changes in prices of barley in the West North 
Central region. Based on a logarithmic first-difference analysis for 
1922-42, 76 percent of the variation in prices for California was 
associated with fluctuations in the V{est North Central price. On 
the average, a 1-percent change in the price of barley in this region 
was associated with a change of 0.67 percent in the price of Cali
fornia barley. This smaller proportional change bears out the prin
ciple that prices of agricultural commodities tend to change by 
smaller proportional amounts in deficit arcas than in surplus areas. 
\Vhen the analysis was run in aritlmletic terms, a change of 1 cent 
per bushel in the West North Central price was associated with a 
change of 6.S cent in the California price. . . 

When the California price was expressed as a ratio to the West 
North Central price and related to production in California rela
tive to production in the West North Central region, 78 percent 
of the year-to-year variation in the price ratio was associated with 
fluctuations in this variableP The addition of exports from Cali •
fornia and grain-consuming animal units fed in the State as 
variables failed to improve the results significantly. 'Vhen the 
California price was expressed as a function of the 'Vest North 
Central price and the production ratio, 9<1 percent of the variation 
in the California price was associated with fluctuations in these 
two independent variables,13 These analyses were bas~d on 1922
42, after all variables were cOllverted to first differences of loga
rithms. Apparently only relative production during these years 
measurably influenced the California price relative to the West 
North Central price. 

A scatter diagram of the relationship between relative prices 
and relative production inrlicates that in the years 1921-25 the 

"The following equation and statistical coefficients were obtained in this 
analysis, when all yariables arc expressed as first difi'erences of logarithms: 

X,,' = -0.013 -0,443X, 
s"o, = 0.54 = 0.053 r' 0' = 0.78SU.l 

NOTE-The constant value in the regression equation does not differ 
significantly from zero. 

10 The following equation and statistical coC'fficients were obtained in this 
analysis, when all variables are expressed as first differences of logarithms: 

X'. = -0.010 + 0.S40X, --0.3G!lX, 
Su." = 0.043 SI> 0'1 = .050 r' 0'.2 = .!l41 
Sb.,.. = .050 R' II." = 0.941 1'2 0,., = .753 

NOTE-The constant vallie in the regression C'Cjuation does not differ 
significantly from zero. • 
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price ratios did not have the same relationship to the production 
ratios as did observations for the remaining years. In the West 
North Central region prices of barley were abnormally related to 
prices of corn during these same years. This resulted from the 
reduced demand for barley by the malting industry. Apparently, 
and not illogically, as only a small percentage of the California 
crop was ever utilized for domestic malting purposes, prohibition 
affected barley prices in California very little if at all. 

Since 19'18 the price ratios have been somewhat higher in rela
tion to the production ratios. This may reflect the greater effect 
of imports of Canadian barley on prices in the West North Central 
region than on prices in California. Table 15 shows production 
and prices of barley in Califorrda as a percentage of the 'Vest 
North Central region for 1921-52. 

Factors associated with price differentials between barley for 
feed and for malting are discussed in the section on "Price Dif
ferences in Central Markets Because of Grades." 

SPECfAL FACTORS THAT AFFECT PRICES OF SORGHUM GRAINS 

In contrast to the many studies of the factors that affect prices 
of corn and oats and the two studies that apply to prices of barley, 
there are apparently no published studies of prices of sorghum 
grains. Some unpublished price studies may have been made, but 
the published material that is available deals almost exclusively 
with the agronomy of sorghum grains and with their products 
and USBS. This scarcity of price studies reflects the earlier minor 
importance of this grain from the national viewpoint. During the 
last decade, however, sorghum grains have increased in importance 
as feeds and also as an export commodity. Industrial uses also 
have increased. With this widening of the market for sorghum 
grains, interest in the factors that Ptffect the price and demand for 
this grain has increased. 

GEOGRAPHIC SHIFTS IN PRODUCTION 

Production of sorghum grains is concentrated mainly in Texas, 
Oklahoma, and Kansas. The three States normally produce 85 
to 90 percent of all sorghum grains produced in the United 
States. California, New Mexico, Colorado, Nebraska, and Arizona 
also produce this grain. These five States normally account for 
slightly less than 10 percent of the United States production. 

Although during the last 20 years production has increased in 
all main producing States, Texas has shown the largest relative' 
gain. From 19116 to 1950, this State produced 63 percent of the 
Nation's crop, as compared with 56 percent from 1935 to 1939. 
Kansas has held about steady while Oklahoma and other produc
ing States have declined in relative importance. Table 16 indicates 
the relative position of the three chief producing States and 
changes in production from 1929 to 1952. 

The increasing prominence of Texas in production of sorghum 
grains resulted partly from the decline in cotton acreage in this 
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TABLE 15.-Barley: Price per bu,shel 1'eceived by !cw'me1's and 

1)roduction in Cnlif01'nia ns n percentage of price and p1'odnc

tion in the West North Centml1'egion, 1921-52 


Year beginning; Pri~e (August I Production 
to 2\Iarch) I______________________________________________11 


Percent PercentI
1921 ......................................... , 170 39 

1922. .. . . . . . ... .. . . . . .. ...................... 163 38 


32
t~~!: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ~~~ ! 17 

28
t3~~: : : :: ::: :::: : : ::: ::: ::: :::: :::: : : : :: : : : : :: ~t6 i 34 


1927.......................................... 146 17 

1928......................... " . . .. . . . . . . . . ... 149 14 

192!L .... _.................................... 147 17 

1930..................................... , . ... 139 19 

1931. .. .. .... .. .... .. .... . . .... . . . . . . . . .... ... 162 15 

1932-......... " ...............................1 173 24 

1933......................... __ .......•...... _/ 10:3 38 

1934.................................... _..... 74 f 66 

1935............•..................•.......... j 120 22 

1936.......................................... 86 51 

1937.......................................... 122 25 

1938..........................................1 141 21 


20
i~~6: :::: :: ::: : : ::: : : ::: :: ::::: ::: ::: : : :: ::: ::I g~ I 23 


1941. .........................................1 164 ! 12 

1942 .......................................... ! 128 19 

1943.......................................... ! 117 22
1 
 33 


35 

40
ii~'::':':':./ lH i 
34 


19-18... ........ ...... . . ... ... ... .... . . .. .. .. . 113 35 

1949 ..... " '" ....... " . ......... . .... ..... ... 106 GO 

1950................•....... , ........ , . . .. . . . . 101 51 

1951 .............................. , ...... _. . . . 140 i 36 


68
1952···························,··············1 131 I 

'---------

State. Much of this acreage ,vas diverted to sorghum. Severa] 
other factors also ~ ~imulated expansion of sorghum acreage: 
(1) The favorable ex:port position of Texas relative to that of 
production centers for corn and other gl'ains; (2) the increasing 
realization of farmers that the feeding value of sorghum grains is 
nearly equal to that of corn and that it is better suited as a crop 
to this area; and (3) the opening in 1949 in Corpus Christi, 
Tex., of a large \\"et-processing plant with a capacity of about 
6 million bushels a year, These factors contributed to a '."idel' 
market and an increasing demand for the State's sorghum grains. 

CHANGES IN DOMESTIC USES OF SORGHUIII GRAINS 

Before World \Var II practically the entire crop was utilized as 
feed, and only about 25 percent was sold by farmers. In the post
war years, sorghum grain utilized as feed has increased in quantity 
but has decreased in importance as a disposition item. From 
1946 to 1950, only 60 percent of the crop was utilized as feed, and 
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• sales by fanners increased to 66 percent of production. The in
creasing importance of sorghum grains as a cash crop is associated 
ivith the increase in industrial uses and the expansion of exports. 

Although sorghum grains are primarily thought of as a live
stock feed, they are equally valuable as a raw material for food 
and in making industrial alcohoL Ball and Rothgeb (1, p. 3,) say 
"The natural uses of sorghum grains are as feed for stock, includ
ing poultry; as food for people; and in making industrial alcohol." 
Its use as food has not gained in importance but according to 
Edwards and Curtis, (5, p. 29) : liThe early white settlers in the 
semi.-arid regions of the United States depended heavily on grain 
sorghums as an important source of food, especially in years of 
severe drought when corn and wheat failed." 

Utilization of sorghum grains for human food in the United 
States other than for wet milling probably does not exceed a 
million bushels a year. Since 1945, however, much of the grain 
exported..has been utilized as food by importing countries, par
ticularly India and certain European countries stricken by ·World 
\Var II. 

• 

Industria'l uses and products are almost as varied as those 
for corn. Its physical composition compares favorably with that 
of com-its protein content is slightly higher, its starch content 
is about the same, and its oil content is slightly lower. Principal 
industrial uses of grain sorghums are alcohol, distilled spirits, and 
starch.ll Table 17 shows the supply and disposition of the grain 
from 1929 to 1951. 

Implications of the increases in industrial uses and in exports 
of sorghum grains are discussed in detail in the section devoted 
to statistical analyses of the factors that cause deviations from 
corn prices fro111 November to May. 

h 
...~. ~ 

" ·FOREIGN TllADE FOR SOIlGHUM GllAINS 

The export demand for sorghum grains has increased consider
ably hl the post-World "Val' II period. From 19116 to 1950, exports 
on the average amouuted to 38 million bushels and represented 
27 percent of the total disappearance. Before 1944 exports of 
sorghum grains were negligible. From 1920 to 194'1, exports were 
less than a million bushels in each year except 1930 and 1931, 
when 1.7 and 7.5 million bushels respectively were exported. 
Imports have never been large. 

Associatecl ivith this increase in exports are: (1) The price of 
sorghum grains in relation to that of corn and other feed grains 
has been unusually low, and (2) the center of production is near 
ports. The fact that sorghum grains may be utilized directly as 
human food as well as for livestock feed and conditions existing 
in Asia probably have been factors also. 

• ,. For a more detailed discussion of products and uses see 1950-51 Year
book of Agriculture (22, pp. 349-52) and Edwards and Curtis (.5). 
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ST.\TISTII;\L >\:-< \LYS£S OF F,XCTI)HS T!-L\T CHSE DEVl\TIP"\S FlW~[ PrnCES 

OF COR.'< F'Rt):\[ :\OVE'[UER TO }h't 

As the production and marketing period for sorghum graiM 
coincides approximately ,'lith that of corn and as prices receh-Ecl 
by farmers l)efore 19;3:~ arE' not available. the statistical analyses 
of prices of sorghum grains are eonfined tfJ discussion of tht! 
factors that cause Ileviations [1'(,111 pdces of corn from Xovember 
to }Iay. The two method8 eJf analyses !li8cu8sflCl on page IS \'n:r;~ 
used to explain sorghum prices. Both analyses were based on 
year-to-year cha.l1ge, aftel' converting all~he data to logarithms. 
The years included ,vere 198~-t2. The \'ariahles usP.tl in th~: hvo 
methods ,,,-ere as follows: 
.IIptllOd 1: 

X,-Ratio of the ~ovember tu ~;ray price pt'r 100 pounds received by 
farmers for sorghum grains to the ~I)v,!mbt!r to May price per; bushel 
received by farmers for corn. 

X,-Ratio of supply of sorghum '~rair.,; Il"oductiollj r. ,;HVply of CU'E 
(production plus Octuber 1 stocks plu.; imports I. 

X.-Ratj" I)f production of corn in Texas, Okluh'lm.l, and Kansas tI, 
Cnited States prodtl,!tion. 
X.---~umber of grain-consuming- anim:d unb; fed in Texa.;, Uk!al~rjma. 

an.l Kan::;as, y~ar beginning Odobe':". in r•• il.nns. 
Jlrtflod .!: 

X..-Price pcr 100 pounds recl"ived hv fal'mers fO!' :;or:!h',:n ;r: ;l.in~. :r;Pl·u.:;e 
ff)r ~()vember to May. . 

Xl-Price per bushel received 1;1' farm>;;}"s f"r f·Orn. average for )l'ovem:.er 
~~ X:r-Same as X, in mpthod I. 

x'..-Same as Xo in method l. 
X,-Same as X in ml"thod I. 

A comparison of TJ nited States uV!::rage prices l't:ceivecl by 
farmers fm' surghum gratns and for corn is in effect a comparison 
of regional prices of two competing commodities, This is l)i·cause 
the L:nited ~tates averagp price is computed by \veighting State 
prices by pr0duction. Thus, the l:nited States average pric,'s of 
corn ann sorghum grains represent malnI,\- prices of corn in the 
Com Belt and prices of sorghum grains in Texas, Oklahoma. and 
Kansas. Variations in regional factor::; of supply and dep1and can 
therefore be I:xpectecl to aIred the price ratio. 'The rnited States 
production of sorghum relath"e to the enttpll States supply of com 
chiefly affects deviations of sOl'g:hum pl'ic(~s from th(lsr~ of corn. ~ 
This variable alone e'(plains 69' percent of the yariations in the 
price ratio. Inclusion of the two additional variables-production 
of corn in Texas, Oklahoma, and Kan'5as relative to the rnited 
States pl'llductinIl amI animal units in Texas. Oklahoma. anll 
KanSaS-(lxphtins Ulueh of the remaining variation. Xeither of 
thest~ vllria!)!;'s hatl a statistically signititant elflct. but, as the 
signs of the respl'ctiYe l'f'gressioll c()\:'ffic:ients \"d'f' in En,' y:ith 
expectations, these variahles were retained in the analysis. The 
three variables togE'ther explained ,0 pcn:E'nt of the y(lur-tll-year 
\aria.ti,m in tIit' Cnitt,tl :::tates averagt' farm price of sl;l'ghum 
grains relative to the enitHl Statl:'s average farm price of corn. 

Results from method :2 indicate that most of the ~;ear-to-~'ear 
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•
variation in the price of sOl'ghum grains is associated with varia
tions for the price of corn and the other independent variables. 
This is to be expected as almost 80 percent of the c1eyiations in 
the price of sorghum grains from the price of corn was explained 
by the independent variables in method 1. Method 2 merely ex
presses the variabks somewhat (liiferently. 

For method 1, table 18 sho,,"s the .effects on the price ratio of 
specified ratios to the preceding year in the spedfiecl variables. 
Ranges shown for the yuriables approximately equal that which 
prevailed from 1932 to 1951. The effects of all three factors on 
the price ratio can be found by multiplying the separate ratios 
together. The final result should be multiplied by 0.980 to allow 
for the average shift in demand over time. 

The ratio to the preceding year, as indicated by table ] 8, can 
be multiplied by the actual price ratio in the precc(ling ycar to 
estirpale tbe expected price ratio in the year for which a forecast 
is being made. '1'11ere is a 65- to 70-percent chancc that the 
estimated price ratio wm (liffer from the actual price ratio by not 
In/,l"e than 10 percent and a 95-percent chance that it will c1iffel" 
by not more than 22 percent. 

• 
The upper three sections in figure 9 show the price ratio, ad

justed for the remaining Yariables, against each independent 
yariable in turn for method 1. In each section, the relevant partial 
regl"l'ssion cnrye, based on the mathematical analysis, was drawn. 
In the fourth section the unexplained residuals were plotted 
against time. Data for 1032-42 used in the analysis are shown 
as clots, and data for World \Var II and postwar years are shown 
as x's. The lower S('ctioll shm'"s the simple relationship between 
the price and snpply ratios in terms of actual data. 

