|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




[ =]
-
- —
MM

n

22 £

TR -
= =

R it e

tr::prp EErR
EEL
ey

= 12 IR

RICROCOPY RESOLUTION YEST CHART
NATIOHAL BURCAU OF STANDARDS-1963-4

e

2

flis 5 X5
122 s

i o 1 o o
L _= )
[ ]
N

FEER
= 1l

o

I

WICROCOPY RESOLUTION TEST CHART
NATWAL BUREAY OF STANUDARDS-1363-A




Technical Bulletin No. 1080 .

September 1953

':_,__?WASIIIN&TON, B. G..

The Demand and Price Structure for Oats,

Barley, and Sorghum Grains'

By KENNETH W, MEINKEN
Agricultural Feonomie Statistician
Burcau of Agricultural Eeonomics

to October, West North Cen-
tral region ...............
Statistical analyses of factors
that cause deviations from

42

CONTENTS
Papra
Summary .....coceieniiiciannan prices of corn from Novem-
. Economic importance of the ber to May in the Middle
three grains .......cc0n..- & West coiviniiiiie i
Geographie distribution and Factors that affect prices of
trends in acreage, yield and barley in California ........
production ... . .0l 6 Special factors that affect prices
Flow chart for cats, barley, of sorghum grains .......
and sorghum grains ....... io Geographie shifts in production
Importance of the three grains Changes in domestic uses of
for Hvestock feed .......... 11 sorghum graing ...........
Nonfeed uses ..........0ve.nn 14  Toreign trade for sorghum
Price relationships among the EYAIME v inviranrncnsnens -
several feed grains ........ 16 Statistical analyses of factors
Special factors that affect the that cause deviations from
price of cats .._......... 18 prices of corn from Novem-
Economic Importance of ocats bertoMay ... ..ol
other than as a grain ...... 18 Comparisen of coefficients ob-
Relative variability of specified tained from the price stud-
disposition items .......... 19 ies for the three grains. ..
Long-term changes in demand Seagonal variation in prices of
for ocats for feeding ...... 22 oats, barley, and sorghum
Statistical analyses of factors ETAINS covvvvvrvierersasen
that affect prices from July United States average prices
to October ................ 23 received by farmers .......
Statistical analyses of factors Seasonal variation by major
that eause deviations from Tegions .....eiiinineraeann
prices of eorn from Novem- IEffact of loeation on differences
ber to May .. .......iinn 29 MOPrICE ovrinninineaans
Special factors that affect prices Overall pattern .............
of barley ............... 3G Relationships between United
Geographic shifts in production 36 States average prices received
Relative variability of specified by farmers and prices at
disposition items .......... a8 terminal markets ..........
Long-term changes in demand Price diffcrences in central
for barvley for feed and for nrarkets hecause of grades
malting ... ... i iiiernn 38 2 :
Foreign trade for barley .... 42 Barley for feed ........... .
Statistical analyses of factors Malting barley ..............
that affect prices from July Sorghum graing .......ien...

Support programs for oats, bar-
ley, and sorghum grains . ...
Literature cited
Appendix

? Submitted for publication May 15, 1953.

Pape

47
53

L]
55

56
87

60

G5

T4
74
T9

.y
A

80




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

SUMMARY

The three feed grains—oats, barley, and sorghum grains—
normally represent about a fifth of the total concentrates fed to
livestock. From 1946 to 1950 they contributed respectively 15, 3,
and 2 percent of the total. Contributions of these grains te the
guantity 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 compuratively unimportant.

Oats are produced mainiy in the North Central region—Ieading
States arc Iowa, Minnesota, lllinois, and Wisconsin, In 1951
production for these States represented 51 percent of the United
States fotal. 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 coneentrated in the West North Ceniral

region and California—leading States are North Dakota, South.

Dakota, Minnesota, and California. In 1951, production for thesc
States represented 60 percent of the United States total. In recent
vears 57 to 83 percent of the crop has been sold.

Production of sorghum grains 15 even more concenirated than
is produetion of oats and barley, centered as it is in the semiarid
parts of the Sonthwegt. The prineipal producing States are Texas,
Kansas, and Oklahoma. In 1951 production for these States rep-
resented 91 percent of the Unifed States total. Sales by farmers
of this grain have averaged about 65 1. reent of the crop in yecent
years,

Since 1920 production of these three feed grains has trended
steadily unward except for the drought years in the 1930’s, when
produstion was materially reduced. The increase in production of
nats has come wholly as a result of the increase in yield, as
harvested acreage decreased slightly. TFor 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 tweo
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 indusiry.

Year-te-year variations in planted acreage and yield show that
there are distinctive differences befween individual grains as a
result of the different roles they heold in the ugricultural economy

.as a whole and of their geographic distrilation. Variations in
yield for sorghum grains arve substantially greater than those
for barley and ecats, beeause production is concentrated in a region
where climatie conditions are hazardous. The greater stability in
yvields of oats and bavley comes partly from the fact that their
production is more widely distributed. The roles that barley and
sorghum graing play as “catch crops” and as substitutes for
certain cash crops coniribute to greater yesr-to-year variation
in planted acreage than for ocats and corn, which are produced
mainly for the velatively 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
{3 utilized as human Tood in miany diversified forms, for industrial
use, for seed, and for expovt. The principal nonfeed use of oats
other than for seed is for breakfast foods. Exports of oats are
normally small. The bariey used in production of malf accounts
for a large share of the nonfeed use of this grain. Exports arc
more important for barley than for oats, particularly in California
where most of these exports originate. In recent years, exporis
have been a major outlet for sorghum grains, but food and
industrial nses 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.

Prict 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 any one of these feed grains becomes, in
effect, an analysis of the factors that affect the prices of all
feed grains. Practically all of the year-to-yeay variation in ths
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 ocats and barley used 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 velatively cheap in relation to alternative
foods, even when theiy prices are higher than normal in relation
to the general price level, Nonfeed uses apparvently move «p and
down mainly with special factors which affect the demand for
the end products. As use for feed is the largest single item of
utilization for all three grains, factors connected with the feed-
livestoclkk 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 556 percent is sold. Statistical analyses of
prices during thesc months however; are particularly difficult.
A method developed by Foote (7),? based on regression analysis,
was used. By this process, weights for the compenents of supply
that affect July to October prices can be determined from the
data. When all series are expressed in miltions of tons, the relative
weights (which add to 1) in the analysis for prices of oats are
as follows: New-crop production of oats plus carryover should
be multiplied by about 0.57, July 1 stocks of corn by about 0.19,

*Ttalie numbers in parventheses 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 barley was found to have no significant
effect on prices of oats. For the July-October study of barley
prices, it was determined that neéw-crop production. of barley
should be sweighted 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 commoadity would affect
its price (ton for ton) more than would supplies of competing
commodities. The weights obtained in all three stndies 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 of the year-to-year variation in J uly to
October prices of barley for the same period.

The elasticities 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
thie 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 of 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
reative 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 price 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 grains rvelative 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 Oldahoma
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 1982 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
postwar period.

OTHER STATISTICAL ANALYSES RELATING TO QATS, BARLEY, AND
SORGHUM GRaINS.~—Prices of these grains 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 patlerns, reflecting their nearly identical production and
marketing periods. The monthly pattern 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 more 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 ig 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 transportation cost per unit of
value. Relationships between terminal market prices and United
States average prices veceived by farmers and between principal
producing States and terminal markets through which they
normally are marketed also are shown.

SUPrORT PROGRAMS.—DPrice support programs have been in ef-
Tect in every crop year since 1940 for barley and sorghum grains,
and sinee 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 sceond 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 erops produced
by farmers in 1951 and was exceeded only by corn, hay, wheat,
and cotton. Of the estimated 836 million acres harvested in 1951,
54 million, or 16 percent, were devoted to the production of the
three grains. The livestock industry of the United States depends
to a considerable extent on the production of these grains.

Among the feed graing, oats is secand to corn in importance,
QOats 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 serghum grains accounted for 3 percent.

GEOGRAPEIC DiSTRIBUTION AND TRENDS IN ACREACE, 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 geographie areas. In many vegions the climate prevents
suececessful growth of eorn. In these regions substitute crops are
produeced. Different climates call for different crops and different
methods of cultivation, Although physical factors may be locked
upon as the principal determinant of the location and distribution
of a crop, economic and various secondary faectors are alse im-
portant, The arveas of production of these feed grains relative
to corn are shown in figure 1. Barley and sorghum grains are
produced largely outside the Corn Beit, while production of oats
ig coneentrated in the Corn Belt,

The position of oats velative to that of corn is not comparable
with that of barley or the sorghums. The primary center of pro-
duction of cats coincides with that of corn. Barley and sorghumn
graing are produced in arveas to which they are well suited
ecologically and corn ig net. In general, the best ecological condi-
tions for cals are found north of the Corn Belt. The explanation
for the concentration of production of cats within the Corn Belt
lies in the fact that corn cannoct be produced year after year on
the same land without reduction in yield and deterioration of the
land. For eptimum results, rotation must be practiced along with
other preferrved agricultural practices, Many crops have been
found that it into the votation with corn, but in many areas oats
are most economical.

Oats are produced in every State of the Union. Iowa, Minnesota,
Tlineis, and Wisconsin fogether comprise the principal produe-
ing area. These four States produced 51 percent of the United
States production in 1951. Other important producing States are
South Dakota, North Dakota, Nebrasla, Michigan, Indiana, Mis-
sonri, and Ohio. The combined production of these 11 States
accounted for 83 percent of the 1951 production.

Temperature, rainfail, and length of growing seasen preciude
commercial production of corn in the northern parts of Michigan,
Wisconsin, Minnesota, the central and western areas of South
Daliota, and in most of North Dalwota. Barley is better suited
ecologically to these areas and is move 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, partienlarly in the Dakotas
and Minnesota, where acreage may decrease or increase depending
an the success or failuve of wheat seeding. A statistical analysis
for 1943-52 indicates that 86 percent of the variation in planted
acreage of barley in 7 principal producing States of the North
Central region—North Dalkota, South Dakota, Minnesota, Ne-
braska, Wiseconsin, Michigan, and Iowa-—was associated with
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Figure 1.—Production of corn and oats is concentrated in the Corn Belt. Sorghums harvested for grain and
barley are produced in areas to which corn is not well suited. In these areas they hold a position in the

feed-livestock economy similar to that of corn in the Corn Belt.
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varietiuns in oats planfed in these Stafes 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 substitiute for oals 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 produetion.
In California—a 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
prineipal feed grain produced in the State. Barley also is pro-
duced to a considerable extent thioughout the Mountain and
Western States. S

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 cats. In recent years North Dakota has been
the main producing State but in 1950 and 1952 it was exceeded
by California. North Dakota, South Dalkota, Califernia, and Min-
nesota together normally account for about 50 percent of the
United States production. Qther important producing States are
Nebrasgka, Colorado, Montana, Idahe, Oregon, Kansas, and Wis-
consin. Im 1951 these 11 States represented 82 percent of the
production. :

In the semiarid parts of Texas, Cklahoma, and Kansas, corn
is often subject to failure. For this reason the need for a sub-
stitute feed prain was recognized early in the agricultural de-
velopment of this vegion. The feed grain that best fulfilled the
requirementls of the area was sorghum grain. Sorghum grains,
although largely a cash crop, hold a position in the feed-livestock
-aconomy of this area similar to that of corn in the more humid
North Central region. Sorghum grains also serve as a “cateh
crop,” as the acreage planted varies with abandonment of winter
wheat acreapge and the success or failure of cotton planting. A
statistical analysis covering 1928-52 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 culfiva-
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 Scuthwest. In 1951, this grain was produced in only
16 States, production being conecentrated 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, followad by Kansas and Oklahoma. Other States
of importance are California, New Mexico, Colorado, Nebraska,
and Arizona. These 5 States aceounted for 7 percent of the 1951
produetion,
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Year-to-year fiuctuations in production and yields per acre for
the three grains and for corn tend to move with each other,
prineipally as a resuilt of common weather factors. From 1921 to
1950, 47 percent of the year-to-year variation in total preduction
of oats, barley, and sorghum grains was associated with changes
in production of corn. A l-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 frends in production also are similar,
reflecting primarily somewhat similar trends in yield. The per-
centage variation and divection for any one 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 cats in
1948-50 inereased by 10 percent; average production of barley
by 79 percent; and average production of sorghum grains by
113 percent. The percentage increase in yields per acre of each
grain was about the same. These increases were: 18 percent for
barley, 14 percent for cats, and 12 percent for sorghum grains.
Sorghum grains showed the greatest increase in acveage with a
gain of 99 percent; harley increased by 54 percent, and oats
declined by 4 percont,

Although year-to-year variations in yield reflect forces over
which farmers in general have little or no conirol, variations
in planted acreage ave to a large extent based on decisions by
farmers. The degree of wvariation in planted acreage veflects,
among other things, the stability of demand for the commedity,
the number of slternative crops that can be produced on the
land, and weather at planting fime. Year-to-year variaticns in
planted acreage of these prains refleet the respeetive roles that
corn, cats, bariey, and sorghum grains play in the feed-livestock
economy and in the agriculiural economy as a whole. For 1930-50,
the average change from the preceding year, ignoring direction
of change, for corn, oats, bariey, 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
fo a considerable extent as feed for livestock in areas to which
corn and oats are not suited but their role as “cateh crops”
or alternatives for other cash crops results in greater vear-to-year
percentage variations in acreages planted.

Year-to-year fluctnations in yield per acre have bheen much
greater for sorghum grains than for barley and oats, because
production of the latter is concentrated n three States, Correla-
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tion of yields among adjacent areas or States tends *» be higher
than for more distant areas. In general, the wider iie distribu-
tion of a crop the greater is the tendency for yields per acre in
one area to offset those in ancther 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 ave 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 bariey. This is to be expected, as the bulk
of the crop is produced in one area and more distant regions
wouid not be expected wholly te offset conditions in the main
producing area. Data on production, acreage, and yield per acre
from 1900 to 1952 ave given in table 1.

Except for year-to-year variations reflecting weather and
other 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 vesult of increased acreage. Mainly be-
cause of unfavorable weather, 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 fended to decrease in recent years. Acreage has followed a
pattern similar to that for production. Yields per acre increased
during the 1820’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 ne pronounced trend was evident. In 1930 to 19386, nro-
duction was reduced sharply, veflecting mainly decreased vields
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 8.5 million acres
were harvested, to 1950, when a record 10.8 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 heen large, reflecting variations in

weather and the concentration of production. Yields per acre
from 1920 to 1929 showed no definite trend. From 1930 to 1936
vields 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 powmnt, yields have trended upward, reaching a
record high of 23 bushels in 1950.

Frow CrART ror OATS, BARLEY, AND SorcHuM GRAINS

Figure 2 illustrates the movemen: of these grains from time
of harvest to sale of the finished products to consumers. For
purposes of compavison, 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 or
utilization based on data for 1946-50, The hox in the lower portion
of the diagram nieasures the total concenirates fed to livesteck,
ang its individual sections indieate the relative contributions of
the various concentrates.