The ca1culated value for the year 1£)43 does not approach the 
actual value as c10seiy as do the calculated values for the other 
years shown in the first three sections of figure 9. In an analysis 
of this kind, calculated valnes for some ~years frequently deviate 
widely from actual values. This reflects the influence of factors 
that were not included in the analysis. In this case, however, a 
shift in the relationship between these two variables is evident 
when the price ratio is related to the supply ratio in terms of actual 
<lata. The l(m'er St'ctiOll of figure 9 shows these two variables 
plotted against each other for 1932-51. A regression curve based 
on a regression analysis for 1932-42 was drawn as a solid line. 
Data for 19·J3-51 arp shown as x's and a dotted line on a free
hand basis has been drawn through them. This chart indicates 
that a p'Clrmanent shift in the relationship 'occurred in 19<13; that 
is, in tb.e war and postwar years highel" prices of sOl"ghum gl"ains 
relative to corn are associatecl with given relative supplies than in 
1932-42. 

Three factors partially explain this shift. As mentioned pre

•
viously, utilizatioJi of sorghum grains for industrial uses was 
negligible before 1"~43. Since 1943, however, substantial quantities 
have been used f<>1?.tp.is purpose. Beginning in 1943 and continuing 
through 1951, exj:ifu,~s of sorghum grains have been considerably 
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TABLE 18.-Sorghwn grains: Relation btlu'een year-to-year 
changes in Xorembo' to 31ay price 1"fcei~'cd by ,farmers relati1.'e • 
to tlle ::-'-oi:rmbcr to JIay price of corn and pmdul'Uo71 rclath'c 
to the supply of corn on Octoba 1, ptoduction of corn in Texas. 
Oklahoma, and Kansas rd'ltiu to production in the [~nited 
States, and number of grain-con.suming animal 'Units fed in 
Texas, Oklahoma and Kansas during the year brninning Oc
tober 1 

RATIO To PP.£CEDI~G YE.AR 

--------------~ -------~--------... 
Xf~ XI x· Xl X'o X t 

uilir.!>t.,,} ·Prudunlou tof. D-timateu Pr.1<}u('ti·)n {.: E.~tiID!1t{·d )\umtter 
~!ati\·P ~jr~t~un.. rt·hti,,{' ('.)m in :3 rehtiw of !!,;.lin
prict' of !rr;1ir.~ rr- prirf~ of ~tat''i' rphtiv(' pri,;e flf \Ccn.umin~ 
sOn:!~um Iidve to !'Up- s')r~tunl td 1-nitp·d ~t:J.t..:z:; $-.nr;!htL"r!l a.nir;~l ~ 
grains = . p!y of eom g!".air~~ ~ ;:m.duetil}!1 173ins: ,ll:Jts 

1.1~1 0.50 . . . . .. " .. ... "' ...... ~ ~ ~ 

1.14 • Ii(} L I:{ 0.00 ..... . 
1.10 .70 l.~· ;0 

~ 

,
U>O .~O I lIt: •':>\1 U 01 O,SO 
Lo;~ •rIO . !IO . ~~5 .HO1 1),; 
1.00 1.00 LOU 1 00 1 00 ; 1.00 

'lS- I F) .~t~ 1 Iii 1 I~ 1.10 
',(j 1. 20 <, ~ i~~ 1 211 1 os 1 20 
'.~-l 1 ;{I) . ~t! 1.:;0 
.~f~ 1 4', ",~~2 lAO . , ... 
'>{l I ;~) . ~Il 1 50 , ~ ~ 

,.. ..;1 hI) ':'~I 1.00 .". ' .. ... ". 
~; 1 70 , ..... _ ....... 


: 'Vhen the other \-ariah:es in the analysis remain at the preceding year's 
Ie,e1. From an ar.alysi:; ta:;w on first difference:; of logarithms, 1922-42. 

; Computed ir('lU tf;€' ::-o:luwing equadon when aU ,ariables are e:qnessw 
as firs:-dirreri2nces e,f lr,garltnms: 

X/ = -0.009 -0.26::\.:, -1.1.25X: - DA5S, 
The it)llow;ng stat~;;t:cai COefficients relate to this analysis: 
R' ~::J = 0.79 s~,_•. = 0.17 S~"':. = 0.10 
T' "':J = .53 &..= = .04 5 • .,.,: = .36 
r' ., u = .21 r t' U = .26 

Xon:.-The cons:ant vaiue in the equation does not differ significantly 
irGm zer':l. 

greater than during the prewar period. Furthermore, production 
of corn in Texas, Oklahoma. and Kansas from 1!J.16 to 1930 was 
only 92 percent of the production fl'Om 193~ to 19-1:2. The decline 
was greatest for Texas. where production for the latter period 
was only 60 percent of the 10;~:'--42 production. The combined 
effect of these three ito.:m:; partia!ly explains the faHure of \" orid 
War II and postwar data to adhere to the> same relationship that 
existed from 1~:}2 tc1 Ht!2. Support prices for sorghum grains 
relative to thos.: fOl' corn during the post-v.ar period may also 
have been a factor. 

As the basic analysis was run in terms of year-to-year changes, 
only the rear 19~!3 (the year in which the shift occurred) deviated • 
"idely from the calculated \-alue. If actual data had been used 

l 
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• NOV. TO MAY SORGHUM GRAIN -CORN 
PRICE RATIO IN RELATION TO 
SPECIFIED FACTORS, 1933-51 

PR ICE RATIO (:I: 0 F PRE C. YR.) --,----.-----r----,-----, 
XO.23 	 "'45 I ANALYSIS BASED ON 

I '431201---·"- '39 '42-. ---4-YEAR-TO-YEAR CHANGESJ: 	 ·'51· x'46 IN LOGARITHMS, 1933-42 
I ',6 I '47 '37 I I I

100+----;.,- ---:. x -- • -------.-:.---..:...----/ 
1933-'-,· "4 I '50 

38 I x :<'44 
'46 '35 

80L---~--_+-~~ 
o 	 50 100 250 350 

RATIO SORGHUM PROD. TO CORH SUPPLY (:I: OF PREC. YR.l-X, 

XO.IJ ,-----.---''='37=-.-.-.-'4-6 "'43 ---y----,-----,------, 

'SI ,'45.'39 I .'42
I "34 I '44

4------;. ,-I - --;--:::--:----:-----1lC '47I 1933 ,~3X\6 I '4"9 

40 60 80 100 140 160 180 
RATIO CORH PROD, 3 STATES";TO U.S. PROD. (X OF PREC. YR.l'X, 

Xl0°.1 2 +-t_-:-_--:-~~I-X.43I·-'5--'1- .'4Z'-;'5 '~7 	 '4~: '!9 :50 
I~X~.~.·~=+'~----~----~ 

• 
0	 I '47- I 1 

• 	 ',"51" "~8I : ·40\ '49 <I 

8 0 	 '4'6 1933 '3G 
60 70 80 90 100 110 120 130 

ANIMAL UNITS FED, 3 STATES*(X OF PREC. YR.)-X3 

1 
120 

1933 1936 	 1948 1951 1954 
'RICE RATIOo~----_.-------.------._------r_----_.------, 

~.O 1932.421 I I BAS~D ON ACTUAL DATA, J 
.:. \39, J9a2 '~3 '~6 I SPECIFIED YRS. I 
'. : P: :.: 19A3-51 I I I ~ 
:~.O '3~C :'::>::?~2~1-,~.+I'5-0--+---+---l----1j-1 0 '3B"'~ ',~~,~, ':7 -----..~ 

0 8 10 12 14 
RATIO SORGHUM PROD. TO CORH SUPPLy-Xl 

• Tex. ... $" OI.;I,.tHDIIiIA "~P ... ",U!
t c "'leL or CII'",j~ IO~C.W" "(.11 c"-r eNIDe.!: 6J !-""C"( or COIf~ f'l" "U 


11!~! r£t>Jt;~ .. !~r(,r J. Jl:l!:;JtlJH hi'G "~'''j..t. it,'k~A~ nr l,'"A';'tl .. ~. R;':' ft ..·"-:,,, ;~ 

FIGUHE 9,-The tnr!.'e fllcLors prt'!'ented in the upper 3 sections of i.ll" chart 
explnirled 79 percent of t11(' yea,.io-yc:l.r yuriation in ihe ratio cd: the 

• 
price of sorghum graLls i" ,he prite (.f c"rn in 1[!3!!-4~. "ilh the E.xcep
tion of 194.3, when a flcrm;l';( rlt hUn "('cll1Ted, in terms of year-l )-ycar 
variations these relationshi.r~ han- [.Pl':;'.; mly rc'l1lllinf:d unchan:::\d. The 
lower sectinn in llH! iigu n' i ndiL·at.(·~ 1iw e'; iii.. 
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in running the analysis, calculated prices, based on relationships 
from 1932 to 1942, would have deviated wi<1ely from actual prices 
not only in 1943 but in all of the war and postwar years, and 
particularly in 19·1L1 and 1950. 

ELASTICITY OF SUBSTITUTlON.-In the regression analysis for 
method 1, a 1-percent change in the supply ratio was associated 
with a 0.26 percent change in the opposjte cljrection in the price 
ratio. Taking the reciprocal of this relative price flexibilit-y yields 
a value of -3.9, ·which indicates that sorghum grains may be 
substituted readily for corn. The comparable coeffi.cienis for oats 
and barley were -1.4 and -2.2, respectively. The larger value 
for sorghum grains indicates that it may be substituted even more 
readily for corn than can barley or oats. This is in line with the 
feeding values of these three grains relative to corn. (See p. 1;'). 
These coefficienis are discussed in greater .detail on page 72. 

As with oats and barley, November to l\Tay actual prices may be 
computed, using the analysis developed under method 2, by sub
stituting for Xl-the price of corn-in the equation 

X.' ::.:;: -0.0008 + 0.88X. -0.34X, -0.27X, + OA2X,15 
the coeffi.cients obtained by Foote (7) in his analysis of factors 
that affect the price of corn. As the constant value in the above 
equation does not differ significantly from zero, it is omitted. The 
regression coefficient for Xl, 0.88, is retained as such bC'C'ausp it 
differs substantia]]y from l.HI If Foote's coemcients are substituted 
the following equation results: 
Xo' :;;;: 0.88 (0.004 - 2.3GX. + 1.94X • .1. 1.13X,) -O.34X, -0.27X, + 0.42X. 
For this equation, Xl is the supply of all fe('(1 concentrates for 
the year beginning October, X:! the l1l1mber of grain-consuming 
animal units feel for the same period, X:l pricE'S of liwstock and 
products during Nov!:'mber to l\Iay, Xf ratio of prorlut'tion of 
sorghum grains to supply of corn, X;; rfltio of prorluction of COl·,ll 

• in Te.xas, Oklahoma, and Kansas to United 	States production of 
corn, and Xfj grain-consuming animal units fpd in TC'xas, Okla
homa, and Kansas during the year beginning October. Actual and 
calculated priceR are found in table J fl, together with dnta nsprl
in methods 1 md 2. 

The effects cf all six factors on the price of sorghum grains may 
be founel as foEows: (1) Express each of the independent Yaria
bles as a ratio to the preceding year and locate the appropriate line 
in the respective tables; (2) multipl)f thE' appropriate ratios for 

~7;rhe following statistical coefficients pertain to this ana1rsis: 

R' 0.1:>4 ::"; o.as Sb", 1;, 0.16 . , O.1l2 

So !:=. .04 Sh ".,:.1 - .34 r' ,,: ,;< :c: .35 

sho.1= = .10 r 01,,,.' .94 1" "':J c- .23 

Sb -= .12 

10 TI~i~' value does n0t differ from 1 by a statistically significant amount 
bllt in this ca3~ a value substantially ,~ss than 1 is lugical, reflecting the 
fact t!wt orices in d:?ficit areas tend ~o change iJy smaller proportional 
::.np:m h ,; tlian in a,eal of surplus. Extmsion or' till' years included in the 
analy;;is to 1!Hfl-51 yielded a regression zoeflidl'llt f(ll· X, of D.nO. With the 
adle·1! dc::gr(,23 of fn:ed"m, th~ differenCE hetw'en thiR and 1 was almost 
significant at the fi-p"rcent POlllt. 

• 


• 

• 
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• 
the first 3 factors (found in table 7, page 33) together, multiply the 
result by 1.009 to allow for the average shift in demand over time, 
and by 0.88 to allow for the less than proportional change in 
prices of sorghum grains; and (3) multiply this computed figure 
by the appropriate ratios for the respective factors found in table 
20. 

Suppose the supply of 'feed concentrates is expected to be 20 
percent above that of the preceding year, animal units fed 5 
percent above, prices of livestock and livestock products 10 percent 
above, production of sorghum grains relative to supply of corn 
20 percent above, pro(luction of corn in Texas, Oklahoma, and 
Kansas relative to the United States production 10 percent below, 
and animal units fed in these States unchanged. The analysis then 
indicates that the price of sorghum grahls "'ould be roughly 32 
percent below the price in the preceding year. This percentage 
is obtained from the following computation: 

0.65 X 1.10 X 1.11 X 1.009 X 0.88 X 0.94 X 1.03 X 1.00 X 100 = 68 
100 - 68 ;': 32 

'I'll(' perLlmtage change from the preceding year, as indicated 
by this method, can be multiplied by the actual price in the pre
ceding year to estimate the C'xpectec1 price in the year for which a 
forecast is being made. There is a 65- to 70-percent chance that 
the estimated price will cliffer from the actual vrice by not more 
than 24 percent. 

• C()£lIPAI{IS():\ OF COEFFIClE:\TS OBTAI:.\ED FIWnl THE PRlCE 
~'ITI)IES FOB THE THHEE CHAI:.\S 

Certain theoretical considerations are set forth here and the 
relation of the results obtained in the various analyses to these 
considerations are discussed. The statistical price analyses run 
in the preceding sections are based, with some modifications, upon 
these considerations. The discussion presupposes acquaintance 
with the basic concepts of mUltiple and partial regression and 
correlation. The more important conclusions and practical ap
plications were discussed in previous sections. 