Most oats and barley are sown in the spring and ature in
summer. In the South and in California, oats and barley normally
are sown in fall or winter and mature eariier than the spring-
sown portion of the crop. The production period for sorghum is
roughly comparable to that for corn—it is planted and hayvested
later than the small grains. Upon harvest, all of the grains move
either directly into marketing channels or into storage. The
marketing season for oats and barley hegins in June, the peak
month of sales by farmers usually being Aungust. For sorghum
grains, the first sales by farmers arve in July and the peak month
is November. Pereentages of sorghum graing and barley sold by
farmers are relatively greater than the percentage of cats. 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 guantilies of the individual grains are retained as
seed or fed to livestoek on or near farms where they arve grown.
0Of the commercially sold grain, some is sold dirvectly 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.

IvmrorTaNcE OF THE THREE Grains ror Livestock FEED

In recent years oats, barley, and sorghum grains have accovnied
for about 20 pereent of the tofal concentrates fed to lvestock.
Corn has accounted for about 60 percent, and other grains and
hyproduct feeds have masde 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 {o that of ecorn 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 ef corn, 100
pounds of cats 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 graing as a substitute for corn varies with the
type of livestock to which the grain is fed and with the form
in which it 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 oatls, barley, and sorghum
grains for corn hag enabled farmervs to produce livestock efficiently
throughout the United tates.

Mlost of the production of these grains is utilized as feed. In
recent vears about 55 to 60 percent of the production of serghum
grains has heen utilized as feed, about half of the production of
barley, and 85-9¢ percent of the production of oats. In 1926--50,
cats, barley, and sorghum grains accounted on the average for




TABLE 1.—Oats, barley, and sorghum grains: Acreage harvested, yield per harvested acre, and production,

1900-52
Oats Barley All sorghums for grain
Year
Produc- Produc- Produc-
Acrenge Yield tion ! Acrenge Yield tion ! Acreage Yield tion !
Million Aldllion Million Million Million Million
acres Bushels bushels acres Bushels bushels acres Bushels bushels
1900, ., o e 31.0 30.5 045.5 4.7 20.5 0.6 f. . e o
TO0T . o i s e e e 30.9 25.9 799.8 5.0 24,9 123,84 e e
1902, . e e e 31.4 34.3 1,076.9 5.3 24,7 6.2 oo o e i e
BO03, . e 32.2 27.5 885.5 6.2 24.0 9.3 | oo e
1004, o 32.7 30.9 1,011.6 6.6 25.2 166, 1 1o v e
0 e e e e 33.4 33.0 1,104.4 6.7 25.8 1706 [0 e e
1906, ... vt e 33.7 30.4 1,022.7 6.7 26.6 1790 . e
1007 e e e 34.4 23.3 801.1 6.0 22.0 1806 . oo i e e
1008, . e e e 34.3 24.2 829.3 7.4 23.1 170.8 |
FO09. oo i 35.1 28.9 | 1,013.9 7.7 22.5 178
0. .. e 36.8 30.0 1,106.2 7.5 18.9 W24 oo
P9I, . e 37.1 23.8 885.5 7.8 1.1 B 3 T O R S [
1540 5 P 37.2 36.3 1,353.3 7.5 26.1 196.9 1o oo oy b
1S} 2 U U RN S SR 37.2 27.9 1,039.1 7.7 20.7 1I68.8 f v e
R RPN 37.2 28.7 1,066.3 7.7 23.2 | I T U TS S
TS, o e 38.8 37.0 | 1,435.3 7.3 28.4 207.0 [
P10, e 39.1 29.1 1,139.0 7.6 20.9 169.2 1w i oo
LI e 41.6 347 1;442.5 8.5 21.6 182.2 oo i oo oo
1018, e e 42.5 33.6 1,428.0 9.2 24.5 2258 1 fo o e e
1019, o 30.6 27.9 1,106.6 G.6 19.9 1301 b o e e 76.3
1920, . . cn o e 42.7 33.8 1,444.3 7.4 23.0 1710 (oo o vii e 90.3
JO2T. . o 45.5 23.0 1,045.3 ST 18.8 W27 [ oo e 73.2
1022, e e 40.3 28.5 1,147.9 6.6 23.2 162,90 o 51.2
1923, v o 40.2 30.5 1,227.2 7.2 22.2 1990 [ oveeniiidiininan, 63.4
1924, e 41.9 33.8 1,41G.1 7.0 23.5 165.3 Loon oot i 63.1
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10.0 22
10.6 24
12.7 21
13.5 23
14.3 25
17.0 25
14,9 21
12.3 22
10.5 25
10,4 25
11.0 25
11.4 26
9.9 24
11.2 27
9.4 26
S.3 27

Bt NG N A S
TIZT ORIV TIUSNIW O DN ~TNWB IS DLW =120L T

192.5
166.0
239.1
328.4

—
DO T~INMOI GO C: C Oy O o i b e DD A ol e W0 WS

— U5 G U1 09 1 D D O 1 0~ D 0 Gt e A e T O

..........

10.8

ot
«
IO LMEIWW

s
o
SO O LT~

58.9
7.7
83.4
79.0
50.0
37.6
71.9
66.1
54.4
19.2
57.6
30.3
69.9
67.2
53.3
85.8
113.5
109.7
109.5
185.0
96.1
106.0
93.2
131.4
148.3
223.3
1690.2
83.3

* Computed from unrounded data.

* Preliminary.
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MOVEMENT OF OATS, BARLEY, AND SORGHUM GRAIN*
SORGHUM GRAIN HARVEST BARLEY HARVEST

£ARM STOCKS OATS
HARVEST

“SEED
FOOD PRODUCTS  CARRY-OVER
“EXPORT ALY

N 4 *MALT
WONFEED USES: ’ *SEED
*SEED *FOOD PRODUCTS

FINDUSFRIAL “EXPORT
AND FOOD
PRODUCTS

"EXPORT

BARLEY AMD SORGHUN. GRAIN

N GTAL CONCENTRATES . 1 OATS

* Honlandutan oot givting Wlplorcan | 41 - " peps v OTHER CONCENTRAIES FED
ond beiley, yeor beginning Otrobar lor . T .
sorghum graln, Coacantroins fod to liva. | s
stack yaor bagnming Corober. / CORN

U 5 DERARTMEMT OF AGRICUL T G 81306 BUREAUY OF AGRICULTURAL ECONOMICS

FIGURE 2—In 1946-50, 89 perceni of the oat crop, 50 percent of the barley
crop, and b7 percent of the soxghum graims crop were fed to livesioek.
The remainder was utilized for various fooed and indusirial preducts and
for expori.

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 was the aggregate total. Oats consistently held
its position whereas sorghum graing increased in importance
and barley decreased,

 Nownreen Uses

Varying quantities of the remaining supply of these grains
are utilized in breakfast foods, mait, and flour; for the manu-
facture of alechol, aleoholic beverages, and starch; for export;
and for seed, Barley has the largest percentage utilization for
domestic nonfeed purposes of any feed grain, lis largest use is
for preduction of malt. A small guantity of barley is used Jn
prepared baby foods and in the manufacture of pearled barley
The principal nonfeed use of ocats, other than for seed, is for
breakfast foods. A small guantity of oats is used in making oat-
meal erackers and cookies. Before 1942, practically all of the
sorghum graing preduced was fed; since then, its use for alcohol
and other industrial products has steadily increased. Since World
War I, exports have increased in importance. Food uses are
relatively unimportant in the disposition of the evop, although




-

TABLE 2.—Oats, barley, and sorghum grains: Relative feedv?'rig value compared with corn when fed to different

kinds of livestock 1

Kind of livestock

N Grain Dairy Fatten- | Wintering Fatten- Horses :
COWS ing heefl Hogs ing and Poultry . | Average
cattle cattle lambs mules

Percent Percent Percent Percent Percent Percent Percent Percent
GO e e e 100 100 100 100 100 100 100 100
Oats. .o . 95 85 100 85 90 90 75 90
Barley. .. ....: LT B 100 88 100 91 87 95 80 95
Sorghum grains, .......... 00 il L 100 92 100 90 100 95 105 100

*From Jennings (12).
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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.

Normally the United States is a net exporter of feed grains.
Although the quantity varies greatly from year to year, in recent
vears exports have accounted for a substantial part of the total
utilization of barlev and sorghum grains. Exports of oats usnally
are quite small. In general, the years in which imports of these
grains exceeded exports were either drought years or years such
2s 1943-45 in which unusual conditions of demand existed, and
1949-51 so fay as oats are concerned.

Nonfee:t uses are discussed in greater detail under each grain.

PRICE RELATIONSHEIPS AMONG THE SEVERAL FEED GRAINS

As with other farm produects, prices of oats, barley, and
sorghum grains fluctuate from year-to-year, month-to-month, day-
to-day, and even hour-te-hour. To the uninttiated, these gyrations
or fluctuations in price over 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 dafine and measure. For this reason,
areafer stress is placed in this bulletin upon analysis of changes
in demand as they aifect price in the period of time studied.

Demangd for these grains is derived from the demand for the
end products in which they are utilized. For exampie, the demand
for barley is primarily the sum of demands for its use as feed for
livestoek and for products in which malt is used. Secondary de-
mands, such as those for export and storage, are also important.
Further complicating the problem is the fact that demand may
increase or decrease because of changes in the prices of substitute
grains, such as corn and oats, hoth of which compete in the feed
market with barley.

In the aggregate, prices of feed are determined by forces with
which most agriculturists arve familiar—Lthe levels of feed supplies,
the number of animal units fed, and the prices of livestock and
Iivestock products. These relationships ave illustrated in figure
3.7 The physical items are shown in boxes; the economic items,
in cireles. Arrows indicate the direction of the causal effects. Most
of the variation in prices of feed grains can be explained by
variations in the above variables. For 1821-42, Foote, Klein, and
Clough (8, pp. 36-3%) found that more than 90 percent of the
variation in prices of corn could he explained by these variables.
As the index of fesd-grain priees is closely correlated with prices

" “For a detailed discussion of the economic implications of this diagram,
see Foote, Klein, and Clough (8, pp. 20-30%.
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of corn, much of the variation in the index may be explained by
the same variables. When simple correlation analyses were run
betiween the price of corn and prices of oats, barley, and sorghum
grains, respectively, the degree of association, as measured by
the coefficient of determination in each analysis, was more than
0.80.% Therefore, the same variables that would explain variations
in either the index of feed-grain prices or 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

Supplies of feed -

Feed

prices

¥

Animol unity fed

Feed fed per

animal unit

Price: of
meak animals
and livestock
produocts

Coasumer

Production of livestock incomes
ond products

ARROWS SHOW DIRECFION OF INFLHENCE

¥ 5 DEPARTMERT OF AGRICULTURE HEG. {8513-% BUREAU OF AGRICHLTURAL ECONOMICE

FIGURE 3.--—Supplies of feed, animal units fed, and prices of feed and live-
stock and livestock producls 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 bartey during their heavy marketing
perieds, essentially the same variables are used. The one exception
is that the supplies of competing grains are weighted according
to their imporiance as delermined 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 produetion
units and the index of prices of livestock and livestock products
are used as joint factors of demand. For the period Neovember
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 serghum grains is limifed to explaining
deviations from the price of eorn.

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 price 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 is not to explain or determine causes of variations in
the absclute or actual price but to explain changes in relative
prices.

An alternate method involves use of the price of sorghum
vrains as the dependent variable, the price of corn as the principal
independent variable, and other factors—such as relative supplies
—that are bhelieved 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 ol sorghum
eraina. 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 cornmeal and the relative supplies of corn and oats. He says:
“For the most part, the price of corn affected the price of oats,
although probably the cats price affected the corn price slightly.
This is because corn has been about 4 times as important a feed
in the United States as cats” {2, p. 55). Shepherd alsc says that
“Fluctuations in cats values are a result, not a cause, of fluctua-
tions in eorn values” (19, p. 310},

This interrelationship of feed prices, coupled with the fact that
the three minor feed grains are dominated by corn, 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 direction 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
were 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
dizcussed in detail in subsequent sections.

SPECIAL FACTORS 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 1925, War-
ren and Pearson (26) in 1928, Schultz (17) in 1938, and Bennett
(2} in 1944,

Ecoxoaic Turonrtance oF Oats OtHEeEr Toax As A Graw

'I_‘he importance of cats 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 al an apparent loss. The inducement
for producing oats lies net so much in their cash value as in
their value to farmers in their crop rotation systems. The factors
that account for the general prefercnce for oats over other small
grains in reiations in many aveas are: {1) The vicld of oats is
less influenced by the preceding crop than is the yield of such
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 Iabor by corn and some other
crops. Also oat straw is valuable as voughage for livestock.
Because of ifs greater palatability and softer texture, it is gen-
erally considered superior for this purpose to barley or wheat
straw.

RELATIVE VARIABILITY OF SPECiFIED DisPositioN ITEAS

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

The four sections in figure 4 show the relationship between
prices of oats, after adjusting them for the general price level, and
the guantities of oats used for feed, storage, net exports, and
breakfast foods and seed. The quantity of cats used for breakfast
foods and seed is velated hardly at all to the price of oats. This
is not unreasonable, as oats used for food are yelatively cheap in
relation to other foods cven when the price of oats is unuvsually
high. Nor is the demand for oats as secd 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 velatively high, use of the graim
[or fecd declines, and when the price is relatively low, its use
for feed increases. This is true aiso 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. The 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 arve 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 exeept
1941, 1946, and 1947 imports exceeded exports. This is in contrast
to covn, barley, and sorghum grains, whose exports continued
to exceed imports by substantial margins.

The physical composition of oats relative te that of corn,
sorghum grains, and barley prohibits use of oats for production
of alcohol and starch. As a resulf, industrial utilization of oats
is negligibie,
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1

Ficure 4.—Use of oats for feed apparently varvies 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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Loxg-Term Cuances ¥ Demanp ror OaTts ror FEepiNG

Qats long have been considered the premiwum feed for horses
and mules—the standard with which other feeds are usualiy com-
paved. The decline in numbers of horses and mules on farms in
the United States poses the guestion: Has the total demand for
oats declined?

Many agricultural analysts have answered this question in
the affivmative. To quote a few: T. \W. Schultz says: “Oats ave
nsually considered the ideal horse feed; but as the influx of
tractors, automobiles, and trucks has reduced the number of
horses and mules about a Tourth sinee 1920, the demand for oats
has consequently declined” (18, p. 46). Burtis adds: “With the
decline in numbers of horses on farms, the demand for oats
was reduced .. .7 (4, p. 87). But Bennett says: “Those who insist
cn the necessity of large numbers of horses as a market {or oats
overlook the fact that oats are probably as valuable for feeding
other kind of livestock as for fecding horses” (2, p. 52). Stanton
says: “The use ol the automobile and the traector has greatly
decreased the demand for oats as horse feed. However, that
portion of the crop formerly consumed by horses now is being
fed, at least in part, to young stock and dairy eattle” (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
million, a decline of 58 pereent. If the demand for oats as a
superior feed for horses and mules were a major part of the
total demand, cither the supply of oats would decline with the
decline in the number of horses and mules, or the price of oats
relalive to corn would be expected to decline. That the decline
in numbers of workstock has affected the demand for all feed
cannot he denied, but that it chiefly has alfected the demand for
pats is not borne out by existing data on prices and supply.