Before going further into the discussion, certain theoretical 
criteria are needed if the results are to be properly cyaluated. 
In the theory of competing goods, it is generally conceded that 
prices of all closely compcting goods must move together. An in
crease in the demand for one normally results in a simultaneous 
increase in demand for the other. As a result prices for both 
increase. An increase in supply of one with a resulting decrease 
in its price also decreases the price of the other. In the July to 
October analyses of the prkes of oats and barley, it was shown 
that changes in the two demand factors used in each analysis about t 
equally affected prices of the individual grains. 'Veights derived 
for the components of the supply variables in the two studies 

• indicate that supplies of competing grains affect the price of the 
particular grain in question. 
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TABLE 19.-Sorglmn~ gmins: Avcmge p1'ice per 100 pounds1'cceivecl by !a1'l1w1'S and 1'elated variables, 1982-52 0') 
0') 

PJ'ire (Novemher to l\[ny) X6 8 
trJX, PI'I'('('ntll~r rom Xe (1 

------~---------r_.------------.------- Pl'rc'('nlngr PJ'odlwtion in NUIl1IH'r of grnin-
Yellr bl'ginning p('J'(,PII1IIgC sOI'gll\lm ~or~hllm ~rl\.inR T(')(ns, Okbhollll\, ('onsllmillj.t nnimnl ~ 

Sorghum grnins ('om, gl'lli nH i~ or ('!!I'n produrlioll is Itnd KlllllliH! ill or unitll red, 'I'PXtlll, H 

>-_'",_.... ppJ' or ('01'11 Slipply, Fnill'd RIIt\ps Okl:lholl1l1, and ~ ='"_~"-__ __"-_~ I ~." "'-' ---T-~""-'-"~'_"»H 

llU~11!'1 0('\.01>1'1' ] • produdiol1 KllnHIlS 3 t"' 
Al'!unl CIlI!'ullltl'd I ,\!'luHI Clll('ulalpd: t:d 

-"",""-...-~"...,.. ......_- --.-., ..-.-.--·-~-~·,·-------··--I--------
('l'I11,~ ('ruts Crll/.q /'rrrrlli Parl'lll 1'r-l'rl'l!l PU('fllt Million 

1032 ................. , 'Ia 21 1l'2 2.0n 10.·11 10.0 ~ 1D:I:~ • • ' . . . . . . . . . . • . • . • . Xli 71 ·Iii 1!l0 1\1·1 1.llii 'i. Oil 17.8 
81.0ii ·1.55 l·l.(i HJOa·\. ., ........... , IX:l 2·12 Ra 220 '22:1 


10:\5.... . .. ,........ l'U 02 iili HiD Iii, 2..12 7.0il 11.0 Z 

1n:m............... IX2 17n 10n 172 1,1 I . 'iO !i. IX 1·1..1 I-' 


o
1n:n. . . . . , . . . • . • . . . • . Hu 1'0 ii I 17ii t.i7 2.f>H 5. 11 rLD 00 

mIx.... ............ 71 XR .\1 101 17;; 2.:11 1i.20 15.2 o 

l!lau... ............... lIll HZ fiii HII IHO 1.IiX 5.·1!1 15.7 C 
t') .... q

1n·10....... ....... "j Sli RX :iX 117 1;)2 ..... 1_) 7.01 1ii.l 
C/l

1!l·11. ................ ! !l7 112 7I lal liiO :L·II ,i.SI .17.2 
1.0·12 •.. " ....•.....•.. 'j III 12ii \10 Iii\! III :{ .OX n.oll 20.2 t:I 

( . I I) I . ...{ Q • " !"() • t)- i ,~ 1\1. (\ tt:11!l4.L.. ............... _OJ I la.lll~ 1St! I,l~ I .1 ,1.S,
_I 

l!lH . . . . . . . . . . . . . . . IIiI ; I r;ii W, I ii I I IS n. iili ii nO Hi-8 "d 

H)·lii................. :!:!Ii • 2ml I Iii 1% 1.75 a.(J2 ·LUR 15.7 !"3 
l!J.lli..... ........... 2:l1 . 2ii(\ lax 170 IS!J :L1:J .1.:10 \·1.2 o 

l:LI ~10.17 . . • . .. .... . . .. . . :1.12 ' :120 220 l:ili lEi a 5:1 .1,.\:\ 
I:\.a]0·18..... ............. 21!l 222 120 1,0 liiS :1.5'l)J :l.!1a >
HI.a c;') 

l\JiiO.... ............ 2fln 1 I!I!J 1:3:3 1:1:1 1:1I 5.IIH 5.na la.8 ~ 
11)51................... 2,i2 : 27:3 lli7 Iii I. 151 ·\.010 -l.11l 13.G (1 

] !l·W ... " . . • .. • .. . . • . .. IH, IHt 11H 1 lin I Iill a . nn .1 . :Iii 

( r.? 4).... ..." tto) 6"- ...I'l.).l~ •• ~_: ............:..:.l.__~............ 1·11 I 18~ I..............___~..;.;-_O ____~.~:{::il!~.....•.•... c:: 

Computed from the following equation when all variables l\1'e C'xprC'sscd as first din'cl'enccs (1f logarithms: Price rutio ~ 

are 
1 

expressed as first diffcrenccs of logarithms: Price o.t ;.;,~ -0.000 -0.2GX. -O.2iiX. + 0,45X•• ~ 
sorghulll gl'Uinfl ;::: 0.88 (0.004 -2.:lGX. + 1.!l4X. + 1.1aXa) • Year beginning October. t<j 


-D.3·iX. -D.27X. + DA2X•. The liJ:st 3 independent variables 'Partially estimated by author. 

are shoWJl in table 7, page 33. • Preliminary. 


o Computcd from the following equation when all variables 
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TABLE 20.-S01'gh'wn gmins: Relation between yea't'-to-yea1' 
changes in N o'Vember to n'lay 1)i'ice 1'eceived by fa1'm,ers and 
pl'odzwtion of sorghwn gmins 1'elative to snpply of corn, 1)1'0
duction of corn in Tc;{:as, Oklctho1J1,a, ancl Kansas relat'ive to 
United StcLtes 1))'ocluction, (Oul cmimal 'Units fed in TeX(LS, Okla
'wnw, and Kansas clul'inrJ the yeCt1' beginning OctObC1' 1 

RATIO To PRECEDING YEAR 

Corn 
Estimated Produ<'lioll of Estil1l11trd production in E"timaled N'umhl'I' of 

price of sorj.!;hulll j.!;rain~ pritt' of a 8tatt's :1..<; a price of animal units 
sorghum 11S It [lE'f('t'1l lnge sorghum percentage of sorghum ft't\ in 3 

grnills of l'01'1l supply grains l'	ni ted :::lltltt·" gmins Htatr-s 
produdion--------_.. -..- ----,----- _._------~------

~ ,.1.2li 0.50 .. ............... .... - .... 	 ............... .. .. .. .. .. ..... - " ......... . 

1.19 .no 

~ 

l. 15 
~ 

o.no ...... ." .. ... ....... 

1.Ia ,70 1. III .70 ......... .......... 0_· 
1.0~ .RO l.OG .~O 0 Ul O.SO 
1.0·1 .!l0 1,.0:1 .110 . !Hi .1)0 
1.00 I 00 l.OO 1.00 LOO 1.00 

,97 1.10 .U7 1.10 1.01 1.10 
.!H 1.20 'j .U5 1.20 LOS 1.20 
.tl2 1.:{0 •\1:3 1.:W -0' " ........ ............. 
,H!l 1.·10 i .!H 1.·10 .. .......... ........ ........
~ 

.~7 1.50 ;, .no 1 50 I.......... , ... ~ ............... 

• S-J 1, (iO Ii 	 1 (i0 .. ... ....... .............
.ss 

~. M 1 70 ~!. t .. • • • " • • • ....................... .... .... .. .. ............. 

_______,. _.II 

1 "Then the other variables ill the analysis remain at the level of the 
preceding year. From an analysis based Oil first differences of logarithms, 
1922-'12. See description of method 2 in tcxt. 

If the competing goods ,\"ere perfect substitutes-if they were 
idenbcal in form, time, and place-prices would move perfectly 
together. Changes in factors of demand would result in identical 
price responses for each and a changed supply of one would affect 
the price of each by the same amount. In multiple regression 
analyses, with price as the dependent variable, the regression 
coefficients for the demand variables in both analyses would be 
identical and the regression coefficients (01' weights) for the 
supply yariables in each analysis also would be identical. If the 
price of one was expressed as a ratio to the price of the other, the 
ratio always would be 1, regardless of the ratio between the sup
plies of the two commodities. If the price ratio was related to the 
snpply ratio in a lineal' regression analysis, the constant (a) value 
would be 1 and the regression coefficient for the supply ratio would 
be 0, thus giving rise to an infinitely large elasticity of substitu
tion. 

But suppose a given quantity of one resulted in a 10-percent 
larger output than the same quantity of the other in any given 
end use, regardless of the level of substitution. Suppose also that 
the demand functions had the following form: 

(I) PI = -btl Ql - bl2Q2 
(II) P!! = -b2lQI - b!!2Q2 
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bu b:!l
Then bll > bl~J bl:! = b:!l, b~l > b:!:!, -b'- = -b- = = 1.10,

12 !!:! 

bab:!:! = b:!12, and PI always equals 110 percent of P:! [PI = 
1.10 (P:!)] regardless of the values of Ql and Q2. 

This is clear from the example that follows. Suppose the follow
ing coefficients are substituted in equations (I) and (II) : 

(la) P. c':;'; 1100 -110Q, ~100Q! 
(lla) P, = 1000 -100QI -90.91Q: 


Note that for these values, bllb:!!! =b:!I!!. If in these equations the 

given values of QI and Q:! are substituted, price ratios are obtained 

as follows: 

~ ~ 
Q. 

I 
Q, 
1 

Q-; 
1.0 

PI 
890 

p, 
809.09 

p;
1.10 

1 2 .5 790 718.18 1.10 

Similar results are obtained for any value of Ql and Q:!. 
If this price ratio were related to the supply ratio in a lineal' 

regression analysis, the constant value would ahvays be 1.10 and 
the regression coefficient again would be 0, thus giving rise to an 
infinitely large elasticity of substitution. This is the common 
interpretation of the theory of substitute goods. 

In certain cases, howevel', the relatiye contribution of a sub
stitute commodity to the total output depends on the relative size" 
of its consumption ur use. For examp)t', Henry and Morrison (10, 
p. 494) say with regard to oats as a snbstitute for corn in feeding 
hogs, "Gronnd oats are worth about as much as corn per 100 
pounds "'hen forming a rather small part of the ration, but when 
fed in large amounts, they are worth much less than corn, ..." and, 
"Numerous experiments haye shown that oats have the highest 
value for pigs when ground oats form not O\'er one-fourth of the 
ration. When thus fecI to replace part of the corn in 20 trials 
with pigs in dry lot, the a(lclition of ground oats increased the 
rate of gain a trifie." 

In such cases, the relationship between the price ratio (:~-) and 

the supply ratio (~;) results in a regression coefficient for the 

supply ratio less than O. and an elasticity of substitution less 
than infinity. In the notation used above, bit wou1c1 still be greater 
than bl~, bl~' could still equal b:!J, but bub!!::! must be {jl'eatel' than 
b2

12 to satisfy the reqnirement that the price ratio \7aries inversely 
with the supply ratio. Suppose that the foHowing coefficients are 
substituted in equations .(Ia) and Ila) : 

(Ib) p. cc:; 1100 ~110QJ -lOOQ, 
(IIb) P, ~:-: 1000 -100Q. -llOQ, 

Note that bub:!!! now is greater than b212. 

Substituting in the equations under these conditions the follow
ing price ratios are obtained: ' 

• 


• 

• 



• 


• 
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~ ~ 
~ ~ ~ ~ ~ ~. 
1 	 1 1.0 890 790 1.127 
1 	 2 .5 790 680 1.162 
1 	 3 .3 690 570 1.211 

' PI.. 1 ·th Ql 1-Under these CIrcumstances, p~. varJes Inverse y WI Q2' I 

Results obtained in the N ovembel' to May relative price studies 
are consistent with the indication by Henry and Morrison that 
this is the case with respect to feed grains. 

These three possibilities may be further illustrated through the 
use of input-output relationships. as illustrated in figure 10. In 
this figure, the vertical and horizontal axes simultaneously meas
ure input of feed and output of livestock products. For simplicity 
of presentation, livestock products are assumed to be measured in 
units such that 1 pound of corn yield 1 unit of product. 

If the ration is composed of 100 pounds of corn, the output is 
100 units. If the ration is composed of, say, 80 'pounds of corn and 
20 pounds of a perfect substitute, the output is stl11 100 units by 
clefmition. Thus any combination of corn and a perfect substitute 
will yield 100 units of product, so long as the total input is 100. 
In this case, the output function is the straight line (A) illus
h'ated, intersecting the Y and X axes respectively at 100. Under 
this condition, the demand functions for corn and the perfect 
substitute would be equivalent to those discussed in the first case 
referred to on page 67, and the elasticity of substitution would be 
infinite. 

If corn were worth 110 percent of some other substitute, at all 
levels of relative supply, the output curve would intersect the Y 
axis at 100 and the X axis at 90.91, as shown by the straight line 
(B). The demand functions for corn and the substitute would 
be similar to that mustrated by equations (Ia) and (rIa). Again 
the elasticity of substitution would be infinite. 

If corn (or, conversely, the substitute) possessed varying values 
depending on the level of relative supply, the output function 

17 Ezekiel (6, p. 179) found the ratio of the retail price of pork to the 
retail price of beef to be significantly correlated (inversely) with the ratio 
of the supply of pork to the supply of beef. Schultz (17, p. 584), using the 
same data, determined the following demand functions for beef and pork: 

Ph = 77.4 -13.3Qb -4.3Qo + 0.491 
Po = 68.8 - 5.4Qh -7.5Qp + 0.481 

where Ph and Pl' are composite retail prices of beef and pork, respectively, 
in cents per pound, Qh and ClI' are total consumption of federally inspected 
beef and pork, respectively, in billions of pounds, and 1 is an index of pay
rolls lagged by 3 months. If I is assumed to be constant, and given values 
of Qb and Q" are substituted in thesc equations, the following results are 
obtained: 

Qb 	 P b 

Qb 	 Qp Q;- Ph Po Po 
1 1 1.0 59.8 55.9 1.07 
1 2 .5 55.5 48.4 1.15 
1 3 .3 51.2 40.9 1.25 

Jt should be noted that in the above demand functions b,,> bl" b" <;:< b", and 
b"b,., > b't" in the notation used in equations (I) and (II). 
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would be cUl"Vilinear as illustrated by the curve (C) on the chart. 
The demand functions for corn and the substitute in question • 
would take the form shown by equations (Ib) and (IIb), and the 
elasticity of substitution would be less than infinity. The rate that 
productivity (or utility) increases or decreases per unit of input 
for the substitute commodity from any given level of relative 
supply determines the elasticity of substitution at that level. 

Table 21 shows the relationship of a 1-percent change in the 

relative supply of each grain to its price ratio. These values are 

the regressi0n coefficients for the relative supply variables ob

tained in the respective November-to-May studies. Elasticities of 

substitution shown in tilis table are the reciprocals of these 

values.is They suggest that sorghum grains can be substituted 

more readily for corn than can oats or barley. To i11ustrate these 

coefficients more clearly, the regression curves from the three 

mathematical analyses of deviations of November-to-lVIay prices of 

oats, barley, and sorghum grains from November-to-May prices of 

corn were plotted in figure 11, together with the hypothetical 

curve (horizontal straight line) for a perfect substitute for corn. 

As these various regression curves approach the perfect substitu

tion model, the regression coefficients become smaller and the 

elasticities of substitution larger. The hypothetical perfect sub

stitute has an infinitely large elasticity of substitution.19 


Thus far, these coefficients have been discussed in terms of 
differences in form; that is, differences in feeding values. Differ
ences in location and in their relative values for nonfeed uses also • 
affect the regression coefficients and the elasticities of substitution. 

To determine 'whether location was a factor the analyses \yere 

rerun, using relative prices at terminal markets as the dependent 

variables, rather than relative average United States farm prices, 

and the same independent variable, relative supplies. Results in 

the analysis for oats yielded a regression coefficient identical \yith 

that obtained when farm prices were used as the dependent 

variable. Results in the sorghum grains analysis yielded a coeffi

cient almost identical with the original analysis, and the regression 

coefficient obtained for barley did not differ significantly from the 

original. These results suggest that location does not greatly 

affect the elasticities of substitution for these grains. 


As these grains are used largely for feed and their prices are 

primarily influenced by forces connected with the feed-livestock 

economy, the different demands for nonfeed uses probably in

fluence the regression coeft1cients only slightly. 