A statistical test commenly used to deftermine whether the mean
of one group of ohservations differs significantly from the mean
of another was used to find whether oals declined in value relative
to corn hetween 1910-20 and 1940-50. The mean of the price
raktios for the November to May average farm price per bushel
of corn and oats in 1910-20 was compared with the mean for
1940-50, The mean ratios for these two periods were similav
80.2 and 61.2 rvespectively., The diffevence is not statistically
significant.

Figurc 5 shows the November to May average farm price of a
ushel of oals relative to the November to May farm price of a
Lushel of corn, and the supply of oats {production plus July 1
stocks plus imports) relative to the supply of corn (production
plus October 1 stocks plus imperts) for 1910-51. This chart indi-
eates that, in addition to a cyelical pattern, the wvalue 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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occurred. The chart also indicates that changes in the relative
priece of oats are associated with changes in the relative supplies
of oats. This relationship is discnssed in greater detail 4n the
section devoted to statistical analyses of factors that cause the
price of oats to deviate from the price of eorn from Novembor
to May.

OATS: HISTORIC TRENDS IN PRICE AND
SUPPLY RELATIVE TO CORN

SUPPLY RAYVIO LX) PRICE RATIO (%)
wrSupply ratio* mww Price ratio® 80
. A2-YR. AY. {47.2) 42-YR. AV, {59.7)
70
70 el O
L]

‘\
60 50
50 40

40\(

301k!kllx!i l!!!l!!' Il!l!lllt ll!l]lllx At
1910 920 1930 1940 1950

¥ IUPPLY OF Q4TS BIVIDED BY THE SGNPLY OF CORN, I BUIHELT,
ONOVEMOER-¥ LY AVEFAGE PRICE PER BUSHEL RECEIVED @Y FARMER] FOR OATY DIVIDED BY THE ROVEMAER-ML ¥
A¥ERAGE PRICE PER BHIKEL RECEIWED BY FARMERS FOR CORH.

b5 DEPARTHENT OF AGRICULIURE HEG, 49339-% BUREAU OF AGRICLLTURAL ECONOHILS

Figure 5.—The long-term relationships shown here confivm the analysis of
trends in price and supply of cats velative to corn which indicated that
the effect of the deeline in numbers of horses and mules on farms on the
dﬁmand for eats has been largely offset by an increase in demand for
other uses.

STaTIsTICAL ANaLvsEs orF Facrors Toatr Arrect Prices vrom Jury TO
Ocronen

In an earlier section we learned that prices of feed are mainly
determined by the three factors: Supphlies of fecd, animal units
fed, and prices of livestock and livestock products. As prices of
oats are closely associated with the index of feed prices, the same
variables can he expected to explain most of the variations in
prices of ovats. 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 beging to influence prices. Existing supplies of old-crop
cern, which can be represented approximately by July 1 stocks,
are also important. The problem is essentially statistical—How
to weight these various componenis of the supply variable?

The method used in ascertaining the appropriate weighis 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 the 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 ocats. 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}):
$.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 or nwned
by CCC on Oectober 1. The supply of barley did net influence
significantly the price of ocats and therefore it is net 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 were Tound to be significant at about the 13-percent
level; that is, differences as large as were obtained would be
expected to oceur about 13 times in 100 if the regression co-
cfficients were in fact equal. Many research workers require a
level of significance of 5 percent or 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 nof available by guarters, the
series given in Jennings (77) on livestock production units was
used instcad. Based on the 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 was an average of the index numbers of prices
received by farmers for livestock and livestock produets for July
to October.

Of the total year-to-year variation in the price of oats, 77
percent ~vas associated with variations in these variables. This
figure is nearly identical with that obtained by Foote in his
analysis of factors affecting 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 Tor barley in a later section) for this season is typical of
feed grains. Statistical analyses for other seasous, particularly
from November to May, yield more refined resulls. To some
extent this is accounted for by changing prospects of new-crop
corn, which are not fully compensated for by the variables in-
cluded. Also, in years of small carryover, the prospect of large
crops for the vear does not influence price to the same extent
that it does when year-end stocks arve 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 tabie 4. The range shown
for each variable is approximately equal to the range from 1922
to 1951. Data on which the analysis was hased are found in
table 5. If the effects of all three factors on the price of oats are
desived, they can be determined by multipiying the separate
ratios together. The final result should be multivlied by 0.981
to allow for the average shift in demand 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 percent above, and livestock production
units 5 percent above. Then the analysis indicates that the price
of oats would L2 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 > 110 X} 1.06 X 09881 x 100 = 79 100 — 79 = 2L

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 mose 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 are shown as dots and data for
the wayr and postwar years 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
based on logarithms. The graph in the lowest section of the chart
shows the result obtained when the unexplained residuals were
plotted against time. This section of the chart indicates that no
significan} echange in the nature of the relationships has taken
place over time.
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TABLE 4.—Outs: Reletion between year-to-year changes in July-
to-October prices received by farmers and a specified supply
variable, July-te-October prices of lvestock and lHvestock pro-
ducts, and July-to-December units of liwesteck production on

farms?

. XD’
Estimated
price of oats?

RaTIo To PRECEDING YEAR

u -

i .\-t g o
Bupply Ifstimated
variable?  price of oafs?

X
Prices of - X/
livestock and  Estimater
livestoek pro- price of oats?
duets* i

X
Produetion of
livestocl: 8

0.70 "
LD
.80
.85

0.

U A S

“When the other independent variables in the analysis remain at the

previpus 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-diflerences of logavithms:
N = —0.0083 —2.0877X, +4- 0.0832X:

The following values also relate to this analysis:
= 0.287 serm == 0,073
= .24g P am = .T48
G18 l'an:,l: = 485

+ 1.2527X,

1': Rz — 0.194
R® oam = 769

Frarz
Sy
By

“or 1z

L

NoTE.—The constant value in the regression equation dogs not differ
significantly from zero,

* Bee text for melhod of obtaining this scries.

*Index numbers of prices received by farmers for livestock and livestock
produocts (1910-14 = 100).

* From Jennings (11), livestock production in terms of production units.

DEMAND ELASTICITY.—The clasticity 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 veciprocal of the price flexibility as shown by an
analysis in which prices are used as the dependent variable. This
eeonomic concept of elasticity is important. If the demand for a
produet is elastic (if it has an elasticity greater than 1), the total
value received from a given guantity marketed will increase as
the quantity marketed increases. If the demand is inelastic (if
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TABLE 5.-—Ouats: Actual and computed prices per bushel and
related variables, 1921-51

Prige Xy | X
{July to October) Priee received Units of
X, by farmers for livestock
Supply ? livestock and production
Actual |Computed ! products {July {(July to
Xo X to October)? December) 4

Million .
tons Millions
37.0
34.7
3.4
33.
36.

1 + Ll
N30 T 00 D €3 i 1 b2 20 D 00 0 O 0 B G 8 00 i 0 8 DV ID

DO EO (O i I 53 3 e £ £ 6D mT KO D0 e i Y ek bt I G 2 b D U B9

* Computed from the equation shown in footnote Z, table 4.

*See text for components of supply variable and weighls assigned.
® Index numbers, 1810-14 = 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 i, or
unit elastie, 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 I-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 oats.® This coefficient, however, does not
represent the “true” elasticily of demand for oats, as the supply
variable is a composite containing other feed supplies, It may

" Schuliz (17, p. 461) indicates that the elasticity of demand for ocats is
hetween —0.5 and —0.6.



http:O[1ts.tl

28 TECHNIGAL BULLETIN 1080, U. 8. DEPT. OF AGRICULTURE

OATS: JULY TO OCT. AYERAGE PRICE
IN RELATION TO SPECIFEIED
FACTORS, 1922-5]
From an Apalysis Bared on first Diflarences of togarithms for 1922-42
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Figurg 6.—The three factors—weighted supply of feed graims, prices of

livestoek and livestock products, and units of livestock

production—

explained 77 perceni of the year-to-year varviation in the price of cats
in 1922-42. Apparently these relationships have remained unchanged sinee
the end of World War IL
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represent essentially the demand elasticity for total feed grains.
The true elasticity for oats alone probably would 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 fends 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 FacTtons THAT CaUst DEeviaTIONS ¥rom PRICES
oF CouN rroM NOVEMBER TO Mav

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 May average farm price of corn for 1921-42, the
price of cats, on the average, was 59 percent of the price of corn.
This ratio fluctuated from 2 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 ohbtained by com-
paring calendar-year prices or in comparing months other than
November to May. Seasonal variations in prices oceur for both
corn and oats. Unless adjustment is made for this, the price ratio
for any given set of months will deviate firom the ratio for a full
vear to the extent that the seasonal variation hetween 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
192142 average November to May price ratio of 0.59 is higher
than the average annual ratio for the same years.

The most logical variable to use in explaining these variations
in the price ratic is the supply of oats relative to the supply of
corn. When the price of cats 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 ratioc to the
supply ratio show that from 1922 {0 1942, 77 percent of the year-
to-year variation in the price ratio was associated with 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 price of oats; the addition of the supply ratio

to the analysis brings this percentage to 986.
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Both analyses wore 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,—Ratic of the November to May price per bushel received by farmers
for bats to the November to Bay price per bushel received by farmers for
COril.

X.—Ralio of the supply of oats (production plus July 1 stocks plus im-
ports) to the supply of eorn (production plus Qctober 1 stocks plus imports).
Method 2:

. }%,I-—Prfce per bushel received by farmers for oats, average for November
0 Slay,

h;ﬁ—}Pricc per bushel received by farmers for corn, average for November
to May.

X_w—-fSame 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 eriticisms may be avoided
by substituting for the price of corn in this equation the coeffi-
cients obtained by Foote (7) in his analysis of factors that affect
the price of corn from November to dMay., Before substituting
these coeflicients in the equation

X, = —0.0007 - 0.082X, —-0.717X.
the constant value is omitted as it does not differ significantly
from 0 and the regression coefficient for X1 of 0.982 is changed to
1 as it does nob differ significantly from one. The coefficients
obtained by Foote are now substituted and the equation reads
X, == 0.004 — 2.36X, -+ 1.94X. -+ 1.18%; —0.717X,

where Xi is the supply of feed concentrates, X: the number of
grain-consuming animal units, Xs the index of prices of livestock
and livestock products, and Xi the supply of cats relative to the
supply of corn. November to May 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 T.
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 multiplving the separate
ratios together. The final result should be nmultipled by 1.004 to
aliow for the average shift in demand over time. For an example
of such a computation see page 25.

For method 1, the effects of specified ratios fo the preceding
vear of the supply ratie on the price ratio are esgentially 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 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 TO-percent chance that the estimated price ratio will

—’_'.I“Heﬁfal.lc‘nving stutistical coefficienis were obtained from this analysis:
8§, = 0.035 v, — 0.095 o = 0(.961

Stz = 0.047 R = 0961 o, = 0.758




TABLE 6.—Oats and corn:

Average

Year beginning November

Price

pnce pe'r bushel 7 c,cwved b?/ farmers and supply, 192152

(November to May)

Oats

Caleulated ®

Cenls

;.3
76

108

(49
(»h

Supply
Pere (‘nt'u,o oats is 0. Corn Percentago
v 2 - . N 3
: m.r.',‘_“ - | Oats, .‘I“'B 11 October 1, | onts is of
$ m 2
Ac\uul (":alculut(-d 3 eor
Million Million

Pereenl Pereent bushels bushels Percent
B7 boveiinnen 1,244 3,109 38.89
5% 62 1,260 2870 43.90
a8 57 1 .301 2,041 44,24
46 44 1,483 2,314 64,09
a7 52 1,519 2,849 53.32
{4 50 1,412 2,831 49.88
i3 70 1,265 | 2,836 44,01
53 56 1,431 2,760 51.85
i) a6 1,301 2,664 48.84
51 45 1,432 2,221 64,48
69 63 1,301 2744 47 .41
64 73 1,407 3,201 43.96
3 76 071 2, 7&3:) 34.87
N 6§ 690 1,824 37.83
EIv 40 1,289, ¢ 2,385 54,08
40 13 1,078 1,785 60,11
57 58 1,268 2710 46.79
o a9 ! ,29() 2,911 44,02
07 68 1,164 3,100 36.77
57 58 ] ,<105 3,140 4.4, 66
66 59 1,407 3,207 42.068
G0 153 1,506 3,560 44.83
70 61 1,480 3,354 44,13
66 71 1426 3,425 42.80
it 55 1,782 3,188 55.95
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TABLE 6.—Oals and corn: Average price per

bushel received by farmers and supply, 1921-52—Continued

Price (November to May) Sapply

Year beginning November
Corn
October 1,
5

Pereentage
oats is of
corn?

e o e
Oats ; Clorn ‘l Pevcentage oals is of

Onts, July 1
corn? 4

1 e iy i -

Caleulated?

Aetual

Calenlated! Actunl

- O

Million
bushels
1,769
1,452
1,651
1,505
1,652
1675
81,626

Million

bushels
3,380
2,639
© 3,729
4,052
3,004
3,030
037704

Pereent
52.20
55.02
444,27
38.62
42,32
45,89

612,80

Cenls (Cenls Pereent Percent
b3 91 138 60 67
115 124 k 220 52 58
72 9 120 60 61
72 68 118 61 66
38 03 155 57 57
90 167 54
80 147 54
t

{lents

where X, is the supply ratio.

* Computed from the following equation when all variables ypere X A | 402125 1 p 1 1996
tocks of oats on August 1, 1921-25, and on July 1, 1926 to

are expressed as first diffevences of logarithms:
‘

No = (0.004 —2.36X, -+ 1.94Xe - 1.13X;) —0.717XN.
Variables used in this equation are shown in table 7.
*When prices are expressed in cents per bushel. Percentage
would be less if prices were expressed in dollars per ton.
® Computed -from the ‘following equation when all variables
are expressed as first différences of logarithms:
Price ratio =2 ~-0.0008 —0.7253X,

date. Stocks in all positions, ‘including interior mill, clevator,
and warchouse stocks, 1943 to date.

s Stocks of corn on November 1, 1921-25, and on October 1,
1926 to date, Stocks in all positions, including interior mill,
clevator, and warehouse stocks, 1943 to date.

¢ Preliminary.
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TABLE T—Oats: Relation between year-to-year changes in November to May prices received by farmers and
supply of all feed concentrates, animal units fed during the year, November to May prices of livestock, and
the supply of oats relative to the supply of corn?

RATIO TO PRECEDING YEAR

X's
Estimated
price of
onts?

2.32

1,97
1.69
1.47
1.28
1.13
1.00
.59
.80
72
. () 3

................

', Xﬂ XIO X-l \I

Sup{)ly of all lustlmntvd Animal units Estimated Prices of Estimated Suprly of outs
feed concen- price of fed ‘during price of livestoek ? price of ative to
trates onig? the - year onty? oats ¢ that of corn

0.70 | oo 0.67 0.70 1.29 0.70

LT O S A S 72 75 1.23 .75

B0 e PR V78 .80 1.17 .80

.85 0.73 0.85 .83 .85 1,12 .85

.90 .82 .00 .89 .90 1.08 .90

R N 05 Ot .95 1.04 95

1.00 1.00 1.00 1.00 1.00 1.00 1:00

1.056 1.10 1.05 1.06 1.05 97 1.05

1.10 1.20 1.10 1.11 1.10 .03 1.10

1.15 1.31 1.15 1,17 1.15 L0l 1.15

120 oo v 1.23 1,20 .88 1.20

|27 T RS P PP 1,29 1.25 .85 1.25

1L.30 oo e 1.35 1.30 .83 1.30

L T R . 1.40 1.35 .81 1.35

L 1 I P R O 1.46 1.40 .79 1.40

...... 77 1,45

* When the ot;heL mdepcndmlt var 1ab]es in the analy31s remain at the previous year's level. From analyses based on first differ-
ences of logarithms, 1922-
*Rased on an analvsxs by I‘ootc (7). Sec text,
* Index numbers of prices )ecmved by farmers for livestock and livestock preducts (1910-14 == 100).
‘ Based on analyses described in the text.

-
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differ from the actual price ratio by not more thau 8 percent and .
a 95-percent chince 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:
X, = —0.0008 — 0.725X/,"
So,1 — 0.084 Sblﬂ = {.091 o = Q.771
where Xu is the supply ratio.

Figure 7 shows the relationship between the price ratio and
the supply ralio, in terms of percentage of preceding year, for the
first method. The vegression curve, based on the mathematical
analvsis, has been drawn, Data for 192242 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 regression eguation hased on 1922-42 would give results for
the wax and postwar years comparable with those obtained in the
prewar analysis. No long-time trend is evident that from 1922 to
1951 the value of oats relutive to that of corn declined or increased.
Only year-to-year fluctuations in the relative price of oats occur
and these ave primarily asscciated with fluctuations in the supply
ratio. This confirms the deductions reached in the analysis of the
decline in numbers of workstoek discussed on page 22,

As the relationship between the price ratio and the supply ratio
is not perfect, factors other than those owing to random caunses
or errors in the original data may influence the price ratio. An
analysis was run, using the quality of the corn 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 velatively small.} Results from this analysis indicate
that the guality of the corn crop, when the eriterion of quality is
taken as the percentage of receipts grading number 1, 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 guality of the corn crop significantly affected
the price ratio. DBut Bennett's study is not perfectly analogous
with the analysis used here, as he compared the price of ground
pats with the price of eornmeal in Utica, N. Y. Quality of the
corn crop may affect prices of particular grades of oats at certain
markets. Average prices at the farm level, however, do not appear
to be influenced significantly by this factor.

ELASTICITY OF SUBSTITUTION.—IGlasticity of substitution is a
coefficient that measuves the percentage change in the ratio of the
quantities of substitutable goods consumed which is related to a
given percentage change in the ratio of the prices of these goods.
In more common terms, this coefficient measures the increased
or deereased shave 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 dees not differ significantly
from zoro.
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NOV. TO MAY OATS — CORN PRICE RATIO
RELATED TO OATS —CORN
SUPPLY RATIO, i922 - 51

From on Analysit Bosod on First Difisrencer of Logarithms for 1922.42
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FIGURE T.—The supply of oats relative to the supply of corn axplained 77
percent of the year-to-year variation in the price of oals relative to the
price of corn in 182242 There appears to be no significant trend in these
corn-pais supply-price :ehtmnshipq, although prices of ocals have bheen
retatively tow in most of the postwar years.

market) when the price of the commodity decreases ot inereases
relative to competing commodities. This coeflicient can be esti-
mated by taking the reciprocal of the relative price flexibility as
given by an analysis in which rvelative prices arce used as the
dependent and relative supplios as the independent variable. The
larger the coefficient (the more elastic), the move easily can a com-
moedity be substituled for the competing commodity; conversely,
the lower the coeflicient (the less clastic) the harder it will be
to substitute the-commodity.

In the above regression analysis, a l-percent change in the
relative supply vaviable was associated with a 0.73 percent change
in the opposite direction in the relative price of oats. Taking the
reciprocal of this rolative price flexibility yields a value of —1.4,
indicating that oats may be substituted fan.]y readily Tor corn.
A comparison of this coefficient with comparable coefficients for
barley and sorghum grains is shown on page 72, together with a
discussion of wi v they differ,
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SPECIAL FACTORS THAT AFFECT PRICES OF BARLEY

Few investigations of the factors that infiuence the price and
demand for barviey have been made. Although barley is not a
major crop in the total agricultvral economy, it is important in
several regions, and it is the principal vaw material of the malting
industry. But despite its regicnal importance and its position in
the malting industry, the author has found only two 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
{77) in 1938, is on a national level. it deals principally with
mathematical investigations of the factors that affeet the quantity
of bariey demanded and the intervelationshins of its price with
those for feed grains and hay. A general discussion of the position
of barley in the agvicultural economy and its prineipal uses ap-
peared in the 1922 Yearhook of Agriculture (22). A further
study, with emphasis on the historieal and geographieal evelution
of this grain, is found in Weaver (27},

Grocraruic SHIFTS Iy PropuUeTiow

During most of the years since 1900, the West North Central
region has produced move than 50 percent of the barley grown in
the United States. The Western region (dominated by California}
was second, contributing on the average about 30 percent from
1800 to 1932. The Bast North Central region ranked third; it
averaged about 13 percent of the total. The North Atlantic, South
Atlantie, and South Central regions supplied negligible quantities,
hut their importance has steadily increased. Table 8 shows pro-
duction of barley by regions and regional production as a per-
centage of toftal United States production, in terms of 5-vear
averages.

The chief geographic shifts in production of barley, as table 8
indieates, have occurred in recent years. From 1900 to 1939, as a
rule, the relative quantities econtributed by each region remained
fairly constant, despite (he large varviations i production in the
period as a whole. The West North Central region, which before
1945 had been the main producing arvea, 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
arveas of tha East Nerth Cenbral region experienced an even
greater decline. From 1800 to 1939 this region normally produced
about 16 percent of the total, but in 1952 its production was only
3.4 percent. Offsetting the decline in these {wo regions to some
extent have been the substantial increase in the Western region
during the last decade and the continued increase in the North
Atlantic and South Atlantic regions. The South Central region,
which had gained steadily in importance from 1900 to 19.44,
declined abruptly in the postwar period,

The steady long-term rise in production of barley in the Western
region, including irrvigated aveas of the Southwestern Great
Piains, reflects the greater suitability of this grain o the climate
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Period
North
Atlantic
Million.

) Average bushels
1000-01, . oo i s 3.3
1905-09. . ... .00 ... [ 2.8
1010-14. oo 2.9
1015-10. Lo e 4.4
1020-4. o i 3.0
1925-29. .. v e 5.8
1030-34 . o 6.0
1935-30. ... s 6.1
10404, Lo e 7.0
TG40, i i e 7.8
1950-52. .0 i e 9.1
1000-02 .. o e 5.4

PCT( ml
1900-04. .00 i, i 21
1905-00 . oo, e e 1.6
1010-10, v v i 1.8
B A 2.4
T020-24. .. e e 2.5
125-20, . L. 2.4
LO30~34. o e e 2.8
LO3E=30 . o e e 2.4
404, L e e i 2.1
104540, oo oo i e 2.8
050-02. . e e 3.5
1900-52,,....... TS e 2.4

Fast North
Central
Million
hushels

99

25.
23
30.
24
10.
35.
31
25

I
i’
25.6

mhwuwwtwmﬂw

Pereent
14},
13.
(BN
16,
15
1.

=

13.

THW e e e =SI T == 1S~

b ite 1

12.8

Region
West Norih South South
Central Atlantic CGentral
Miltion Million Million
bushels hushels bushels
71.8 0.2 ).
95.1 -3 A
S0 3 T
09 .1 e 1.4
8 -1 4.6
138.0 8 4.8
1118 2.1 EN
120.5 3.2 7.0
1814 6.0 174
116.3 6.8 7.3
105.2 ) 4.0
l l I, 2.5 4.8
l’m on( \g_,(- (Ilstnhuhon
I‘(’rcl‘n ! ] ’m ¢ mrl ] ’orcc'n(
q)‘) (‘ l 3
IR 2 2
EEEN) 2 E
HE B 2 Y]
a3 i 3 2.4
57 2 3 2.0
36 1.6 2.4
343 13 2.0
a3.2 1 8 9.1
42,06 2.5 2.7
40.0 2.0 1.5
’°~,‘,,, 1,0 1w

Total
Western
Million Mil'ton
bushels bushels
35.0 136.4
44,8 169.0
A7 .7 16:4.2
43.3 180.9
39.5 156.2
al.7 241.3
51.3 214.3
[N 238.6
103.5 340.5
123 .4 273.3
123. ‘) 2616
(n(r l ‘71(1 0
Percent Percent
27.8 100.0
26.9 100.0
29 1 100.0
25.0 100.0
25.3 100 0
214 1000
23.9 100 .0
25.8 100.0
304 100.0
45.2 100.0
A7 100.0
20,8 | 100_0
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of these areas and the similar inerease in grain-consuming animal
units. In the North Ceniral region barley faces stronger competi-
tion from other small grains, particularly wheat and oats. Gn
page 8 it was noted that 86 percent of the variation in planted
acreage of barley from 1948 to 1952 in seven prineipal producing
States in this region was associated with wvariations in spring
wheat planted in North Dakota, South Daketa, and Minnesota
and oats planied in the seven States. Apparently during these
years wheat and oats displaced barley in these States fo a con-
siderable extent.

Revative VawiaBiLITY oF SPECIFIED DisrosttioN ITEMS

Table ¢ 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 yvear, after allowance for trend
and the effects of Prohibition, reflecting the rather constant de-
mand for these purposes. The remaining uses—feed, export, and
onding stocks—vary substantially from yeay to year.

Secatter diagrams similar to those shown in fipure 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 used 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 cconomy mainly 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 harley. The total
demand for harley may he thought of as a combination of demands
for feed, for domestic nonfeed uses, for export, and for storage.

Lonc-Term Cuances 1w Desaxo For BarLey ronr Feep anp ror MaLTivNe

Barley differs from corn and oats in that a substantially smalier
percentage of the erop is used for feeding livestock. Producers of
harley depend upen the malting industry for disposition of a
large portion of the crop. This was particulavly true before the
18th amendment was enacted on Januavy 29, 1919, This anend-
ment divectly 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 preduced primarily
for the malting industry and only secondarily for feed in most
arcas of the country. The 1903 Yearbook of Agriculture (22, p.
618) states: “Exeept on the Pacific Coast harley is not extensively
used as a feed in the United States, doubtless owing 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 low cest, 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 valaable 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 farther factor that retarded production of barley as a feed
grain was the characteristically barbed beards, which not only
made the crop diffienlt to handle but had detrimental efiects on
livestock as well. The extent to which this factor had served to
retard preduction of barley for feed is stated by Weaver (27, p.
39) : “Although a quantitive measurement of the total effect would
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 heards, which
have made this cereal so disagreeable to handie. The farmer was
not only reluctant to cope with the barley heard at harvest time
himself, if it was possible for him to grow other types of grain
{or feed, hut he had abundant evidence that the rough awns were
anneying, as well as often dangerous, to his animals. For many
yvears as a result, the superior feeding qualities of this grain were
either not recognized or ignored.” Along the same lines, Harlan
(2, n. 4-5) says: “That it is not more widely grown now is due
to two causes: (1) Its rough awns make it an unpleasant crop
fo handle, and its value as a stock feed has not been realized by
the farmers east of Montana; and (2) the brewing trade until
recently so dominated the eastern markets that huyers of feed-
stuffs did not think of barley as a feed cerop.”

Although the stage had been set by the 18ih amendment for the
recrientation 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. Response by farmers to these new varieties was
rapid and widespread. Production inereased from the low level
of 149 million bushels in 1919-23 to 281 million bushels in 1929,
an increase of 89 pervcent. Although production increased in all
regions of the country during this period, the increase that oc-
curred in the West Noxth Central vegion overshadowed the in-
crease in the United States as a whole. In this region, where
barley had previously 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 ulilized for feced or entered export channels, as
quantities used for malting were materially reduced from 1919
through 1931.

With repeal of the 18th amendment on December 5, 1952, the
malting industry again became a factor in the demand for harley.
Barley used for mait increased steadily from the low prohibition
levels. In recent years it has averapged close to 100 million bushels.
The eg)ect of prohibition on the price of barley is discussed on
page 49,




TABLE 9.—Barley: Supply and disposition, United States, 1910-52

Supply Disposition ¢

Tl}scd in :
‘ producing malt
Year beginning July Feed, other Domestic
Production | Imports? Total - [For alcohol uses, and | Exports?® |disappear-
supply ? and For waste 0 ance?

aleoholic other

beverages | purposes &

- Million Million A illion Million Million Million Million Million Million Million.
bushels bushels bushels bushels bushels hushels bushels - | bushels bushels bushels

9 142 (&} 152 66 49 10 137
145 3 153 065 63 2 149
197 200 79 18 169
159 ) 172 66 7 156
178 186 69 29 151
207 213 89 31 170
159 ) 172 43 20 147
182 -] 188 O 29 154
225 230 135 20 180
131 ) 152 79 35 ‘111
171 177 103 27 134
133 148 85 115
153 159 101 130
159 166 117 L 147
165 171 106 (¢ 136
102 ) 109 125 : 157
166 ) 177 117 151
239 246 155
328 339 208
281 306 219
302 321 245
200 222
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1032, . 9 209 1 310 11 10 25 224 9 271
1933, .. v 30 153 5 188 42 7 21 80 6 150
1034, .o 32 117 18 167 a3 5 24 62 4 145
1935, .o 18 289 8 315 62 4 22 152 10 240
S1936. .., . 64 148 29 241 69 4 22 120 5 214

1937 ... o il C 22 222 G 250 61 4 21 113 18 199
1038, . i 33 - 257 3 203 57 3 25 145 11 231
939, ..., 51 278 3 332 57 3 26 191 5 277
19040. . ... e 50 311 2 364k 38 4 26 213 2 301
1941, . 0 60 3063 2 425 69 4 32 246 3 352
1042, ... 70 429 27 527 79 6 28 321 2 434
1943, . L e 120 323 41 485 85 6 23 292 3 406
194, 0L, e C76 276 38 390 97 6 19 169 5 290
1045, ., . .. . 95 267 4 368 83 7 19 191 9 300
19406, . ..oy, 59 265 + 328 88 7 19 141 816 256
1047, o0l P 50 282 ! 339 93 7 21 142 & 24 262
1948, .. ..., RPN .. b2 316 12 380 91 6 18 137 8 28 252
1949, 0. oo 101 237 18 356 S7 V] 22 141 8 23 255
1050, .. oot S0 304 14 397 95 6 18 144 8 40 264
1951, .. . .o, 94 254 13 361 87 6 15 148 8 31 206
10520, . ... i 73 227 1025 5122 T O R AP P S S DECTETE S

* Stocks on August 1 until 1984, July 1 thereafter. Farm and ® Principally for food.
terminal market ‘stocks only prior to 1943. ® Residual.