The absolute size of these crops might also affect the regres

sion coefficients to some extent. For example, a I-percent change 

in the relative supply of oats involves a considerably greater 

quantity of grain than does a 1-percent change in the relative 

supply of sorghum grains. The effect of this factor is difficult to 


15 For a discussion of certain problems involved in the statistical estimation 
and the economic interpretation of this coefficient, see Morrissett (15). 

10 The curves in figure 11 would be expected to be mirror images of those • 
in figure 10, but any straight line in figure 10 would correspond to a 

. horizontal line in figure 11. 

http:substitution.19
http:values.is
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• OUTPUT FUNCTIONS: CORN AND VARIOUS 
SUBSTITUTES, FEED CONVERSION 

OF I TO I ASSUMED FOR CORN* 
V-CORN 

100 


(A) 

OUTPUT = INPUT OF Y+INPUT OF X 

,/ 
90 	 (e) 

OUTPUT. INPUT OF Y + "'INPUT OF X, WHERE 

0<: IS A FUNCTION OF THE RELATIVE SIZE 


OF X WITH RESPECT TO Y 


• 
10 OUTPUT =INPUT OF Y + 

90.91 INPUT OF X 

o 
o 	 10 


X-SUBSTITUTE 


*IHPUTS OF CORH 14HD SUeSTITVTE EQUALS tOO'" T ALL POINTS. 

U.S, OEPARTMENT OF t.GRICULTURE NEG.A91"O·X BUREAU OF AGPJCULTURAL ECONOMICS 

FIGURE lO.-Functions A and B illustrate perfect substitutes for corn, the 
feeding value of the substitute grain in function A being equal to 1 pound 
of corn at all levels of substitution and in function B, to 0.909 pounds of 
corn at all levels of substitution. Function C illustrates the case of a 
substitute grain possessing varying feeding values relative to corn, de
pending on the level of substitution. 

meaSUl'e. Feeding practices on individual farms, which determine 
relative productivity, are difficult to translate into national aver
ages. 

The regression coefficients from which the elasticities of sub

• 
stitution 'were computed were tested by a statistical method 
adapted from Rao (16, pp. 112-114) to learn whether the differ
ences between the relative price flexibilities v,ere statistically 



I 
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significant. Results from this test indicate that these coefficients 
differ significantly from each other.!:o Thus it can be infelTed that 
the ease of substitution of the various grains for corn, as indicated 
by the elasticities of substitution, differs significantly. 

TABLE 21.-Regre:ssion coefficiEnts and indicated elasticities oj 
substitution obtained fmm SOi.:ember to Jlay relatil:e price studies 

jor oats, barley. and sorghum grains 

It<'m 

Effect of I-percent change in 
the supply-ratio on the 

price-ratio E~ticity of 
mb...oti tunon 1 

Re!!resaon Standard 
coefficient error 

Perunt Percent I 
Oat;; ••.•.•.••.... 
Barlev..•....... 

-073 
- ..15 

0091 
.07 ; 

-138 
-2.21 

Sorghum grains. •. . .. 
Periect substitute•..... 

- .26 
o 

.10 ' -3.91 

Reciprocal of the regression coefficient. 

The regression coefficients benveen relative prices and relative 
supplies differed significantly from zero, indicating that these 
grains are not perfect suustitutes for corn.. These results are 
supported by the fact that the regression coefficients (or weights) 
for the supply factors in the several analyses of the fadOl's that 
affect prices of feed grams in summer differ. Table 22 contains 
the regression coefficipnts (weights) for the June to September 
analysis by Foote (7) of factors that affect the price of corn and 
the July-ta-October studies of prices of oats and barley found in 
the preceding sections. The animal-production unit series and the 
years included are identical for each study. But the series on 
prices of livestock ami J.iyestock products are an ayerage of June 
to September for the corn study and July to October for the 
oats and barley studies. The dependent ntriable, the price of corn, 
in the corn study also di;fel's slightly from those in the analyses 
of oats and barley, It is an ayerage of the prices receiyed by 
farmers for June through September, while those in the oats and 
barley studies are an a\'erage of July-ta-October prices. These 
minor differenCeS are believed to detract only slightly fiom the 
comparability of these three studies. 

In these analyses, the various supply components are combined 
additiveiy, whei'eas the basic demand equation is of a logarithmic 
l:ype. The 'weights for the seyeral supply components 'were deter
mined statistically ill such a way that the multiple correlation 
coefficient for the basic equation was as large as possible.21 The 
separate coefficients or \yeights for each component are compared 

'" See Appendix for a diseu';sion of this test. 

!l For a further discussion of the use of this method, SGe Foote (7). 


• 


• 


• 
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• 	 THREE FEED GRAINS: RELATiON OF RELATIVE 
PRICES TO RELATIVE SUPPLIES OF CORN * 

1401----

120 

• 801-------+-------4-------~------~---

60 80 100 120 140 160 
SUPPLY RATIO (::; OF PREC. YR.) 

• SEE TEXT FOR DETAILS 

FIGURE 11.-As substitute goods approach perfect substitutability, the effect. 
of relative supplies on relative prices approaches zero and the elasticity 
of substitution increases. Based on the statistical relationships illustrated 
in this chart, sorghum grains can be more readily substituted for corn in 
most feeding operations than can oats or barley. 

in table 22 in order to relate these coefficients to the model (equa
tions Ib and IIb) c1iscusRed above. 

In each analysis the regression coefficient associated with the 
supply of the commodity whose price is the dependent variable is 
larger than the coefilcients of the other commodities that compete 
with it. This is consistent with the facts discussed in previous 
sections. Furthermore, the standard errors associated with the 
regl'(~ssion coefficients for the two demand variables are large 

• 
enough to . keep the differences between the coefficients for the 
three analyses from being statistically significant.22 This ,yould 

,: The method used to make this t<'st is described in the Appendix. 

http:significant.22


74 TECHNICAL BULLETIN 1080, U. S. DEPT. OF AGRICULTURE 

be expected. The results could not be expected to approach the 
precision suggested by equations (lb and lIb) because: (1) The 
July-to-October analyses were designed to take into consideration 
factors of supply, both realized and prospective, that influeilce 
prices and, (2) the dependent variables were first differences of 
actual prices in cents per hushel (as contrasted with cents pel' 
pound). For these reasons, the coefficients equivalent to bl~ do 
not equal those equivalent to b21, although the differences are not 
statistically significant. In all cases, however bllb~~ is greater 
than b2.12. 

These two sets of analyses confirm the view that the four feed 
grains compete with each other but that they are not perfect sub
stitutes. This is consistent 'wHh available experimental evidence 
on feeding. 

SEASONAL VARlATJOl\' 1;\ P1UCES OF OATS, BARLEY, AND 
SORGIIUlVI GRAINS 

Prices of the three grains tend to decline when the crop is 
l1al'vested and to rise as the marketing season progresses. This 
monthly pattern of prices is common to most agricultural com
modities; it is termed "seasonal yariation." It arises principally 
from differences between time of production and time of consump
tion, although other factors may contribute to the normal seasonal 
pattel'll. Seasonal variation in prices of oats and barley follow 
similar patterns, which reflect the nearly identical production and 
marketing periods. The monthly pattel'll of prices of sorghum 
grains follows more closely the seasonal yariation in prices of 
corn than those of oats or barley. The production and marketing 
periods for sorghum grains more closely approach those of corn 
than those of oats or barley. 01 the three grains, the price of 
oats varies most iyitlely, the price of sorghum grains is second, 
and the price of barley varies least. Seasonal variation for all 
three grains is less than that for corn, larger than for the food 
grains, anel smaller than for such perishable conmlodities as 
eggs, fruits, and vegetables. 

UNITED STATES AVERAGE PHiCES RECEIVED BY FARlIIEHS 

Two factors appeal' to be mainly responsible for the seasonal 
variation in prices received by farmers for the three grains. First 
are the heavy marketings during the season when the bulk of the 
crop is harvested. l\fonthly marketings by farmers for the fOllr 
feed grains, expressed as a percentage of each year's crop sold by 
farmers, were pIoUed in figure 12, togethC'l' ,,"ith their respective 
indexes of seasonal variation for prices. '1'he inverse relationship 
between marketings and seasonal variation in prices is shown. 
Many farmers dispose of their crop as it is haryestecl to avoid the 
costs of handling and storage. As figure 12 indicates, this period 
of heavy marketings is JUly through October for oats and barley 
and September through January for sorghum grains. The differ
ence in marketing seasons for the four grains apparontly explains 
most of the differences in seasonal variation in prices. 

• 


• 


• 
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TABLE '2:2.-Corn, oats and bnl'lcy: Relative wrights by It'll ir'l/ sf)rc/fircL components of the SU1Jply of feed l:O 
grains silOldel be Inllti1)Zieel to obtain a composite supply l(u'lol' /01' 1(8e in analyses of lacto]'s that affect their a1'Csprcti7J(J 1)I'ices 1 

~ ---------- l:O 
I:=jComponent of sUJlply 

o·-··1--··--------- ._- x(.:\~r~~sl\P~;~, of >
1-3St(w\;: or I l'rnspp{,ti\"(' 11<'11" _ ..• ___.._________.____.__•___ rn 

:\[(Jnth~ ('IlVprPI! ('urn, ,July 1 • ('rop of ('Ol'n I b:jH('m Totalby ann!y~i~ I Onts I Bal'l('\' \\,pil,!;ht >
l:O 
&:;";;"';'"t~1 ,~;~,:,~" !-;;:,.;,h:-r";:~l;,;:;r\\",:;~.:-I~,i:;:;l;;,r\\,;,ht s~:;~,;:i;,:;-I .~ 

Corn.'.......'~ ,'lln~s('Pt(:;l~l-)~I:-I-··-'O.I\1 '\1--- (;.11 0.111 ,., -().(il.; 1"---.(1.10 ! 0.1:3 r- '0. JO 1.00 >0.13 Z
17 1 1.00 tiOats' ........ ,Ju!yloO('(o\Jl'r... .H) .ll .21 .00, ,;;71 . () ......... . 


1.00 rn_B_a_l'l_c_y_,_._.._._._._. ...;.L..._._._.l_I(_J._._._._._.~.:~~·_·I_.___·_l_J___ .OS . L.l ___._~l,~J...,. .20 .Iil I. .55 ..12 o 
::0 o 

"When all components are expressed in tons. (i). 
~ Based OJ) standard ;·rrors of respective regre!lsion coelllcients. < These components were combined in the analysis for corn. 8 
• Based on relative size of the reg'ression eoelllcients from • Based on relalive sizc of the regression coelllcir'1ts of the ~ 

analyses discusser! on page, 24 and 4:3, respectively. analy~rs di!lcm:sed on pag'('s ~4 and ,la, rcsprctively. o 
l:O 
>..... 
Z 
rn 
~ 
01 
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Til{> second factor, which is closely related to the first, is the 

l~t'st of storage. The longer a commodity is held, the greater are • 

the costs incurred. Costs normally associated ,dth storag.: are 

interest and insurance, handling charge!>, cost of the space used, 

losses fn.JJl insects and rodents, and any deterioration in quality. 

To tIl'.' extent that the grains lose moisture, tlS corn does during 

::;tOl'il,tl', c:"sts are incurred, for a giYcn Jot of grain weighs less 

at t:,,;:, eud of tIlt· storage period than at the beginning. In terms 

of total \'alue, this is genf'rally at least C:!lmpdlsated for by th(. 

increasE' in quality if the grain is properly stored. 


Tablt' :2;.} shows the ind('x0s of sl'asnnal \'ariation in prices ffJ1' 

t:h.' thn>e grains and for com, togetlwr with indexes of ~easonal 

yariation for !.mts, ·barle~.. and sorghum grains rclatiye to corn. 

Tilt 10\\"1.'1' 5e<:ti,111 of table :2iJ indicatf's that pri(,ls of oats and 

;'~r;"., aI',' highest relatiw to ('01'11 from X()'\'Hni)('l' t!ll'ough :Jla~' 

:tlh; liN't'st from ,TUllt' through October. The "'ide range in thest' 

:ll1k'~ llumJWl'S for liins and barIl'\' r('fivcts the wide dilit'rel1c(' in 

tr.t' I~im';;t-~ing p(riocls, for thl'se grains and for C01'n. The index 

1'..1' .:'nl·~:lmm grains relati\'e to corn sho,,;s less "uriation bQcau::t. 

t \. ' l"_'SJ.I( <:ci\'~' rnarkdll1g IX rinds art' similar. 


E':amina'.hn ,If I:Hlhthlr ratios of pritt'S to a 1:2-mflllth moYing 
:.yr:l';~g,-' frum l~ln,'; thrcJagh HI.')1 Judicat(·d that a mOYing seasonar 
:ndc'x shuuld be Us(!({ for oats. From }flOg through about 1~:2q. 
j-rie('s of oats Hllrmallr r~;ach('d their lci\YS in either Octobc·r or 
XOYl-!~1h(-r: silw,;" about 1 930 prier's of oats have typically reached 
their loy. for tIl:' yr:~r during August. Similarly, in the earlkr 
11•.-1'1<1.: ti,I' li,'a;, 1~1011t1:s o('C'urre/l in either 3Iar or JU~1e. Xow • 
~ priod higlwst prices typically occurs f1'I;;11 .January(ii' 

thl'HU;:h _':'.pril. This St'asomll pattC'l'n has changed gradually, 
hYt:l'agh:t! un1:; <th·,ut one-fourth of 1 percent a year from 1f/1)!) 
t., 1~1;jO fnr August. the month in whieh the grc'at('st chang,' 
OCCUlTed. Table ~;1 shmn, indexes of seasonal yariation in priCE'S 
If flats fUl' uno, lH~o. 1030. H140. and 1950, c1eriyed from a 
matlwmatically nttE:'d liI1l'ar trt'no coY(~ring ratios to a 12-month 
mOYing <:l\,crag't'. ('t'lltt'rt:'d. for July HloK througll JunE' IflilL 
Otlwr YH.rs can 1)(' t.iltailwd by interpolation. 

This l'hanglng pat:l'l'11 of prict-s l'(·ikcts the changing pattern 
I:f m:lrlH'!ings {If oats hy farmers In tlw -Cnited States. Data on 
Il1imthl;; sales of oats by farmers arE' a,"ailab]e for 1!l:2-1 to 19·1', 
"nly, Dut eW1i this jjmited P(']'jud indieatt~s the tr(>nd of earlier 
,11111 htrgt.·}' summer markt:'tings. In the ;;'2a1'S 1~t2-l-~8, 011 t11(' 
uYerage, farmt-,'" sold in JU11('. Jul)', and Augast ;:11 pel'('Put (If 

the- total qu~:ntit:.· S~)](l. For 19J:1-47, on tlk 2Yd'<lgv. farmer:::. so],! 
10 pfl'(:('nt during thest> munths, an iuc-l't'aSt> of almost a third, 
The !lUantit!eS sold from September through December dE-CreaGHl 
"'iTp:-"pl.!;dingJy. In the earlier TlE·rior1, ;:9 percent was sold, whil(" 
; r' '!:1 Hf1:j h. H!£, (.nly '1, pel'cf'l1t 'was disposc-/l of in thesp 
;;1 'n1l!s. PrtFi.lmabh· this tr~nd bl"g'an earlier than 19~4 and b-'5 
\"nti:1Uc(l si!1('t' HIl,. This hypothesis is bornE' (lut by th~ prices 
f·,r th'ISi> perinrl" for which data on monthly sales are not 
a\'ailahle, • 
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• 	 CORN, OATS, BARLEY, AND SORGHUM GRA!N 
Percentage of crop sold in each month compared wifh indexes 

of seasonal variation in prices received by farmers * 
SALES i%; 
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• 	 IHDE~CS 0, .J(.lSOH4L. 'iA.R,,-r,OI'f IH P.'C£S FOR COilH'. O~ n. AHO a.ULEl' &AUO 0,., T"~ 1"£A.1U" 'UZ.. H. FOR 
SORCHU", C~AlH. 0# THE YURl "U.S). ADJUSTED TO TOTAL '~lOO Aloio TO El''',HA.T£ ,4,SJ040RJ.lA.t. PLu{:ru) TrOH$. 