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

* Computed from unrounded numbers, $ Includes exports for military relief feeding abroad.

*Prior to 1934, disposition data for some .years based on ! Preliminary.
data compiled by Grain Branch, Production and Marketing 1 Partly estimated.
Administration.
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ForeiGN TRADE ¥OR 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-
tially 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 shown in table 9.

Exports of barley have a dominant influence in certain regions.
The three chief producing regions of the United Sfates, in order
of importance, ave the West North Central, Western, and East
North Central. Minnesota, North Dakota, California, South
Dakota, Wisconsin, 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 erop produced there was sold from 1921 to 1941, as com-
parved with 41 percent for Minnesota, the second ranking Statle.
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 couniry. A substantial
part of the California barley sold is exported, largely through
the port of San Franeisco. 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 192150 are given in
table 10, together with production and sales by farmers. Com-
parison of these export data with those in table ¢ indieates that
most of the barley exported from the United States originates in
California. These two tables are not strictly comparable as United
States exports ave on a July-to-June basis and California exports
are on a June-to-May 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 divectly from these points moves
eastward and is exported from Aflantic ports. Some barley
normally moves south fo Gulf ports for export.

STATISTICAL ANALYSES OF FFACTORS THAT AFFECT PRICES FROM JULY TO
Octorer, WesT Noxrta CENTRsL Recion

From July to October the price of barley is influenced by cux-
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.—Barley: Production, sales by farmers, and exports,
Cualifornig, 182150

Sales
Year beginning June Production Iy Lxportat
[armers

Millinn Miltion Million

bushels bushels bushels
26 21 18
30 22 16
27 19 10
17 1t ]
29 22 12
26 19 12
21 17 9
27 22 10
20 24 11
3 20 10
16 12 a
41 37 9
26 21 7
26 21 5
39 31 13
31 26 G
29 23 8
24 24 7
34 24 +
34 30 1
26 20 1
44 33 1
36 31 1
40 35 2
42 36 3
49 43 7
43 39 10
30 43 15
ol 46 9
60 1] 23

I From SEMI-ANNUAL DARLEY REVIEW (22}, Includes shipments of whole
and rolled barley to Hawati, beginning 1331,

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 fons, the analysis indicates that
the supply of barley should be weighted by 0.55. The supply
of ocats should bhe weighted by 0.20, stocks of corn by
0.11, and the estimate of the new crop of corn by 0.14. As would
be expected, these coefficients indicate that the supply of bavley
should be weighted heavily in the analysis for barley, whereas it
appeared to have no significant effect on the price of cats in the
analysis for oats. Other changes in the coeflicients appear to he
equally logical. These weights were tested to ascertain whether
they differed significantly from each other. The differences were
Tound to be significant at the 5-percent level,
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Relating the actual July-to-October price of barley te fhe
weighted supply variable, the index of prices of livestoek and live-
stock produets, and the animal production units indicated that 81
percent of the variation in the price of barley was associnted with
variations in these variables. The remaining statistical coefficients
pertaining to this analysis yielded results comparable to thosc
obtained in the July-to-October analysis ol the price of oats. In
general, variations in the supply varviable cause most of the yeanr-
to-year varviations in the price of harley. On the average, a I-
percent variation in supply, after allowing for the effects of other
factors in the analysis, results in a Z.d-percent change in price
in the opposite direction; a 1-percent change in the price of live-
stock and livestock products is assoeiated with a change in price
of about 1.2 percent in the same direction; a 1-percent change in
units of livestock production has a similar effect.

The analysis was based on year-to-year change, alter converting
all of the data to logarithms. The effects on 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 prevailed from 1922 to 1951,
The analysis was based on 192212, The effects of all three factors
on the price of barley can be obtained by multiplying the respective
ratios together. The final result should 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 on
which the analysis was based are shown in table 12.

The ratio te the preceding year, as indicated by table 11, ean
be muitiplied by the actual price in the preceding vear to estimate
the expected price in the year for which a forecast is being madoe.
There is a 65- to TO-pevcent chance that the estimated price will
differ from the actual price by not more than 22 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 postwar veavs,

DEMAND BELASTICITY.—In the above multiple-regression analy-
sis, a 1-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 —0.4,
which Indicates an inelastic demand for barley. Comparable
values tor oats and corn are given in lable 13, together with the
regression coefficients from which they were computed and their
standard errors.

A statistical test adapted Irom Rao (i6, pp. 112-114) was
performed to ascertain whether the differences between these price
flexibilities,” and the rvespective regression coeflicients ob-
tained in each analysis for animal production units and prices of
livestoclk and products, weve statistically significant.® Results from
this test indicate that these coefficients do not differ signifieantly.
That is, changes in the supply variable, and each of the two de-
mand factors, probably act upen prices of each grain in about
the same way.

*This test is deseribed in the Appendix.
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TABLE 11.—Barley: Relation between year-to-year changes in
July-to-October prices received by farmers and a specified
supply variable, July to October prices of livestock and Lve-
stock products, and July to December units of Hvestock pro-
duction on farms?

Ratro To PRECEDING YEAR

X' X, ; X% X . X' X

Estimated Supply ¥ Estimated Price of .| Estimated | Production

price of variable | price of livestoek 1 price of | of livestock
harley * s 1 barley * [and livestock: barley @ &

i producis! |

2.44 0.78 | 0.66 0.70 Lo iive oo

1.71 .80 1 T .80 E' 0.97 0.80

1.35 00 | 88 00 | .88 90

1.00 1,00 - 1.00 1.400 - 1.00 1.00

¥ 2" 1.10 1.12 1.10 ; 1.12 L.10

G4 1.20 1.24 1.20 1.24 1.20

.57 1.30 i 1.36 B30 o

45 1.40 1.48 I O

-39 150 &

* When the other independent variables in the analysis remain at the
previous year's level, Irom an analysis based on first-differences of
logarithms, 192242,

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

X = — 0,004 — 24063, - 11748 - 1.170X,
The following values also relate to this analysis:
s, = 204 Sean v 0,088 Ty 7 0,132
S"lr.'];. -z 295 1° Lz - .798 R= oass - B0B
Supe = 0720 ¥ = 483

NUTE—The constant value in the vegression equation does not differ
significantly from zero,

! Sec text for method of obtaining this series.

"Index numbers of prices received by farmers for livestoek and livestock
products {1910-14 == 100).

fFrom Jennings (11) — livestoek produetion in terms of production units.

Again, these various demand elasticities cdo not represent the
true clasticities of demand for these grains, since the supply
variables are composite ones that contain other supplies of feed.
These coeflicients probably reflect essentially the demand elas-
ticity for total feed grains. The true elasticity for eanch 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
othor feeds.

Although the statistical test indicates that the price flexibilities,
with respect to supply, in the three analvses do not differ signifi-
cantly, the higher value obtained for barley is not illogieal. Total
demand for barley, as mentioned previously, is the sum of demands
Tor feed, storage, export, food uscs, and for malting. Demands
Tor the latter two items are quite inclastic, and the quantities
taken for these purpeses represent a significantly larger propou-
tion of utilization of bavley than do the fe~ and industrial uscs
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TABLE 12— Barley: Actual and computed price per bushel and
related variables, 1921-51

Price {July to October)

Supply
Xyt

Price received
by farmers for
livestock and
products {(July

Units of lve-

stock product-
ion {July to
Deeember}

Actual Conmputed

Ao Alg 2

to Qctober) X, ¢
X, 3

Million
Cent Cents Tens
37.0 19
18,
8.
17
19.
17.
16.

Afiflions
122,
125,
1245
128,

39.
49,
88,
Tl
Bh.
45,
G5.
dqf.
25.
3.
20
7.
43,
By,
40).
3a.
33.
3d.
3.
45.
TL.
8i.
TN
a4,
237.
147,
7.
122
0.

PRt s R R

127,
4,
3.
7t
85,

115.

119.

130.

1it,

164,

110.

147,

177,

193.

193.

214,

258.

204

330.

273,

293.

336,

T 0 B0 ) 2 el T 3 £0 T 02 8 BN

1936
sy

e

R
1040
WL
14542
113 o
i, .., 9%,
Wis. .. ..ot a8.
LG [BEN
1347 154,
118 118,
P15, 162,
Wah.......... 118,
107 .

- - -y x 1
s e i 1 50 D KD B0 e =110 10 R 1~ DI DA &3 LD KD L T Tt e A= 1D 2 e
Vo 0 D 2 O o 00 i Win G0 S
: : R ol kil ; -
e i b 160 B0 0 0 3 R A0 =1 0 03 60 ~1 £ G 19 1 5 1 e B1 2R

) PR sl a1 .,
mmmcuomobhhwhm@mbhbcbéﬁmhbb =y
DO WNO NSO

B I b D D S G G 68 S S

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

*Sec toxt for components of supply variable and weights assigned.
3 index npmbers, 1910-14 — 100

*From Jennings {I1}.

for corn. Furthermore, the West North Central region normally
shows the lowest feed-grain prices and the largest percentage
variations in price of any geographic area. This is becatse of ifs
surplus nature and its location with respect to principal mavkets.
Probably contributing to greater flexibility of price for hoth har-
ley and oats during the summer-fall season, as compared with corn,
is the fact that July to October is the period of heaviest marketings
for these crops and prices are adjusted to the new supply of these
grains.
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TABLE 18.—Effect of a 1-percent change in supply on prices of
corn, oats, and barley, percentage of preceding year?

Price flexibility ]
Price analysis Indicated
clasticity

Coefficient i Btandard error

Pereent Percent
Corn {Junc-Scptember)® . ....... -—1.59 0.3 —3.63
Quats {July-October)>............. —2 .l .28 — .44
Barley (July-Getober)3. ........ .. —2.41 .29 — .41

* When the other independent variables in the analysis remain at the
previcus year’s level, From analyses based on first differences of logarithms,
192242,

* Coefcient obtained by Foote (7).

* Bee lext,

STATISTICAL ANALYSES aF Factons Taat Cavse DEVIATIONS FrRoM PRICES
ofF Conx rroyM Novespen o Mav iy Tne Mionie WEST

The priee of barley in the West Central vegion as a perceniage
of the United States average price of corn fluctuated {rom a low
of 48 in 1930 to a high of 1035 in 1916, As with oats, the major
causal factor assceiated with yvear-to-year changes in its relative
price appeared to be the production of Larley in the West Norvth
Central region relative to the United States supply of corn. When
production of barley in this vegion was high in relation to the
supply of ecorn, the price of barley was low relative to that of
corn. Based on a logarithmic first-di{ference analysis {ov 182212,
§7 percent of the vaviation in the price ratio was associnfed with
changes in the supply ratio. A 1-percent change in the supply ratio
during this period was associated with an opposite change of
6.45-percent in the price 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 fwo variables. The coeflicient of determina-
tion hetween barley and corn prices is 0.73; the addition of the
supply ratio to the analysis brings this eocfficient fo 0.91.

The variables uscd in these two methods of analysis are as
£ollows:

Alethod 1:

X —Ratio of the West Nourth Contral region average price per bushe! re-
ceived by Tarmers for harley to the United States average price per hushel
received by armers lor corn, average of November fo May.

X;—Ratis of produetion of barltey in the West Novth Central region fo
supply (})J‘.‘ corn in the United States (production plus October 1 stocks plus
imports).

Method 2:%°

Xe—West North Central average price per bushel received by farmers
for barley, average for November to May.

Xi—United States averapge price por bushel received by farmers for
corn, average for November to May.

X:—S8ame 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:

KATI0O TO PRECEDING YEAR

-"a Xl
Eatimated refative prics of bariey Production of harley relative
T ) to supply af corn
I .40
0 U ve.. B0
U 80
1L 1.00
PN 1.20
B it i teiie e ama e e 1.40
= e aaaam e 1.60
12 T 1.80
2% 2.00
12 2.20
87T ...... b e et m i m et m e 2.40
1 e 2.60
- 2.80
3 3.00
5 3.20
P 3.40

*From an analysis based vn Hrst differences of logavithms, 102242,

"Computed from the folliwing equation when all varizbles are expressed
a3 frzt-differences of logarithms:

X, = 0.0103 — 0.4528X,
The folluwing values also relate to this analysis:
o, = 0.073 Soa — 0.067 fa = 0.668

NoTE—The constant value in the regression equation does not differ
© signifieantly from zero. .

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

When the ratio to the preceding year, as indicated by this
tabulation, is multiplied by the actual nrice rafio in the preceding
yvear to give an estimate of fhe 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 rulationship between the price and supply
ratios, both in terms of percentage of preceding year and in devia-
tions from average. In the middle section of this chart the unex-
plained deviations from the analysis based on percentage of
preceding vear are plotted against time. Data for 192242 used
in the analysis are shown as deots and data for the war and postwar
yvears are shown as x’s. The regression curve based on the math-
ematical analysis is plotted in the top section of figure 8. The three

) “‘.‘.I‘h“e ._f.éliuwinu: equation and statistical coefficients were obtained from
this analysis:
X. - notl - 0.981X, — 0.468X:
Sn, . — 0.093 Fop o0 0LOBR ¥4 = 0.673
Bhy, = 077 ¥ o= 849 R*y = 812
NoTE—The constant value in the regression equation does not differ
significantly from zern.
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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 velationship 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 hased
on first-differences indicates that such a shift took place. After
allowance for changes in the supply ratio, the price rvatio 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 unusuatly
low as a result of the enactment of the i8th amendment, even
though production of harley was below average both in ahsolute
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 harley,
coupled with the introduction of several improved varieties in the
midtwenties, strengthened the demand for barley refative to corn.
By 1928 this gradual shift to the right had reached a peint at
which production of barvley was 214 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 1922. 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 was prob-
ably offset by the substantial decline in exports from the previous
high level of the late twenties. Thus, the relation between prices
of harley and those of corn appesars from the lower chart to have
remained fairly stable since 1927. Variations in the supply ratio
explain most of the fiuctuations in the price ratio.

ELASTICITY OF SUBSTITUTION—A 1-percent change in the supply
ratio was associated with a 0.45 percent change in the opposite
direction in the price ratio. Taking the veciprocal of this relative
price flexibility yields a value of —2.2. This indicates that barley
may be substituted fairly readily for corn Tor most feeding pur-
poses. The comparable coefficient for oats was —1.4. The Iavger
value for barley indicates that it may be substituted for corn more
readily than oats. This is in line with the Teeding values of these
two grains velative to corn (see p. 15). These coefficients are
discussed in greater detail on page 72.

The method (see p. 30) used to estimate actual prices of oats
from November to May could be used to estimate prices of barley.
Certain modifications ave necessary, however. In the equation

Ny = 0811 0.9§1Xi — 0.468X.

the constant value differs substantially from 0, aithough the dif-
ference is not statistically significant, The constant value is
logical, reflecting the shift in demand during the 1920's, but the
regression coefficient for X:, 0.931, is not consistent with expec-
tations. To check this coefficient, the analysis was extended to




TABLE 14.—Barley and corn: Average price per bushel received by farmers and supnly, October 1, 1921-52

Price (November to May) Supply
ol W3 e
: | Barley (West Corn Percentage lf r loch,ll‘f‘:o?] Sup]p]& 0.2 .c(?rn Percentage
Year North Central (United barley is oL, barty I m Lnie barley is
region) States) of corn? West North States, of corn?!
°E ¢ Central region Oct. 1L 2
Cenls Cents Percent Million-bushels | M illion bushels Percent
R A v 37 51 73.7 65.7 3,199 2.05
1022, ., i s ey vaie ey 45 3 61.7 79.8 2,870 2.78
DR 12 2 L 49 76 6.1 82.9 2,041 2.82
B 2 U SOV S 71 108 05.5 97.3 2,314 4,21
JR1)245 TR F P P NS 48 69 70.2 104, 1 2,849 3.66
L 2 T 54 06 S4.7 749 2,831 2.63
19270500, it areneremaeay fewe e 70 h¥ 84.0 137.2 2,838 4,84
BT 2 G G PN 50 83 60.1 199.5 2,760 7.23
1020...... R AP p 49 78 57.6 174.2 2,664 6.51
B LS 12 1 U VA PP 29 60 47.9 183.0 2,221 8.24
S S Sl A O 32 33 5.8 107.4 2,744 3.01
FOB . i e e e e e e 16 21 69,9 174.3 3,201 5,44
PR 15 3 2 TSP P N 41 5 00.2 6Y.5 2,785 2.50
DR X T A O S o 81 83 97.1 30.7 1,824 2,18
B RS 15 75 YU ARG 33 Ht 58.4 179.1 2,385 7.51
R 5T R R 88 106 83.0 60.4 1,785 3.38
T 2 O 47 51 092.6 119.6 2,710 4,41
B R0 S LU A N 32 44 71.3 0.1 2,011 4.81
035 O S U PN 41 55 75.2 148.3 3,166 4.68
1040, . i e e e 38 a8 65.-4 170.3 3,116 5.41
19400, ... R S O ol 7 73.4 21,4 3,297 6.50
B L 23 52 AR} 90 71.0 236.9 4,560 6.0606
1943, 5., et e S S 106 112 04,2 165.4 3,004 4,03

MANLINOIYOV 0 "IdHA 'S [ ‘080T NILHTING TVOINHOAL (¢




LR T R .- 06
LR S ; 100
L R T D T I R I A 113
7. e, e R 203
48, oo e 101
B O T SIS D 114
080 . e e 130
1951, .., . o P A 120
1082, ... . .. Feiee s Ceeaa 120

107
115
138
220
120
118
155
167
147

(4

=

.

~l:a+-‘v—l\7¢:c|l0

3,325
3,185
3,389
2,639
3,729
4,052
3,904
3,639
337794

1 When priees are expressed in cents per bushel. Percent.

age would be less if prices were expressed in dollars per ton.

* Stocks of corn on November 1, 1921-25, and on October 1, 1926-51. Stocks. in all positions, including interior mill, elevator,

and warehouse stocks, 1943 to date.
* Preliminary.
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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.} 77 " T

Xao ANALYSIS BASED ON
YEAR-TO-YEAR CHANGES
iIN LOGARITHMS, 1922-52
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: IR o SPECIFIED YRS,
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0.6
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0
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W oIy HORTH CENTRAL FaRE PRICE DIVIOLD O UNCTED ITATES Fixk FRICE,
D g Cr NONTH CENTAAL OARLET PACDUCTION QIVIDED AY UNITED STATES TUFPLY OF COXN.
T pRicE Of AKRLEY PER Bo DIYIDED BY FRICE OF COXM FEX 3.

W, 5. DEPARTHINT OF AGRICULTURE HEG s3t4Z-x BUREAY OF AGRICULTUNAL ECOHOMNICS

Ficure S.—From 1022 to 1942 production of barley in the West North
Centra} 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 facters have been important. Shifts in the
retation over time are indicated in the lower scction of this chart.
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include 1946 to 1951. Results from this analysis yielded a regres-
sion coefficient for X: of 0.998. Changes in the other coefficients
were not significant. On the basis of this extended analysis, the
regression coefficient for X 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 resnlts:
X, == 0.004 — 236X, -+ 1.94X: 4 113X, — 047X,

where Xi is the supply of total feed concentrates, X. the number
of grain-consuming animal units, ¥s the index of prices of live-
stock and livestoek products, and X, production of barley in the
\}"est North Central vegion relative to the United States supply
of corn.

The statistical analyses of West North Central prices of barley,
relative and actual, yield results that are less refined than those
obtained in comparable analyses for oats and sorghum grains. The
following factors partly explain these velatively poor results: (1)
As the lower seetion in figure R illustrates, the demand for barley
inereased from 1921 to 1927 and was stabilized roughly by 19284
This also is indicated by the constant value in the regression
equation for method 1; (2) 1934, 1936, 1948, 1948, 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
unustually heavy imports in these years. As the factors that
caused the shifts that occurred in the 1920’s could not he expressed
by = statistical series and as large imports have oceurred in only
a relatively few years, these factors were not included in the
statistical analyses. Consequently, results were not as accurate
as those for the other grains. Alse, vear-to-year fluctuations in
the demand for bavley for malting purposes probably ave a further
cause of deviations not explained by the analysis.

Facrons THAT ArrecT Prices oF BagiLey ¥ CALIFORNIA

California nsrmally ranks as the second most important baviey
producing State. From 1921 to 1942, production in California
averaged 27 perceni as large as production in the West North
Central vegion and represented 12 percent of the total Unifed
States production. California is far from the primary center of
production and in most years it has depended to a large extent
upon export mavkets for disposition of the crop. Therefore, a
separz;te analysis of factors that affeet 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 analyses, 192242, By August, prices in Cali-
fornia and the West North Central region largely have adjusted

i Confirming these results, Schuliz {17, p. 483) found that the demand
for barley increased rapidiy from 1923 to 1925,
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to the effect of the new crop. Thus factors afiecting prices in these
regions for any particulay year can hest be studied by confining
the analyses to these months,

For 1921-42, prices of bariey in California relative to prices
in the West North Central region ranged from a low of 74 per-
cent in 1934 to a high of 173 percent in 1924 and averaged 137
percent for the entire period. This 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-
yvear changes in the price of California barley have foliowed fairty
closely year-to-vear changes in prices of barley in the West Novth
Central region. Based on a logarithmic fivst-difference analysis for
192242, 76 percent of the variation in prices for California was
associated with fluctuations in the West North Ceniral price. On
the average, a I-percent change in the price of harley in this region
was associated with a change of 0.67 percent in the price of Cali-
fornia barley. This smalleyr 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.
When the anaiysis was rin in arithmetic terms, a change of 1 cent
per bushel in the West North Central price was ftssocmted with a
change of 6.8 cent in the California price. -

When the California price was expressed as a ratio fo the West
North Central price and related to production in California rela-
tive to production in the West Novth Central region, 78 percent
of the vear-te-year variation in the price ratio was associated with
fluctuations in this variable.r* The addition of exports from Cali-
fornia and grain-consuming animal units fed in the State as
variables failed to improve the resuits significantly, When the
California price was expressed as a function of the West North
Central price and the production ratie, 94 percent of the variation
in the California price was associated with fluctuations in these
two independent variables.’® These analyses were based on 1922—
42, after all variables were converted to first differences of loga-
rithms. Apparently only relative production doring these years
measurably influenced the California price relative to the West
North Central price.

A scatter diagrvam of the relationship between velative prices
and relative preduction indicaies that in the years 1921-25 the

" The following equation and statistical coeflicients were obtained in this
analysis, when all variables are expressed as first diffevences of logarithms:
X o= ——O 013 —0.443X,
sn,, — 0.54 ser = 0.053 iy = (.78

Note—The constant value in the regression equation does not differ
significantly from zero.
' The following equation and statistical coefficients were obtained in this
analysis, when all variables are expressed ag first differences of logarithms:
o = —0.010 {— 8.840X, —-0.369X,
Sz = 0.043 S::m_‘ = (60 r? o,z — 041
Ap = .0b0 1121“: = (0,941 l"nzd = .?53

LT}
_N(_JTE—-T‘ne constant wvalue in the regression cquation does not diffor
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 rvelated 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 1948 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 California as a percentage of the West
North Central region for 1921-52.

Factors associated with price differentials between barvley for
feed and for malting ave discussed in the section on “Price Dif-
{erences in Central Markets Because of Grades.”

SPECIAL FACTORS THAT ATFFECT 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 ave apparvently no published studies of prices of sorghum
grainsg. 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 nses. This searcity 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 sffect the price and demand for
this grain has increased.

GeoGRAPHIC SHIFTS ™ PropucTioN

Production of sorghum grains is concenirated mainly in Texas,
Oklahoma, and Kansas. The three States normaily 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 310 percent of the United States production.

Althongh during the last 20 years production has increased in
all main producing States, Texas has shown the largest relative -
gain, From 1946 to 1850, this State produced 63 percent of the
Nation’s erop, as compared with 56 perceat from 1935 fe 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 bushel received by fermers and
production i California as @ perceninge of price and produc-
tion in the West Novth Central region, 152152

Year beginning Price {August ] Production
to March) |
1
Percent Percent

170 39
163 a8
139 32
173 ¢ 7
141 28
110 34
146 ir
149 14
147 17
139 19
162 13
173 24
103 a8
74 G6
120 22
86 51
122 25
141 21
115 23
122 20
164 i2
128 19
117 22
112 33
i1t 35
103 40
04 34
113 35
106 iy
01 133
140 36
i3 68

State. RBluch of this acreage was diverted to sorghum. Several
other factors also .:imulated expansion of sorghum acreage:
{1) The favorable export position of Texas velative to that of
production centers for corn and other grains; {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 avea; and (3) the opening in 1949 in Corpus Christi,
Tex., of a large wet-processing plant with a capacity of about
6 million bushels a year. These factors contributed to a wider
market and an increasing demand for the State’s sorghum gruins.

CHAxcES Iv DoMEesTic Uses oF SOrcHUM GRAINS

Before World War 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. TFrom
1946 to 1950, only 60 percent of the crop was utilized as feed, and
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sales by farmers increased to 66 percent of production. The in-
creasing importance of sorghum grains as a cash crop is associated
with the increase in industrial uses and the expansion of exports.

Although sorghum grains are primarily thought of as a live-
stoclk feed, they are equally valuable as a raw material for food
and in making industrial aleohel. Ball and Rothgeb (1, p. 3,) say
“The natural uses of sorghum grains are as feed for stock, includ-
ing powltry; as feod for people; and in making industyial aleohol.”
Its use as food has not gained in importance but according to
Bdwards and Curtis, (5, p. 29) : “The 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 hushels 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
War 1L

Industrial uses and products are almost as vavied as those
for corn. Its physical composition compares favorably with that
of corn—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 aleohol, distilled spirits, and
starch.2? Table 17 shows the supply and disposition of the grain
from 1929 te 1951.

Implications of the increases in industrial uses and in exports
of sorghum grains are discussed in detail in the seclion devoted
to statistical analyses of the factors that cause deviations from
¢corn prices fl'?m November to BMay.

. A .
* IorricN TRADE FOR SORGEUM GRAINS

The export demand for sorghum grains has increased consider-
ably in the post-World War 11 period. From 1946 to 1950, exports
on the average amounted to 38 million bushels and represented
27 percent of the total disappearance. Before 1944 exports of
sorghum grains were negligible. From 1920 to 1944, exports wera
less than a million hushels in each year except 1930 and 1931,
when 1.7 and 7.5 million hushels respectively were exported.
Imports have never been large.

Associated with this increase in exports ave: (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 prodocts and uses see 1950-61 Year-
book of Agrieulture {22, pp. 349-62) and Edwards and Curtis (5).
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TABLE 16.—Sorghum grains: Production and percentage distribution, in speeified Stales, 1929-52

Production Pereentage distribution

Toxas | Oklahoma | Kansas - (ther United Texas | Oklahoma | Kansas Other United
i States Stafes! Stutes Stutes

Million Millian Aillion Million Million
bushels bushels bushels bushels bushels Pereent Pereent Pereent Pereent Pereent
24 i1 [§ 30 48 18 22 100
19 3 G 38 19 13 21 100
38 A 8 T2 a3 16 20) 100
: 7 66 32 20 100
o4 40 23 100
19 51 3 100
a8 062 h 100
30 66 3 100
70 BY! 18 100
67 40 19 100
53 418 1H 100
86 40 28 100
114 51 19 22 100
110 bR 18 | 100
110 68 15 ] 100
2 185 54 20 | 100
10456, . . | O3 62 18 1 100
1946 . 72 16 106 1L 4 100
1047 (5 5 ] 03 12 i 100
1018 e . 131 22 |5 100
8h { 148 20 100
145 ) . 2 233 19 | 100
72 ‘ 3 w 160 ¢ 36 100
48 . 83 23
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' Based on unrounded figures. ) * Preliminary.




TABLE 17.—Sovghum grains: Supply and disposition, United States, 1929-52

Supply Disposition
X Toorl Feed, Domestie
Year beginning October Carry- Pro- Total Seed and in- other Txports ¢ disap-
) overt duction dustrial | uses, and pearande
uses ? waste 4 2
Million Million Million Million Million. Million Million Million
bushels bushels bushels bushels bushels bushels bushels bushels
1020 . i e e e e e PR 05,0000 T hivanonvess 49 (9 50
1930, 0o i e DR U 8 2 34 2 36
B K024 S PP S RS IR T2 2 e 63 S 64
1932, oo U ] S {1170 I b2 P Gt (9 66
1038, i e e e 5 B DU 2 DU RN 52 (9 54
B R P (e Wi e 2 e 17 @) 19
19358, ... el B Y P DY oy 20 30 (@] 58
936G, ., .. ..o s e P O N Fo 11 D 2 s 28 (¢ 30
B 2 P P I PP TOE 2 G7 1 69
1038, .. e, O g (LY IR b 2 A 65 (% 67
1039, ., D IDEICEU IR 53 loin. e 3 50 (9 53
B R A O PN P P SO [l p 3 (8 33 (" 86
B I R P A O |11 T R N 2 (&) it (9 114
S P O TP ; [ TV DU 3 1 106 (® 110
043, L o e e e NP P IO .o oo 3 10 a7 9 109
B M A A NP PPN vaen 186t 2 48 129 5 180
R T T A A S PR PN {7 S 2 4] 8t i 95
DR T O o O 1 1061 oo, 2.4 b 75 2.4 §2
B R L N 7 a3 100 2 10 65 17 77
1048 . L e e e e s e T 131 138 2 & 74 40 79
1949, ... 0.0 P 14 148 167 LIS 10 (i3 32 70
1080, L i e e e s 60 233 203 . 2 37 141 ) 180
1061, v v i e P S 38 160 198 2 13 112 62 127
19527, ... D O PP PI 10 R TR : R AT o P PO P B
*'Stocks in all positions on October 1. Not reported before 1947. s Calendar year following, 1029-33; year beginning. October,
# Computed from unrounded data. 1934 to date.
3 Principally aleohol and distilled spirits. Includes an allow- ® Less than 500,000 bushels,
ance for wet-processing since mid-1949. " Preliminary.