J".4t.ES lUff'o 0101 JU4.n FOil eDitH. Q.& n. AHD UltLC'r' A,.,O OH ""'~7 FOR CRAiN SORCHUIl. 

0, S. OEr"-FtTHEk-l OF' ....GRICUUURE 

FIGURE 12.-Seasnllal variation in prices and sales by farmers are closely 

• 
related. 'Vhen sales are large, prices are normally low. Similarly, when 
sales are small, prices are normally high. The differences in the patterns 
of seasonal variation in prices for the four grains are largely explained by 
the differences in marketings. 
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TABLE 23.-Index nwnbe1"S of seasonal '1Ja1'iation in avcmg(' 2J1'i('('s 1'eceil'ccl by f(~r))w1's f01' oats, ba1'ley, S01' "" 

ghmn g1'ains, ancL C01'11, United States 1 ~ 
AC'l'\TAL ~ 
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adjusted to total 1,200 and to eliminatc abnormal fluctuations.Italic numbers indicate high and low values for the year1 
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"Ratios to 12-month moving average centered, adjusted for grains. ~ 

• Barley, sorghum grains, and 1950 oats indcx of seasonal ....
trC11C1 and to total 1,200. Based on 1908-51. ovariation divided by COl:n index, adjusted to total 1,200. q• Average of ratios to 19 '.,onth moving average centercd, 

t-< 
1-3 
q 
~ 
t.::rJ 

• 




• 


• 


• 


PRICE STRUCTURE: OATS, BARLEY, AND SORGHUM GRAINS 79 
Seasonal variation in prices of other grains shows no indication 

of a change over time, although data on monthly marketings of 
corn, barley, and sorghum grains indicate that farmcrs now tend 
to dispose of the bulk of their marketings slightly earlier in the 
crop year. This trend has not been great enough, hovr'ever, to 
affect materially the seasonal variation in prices of these grains. 
Thus, the indexes based on 1922-41 for corn and barley are 
valid currently. 

These various indexes conveyor imply a degree of precision 
that is not found in the actual data. Prices of any of the three 
grains deviate substantially from their normal patterns of 
seasonal variation during anyone year. A short crop of oats 
following a large crop results in contraseasonal or less than 
seasonal price movement from l\Iay through September. Rapid 
changes in demand, either deflationary or inflationary, also distort 
the normal pattern. Similarly, the prices of oats, barley, and 
sorghum grains relativc to prices of corn vary, dE-pending upon 
the degree to \\rhich relatiYe supplies de\riate from normal. Again 
using oats as an example, if production of oats is very large or 
stocks of corn VelT 10\"\", the price of oats relath"e to the price of 
corn is unusually low in summer nIu1 the increase in the price of 
oats relative to the price of corn is gr.~ater than normal in fall 
and early winter. In general, the extent to which prices of oats, 
barley, and sorghum grains deviate from their average relation
ship to prices of corn depen(1s upon the extent to which relative 
supplies and other factors, such as marketings, deviate from 
normal. Changes in d0mand, however, do not ordinarily affect 
these r('{ali /'(' prices. As pointed out previollsly, factors of demand 
affect all the feed grains in about the same way. 

SEASO)lAL VARIATION 13Y IVIAJOR REGIONS 

Seasonal variation differs fr0111 region to region to the extent 
to which climate dil1'ers enough to result in different production 
and marketing periods. As l11o<)t of the United States supply 
of sorghum grains is produced in Texas, Oklahoma, and Kansas, 
regional index numbers are not needed for this item. Oats and 
barley, howen~r, are produced in significant quantities in nearly 
all regions of the country. Seasonal variation for barley in the 
West North Central region, the principal producing area, is 
compared with seasonal variation in California and Colorado, 
two secondary pror1ucing States. Seasonal variation in prices of 
oats in the West North Central region is compared with that 
in Texas. Tahle 2·1 contains these State and regional indexes of 
seasonal variatioll, together with the> imlpx for the United States 
as a whole. 

Three aspects arC brought out hy these seven indexes: (1) The 
Colorado index for barley, the Texas inclex for oats, and to some 
extent the California index for barley show a SUbstantially 
greater range in seasonal variation than do (lither the \Vest North 
Central or United States indexes for oats and barley; (2) the 
high and low months for Texas oats and California barley are 
earlier than the high and low months found in the West North 
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Central and United States indexes; (:3) the 'Vest North Central 
and United States indexes for barley and oats show a smaller • 
than expected srasonal increase from September to October. The 
first aspect reflects the importance of barley and oats in the area 
and com-ersely the lesser importance of corn. The second aspect 
shows the effect of climate on prices through an earlier pro
duction and marketing season, and the third reflects the effect of 
prices of corn on prices of barley and oats. 

In California, Colorado, and Texas, corn is less important in 
the feed-livestock economy than in the Korth Central region. TIm 
effect of corn on oats and barley may be illustrated by the 'Vest 
North Central indexes for oats and barley and the Texas and 
Colorado inckxes for these grains, respectively. In the 'Vest 
North Central region corn first is marketed in qUflntity in October 
and corn prices drop substantial1y in this month. This decline 
apparently has a depressing effect on 'Vest North Central prices 
of oats and barley where corn is the major feed grain. It has 
little or no effed on prices of Colorado barley, of Texas oats, or 
California barley where corn is relath-ely less important. As 
prices of corn are seasonally high and prices of oats and barley 
are at their seasonal low point in summer, prices of corn tend tn 
strengthen prices of oats and barley in the West North Central 
region in summer and to depress them in winter when the price 
of corn is low and prices of oats and barley are high. This has a 
dampening effect on prices of oats and barley in the 'Vest North 
Central region, particularly from Septl"ll1ber to October, and • 
results in relativelv "flat" indexes of seasonal variation. BecausE' 
corn is less important in Colorado, Texas. and California, prices 
in these States are affected less by prices of corn and hence the 
seasonal variation in prices of oats and barley is largf'r. 

EFFECT OF LOCATIO:\" O:\" DIFFEREXCES I:\" PRICE 
Prices received by farmers for agricultural commodities vary 

considerably from one section of the country to another. For some 
commodities, prices in one State may be twice as high as those 
in another. By and large these geographic variations in pric(ls 
result fro111 regional surpluses and deficits. In regions in which 
production is greater than consumption, prices normally arC' 
considerably lower than in deficit areas. The differentials among 
surplus areas reflect principally relative proximity to deficit areas 
and major markets. Although costs of transportation hetween 
surplus and deficit areas account for most of tht' differential. 
variations in quality also may contribute to the spn'ar1. Regional 
differences in price vary considerably from year to year. ThE'Y 
reflect changes in production of the commodity and other sub
stitute commodities in the different areas, shifts in factors of 
demand, and changes in methods and costs of transportation. Alsf) 
in some ~rears for certain crops they re.>flect Goyernment support 
programs which may influence prices more in some regions than 
in others. 

OVER...\LL PATTERN •Figure 13 sh0'\'8 iso-price maps for corn, oats, barley, and 
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TABLE 24.-0ats and barley: Inclex ?uonbm's of seasoned variation in nU(J.l'CLge prices I'cce-i'vecL by fa1'l1w1's, ~ 
United States and selected SiMes and 1'cgions, avemge 1922-41 1 

t?d 
------------,,----,,-~-----------------------------

_-._'-_.~~_.~_-__ __A_l_'l.'j.~ .. '_" '_._"'_... _'-I_:!:~_I~:_' _F_l.'l_).__lI_f_u_r. ~_:~~_r~_ --M_ll-)l- _J_l_lI1_l.'___Jl_ll_y___ _'.__ ___ __-_-_-_- __ __ A_ug S_C'_p_t. O_ct_. N_To_v_.__D_cc_·_1 
UnitpdStulrs ........ _"'" _.... _..... 10:3 10.'5 105 106 lOG 102 9S lJ1 9a 93 97 101 ~ 
West North C('ntml region ...... , .. .... \0.\ lOG 107 107 lOG ]03 117 89 92 02 OG 101 t?d 
Tc)(tls. . . . . .. ... . ... .... .. . .. . .. . . .. . 107 UO 110 lOS 107 9 I 84 S8 93 97 101 10,1 .. 

.._-,--_._, ~ 

B,\ l!1.f~Y 1-3 
----.--,~,-,. -~-~-- .-----~ .. f'- . -----~----r-----~----r-----r_----r---- m,. 

I " ~ 
United SlIlleR......................... 102 10:~ 10.') 'Ilon lOa 9G 9G 98 100 g:
West N.Ol'lh Crntml ]'('gio!l.... .... . . .... 10:3 105 105 107 100 05 05 !17 101 ;:d 
California............................. 107 108 101 101 112 OS 101 \0.\ 10·1 t" 
Colomdo................. .... ........ . 110 101 107 f 110 107 na ,(\.l 07 US t?d 

: ~ 
---"--.~--.-- '--_. . ._-_._'.---- ~ 

1 Average of ratios to 12-month moving average centered, adjusted to total 1,200 and to eliminate abnormal fluctuations. ~ 
Italic numbers indicate high and low vnhlCs for the year based on unrounded datn. t:3 
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sorghum grains based on prices received by farmers by crop
reporting districts for 1932-41. These maps were prepared with 
the assistance of the Farm Credit Administration. 

As these maps iiIdicate, prices of oats and barley are lowest 
in the heavy producing areas of the West North Central regioll 
and highest in the outer fringe of States that border the oceans 
and the Republic and Gulf of Mexico. Prices in intervening States 
are usually somewhere between. The level of prices is roughly 
proportional to proximity to the coast, -but the pattern is inter
rupted by the mountains and by local surplus areas outside this 
region. This pattern of prices for oats and barley closely ap
proaches that of corn. It mirrors the overlapping surplus-produc
tion areas for oats and corn, and the close proximity of surplus 
areas. for barley and corn. Similar factors of demand for feed 
grains also contribute to the similarity in regional price differ
ences. The greater regional variations in prices of oats in terms 
of cents per bushel is largely explained by the higher transporta
tion costs per unit of value. Regional prices for sorghum grains 
cliffeI' from those of other feed grains because of wider geographic 
differences hetween surplus producing areas for sorghum grains 
and those for the other three grains. Prices of sorghum grains 
are lowest in the surplus areas of Texas, Oklahoma, Kansas, anrl 
adjoining areas of Kew l\{exico, ·where most 0':' the crop is 
produced. From the three maJor producing Sta.te~ westward, 
pricE'S increase along the southern tier of States bordering the 
Republic of l\iexico, where sorghum grains are important feed 
grains. Prices increase in more northern and eastern States, 
reaching their highest levels in ~Jissouri and Arkansas. 

RELATIONSHIPS BETWEEN UNITED STATES AVERAGE PRICES RECEIVEe BY 
FAn~rERS AND PRICES AT TERMINAL MARKETS 

The normal relation between average prices received by farmers 
in the United States and prices for a particular grade at a given 
terminal market is of interest from several standpoints. rrerminal 
market prices, in most instances, are quoted daily, whereas an 
estimate of the average price received by farmers is available 
for only about the 15th of each month. Fse of sllch a relationship 
indicates the pl'obable level of prices receivt'!d by farmers for other 
parts of the month. United States average prices for the three 
grains are compared with prices at leading terminal markets. 
Prices received by farmers in leading producing States also arc 
compared with prices at terminal markets through which they 
normally market. 

OATs.-Table 25 shows certain statistical relationships between 
the price receiwc1 hy farmers for oats and the price of No. :1 
\Vhite oats at Chicago by months, basNl on 1923-11 anel U);17-51. 
To obtain a price for Chicago approximately comparabl!.' to that 
received by fa1'l11(>1's an aWl'age of the quotations for the 12th. 
13th, and Uth of each month at Chicago was used. 'fhe factors 
given are designed to estimate the price received by farmers 
from the Chicago price. Factors given in columns 1 and 2 of 
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TABLE 25.-0ats: RelcLtio-n of P1'ice 'received by fanners to p1'ice 
of No.8 White, Chicago, based on 1.923-41 and 1947-51 1 • 

Factor Average error Percentage of Factor to beby which the of estimate variation inadded to theMonth . Chicago when this the two series Chicagoprice is relationship which inprice 3multiplied 2 is used • associated 5 

Cenls Cents Percenl 
January.............. 0.923 -0.18 1. 77 99.8 

February............. .907 1.3,1 2.42 98.9 

Ivlarch ............... .888 3.57 3.71 99.3 

April. ................ .921 1.14 2.43 99.0 

1'lay................. _023 1.28 3.10 98.2 

June................. .900 1.85 2.76 98.6 

July ................. .925 -.26 1.03 99.1 


·August............... .938 .11 1.89 90.1 

September 8••••••••••• .897 .40 2.11 98.4 

October' ............. .8M 3.12 2.'16 98.7 

November 7 ••••••••••• .864 1. 72 1. 91 99.3 

December' ........... .909 -.23 2 H 99.2 


1 Price received b~- "'f~rmers on 15th of the month; price at Chicago, average 
of quotations for tile 12th, 13th, and 14th of the month. 

, Simple regression coefficient with the price received by farmers as the 
dependent variable. 

" Constant value (a) in the regression equation. 
'Standard error of estimate. 
• Coefficient of determination times 100. 
• Excludes 1947. 

1 Excludes 1951. 
 • 

the table must both be used in determining the comparable price 

at the farm (01' local market) level. 


Table 26 shows the relationships between the August prices 

received by farmers in Iowa and Illinois and the August price 

of No.3 White oats at Chicago and between the August Minnesota 

farm price and the August price of No.3 White oats at Min

neapolis, based on 1923--41 and 1947-51. The relationship between 

the August price of No.3 White oats at lVHnneapolis and Chicago 

for the same years is also shown. Movement of oats is heavy in 

August, hence its selection for comparison. Prices at Chicago 

and Minneapolis are averages of the quotations for the 12th, 

13th, and lt1th of the month. Iowa and Illinois farm prices are 

related to Chicago prices, and Minnesota farm price to Min

neapolis prices to reflect the normal movement of oats from 

these States to terminal markets. 


BARLEY.-Table 27 shows certain statistical relationships be

tween the price farmers receive for barley and the price of No. 

3 barley at Minneapolis by months, based on 1923-41 and 1947-51. 

To obtain a Minneapolis price as nearly comparable as possible 

to that received by farmers, an average of qnotatiol).s for the 

12th, 13th, and 14th of each month at Minneapolis was again . 

used. As for oats, the factors found in thi::; table are designed to • 

estimate the price received by fal'mers from the Minneapolis price. 
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• 
Table 28 shows the statistical relationship between the prices 

received by farmers in August in North Dakota, South Dakota, 
and Minnesota, and the August price of No.3 barley at Min
neapolis, based on 1923-41 and 1947-51. Much of the barley sold 
by farmers in these States moves through Minneapolis. J.\Iarket
ings by farmers in this region are heavy in August. To obtain 
a price for Minneapolis as nearly comparable as possible to that 
received by farmers, an average of the quotations for the 12th, 
13th, and 14th of the month at Minneapolis was again used. 