* Residual.
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STATISTICAL ANALYSES oF Factons Tuat Caise DEVIzTIond rhox PRICES
GF UCORY FROM NOVEWSER To My

Ag the production and marketing period for serghum grains
coincides approximately svith that of corn and as prices received
by farmers hefore 1932 are not available, the statistical analyses
of prices of sorghum gvains are confined to discussion of the
factors that eause deviations frem prices of vorn from November
to May. The two methods of analyses discussed on page 18 wers
used to explain sorghum prices. Both apalvses were bhased on
year-to-year change, after converting all ghe data to logarithms.
The years included were 193212, The variahles used in the two
methods were as follows:
iethod 1:

X.—Ratia of the November to May price per 100 pounds received by
farmers for sorghum grains to the Nuvember to May price per bushel
received by farmers for corn.

X—Ratio of supply of sorghum wrains (pcoduction! ro supply of ecrn
{production plus October 1 stocks plus imports:. ’

X —Rutie of production of corn in Texas, Oldahame, and Kansas te
United States produv:tion.

X—Number of grain-gonsuming animsi units fed in Texas, Uklaboma,
auml Kansas, year berinning Qeiober, in n.:lions.

Method 2;

~—Price per 108 pounds receivesd by Farmers for sorghom ains, averaze
fur November bto May,

X Kj{(fﬂ?rice per bushel received by farners fur corn, average for Novemier
Taovlay.

K«.—%ame as X, in method 1.

X —Same as X: In method 1.

X.—PSfame as X in method 1.

A comparison of United States average prices received by
farmers for surghum grains and for corn is in effect 2 comparison
of regional prices of two competing commod;ities. This i3 Lecause
the United States average price is ecomputed by weighting Siate
prices by production. Thus, the United States average priess of
corn and serghum grains represent mainly prices of ecorn in the
Corn Belt and prices of sorghum grains in Texas, Oklahoma, and
Kansas. Variations in regional Factors of supply and demand can
theretore be expected to alfect the price ratio. The Tuited States
produection of sorghum relative to the United States supply of corn
chielly affects deviations of sorghum prices from these of corn.
This variable alone explaing 6% peveent of the variations in the
price ratio. Inclusion of the two additional variables—production
aof corn in Texps., Oklahoma, and Kansas velative tn the United
States productien and animal units in Texas. Oklahoma. and
Kansas—explains much of the remaining variation. Neither nf
thege varablis had a statistieally signitieant efFeer, but, as the
signs of the vespecetive vegression coefficients wore in line vith
expectations, these variables were retained in the analysis. The
three variables together explained 79 pereent of the year-to-year
variation in the United States average farm price of serghum
grains relative to the United States average farm price of corn.

Results from method 2 indicate that most nf the yvear-to-year
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variation in the price of sorghum 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 deviations in
the price of sorghum grains from the price of corn was cxplained
Ly the independent variables in method 1. Method 2 mevely ex-
presses the variables somewhat differently,

For method 1, table 18 shows the effects on the price ratio of
specified vatios to the preceding yeaf in the specified variables.
Ranges shown for the variables approximately equal that which
prevailed from 1932 io 1951, The cifects of all three factors on
the price ratic can be found Ly 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 yeay, as indicated by table i8, can
he muliplicd by the actual priee ratio in the preceding year to
estimate the expected price ratio in the year for which a forecast
is being made. There is a 65- to T0-perceni chance that the
estimated price ratio will differ frem the actual price ratio by not
mere than 10 pereent and a 9%5-percent chance that it will differ
by not more than 22 percent,

The upper three sections in figure 9 show the price ratio, ad-
justed for the remaining variables, against each independent
variable in turn for method 1. In each section, the velevant partial
regrogsion curve, based on the mathematical analysis, was drawn.
In the fourth section the unexplained residuals weve plotted
against time, Data for 198242 used in the analysis arve shown
as dots, and dafa for World War 11 and pestwar years are shown
as x's. The lower section shows the simple relationship between
the price and supply ratios in lerms of actual data.

The calculated value for the year 1948 does not approach the
actual value as closeily as do the calculated values for the other
vears shown in the first three sections of figure 9. In an analysis
of this kind, calculated values for some years frequently deviate
widely from actual values. This reflecis the influence of [actors
that were not included in the analysis. In this case, however, a
shift in the relationship belween these two variables iz evident
when the price ratio is related to the supply ratio in terms of actual
data. The lower scetion of figure 9 shows these two variables
plotted against cach other for 1932-51. A regression curve based
on a regression analvsis for 1932-42 was drawn as a solid line.
Data for 1943-51 ave shown as X’s and a dotted line on a free-
hand basis has been drawn through them. This chart indicates
that a permanent shiff in the relationship oceunrred in 1943 that
is, in the war and postwar years higher prices of sorghum grains
l'eglative to corn are assoeiated with given relative supplies than in
193242,

Three factors partially explain this shift. As mentioned pre-
viously, utilization of sorghum grains for industrial uses was
negligible before 1943. Since 1943, however, substantial quantities

@ have been used forithis purpose. Beginning in 1948 and continning

throngh 1951, expbrts of sorghum grains have heen considerably
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TABLE 18—Sorghum grains: Relation befween year-to-ycar
changes in November fo May price received by farmers relative
{6 fhe November to May price of corn and produciion relative
to the supply of corn on October 1, production of corn in Tezas,
Oklahomn., and Kansas reintive fo production in the United
States, and aumber of grain-consuming animal unils fed fn
Texas, Oklahoma and Kansas during the year brginning Oc-
tober?

RaTio To PRECEDING YEAR

xl —\-'.. -Y} x‘b —‘-I
ction o Estimated Produetion ol Fztimated | Number
refative - e In B relative of grain-
o7 prioe- of  Sates relative  priee of  le.o-uming
fstive o sup-  Sorgham to United States sargham animud
piv oof eorn grains ¢ praniuetivg

o
A1k

.50

1.
;
17
1
[
1
1.
17

* When the oiher variables in the analysiz remain at the preceding vear's
level. From an anal .ased on drst differences of logarithms, 142242,
*Compured frem ihe foluwing equation when all variables are expressad
as firsi-differences of Ingarithms:
o= e —0.28N, 035X — 045X
The following statistical cozfcients relate te this analysis:
R — .79 gy, . — 017 Ergy o 0.19
r:o; 5 — 03 Sam — 04 L .36
fga = 21 P = .26
Noro—The consiant valne in the eguation dees not differ significantiy
ircm zers.

greater than during the prewar period. Furthermore, production
of corn in Texas, Oklahema, and Kansas from 1046 1o 1950 was
only 92 percent of the production from 193N to 1842, The decline
was greatest for Texas, where production for the latter period
was only B9 percent of the 193342 production. The combined
effect of theea three itums partia'ly explains the failure of World
War II and postwar data o adhere to the same relationship that
exizted from 1032 to 1812, Suapport prices for sorghum grains
yelative to thosz for corn during the posiwar period may also
hiave been a factor.

As the basic analysis was run in terms of year-to-yvear changes,
only the vear 1943 {the year in which the shift occurred) deviafed
widely from the calculated value. If actual data had been used
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~ NOVY.TO MAY SORGHUM GRAIN -CORN
PRICE RATIO IN RELATION TO
SPECIFIED FACTORS, 1933-5I

PRICE RATIO {2 QOF PREC, YR.}

Xoaap o _ ANALYSIS BASED ON ]
120 f— w3 i— YEAR-TO-YEAR CHANGES —
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FIGURE 9.—The ihree factors presenied in the upper 3 sections of ithe chart
axplained 79 perecnt of the yeacio-vear variaiion in the ratio oi the
price of sorghum graias tn tle price of eorn jn 108242, Whh the exeep-
tion of 1942, when a pormascnl sLift eecurred, in terms of yesv-is-zear
variations these relaiionshipe Liave oppo:ndy remained unchanzod. The
lower sectinn in the figure indicates the <Lift
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in running the analysis, caleulated prices, based on relationships
from 1932 o 1942, would have deviated widely from actual prices
not only in 1943 but in all of the war and postwar years, and
particularly in 1944 and 1950.

ELASTICITY OF SUBSTITUTION.-—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 opposite direction in the price
ratio. Taking the reciprocal of this relative price flexibility vields
a value of —3.9, which indicates that sorghum graing may be
substituted readily for corn. The comparable coefficients for oats
and harley were —1.4 and —2.2, respectively. The larger value
for sorghum grains indicates that it may be substituted even nore
readily for corn than can barley or oats. This is in line with the
feeding values of these three grains relative to corn. (Sce p. 15),
These coeflicientis are discussed in greater detail on page 72.

As with oats and barley, November to May actual prices may be
computed, using the analysis developed under methad 2, hy sub-
stituting for X—the price of corn—in the equation

Ay = —0.0008 4+ 088X, —0.34%. —0.27X. -1 Qa2

the cocflicients obtained by Foote (?) 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 coefiicient Tor X, (L8R, is relained as such hecause if
differs substantially from 1.28 If Foote’s coeflicients are substituted
the following cquation results:

X' = 0.BB (0004 —— 236X, -+ 1.04%. - 113X 034X, —0.27X, - 0.49%,
For this equation, X1 is the supply of all feed concentrates Tor
the year beginming October, X the number of grain-consuming
animal units fed for the same peviod, X prices of livestoek and
products during November to AMay, N/ ratio of production of
sorghum grains {o supply of corn, Xs ratio of production of corn
in Texas, Oklahoma, and Kansas to United States production of
corn, and Xs grain-censuming animal units fod in Texas, Okla-
homa, and Kausas during the year beginning October. Actual and
calculated prices are found in table 19, together with data us:d
in methods 1 :ind 2.

The effects cf all six factors on the price of sorghum grains may
be found as folows: (1) Express each of the independent vavia-
bles as a ratio tothe preceding vear and lncate the anpropriate line
in the respective *ables; (2) multiply the appropriate ratios for

T uThe following statistica) coefficients pertain to this analysis:

Rism = 0.58- Sty s .16 1 » N
R Sty - o34 I - 11
Shp e 10 ¥ onm 4 o T 23
Sh - .12

p= g ] . ;

i This value dnes not differ from 1 by a statistically significant ameunt
but in this case a value substantially .»ss than 1 is logieal, reflecting the
faet that prices in defieit areas tend .o change by smaller proportional
amonts than in areas of surplus, Extension of the years inelnded in the
analysis Eo 104631 vielded a regression coelficient for X, of D.00. With the
ard 1odl togrees of freednm, tha difference betwren this and 1 was almost
stgnificant at the S-percent point,
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the first 3 factors (found in tabie 7, page 33} together, muitiply the
result by 1.009 {o 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 (38) 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 produets 10 percent
ahove, production of sorghum grains relative to supply of corn
20 percent above, production of corn in Texas, Oklahoma, and
Kansas relative to the United States production 10 percent below,
and animal uniis fed in these States unchanged. The analysis then
indicates that the price of serghum grains would be roughly 32
percent below the price in the preceding vear, This percentage
is obtained from the following computation:

0.65 w 110 % 1.11 3¢ 1.008 < 0.88 X 0.94 X 1.03 X 1.00 X 100 = 68

100 — 68 = 32

The percentage 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 expected price in the year for which a
forecast is being made. There is a 65- to TO-percent chance that
the estimated price will differ Trom the actual price by not more
than 24 percent,

COMPARISON OF CORFFICIENTS OBTAINED FROM THE PRICE
STUDIES FOR THE THHREE CRAINS

Certain theoretical considerations are set forth heve and the
velation of the results obtained in the various analyses to these
considerations ave discussed. The statistical price analyses run
in the preceding sections are based, with some modifications, upon
these considerations. The discussion presupposes acgpaintance
with the basic concepls of multiple and partial vegression and
correlation. The more important conclusions and practical ap-
plications were discussed in previous sections.

Before going further into the discussion, certain theoretical
eriteria arve needed if the results are to be properly evaluated.
In the theory of competing goods, it is gonerally conceded that
prices of all closely competing goods must move together. An in-
crease in the demand for one normally resuls in a simultaneous
increase in demand for the ofher. As a result prices for both
inecrease. An increase in supply of one with a resulting decrease
in its price also decreases the price of the other. In the July to
Qctober anatyses of the prices of oats and bavley, it was shown
that changes in the two demand factors used in each analysis about
equally affected prices of the individual grains. Weights derived
for the components of the supply vaviables 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.—Sb7‘ghum grains: Average price per 100 pounds received by farmers and related variables, 1932~

X
X, Percentage corn | ' .
Pereentage production in | Number of gr_mni
S : Pereentage sorghum [ sorghum grains [Texas, Olklahoma,| consuming anima
Sorghum groing Corn, graing is of corn production js | and Kansas is of | units fod, Texng,
S . . per i NoT corn supply, | United States Oklabonma, and

bushel October 1 production Kainsay 3
Actual | Caleulated 2

Price (November to May)

-

Year bheginning

Actual | Caleulated *

Cenls Cenls Cenls Percent Percont Pereent Percent Million
43 . 214 182 200 1044

86 45 190 7.09
183 - 83 220 4,55
K 02 a0 160 7.00
182 176 106 172 .18
Y] al 175 D8 Al
71 41 161 31 .20
10 ) it} 101 .68 H.40
86 a8 147 73 04
a7 71 131 ! 3.4 O.84
114 00 159 . 3.08 106
204 ot 112 186 3.927 H.87
1651 i 107 151 . 5.00 A0
2945 ! 200 115 196 |TD 3.02 408
231 - 138 170 t 3.8 4.30
22 v 220 156 X 3.08 AL
216 222 120 174 iy ' 09 3.03
187 i 118 1549 3.66 4,39
200 o 153 133 : 5,08 5.63
252 i 167 15k H 4,40 4,10
1952, .. 267 147 182 .20 83,30

-1
o« x

L NI T OO - I I e I R D

FICOCHRINr

13— I I e D = — 1
o

i Ruin }

DD e i S e e, ot b
= |

s el |

* Computed from the following equation when all variables - ave cxpressed ns first differences of logarithms: Price ratio
are expressed as first differences of logarithms: Price of =2 —0.000 —0.26X, ~-0.25Xs -+ 0,45X.
sorghum graing = 0.88 (0.004 —2.36X, < 1.94X; - 1.18Xy) *Year beginning Qctober.
—0,34X —0.27X;5 + 0.42X,. The first 8 independent variables *Partially estimated by author.
are shown in table 7, page 33. * Preliminary.
*Computed from the following equation when all variables

FIALTIADIIOV d0 "LdAd 'S " ‘080T NILATING TVOINHOEL 99
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TABLE 20.—Sorghum grains: Relation between year-to-year
changes in November to May price received by farmers and
production of sorghum grains relative fo supply of corn, pro-
duction of corn in Texas, Okiahoma, and Kansus relative to
Uniied States production, and animal units fed in Texus, Okla-
homa, and Kansas during the year beginning October?