SORGHUM GRAINS.-Table 29 shows similar relationships be
tween the December United States average price received by 
farmers for sorghum grains, the December prices received by 
farmers in Texas, Oklahoma, and Kansas for sorghum grains, 
and the December average price of No. 2 YeIlow Milo at Kansas 
City. These relationships are based on 1933-51. The factors given 
are designed to estimate the price received by farmers from 
the Kansas City price. Factors given in coluHms 1 and 2 of the 
table must both be used in determining the comparable price at 
the farm (or local mark;.et) level. 

Although comparable relationships between the United States 
average farm price and the Kansas City price for other months 
'were not computed, the factors shown for December can be: used 
to estimate other periods during the year with little likelihood 

• 
TABLE 26.-0nts: ReZat'ion of pr'ice of No.3 'White, Chicago and 

Minneapolis, to SlJecified 2J1'ices, based on August 1928-41 and 


1947-511 


RELATION TO CHICAGO PurCE_. 

--~-----~~--

Average C'rror Percentage of F:trtor bv .Faetol' to of e~Lj !Hate vn.J'iation inwhir:h l'C'lated 1)(' a(ldcd toHC'latC'tl pl'iee when this the two series pri('(' is I'clrtt.C'd l'cln,tionship which is multiplied 2 lll'icC' a is used' n.ssocin.ted 6 

('ellis ]; Cents Percent 
Rrccived by l'arnlPl's: 

Town. ... : ........... 0.9S7 -5.fll 1.88 99.2 
.985 -4.44 1.,19 99.5IIIi"" ..... ,,"" "I:>0. 3 White', ~Iinn('u-

I'pO.lS ....•..... , .... J .005 -1.57 1.87 99.2 

RELATION '1'0 MINNBAPOLIS PRICE 

Heceived by farmers: 
i\1innesotn........... .929 -3.8·J 1.·J8 99.4 

1 Price received by farmers 15th of the month; price at terminal markets, 
average of quotations for the 12th, 13th, and 14th of the month. 

, Simple regressi'Jn coefficient with the related price as the dependent 

• 
variable. . 

• Constant value (a) in the regression equation. 
• Standard error of estimate. 
• Coefficient of determination times 100. 

http:mark;.et
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TABLE 27.-Bcu·ley: RelCLtion of pJ'ice received by ffLl'lners to 
pl'ice of No.3, Minn(,fLpolis, basecl on 1923-41 and 1947-511 

Factor lw A Y('rage error Percentage of Factor to he which tile of estimate variation inadded to theMonth ]\linlleapoJis when this. the two series J\IinnC'apolispriee is relationship which isprice 3multiplied' is used' associated • 

Cenls Cenls Percent 
January.............. 0.773 3.32 G.GO 07.6 

February............. .700 2.36 7.44 06.2 

l\1:arch ............... .75G 5.87 7.50 96.5 

April. ................ .7li:3 5.11 7.2G 96.7 

l'vlay................. .7tiO 5.'17 7.35 96.3 

June................. .7:31 7,47 8.37 95.2 

July ................. .71ti 7.:H 7.38 95.8 

August............... .75:3 5.22 7.22 95.7 

September. ........... .7H:3 1.0a 8.73 04.4 

October .............. .7G5 .J.5li 7.51 96.0 

Nov.'mber............ .758 ·1.·13 7.12 96.8 

December ............ .7Uli I 2.:.W 7.67 96.6 

_____~_ ",___I,,____,, __L.--- ____L 

1 Price received by farmers on 15th of the month; price at Minneapolis, 

average of quotations for 12th, 13th, and 14th of the month. 


2 Simple regresllion coefficient with the price received by farmers as the 

dependent variable. 


3 Constant value (a) in the regression equation. 

• Standard error of estimate. 
• Coefficient of determination times 100. 

of obtaining errors exceeding the standard errol' indicated for 
December. To the extent that different seasonal vai'iations in 
price exist for the United States and the Kansas City series, 
consistently wider spreads in some months and narrower in 
others may be found. These differences are believed to be minor. 

PRfCE DrFFEREl\'CES IX CEl\'TItAL ]\IAHKETS BECACSE OF GRADES 

OATS 

Cash prices for the cUfferent grades of oats are based primarily 
on their foreign matter content, although many other grading 
factors are considered also. These include test weight per bushel, 
percentage of sound cultivated oats, and spoilage. l\Ioistme is 
not so important in grading oats as it is in grading corn, except 
that oats which contain more than 16-percent moisture must be 
graded sample and for those grades that contain bebveen 14.5 
and 16 percent moisture, the word "tough" must precede the 
grade. 

Test weight per bushel is not important in determining price 
differentials among grades. In recent years most inspected re
ceipts have had a test weight pel' bushel of 35 pounds or more, 
while the minimum test weight for No.1 oats is 32 lbs. In the 
last decade the trend toward a higher percentage of receipts 
grading heavy or better (test weight per bushel of 35 Ibs., oj' 
more) and grading No. 1 and No. 2 was consistent. Table 30 
shows the percentage of inspected receipts grading heavy and 
better and No.2 or better for the crop-years 1938-50. 

• 


• 

• 
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TABLE 28.-BcL1'ley: Rela,tion of price 1'eceivecZ by farmers in'. North Dakota, South D(dcotc~, ancl Minnesota to price of No.8, 
MinneCL1) 0 lis, based on AU{just 192;1-41 ancl 1947-511 

Factor by F:wtoI' to be Avera!!;e error Percentage of 
Price received by which the added to the of estimate variation in the 

farmers ~linneapolis 11inncapolis when this two series which 
price is price' relationship is associated $ 

multiplied • is used' 
------·---!--.------�-------�-------I------

Cenis Cenis Percent 
Xorth Dakota ... . 0.850 -11.90 8.45 95,·1 
South Dakota .... . .813 -6.85 7.75 95.8 
Minnesota....... . .938 -8.47 5.25 98.5 
________._____~I_______...._____-L._____ 

1 Price received by farmers on 15th of the month; price at Minneapolis, 
average of quotutions for l~th, 13th, and 14th of the month. 

: Simple regression eoetTIcient with the price received by farmers as the 
dependent variable. 

3 Constant value (a) in the regression equation. 
• Standard error of estimate. 
• Coefficient of determination times 100. 

TABLE 29.-So1'{jhwn {jl'CLins: Relntion of 1)rice 1'eceivecl by fa1'1n
ers, specified States, to 1J1'ice of No. :2 Yellow Milo, Kansas City, 
bCLsecl on Decem.be?' 1933-;;1 

------------------,_.._------ 

• i Avera.ge error Percentage of 
t Fa~~tor by 

I' 

Factor to be of estimate variation in 
Price received , ;l'lllch tl,~e added to w\wn this the two series 

by farmers l\.all".!LS ~ tty K:LIl~ltS City r('lntion,;hip which is 
i pnce lH '. • c.l 3 n.ssociated' ___~__" ~ ..---~Lmultiplie~__ pr:~_.__ ~....l_s_u._se._.___1-----... 

Cents Cenis j'crcent 

IGnitct\ States..... 0.872 -LIOG IL7!) 99.2 
Texa~ .... _....... .Sli7 --5,47S 10.-13 98.2 

98.7O_~I~lOma ...... _-I . SG:.1 _ 2. 8~~ ~I -. ~OO 
I-,an~n.s. . . . . . . . . . . . \lOa 11. 11 b i1 99.1 

--------~-----------
1 Simple regression coefficient with the price received by farmers as the 

dependent variable. 

, Constant value (a) in the regression equation. 

'Standard error of estimate. 

I Coefficient of determination times 100. 

Table 31 sho-ws the minimum test weight per bushel and 
maximum foreign material for the various grades of cash oats 
compared with the average price paid from 1946 to 1950. Com
parisons were made using No. 2 White oats as the basic grade 
with prices, test weight, and fOl'eign-matter content of the other 
grades expressed as a percentage of those for No. 2 White. 
Premiums ancl discounts in cents per bushel for these grades from 
No. 2 also are shown in this table. Price quotations for each 

• 
marketing year represent an average for all days on which 2 or 
more cars of each grade were sold. Such quotations were available 
for 1<19 cla,Ys in 1946 and for 201 clays in 1947, the other years 

http:Decem.be
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falling within this range, Average price relationships between 
grades can be stlldierl more accurately hy this method than by • 
comparing monthly average prices, For some grades the latter 
might be based on onI.r one or two quotations t~>J·;:en from different 
periods during the month. 

Comparison Iyf test ,'!,'eights an.t I')reign-material content with 
prices reveals close agreement Il}r all grades with foreign-material 
content and little or nG!;'"" with test weight, As mentionEd above, 
this lack of agreement between relative prices and relative test 
weights reflects the fact that, on the average. in these;) years 'j';j 
percent of the inspected receipts han. a test weight of 35 pounds 
or more. 

The apparem cl1J5€ agreement between foreign-material content 
and prices does not mean that this is the only grade factor that 
determines price rlifEerentials. All factors are generally taken 
into consideration in rl.:'termining such di:ferentials. 

BARLEY FOR FEED 
Prices for the different grades I)f barlt::y are based primarily on 

their percenta;;e content of S(iUnn barley and test: weight per 
busheL Other grading faeto!'s--heat-damaged kernels, foreign 
rrmterial. broken kernels. and black barley-are also considered. 

Table :-}~ shows the soun.I barley content and test weight per 
bushel for the various grades I)f cash barley compared with the 
a'.-erage price paid from 1946 to 19:}1i. Comparisons were mad".: 
using ~o. ~3: barley as the basic grade. with prices, sound barley • 
content. and test weight per bushel for the other grades expressed 
as a percentage of thOSE: for ~i). :3. Premium and discounts from 

TABLE 30.-0ab~: Perc~'ntrr.!ll! or in.'!p£cteri receipt;:; grading So_ ;f! 
O'r better und hear!j or better at appro.rimofely 75 markets. 
19J8-51 

1138 .. 
19au .. 
19..m... . 
19·U ..... . 
1942 ... . 
1943 .. 
mM... 
l!h'i. 
LJ-±<; ... . 

1947 .... . 

19-!S............... , .. . 

1949." . 


P~i~e.r:: 
37.6. 
34:.5 
54.3 
.fOg 
43 4 
:3~. ~) 
20.S 
51 0 
58.3 
57~J 
64.S--~ i • ....tl 

Percl!l!t 
11.6 
32.0 
57,1 
24.1 
42.1 
-lo.5 
BOA 
tll3.:1 
.C_.1. -J 

64.2 
81.3 
69A 

1950....... . 70.0 86.7 

Compiled from A..X:';T..\L RARLEY ASD OATS sr:\l:.\.LillY (:2~). • 
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•
No.3 in cents per bushel also are shown. As for oats, the price 
quotations for each marketing year represent an average for all 
days on which 2 or more cars of each grade were sold. Such 
quohtions were available for 20 days in 1949 and 69 clays in 
1947. Other years fell within this range. 

Comparison of these two grade factors with relative prices 
indicates a dose agreement for all grades with sound barley 
content and slightly less agreement with test weight. For grades 
<] and 5 association of both grade factors with relative prices is 
relatively close. For grades 1 and 2, the premiums apparently 
are 1110re closely related to sonnd barley content than to test 
weight. 'rhis probably reflects the fact that considerable barley 
grading Nos. 1 and 2 is used for malting. For this use, soundness 
is more important than test weight. Most of the barley grading 
i1 and 5 is used for feeding. For this use test weight and sound
ness probably are about equally important. 

MA1.TING BARLEY 

• 

~lalting grades of barley normally bring a premium over com
parable grades of feeding barley. This reflects the higher qu~1ity 
standards of these special grades. In cents per bushel, premiums 
for any malting grade over any feed grade have varied consider
ably fro111 year to year. From July to November, 1934 through 
1950, No. 2 Malting barley commanded, on the average, a premium 
of 9.9 cents a bushel above No.3 barley, ranging from a high 
of 20 cents in 1942 to a low of 4 cents in 1940. These deviations 
from the average, however, apparently are not related to factors 
that might logically be expected to be associated with them. 
Prices for the grades on which the above comparisons were 
based were taken at Minneapolis on all days from July to Novem
ber when 2 or more cars each of No.2 Malting and Nos. 2 and 
3 barley were sold. 

A multiple-regression analysis was run. The spread between 
the price of No.2 Malting barley and No.3 barley was used 
as the dependent variable. Receipts of malting grade barley and 
utilization of barley for malting purposes were used as the two 
independent factors for 1934 to 1950, omitting the World War 
II years. Results of this analysis indicated that the dependent 
variable and the two independent variables were not related. A 
second analysis was run using the same dependent variable and 
the barley used for malt series but expressing receipts of malt
ing barley as a percentage of total receipts. Expressing malting 
receipts in this way yields an estimate of the quality of the crop. 
Here again, results indicated that no relationship existed between 
dependent and independent variables. 

SORGHUM GRAINS 

Moisture content is the principal factor associated with prices 

• 
fOl' the different grades of sorghum grains. However, other grade 
factors such as test weight per bushel, spoilage, and foreign 
material also are considered. 
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TABLE 31.-0ats, White: Specified gmde chamcte1'isti cs and (wemr}e price in relation to No.2, by grades, o 

Minneapolis, 1946-50 1-3 
t>j 
o 

;\Iaximum Pri(:(, in relalion to No.2, year beginning July 3 il1:\[inimull1 Zlimits oftest weight - - ....
foreign oper bushel' material' P('J'('rntnge Premium Ilnd diseonnt pel' bushol ~ 

r-<Grade ·--·-T-'-_.-.-.. --.--- .-----. . 
td 

Per- Per d 
cent- cent- 1\vC11'ngc Averago §::

Act.lllil age AcLual n.~e 10·\(i 1\)·17 10·18 1!),Ifj 1!!50 1!).I(i- 1!J.l0 11U.I'i' 19·18 lQ.l!) 1050 10-10- l'J 
of of No. 50 50 1-3 

HNo.2 2 ' Z-------- --.- --.- --.-.----------- -- ---------- f-'
Per- Per- Per- Per- Per- Per- Per- C> 

Pounds 00cent Percent cellt celli cenl CCIlI celll celll Perrent Celll.~ Cenls I('cllls ('en Is ('wls Cenls C> 
No.1 ....... 32 IOU.7 2 101.0 100.8 100.6 101.2 100.8 101.0 100.0 0.7 0.7 O.!! o.n 0.8 O. 7 dNo.2....... 30 100.0 ;) 100.0 100.0 100.0 1.00.0 100.0 100.0 100.0 0 0 0 0 0 0

No.3 ....... 27 00.0 ,t \J\l. 0 !)!J.l ml.l IlS.{\ DB.1l !)S.1l US.1l -.8 -1,0 1-1.0 ".8 -L.2 -I. UJ 

No.4....... 24 80.0 5 07.!) ns.o 07..L 
 Oli.O n7.5 mi.\) n7.:l L -3.0 -2.:l ··1.8 -2.0 -2, t;! 

tz:j 
'i:j 

-~.-..~ .~~""'~"---- .-- ~-.- ----,--- -- --..-- --- ~- -- -~.-

~ 
1 From HANDBOOK OF OF'I"ICTAL GRATN STANDARDS (25). 'Simple average for all days on which 2 or more cars of 
, Maximum limits fOI' each grade subh-aeted from 100 and each grade were sold. o 

"'jvalues of grades 1, 3, and 4 computed as a percentage of the 

value for No.2. ~ 
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TABLE 32.-Ba1·ley: Specified gmde characterist'ics and U1'f'1'(tlIC price in 1'elcttion to No.3, by grades, Min ~ 

neapolis, 1946-50 ~ 
-- Q 

l\Hnimum limits of 2 Priee in relation to No.3, yrar beginuing .Iuly· til 
1-3I------------- ~ c:: 

'frst wright Souud Premium llnd discount per bushel oPercrIl taw' 
per bushel barley 1-3c::Gradel ~ 

t,:j 
Pcr- Per
cent- ccnt- Average Average o 

Actual age ACtlHll ngc 19·W 1\)·\7 H)4S 10·m 1050 l!1·J{)- 1\140 IO·Ii 19·18 19,19 1950 1946
of of 50 50 ~ 

~tIlNo.:3 No.3 ------------------------------ ttl 
Per- Per- Per- Per- Per- Per- Per- ~ 


Pounds cenl Percent cent cent cenl cenl celli cent Percent Genis Cents Cenls Cenls Cents Cellts ~ 


No.1 ....... 47 100.;:; 05 105.6 101.9 102.2 105.1 10:3.0 lOG A lOa.7 :3.:3 5.1 G.7 '1.1 !L5 5.7 ~ 

No.2....... [ 46 107.0 9:3 103.3 100.0 90.4 10:3.5 101. \1 102.li to1. 5 0 -1.'1 4.G 2.6 3.S 1.9 

~t-< 

4:3 100.0 90 100.0 100.0 100.0 100.0 ]00.0 100.0 100.0 0 0 0 0 0 0 

-12.9 -lG.3 -13.9 -17.2 -la.G ~NoLINo.·1. ...... 40 9:3.0 . 80 SS.9 05.0 94.3 87.5 80.8 88A 01.1 -7.6 
35 S1.4 70 77.8 8·1.9 83.3 81.0 78.2 81.1 81.7 -26.:3 -as.1 -2'1.8 -29.7 -28.0 -29.4 ZNo.5...... 

-- -
tj 

til 

1 Not otherwis~ designated. • Simple average for all days on which 2 or more cars of o 
~" From HANDBOOK OF OFFICIAL GRAIN STANDARDS (25). each grade were sold. G1 
~ c:: 
~ 
G1 
~ 

H
> 
Z 
til 

W ,....... 
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TABLE 33.-Milo 11wize, Yellow: Specified g'rade cha.mcte1·istics and price 1:n ?'elation to No. J, by !/mdes, L\!) 

Kansas City, 1946-50 
----- .......-..•------,-•..~-.-.----., 

Pl'i('" in J'(,lntioll to :So. :\, YPllI' h£'f!inllilll-( Odolwr ~ 
, I·~quiv!ll(llll 1___ ,- _.._, ----_ .. ' - -_.. 

dl'\' I 
; :\[:l~imum 

Cradc ; m01RluIC 

i pcrmittp f 

j 

I 
I 
1 

-I-~.--- ---i--- 
PtJr('(']I! 

'Ko.1....... 1·1 j


NO.o2....... [5 I 


:\('tual 

Pl'rt'l'lI! 
Sfi, 
Sii , 

Ko.:3 ...... ' lli i 8·1! 
NO.4·······1 181 82 

I minimum 
maltl'l" I'pl'{'C'nlug;1' Pr(>miulll lind dis('oun!. ppr 

____ 1_.._., ........ - ....-.....,_... ,-- 1_· .. _____•.__•. _ 


! 1I I I I 
1'('1'('('nl-il,.\Yc'rUl!;p 

_ 

• 
HI-(P 1U.!:j; 1'117 

• of .! 
:So. '~" 

- .---~ l'/'J'- ': j'rr
l'el'('1'1I1 cl'ni i fl'lI! 

102 .• 1/101 .• 11101.2 
101.2 101.2 1101.1 

102.ti 
102.5 

lOO.O 100.0 Il0o.n 1'100.0 
\1/.0 I U7.ll I\JS.:{ \)7.0 

, From HANDBOOK OF OlCl'ICIAT. GRAIN s'rANDARDS (25), 

• 


l!l·J~ I\JI!J IWiD 1!)J(i·' IIl·\(i WI/' IIl·IS I !!l.1\J 1!l50 
;iO,

' 
'I .... ..... ..-~ ->'-"';)~;~., Per- 1 Pr~- i '1 --'1 Z

i .....
crill I 1'1'111 I I'ml 1'1'1'C'r1l1 I (.'1'Il/.~ ('enl,~ ('I'I/IS,' C/'il/s Cl'n/s Cenl.~ o 

101.S IOl.5 101.1 j :l.8 ·1.:1 5.8 
101.:~ ILOl.a 101 ii 3.2 ·\.O ;'.7 t' 

100.0 1100 •0 100.0 I 0 l' 0 0 
1l8.a I HO.O _.08.2 -5.1 -6.7 -5.0 

: See text for method of computation. 
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0 0 0 ~ 
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TABLE 34,-Oai"s, barley, anel so?'gh'um gmins: Fa?'?)'/, loan mte and ~!('((son (ll'Cl'a{IC l»)'ic(' })('I' bushel fo1' oats 

and ba?'ley anrlpC'?' hZlnd~'('(l7Ueight fo?' s01'glmm {fmins a:nd q1lantitlJ 1JZaccd IInd('/' 1}l'ic(' .<{lIJ)1)Ol't, 1{J40-50 "U 
~ 

~ -~.~<----' H 
()OATS 
t,:tj 

Cf1 

1,'1:\11 rat!' (~tlalllity pla,'pc! nud!'l' priC'r SUPP;)I'll 1-3 
~(I!l~tlll q 

~ 

Yell" :lVPI'ag;(' (')
:\(lliollal 1'){'t'(·~'lItn.~(l I'd,'!' Pul't·ita:'!' Pcrcrnt,O,p;e of 1-3I..onll~ Tobt!I, nY"rap;r of jl:lri Iy agl'p{,lllPlltf: production g

! t,:tj1,11110 l.uOO 1,000 
/'/')'('1'111 !JolllI)'I< lu,,,hrfR I",.<hd•• 11l/••hr/s Percent 

1!l45.... . .. . . .. . . . 70 [) 1i7 2,0;):1 2,!J33 D.IDI !J(lllllr~ o 
~]940, ............. : : : :::. . .. .. . .. .. .... ' (H~
. i):) 71 "I 7XR i88 .05 1-3H)'!7 ........ . 


(".l.) ti!) ,Oii ~2[.1 2·14 .02 sn 
,70 i 7n ,7:1 11.703 oS, (H) I 2:\ ,:\\l6 un I:;j 
.0\1 I 7n ! ,lili ;{O,2RI 10.72'; II ,DOG 8.27 ~ 
,71 7f) Il,lill :10:~ II,Bil LOG ~It} .;U
,72 12,R20 :\03 1:{,12,; .00 l' .so i .SI tzj.'is ., .. .... . '17.17i ;.1, :{O:l ~21 ,.180 'loti!)111[::::::.·•• ·.·; •••••• ·.·.·:· ••. 

.><! -- -.~.-'-.~~ 

~ 
BAlli.!':)' Z 

~-------..---... ~--. t3 
1940.................................... .:{;) ·1·1 I .10 Ii 7. 1!J(l 7.·Hlll 2.41. 

•.~ ~ .......... ,......................... .' ;l .)1 . fl" 1 II ~~. I lli.2!l7 ::0 


1942................................... , .iiii liOli:1 l.i,I!!!) 1:1.1\10 8.5·' Q 

19 'I 1- "-I -.. I . "'1- ·un 

Cf1 

I 
o 

1!,l43.................................... .,3 70 .\1\1 7til 701 .24 ~ 
t q]944.................................... .Xii XI ; 01 :1,:W2 :1. :H12 1.20 

]945 ........ , ........................... 1 .XO : ,fi j' 1,{)2 I,O:!7 1.02i .as ~ 

1940.................................... .R:{ I iii l.:~(i WI l!ll .Hl Q 

1947................................... . I.O:~ . ,:1 ! 1.7(] :ti7 .12 ~
:\;)i I 
1948.................................... 1 1.lii 73 i I Iii :{O,!lll2 IX.2U.s 1!l,2tiO 15.lil ;.

......
1949.................................... 1.0U ,2 I I,(]·I 2X.·I:m ·1,512 :{2.\lill , I:U)O Z
1()5D................................... 1.10 iii I I, IX 2\1,li2\1 \l\ll 10.OB Cf1
:\O.li20 I'
]95].................................... LII iil i 1.2·1 lli.:~2(i 00:> [7.021 n.O\) 

~ 
~2 ,:~SO ~\l.R!l2 2·1,:m]952 .......................... , . . .. . .... I. ~~J~_. __~~)_I .. ',',':.:'. '7,iim 00 
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TABLE 34.-0ats, ba?'Zey,ancl sO?'gh'u?n gm'ins: Fann loan ?'ate ancLsenson (wemge price 1)(?'/' b71,shel f01" oats a,ncl ~ 
ba?'ley ancl per 7mncl?-echveight for s01·gh7.L?n g?'ains and quantity 1Jlacecl7.mcler price S1lPPO?·t, 1MO-50-Continucd ~ 

o 
SORGHUM GRAIXS ~ 

H 
oLoan ratc 	 Qunntity plnc(~d under price supportt ~ 

Sensoll ~ 
Year !lverngl' to

Nationnl Purchtlse Percentage of dl'ercentn(.;c I price I 
avcrnge of 	 pnri ty Lo:ws figreements Totul production ~ 

------~--- -- 1----1 - t"' 
tr.j1 ,000 1,000 1,000 8handrcd- hundred- hllndrrcl ...... 

Percent Dollar~ wdght weight lI'ci(Ihl Percenl Z 
19·10.............•................... , .. D.ll":1i I 35 .85 4'~ . ........... 4'~ .00 6 

1041. ................•.... , .. , ......... . 46 . IlS 1ll! l!ll ,:30 00
• •••• 0 ••• 0.' 

10'12...... , ........... , ................ . .9S 5:':- 1.aU fiS 	 68 .11 .0
• •• _0 ••••••• 

1943.... , ....... , .....•...............•. 1.52 ~"3 2.0·j 26 . .. .... . .. 2Q .0·1 c1
~ ~ 

194,1. ...... , ..................•......... 1.70 83 1.63 ·.I,G01 . ............ 4,601 '1.4-1 . 
19-15................................... . 1.65 70 2.12 6 0' •••••• ••.. 6 .01 rn 
194u..•.. , •.•.••.. , .... '" ..... " •...... 1.72 80 2.48 30ll • •••••• aOll ,52 t:I•••• 0 

1941..................•................. 2.12 76 a.27 42 ............ 42 .08 t:'l 

1048..................•...•...•........ , 2.:31 77 2.2U III ,·iOU 2,85:3 22,2G2 aO.26 "d 

1949................................... ·1 2.09 70 2.00 4a,7'13 3,5:31 47,2H 56.92 !'"3 

lU50 ........... , ........................ i 1.S7 135 1.S8 33,202 4S8 aa,780 25.SG 0 

lU51 ......................•....•........ i 2.17 75 2.3G 8,:310 ·17 8,357 0.32 "j 


•• 0"11952................................... 'I 2.3S SO to ••••• '1,S57 '210 '2,067 2·lAl ~ 

c;1 
::0 

1 	 oCompiled from reports of the Production and Marketing Administration. , Preliminary. 	 H 
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tr.j 
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rAE 35.-0ats, ba?'Zey, and s01'ghum g?'ains: Disposlon of (wwunts 1JZaced ttn<le1' price-support, 19.1-:s2 

Crop 
of 

1945 ................. . 

194(l ...............•.. 

1947 ...........•...... 

1048 ................. . 

194n ................. . 

1950 ................. . 

In5l ................. . 

1952 ................. . 


Hl40 ................. , 

19·n ................. . 

1942 ..............•.•. 

19,1:3 ................. , 

19,14 ................. . 

Hl45 .......... , ...•. " 

1\)40 ................. . 

1947 ................. . 

1948 ................. . 

1949 ......... , ....... . 

1950 ................. . 

1951 ...... , ...•....... 

1952 ................. . 


Placed 
under 
price 

support' 

Million 
bushels 

2.9 
.8 
.2 

14.7 
30.3 
1'1.6 
12.8 

617.2 

7.5 
lG.3 
15.2 

.8 
3.3 
1.0 

. 5 

.3 
31.0 
28.4 
29.0 
16.3 
67.5 

I'dOATS ~ ...... 
~-------.-----..- "-.~-

Loans 	 Pur('hn~e ngreem('llt,s Total' ~ 
CIl 
8 
~ Re- De- PlllcC'd RC'- DC'- Placed De q

deemed IivC'red Ill'- under de!'med livered H('- undC'r livered 
by to seal!'d price by to sCllled price to ~ 

farmers CCC support f:mnr.rs cce support' CCC' q 
--- ~ 

t".lMillion Million Million Million Millioll Million Million Million Million 
b1lshels bushels bushels b1lshels b1lshels bushels bushels b1lshel.~ blLShel1l 

0 ....... ,
~2.9 . ~ ........ ... . . ... . •• '_' •• 0 ..... ..... . ......... .... 2.0 ......... " .. o 

:>

.8 ......... 
~ 

. .. . " . .... •• 

..... ..... ..... , ... , . . . . .. ..... .8 .......... 8
j • ~ ........ ~ 


~.2 . , ........ ......... . . " .... " ... . .... " ... ......... .. ... .. . . ~ 

, .. .2 . '"'' ...... !Il 

3.8 1l.5 lA 8.0 

~ 

l2.1 0.1 0.4 23..1 10.9 
2(i. 3 2.'1 1.(l 10.7 llO.·1 .2 .1 ·11.0 3.0 to 

14.2 .4 ( 5) .4 l .. J ( 5) ( 5J 15.0 .4 ~ 
12.3 .5 ( 5) .3 '.3 ( ') l5) 13.1 .5 t;j 

• •• 0';0-> •• 000 •••••••• 	 ........... "' ." ~ 0 .......
0 •••••• 0 00, 0 •••• 0 ••• 64.. 3 • , •• '0"", 	 "21.5 
~ 
>

BAIU.I'JY Z 
tl , 	 -"-"'-~'-'. 1 . 

7.0 0.1 0.4 .................... 1.................. .. 7.5 0.1 CIl 


13.0 	 10.3 .7 o 
15.1 	 \.5.2 .1 o ~:I I ...... ~:~. ::::::::::1::::::::::1:::::::::: :::::::::: 

.8 .......................................................... . .8 .. , ......... D:1 

q3.1 .2 ................................................ .. 3.:! .2 


1.0 	 (1) ................................................ .. LO ( 7) t:= 

.5 ........................................................... . .5 ........... o 


••• 0.* ......3 .......................................................... .. . 3 ~ 
.1. 7 2·1.0 2.a 18.:3 '·1.7 12.8 .8 ·j9.3 .I.Q.(l :> ...... 

12.4 1·1.8 1.2 4.5 '3.8 .0 .1 33.0 16.2 z
20A 3.2 (.) 1.0 l. !) .1 ( .) 30.6 3.5 CIl 

1<.1.4 1. 9 (6) .7 '.ti .1 ( 5) 17.0 2.2 
. . .. . . . . .. ,......... .......... . 62.£1 (... ..... .. (...... , .... 1 •••••••••• og.O .......... 1:.0 


0\ 

http:f:mnr.rs


___ 

/7 

J-3 

~TABLE 35.-0ats, barley, (mel sO'I'glm'nt gmins: Dis1JOsition of amounts placed 1.mllC'l· price-support, m 
1.940-:)2-Contin u eel 

_,~~,_c__~ .. ___...,__~__........ _. ~., 


I:j 
oHOIl~aru~1 GHAI:\g 
~ 

--~·-i""...-----.--i' ..-	 --..---------,--~-. 

Loans l'urchn~(' agn'('tnpntg 

--~"------ 1---0> --1-'---' 
Crop PlnCNI 

of undp],
pri<;(' 

__.__ _ support[ 

Million 
cwl. 

19·10 ................. . 

1941 •................. 
 ( 8)0:i 1942................. . 

1943 .....•............ ( 8) 

1944 ................. . 'LG 

1945 ................. . ( B) 

1941i ................ . .3 

1947 ................•• ( 8) 

19'18 ................. . 10.4 

1949 ................. . '13.7 

1950 ................. . 33.3 

1951 ................. . 8.3 

1()52 .................. I 61. \l 


Rt'- Dt'- Plrt(·t'd Hr- D<'- I 
lir('n1l'ci livered Hp- uncler. dl'rmed liverpd I HI'

by to ~(,!Lled prie!' i by to :;Plllrcl 
farnlers cce _. __.__ . support,! ..~ll·lC'r:_l_cce~.L.....~- . 
Million iIIntion Million Million Million Million! .!lillion 

ClOt. ClOt. cwl. ClOt. cwl. cwl. ewl. 

( 8)0:i ::::::::::1::::::::::::::::'::::::::::::::::::::::::::::::::::: 
( B) ...................... ·· ...... 1.. · ...... · .. ··· .... ·1 .. ·.... ··· 


2.7 1.9 ................................................ .. 

( 8) 

(B) . 
3 I:::::::::: :::::::::: :::::::::: I: : : : : : : . :: :::::::::. j: : : : : ::: : : 

.3 1!L1 (6)

.7 42.7 .3 
23.5 9.8 (6) 
8.1 .2 ( .) 

........... 


c~___L __ _ 

2.0 '.7 2.~! (OJ
3.5 	 '.2 3.3 ..... ' .... 

.5 ',5 ......... 'I (0)
( 8) (') (6) • • • . • • • . . . ( .) 

r 6.2 j •• ••••• . ••.••. 

1 Quantity placed under loan excludes grains from purchase 
agreement put under reseal program. 

=Totals computed from unrol1Hded data. 
'Includes deliveries shown as "deliverr,d to eee" from 

original program, deliveries from reseal program, and over
deliveries as determined by final measurement of farm-stored 
grain when delivereu to eee. , 

Z 
H'~(111\1 2 o
;..- .--. 	 t"' 

I Placed under purchase agreement, but not delivered to eee f") 

or sealed [OJ' loan. q 
t-'n Loans were not extended. 

., Prelimimll'Y. q 
1 Less than 50,000 bushels. ::d 

I:j• Less than 50,000 cwt. 

• 
Compiled :from l'('ports of the Production and Marketing 

Administration. 
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1'11\('('d Dc- t:d 
uncl!'r IivPTrd c:: 
pri('(' to t-' 

~upporLf ~eor_ ~ 
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z ::2.Million Million 

cwl. cwl. 
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a 
00 
a8)0.2 ::::::::::."1 I ....... '''*" 


( K) .. ........ . !:1

·I.n 1.\'1 

~Pl 
.3 I.· •••••• ~ ~ t1 

I:j(~ "022.3 2la5 
~ 47.3 -t(i. !) 
o33.S \l.8 ':j8,4 .J 
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PRICE STRUCTURE: OATS, BARLEY, AND SORGHUM GRAINS 97 

• 
Table 33 shows the minimum dry-matter content for the 

various grades compared with the average price paid from 19,16 
to 1950. Comparisons were made using No. 3 Yellow l\filo as the 
basic grade. Prices and minimum dry-matter content for thc 
other grades were expressed as a percentage of those for No.3. 
Premium and discounts in terms of cents pcr 100 pounds for the 
other grades from No. 3 also are shnwn. 

The method used to obtain crop-year ~werage prices of the 
various grades of sorghum grains differs slightly from that used 
for oats and barley. Receipts at Kansas City, where prices for 
the different grades were compared, are not large enough to 
provide an adequate number of clays on which 2 or more cars of 
each grade were sold to obtain an accurate yearly average. To 
avoid this difficulty, days on which 1 or more cars of grades 1, 
2, and 3 were sold were used to obtain yearly average prices 
from \vhich premiums for grades 1, 2 and 3 were computed. 
Days on which 1 or more cars of grades 3 and 4 were sold were 
used to obtain the discount of grade 4 from grade 3. Thus, an 
equal number of days or the same clays are not necessarily 
represented in the yearly averages for all grades by this method. 
However, the spreads for grades 1, 2, and 4 from 3 in percentages 
and cents per 100 pounds probably are nearly the same as those 
that would have been obtained had prices of all grades been taken 
on the same days. Days on which 1 or more cars of grades 1, 2, 
and 3 were sold rangeel fro111 10 in 1948 to 58 in 1950. Days on 
which 1 or more cars of grades 3 and 4 were sold ranged from 1 
in 1948 to 24 in 1946, the other years falling within these rc
spective ranges. 

Comparison of these relative dry-matter contents with relative 
prices reveals substantial agreement for grades 1, 2, and 4 in 
all years. The premium for No. 1 is not quite as high as one 
would expect solely on the basis of dry-matter content. Other 
quality factors may be eqnally important for this grade. 

SUPPORT PROGRAMS FOR OATS, BARLEY, Al\'D SORGHUM GRAINS 
Dnder authority contained in the Agricultural Adjustment Act 

of 1938, as amended, and subsrquent agricultural acts, support 
programs have been in effect in each crop year since 1940 for 
barley and sorghum grains, and since 1,945 for oats. Quantities 
pledged for price-support loans were comparatively small from 
1940 to 1947 for all three grains. They reflected the strong de
mand for Ieed grains during World War II and the short crops 
in 1947. During these years Government programs functioned 
primarily as a short-term loan pTOgram in which farmers re
ceivec1loans on relatively small quantities. Later they paid off the 
loans and redeemed theh' grain. From 1948 through 1950, how
ever, substantial quantities were placed under price-support be
'cause of some reduction in demand and the large feed-grain 
crops in 1948 and 1949. With stronger demand and smaller 

• 
production, the quantity placed under price-support from the 
1950 crops declined from the high level reached in 1949. How
ever, it was still substantially higher than in the earlier period. 
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Support prices in the post-V\Torld War II years have been higher 
for all three grains than in the early years of support operations. 
This reflects the increases in parity prices and in the percentage 
of parity at which prices have been supported. Tables 34 and 35 
contain data concerning price-support operations for oats, barley, 
and sorghum grains. 

Administration of the support programs for these grains was 
similar to that for corn. Before 1947 support operations consisted 
only of nonrecourse loans by the Commodity Credit Corporation 
to eligible producers. Under this type of loan, if a loan is de
faulted the producer is not liable for any deficiency arising from 
sale of the collateral other than that caused by deficiencies in 
grade, quality, or quantity of collateral delivered. They are 
charged interest only for the periods the loans are in effect. 

Beginning with the 1947 program, purchase agreements also 
have been available to producers. Under this price-support method 
the producer signs an agreement with the Corporation in which 
he is given the option to offer to the Corporation during a speci
fied period not in excess of a certain number of bushels of grain 
of an eligible grade and quality. He is not obligated to deliver 
any grain at all, but in no event may he deliver more than the 
quantity stipUlated in the agreement. As no inspection of the 
grain is made by the Corporation at the time the agreement is 
signed, the producer must assume the responsibility for keeping 
the grain in condition and eligible for price support. When de- . 
livering grain the price he receives is the applicable support price 
at the point of delivery. Through the use of this method, those 
farmers who do not require immediate funds may retain their 
grain and sell it commercially when they believe the market to 
be advantageous. 
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APPENDIX 23 

Two tefsts of I signiflcance wle~'e athPpliJeclllint~onSnecftion wlt'thh certhain • 
1 l 111 IS)U e m. 0 ar as e aut orgroups 0 ana yses c eve opec 

is aware they have not been previously used. They represent slight 
modifications of tests discussed by Snedecor (20, pp.257~262) and 
Rao (16, pp. 112-114). As readers ·not traineCl in mathematical 
statistics might haye difficulty in developing the specific formulas 
needed, the tests are outlined ill detail here. In addition to the 
purposes for 'which they are used in this bulletin, the tests could 
be used to ascertain whether regression analyses run for separate 
months differ significantly from each other. 

TEST DESIGNED TO ASCERTAIN WHETHEH THE CORRESPONDING HEGRESSION 
COEFFICIENTS IN THREE OR MORE MUJ.TIPLE·nEGRESSlON EQUATIONS ALL 
ARE EQUAL 

TIlls test was applied to analyses of factors that affect the price 
of corn, oats, and barley, respectively, in summer (see pp. 3-4). 
In each analysis, a composite supply factor based on the iterative 
approach discussed in Foote (7) was developed and used as an 
independent variable. Two additional independent variables were 
used in each analysis-livestock production and prices of live
stock and livestock products. The hypothesis to be tested was 
that each (.f the three independent variables affected prices of 
corn, oats, and harley :":~:iilarl'y. The following equations more 
definitely indicate the nature of the hypothesis: 

(1.1) X,: = a' + b',,,.,,,X,' + :!'"",,,X, + b'.""X. 
(1.2) Xv" = a" + b:',:"X," .t- b',:,aX, + b ;',,~,)G' 
(1 3) x '" = ", '-I' b' I 'X ' " ,I. b ' "X. -t- b " IX,,'

• 0 a U1.2:1 1 I n:',n" - );\.12 - .1 

where 

Xo' is the price of corn during June to September, 

X." is the price of oat:- during July to October 

X.'" is the jJrice of barley during July to October, 

X,', X/ " and X,' I are the respecti\-e weighted supply variables,
I 

X, is ~he production of liyestock during July to December, and 
Xa and X,' are the average prices of livestock amI products for the 

months to which the respective Xu's apply. 
The hypothesis to be tested is that the fol1o,ving relationships 

hold simultaneously: 
(2) b'OI.~J = b ~H::.!a = h ~l~:: = bOI.!!3 

) b / " 02.13b' U!t13 -- J"n:':.l!1 --- O:hoJ:! -- 'u' 

b'""" = b ;"'~," = b :!~,~ = 'b03,,, 

The following steps are involved in makulg the test: 

1. For each of the three analyses" compute the unexplained sum 

of squares, In each case, this will equal ~ (X" - Xu)' (I-R'o,]:3). 
Add the l·esults. The degrees of freedom attached to this sum 
of squaTes is N-P, where N is the total number of observations 
in the several analyses and P is the TlUmber of restricbons, fnat 
is the number of coefficients involved in the 3 equation/) in (1). 
In this case, each analysis was based on 20 years. Hence, N = 
60, and P = 12 (9 regression coefficients plus 3 constant terms). 

03 This section was written by Richard J. Foote, Supervisory AnalytIcal 
Statistician, based on 'lotes developed by Eugene E. Hixson, Mathematical 
Statistician, both of the Bureau of Agricultural Economics. 
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2. Combine the respective sums of squares and cross-products, 

after correcting f01" the 'respective mea:ns, for the three analyses. 
In the notation used above 

,,;' 2":xo2 = ~Xo': + 2:xo"! + ~XO' I 12, etc. 
Rerun the analysis, using these totals in obtaining the regression 
coefficients. Compute the unexplained sum of squares for the 
combined analysis, which ·will equal :S-."x,. (I-R'•.,,,,,). The degrees 
of freedom attached to this sum of squares is N-6, the 6 represent
ing the three regression coefficients from the combined analysis 
plus the 3 constant terms for the separate equations. 

3. Subtract the result in step 1 from that in step 2 and divide 
by the difference between the reRpectiYe degrees of freedom. In 
this case, the difference in degrees of freedom is 6 [N-6 
(N-12) J. This represents the mean square resulting from differ
ences among the regression coefficients in the three analyses. 

4. Divide the final result in step J by the degrees of freedom 
attached to it, namely N-12, in this case. This represents the 
error or remainder mean square. 

5. Compute the ratio between the mean square in step 3 and 
the mean square in step 4, .and compare this with the tabular 
values in an F table, using 6 and N - P degrees of freedom. If 
the ratio obtained is larger than the tabular value at the 5-percent 
point, the differences between the regression coefficients from the 
respective equations are statistically significant and the hypothesis 
is rejected. In this case, the ratio ,vas smaller than the tabular 
value, as would have been expected, and the hypothesis was 
accepted.24 

TEST DESIGNED TO ASCERTAIN WHETHER A PARTICULAR SET OF REGRESSION 
COEFFICIENTS IN THREE OR l\fORE REGRESSTO::V EQUATIONS ARE EQUAL 

This test was applied to analyses cif factors that affect the 
ratio of prices of oats, barley, and sorghum grains, r~spectively, to 
prices of corn (see page 71). In each analysis, the respective sup
ply ratio 'vas used as an independent variable. The hypothesis to 

.be tested was that the regression coefficients for ~ne supply ratio 
was identical for the thl'ee analyses. The test was complicated 
somewhat by the fact that tlvo of the regression equations in
volved only a single independent variable, whereas the third 
involved three. The three equations can be written as follows: 

(3.1) Xu' = a' + b./X,' 
(3.2) Xi' = a' , + boi 'X,' , 
(3.3) Xu'" = a' " + b '':'~X,'" -l- b.,.laX, + b.3."Xa 

where 
Xu' is the ratio between the price of oats and the price of corn, 
Xu' , is the ratio behveen the prices of barley and that of corn, 
Xu' " is the ratio between the price of sorghum grains and that of corn, 
X", X,", and X,'" are the ratios between the supply of the respective 

items and of corn, and X, and Xa are related variables. 

;, Had we wished to include in (2) the hypothesis that a' = a' , = a' , , = 
ii, the same test could have been used, e-xcept that deviations from a common 
mean would have been used in step 2 and the degrees (If freedom attached to 
it would be N-4, the 4 representing the three regression coefficients from 
the combined analysis plus the one constant term. The divisor in step 3 
then would be 8 [N-4 - (N-12)], and appropriate adjustments would be 
required in step 5. 

http:accepted.24
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The hypothesis to be tested is that the follovdng relationship 
holds: 

(4) bu,' = bOl' , = b ::.~ = bUl.23 
The steps involved are the same as those given above, except ' 

that the sums of squares and cross-products involving X, and X, 
in step 2 are based only on the variables from equation (3.3), 
and P = 8 (5 regression coefficients plus 3 constant terms). The 
divisor in step 3 equals 2 [N-6 - (N-8)], and in step 4 equals 
N - 8. Appropriate adjustments are made in step 5. In this 
case, the ratio between the mean square in step 3 and that in 
step 4 was larger than the tabular value at the 5-percent point, 
as would have been expected, and the hypothesis was rejected. 
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