Ratic To PRECEDING YEAR

Corn
Estimated | Production of Estimated | production in Estimated | Number of
ptice of fsorghumgenins price of | 3 States as o price of {aoimal units

sorghum  {asa pereenfage  sorghwn | pereentige of  sorghum fedd in 3
grains of corn supply  prains Uuited States prains States
production

1.26 0.0 e e ] e

[ RY] W60 113 [

113 s L.10 L R T

1.48 .80 106 o) 0.91 0.50
1.64 A0 1,03 L0 L0 40

1.0 180 100 1.00 1.00 1,00
N 1.0 = A 1,10 1,01 119
1N L2900 93 1.2) 1.08 1.20
A2 130 ] b1 La0 ] e .
.84 Lot g1 L0 e
A7 1504 90 ;11 1 TN O
.83 1.60 'i 38 Le0 e
54 | R SR P

| P

'When the other variables in the analysis remain at the level of the
preceding year. From an analysis based on fAvst dilferences of logarithms,
192212, See deseription of meihod 2 in text,

If the competing goods were perfect substifutes—if they were
identical in form, time, and place—prices would move perfectly
together. Changes in factors of demand would resulf 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 coeflicients (or weights) for the
sapply variables in cach analysis also would be identical. 1f the
price of one was expressed as a ratio to the price of the other, the
ratio always would be 1, regardiess of the ratio between the sup-
plies of the two commodities. If the price ratio was related to the
supply ratio in a linear regression analysis, the consfant {a) value
would be 1 and the regression coeflicient for the supply ratio would
It)g 0, thus giving rise to an infinitely large elasticity of substitu-

ion.

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

(1) P: == —buGr — breQe
(II} P2 = —buQs — Qe
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Then b > e, biz = b, bu > b, g—;t :-Ef: = = 1.10,
bubz = b, and P: always equals 110 percent of P: [P: =
1.10 (P2) ] regardless of the values of Q1 and Q.

This is clear from the example that follows. Suppose the follow-
ing coefficients are substituted in equations (I) and (II):
{IIa) P, = 1000 —100G:, —90.91Q.

Note that for these values, bisbm = b%». If in these equations the
given values of Qi and Q2 are substituted, price ratios are obtained
as follows:

Q& P
Ql Qz Q: P| P: P:
1 1 16 89§ 809.09 1.10
1 2 2 750 718.18 1.10

Similar results are obtained for any value of Q: and Q.

1f this price ratio were related to the supply ratio in a linear
vegression analysis, the constant value would always be 1.10 and
the regression coefficient again would be 0, thus giving rise to an
infinitely large elasticity of substifution. This is the common
interpretation of the theory of substitute goods.

In certain eases, however, the relative contrvibution of a sub-
stitute commodity to the total output depends on the relative size
of ifs consumption ur use. For example, Henrv and Morrison {70,
p. 494) say with regard to cats as a substitute for corn in feeding
hogs, “Ground oats are worth about as much as corn per 100
pounds when forming a rather small part of the ration, but when
fed in large amounts, they ave worth much less than corn, . . ." and,
“Numerous experiments have shown that oats have the highest
value for pigs when ground oats form not over one-fourth of the
ration. When thus fed to veplace pavt of the corn in 20 trials
with pigs in dry lot, the addition of ground oats increased the
rate of gain a trifle.”

In such cases, the relationship between the price ratio (—Pf--) and

the supply ratio (Q‘ﬁ results in a vegression coefficient for the

supply ratio less lhan 0, and an elasticity of substitution less
than infinity. In the nolation used above, b would still be greater
than bz, bir could still equal b2, but bubee must be grealer than
b%:i2 o satisfy the reguivement that the price ratio varies inversely
with the supply ratic. Suppose that the following coefficients are
substituted in equations .(Ja} and Ila):

(Ib) P, == 1100 —110Q, ~——100Q,
(£Ib) P: -~ 1000 —100Q; —1100,

Note that bub2e now is greater than b2,

Substituting in the equations under these conditions, the follow-
ing price ratios are obtained:
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Q B
: Y Q: P, P, P
Ql ? 1.0 800 T80 1127
1 2 b 790 680 1162
i 3 3 890 670 ]Q211
N 5 . - . 1 -
Under these circumstances, g‘ varies inversely \\'zth—QT."

Resuits chtained in the Noveinber to May velative price studies
ave 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 simultancously meas-
ure input of feed and output of livestock products. For simplicity
of presentation, livestock products ave assumed to be measured in
units such that 1 pound of corn yield 1 unit of product.

If the ration is compesed of 100 pounds of corn, the cutput is
109 units. If the ration is composed of, say, 80 pounds of corn and
20 pounds of a perfect substitute, the output is still 100 units by
definition. Thus any combination of corn and a perfect substitute
will yield 100 units of produet, so long as the total input is 100.
In this case, the output function is the straight line (A) illus-
trated, intersecting the Y and N axes vespectively at 100. Under
this condition, the demand functions for cern angd the perfect
substitute wonld be eqguivalent to those discussed in the firsi case
referred to on page 67, and the elasticity of substitution would he
infinite,

1f corn were worth 110 percent of some other snbstitute, 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 siraight line
(B). The demand functions for covn and the substitute waould
be similar to that itlustrated by equations (Ia) and (Ila). Again
the elasticity of substitution would be infinite,

Tf corn {or, conversely, the substitute) possessed varying values
depending on the level of relative supply, the ouiput Function

* Bzekiel (6, p. 179) found the ratio of the velail price of pork to the
retail price of beef io be significantly correlated {inverszely) with the ratio
of the supply of pork to the supply of beef. Schuliz (17, p. 584), using the
samg data, determined the following demand functions for beef and pork:

Py = 774 —13.3Qu —4.3Q, -+ 0.491

P, = 68.8 — 5.4Q, —7.5Q, -+ 0.481
where Py and P, are composite retail prices of beef and pork, respectively,
in cents per pound, € and € ave total consumption of federally inspected
heef and pork, respectively, in hillions of pounds, and I is an index of pay-
rolls lagged by 3 months. If T is assumed to be constant, and given values
of O, and @, are substituted in these egualions, the following resulis are

obtained:
Q2 P,
Gy Qu Q. Py P, P
1 1 1.0 592.8 6b.9 1.07
1 2 .5 5550 48.4 115
1 3 3 51.2 40.9 1.25

It should be noted that in the above demand funciions i)n> buy B = by, and
bnba > b7, in the notation used in eguations (I} and {(II).
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would be curvilinear as illustrated by the curve (C) on the chart.
The demand functions for corn and the substituie in question
would take the form shown by eguations (1b) 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 af that level

Table 21 shows the relationship of a i-percent change in the
relative supply of each grain to its price ratio. These values are
the regression coefficients for the relative supply variahles ob-
tained in the respective November-to-May siudies. Elasticities of
substitntion shown in this table are the reciprocals of these
values.’® They suggest that sorghum grains can be substituted
more readily for corn than can oats or bariey. To illusivate these
coefficients more clearly, the regression curves from the three
mathematical analyses of deviations of November-to-May prices of
cats, barley, and sorghum grains from November-to-May prices of
corn were plotfed in figure 11, together with the hypothetical
eurve (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 hypothetlical perfect sub-
stitute has an infinitely large elasticity of substitution.’®

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 deterinine whether location was a factor the analyses were
revun, using relative prices at terminal mavkets as the dependent
variables, rather than relative average United States farm prices,
and the same independent varialle, relative supplies. Results in
the analysis for oats yielded & regression coefficient identical with
that obtained when farm prices were used as the dependent
variable. Results in fhe sorghum grains analysis yielded a coeffi-
cient almost identical with the oviginal analysis, and the regression
coefficient obtained for barley did not differ significantly from the
original. These vesults 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 coefficients only slightly.

The absolute size of these crops might also affect the regres-
sion coefficients to some extent. For example, a 1-percent change
in the relative supply of ocats 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

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

™ The curves in figure 11 would be expected to be mirror images of those
in figure 19, but any straight line in figure 16 would correspond to a
. horizental line in figure 11
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OUTPUT FUNCTIONS: CORN AND YARIOUS
SUBSTITUTES, FEED CONVERSION
OF | TO | ASSUMED FOR CORN*

Y-CORN
100

CA)

DUTPUT = INPUT OF ¥ 4 INPUT OF X

{(C}
QUTPUT = INPUT OF Y + K INPUT OF X, WHERE

< {5 A FUNCTION OF THE RELATIVE SI1ZE€
OF X WITH RESPECT TG ¥

(B}

10 BUTPUT = INPUT OF Y +
99.91 HPUT OF %

0 ; L AN

0 10 0 100
X-SUBSTITUTE

WinBUTS OF CORH AND SUASTITUTE EQUALY 100 AT ALL POIHTS.

U5 DEPARTMENT OF AGRICULTURE HEG, 43:40-% BUREAU OF AGPICULTURAL ECOHNQMICS

TieURE 10—Functions A and B illustrate perfeci 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 € illustraies the case of a
substitube grain possessing varying feeding values relative to corn, de-
pending on the level of substitution.

measure. 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 (716, pp. 112-114) to learn whether the differ-
ences bebween the relative price flexibilities weve statistically
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significant. Results from this test indicafe that these coefficients
differ significantly from each other.”® Thus it can be inferred that
the ease of substitution of the various grains for corn, as indicated
by the elasticities of substitution, differs sigmnificantly.

TABLE 21.-—Regression coefficienits and indicated elastictiies of
substifution gbiained from November to May rela?.u'e price studies
for oats, barley, and sorghum grains

Effect of l-percent change in
the supply-rato on the

price-ratio Els=ticity of

sbstifution ?

. Begression Srendard
] coefficient - eITor

: Pereend ' Pereent
Barlew,......... . ... .. ... — .45 A
Sorghum grains... ..... ....... — 25 Jig
Pertect substitate. .. .. ... ... ... 0

* Reeiprocal of the regressien eseffieleni.

The regression coefficients between relative prices and relative
supplies differed significantly from zero, indicating thaf these
grains are not perfect substitutes for corn. These resulls are
supported by the Tact that the regression coefiicients (or weights)
for the supply factors in the several analvses of the factors that
affect prices of feed grams in summer differ. Table 22 contains
the regression coefficients [weights}y for the June to September
analysis by Foote (7) of factors that affect the price of corn and
the July-to-October studies of prices of oats and barley found in
the preceding sections. The animab-nroduction unit series and the
vears included are identical for each study. But the zeries on
prices of livestock and livestock products are an average of June
to September for the corn stugy and July to October for the
oats and barley studies. The dependent variable, the price of corn,
in the corn study also difers slightly from these in the analyses
of oafs and barlev. It iz an average of the prices received by
farmers for June through September, while those in the oats and
barley studies are an average of July-to-October nrices. These
minor diffevences are believed to detract only slightly from the
comparability of these three studies.

In these analyzes, the varicus supply comiponenis are combined
additively, whereas the basie demand equation is of a logarithmic
type. The waights for the several supply componenis were deier-
mined statistieally iu such a way that the multiple correlation
coefficient for the bhasic eguation was as larse as possibie® The
separate coefiicients or weights for each component are compared

= See Appendix for a dizeussicn of this test.
® For a further dizcussion of the use of this method, see Focte (7).
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THREE FEED GRAINS: RELATION OF RELATIVE
PRICES TO RELATIVE SUPPLIES OF CORN™
PRICE RATIO{X OF PREC. YR.)
1460
140
120 —
100 FERFECT SUBSTITUTE
80
-6040 1 40 ! 80 ' 100 l 120 ! 140 ‘ P60
SUPPLY RATIO (% OF PREC. YR.}
. S CEPARTMENT OF AGR.IULTLAE Wi A9138-1 BUREAU OF AGRITLLTURAL £EIMTN L5

FI1GURE 11.—As substitute goods approach perfect substitutability, the effect
of relative supplics on velative prices approaches zere and the elasticity
of substitution increases. Based on the statistical velatisnships illustrated
in this charf, 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) discussed ahove.

In each analysis the regression coefficient associated with the
supply of the commodity whose price is the dependent variable is
Iarger than the coeflicients of the other commodities that compete
with it. This is consistent with the facts discussed in previous
soetions. Furthermore, the standard errors associated with the
regression coefficients for the fwo demand variables are large
enough to keep the differences befween the coefficients for the
three analyses from being statistically significant.®® This would

% The method used to make this test is described in the Appendix.
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be expected. The resulfs could not be expected o appreach the
precision suggested by equations (Ib and iIb) because: (1) The
July-to-October analyses were designed to take into consideration
factors of supply, both realized and prospective, that influeace
prices and, {2} the dependent variables were first differences of
actnal prices in cents per bushel (as confrasted with cents per
pound). For these reasons, the coefficients equivalent fo b do
not egual those equivalent to bz, although the differences ave not
statistically significant. In all cases, however bnba is greater
than b2 :

These two sets of analyses conflirm the view that the four feed
grains compete with each other but that they ave not perfect sub-
gtitutes. This is consistent with available experimental evidence
on feeding.

STASONAL VARIATION IN DPRICES OF OATS, BARLEY, AND
SORGHUM GRAINS

Prices of the three grains tend to decline when the crop is
aarvested and to rise as the marketing season progresses. This
monthly pattern of prices is common to most agricultural com-
modities; it is termed “seasonal varviation.” It arises principally
from diffevences between time of production and time of consump-
tion, although other factors may coutribute to the novmal seasonal
pattern. Seasonal variation in prices of ocats and bariey follow
similar patterns, which reflect the nearly identical production and
marketing periods. The monthly pattern of prices of sorghum
grains follows more closely the seasonal variation in prices of
corn than those of oats or barley. The production and marketing
periods for sorghum grains move closely approach those of corn
than those of cats or barley. Or the three grains, the price of
cats varies most widely, the price of sorghum grains is second,
and the price of barley varies least. Seascnal variation for all
three grains is less than that for corn, larger than for the food
eraing, and smaller than for such pervishable commodities as
eggs, fruits, and vegetaliles.

UxiTed STATES AVERAGE PrICES RECEIVED 8Y FARMERS

Two faetors appear fo be mainly responsible for the seasonal
variation in prices received by farmers for the three grains. Pirst
are the heavy marketings duving the season when the bulk of the
crop is harvested, Monthly marketings by farmers for the four
feed grains, expressed as a percenfage of each year’s crop sold by
farmers, were plotied in figuve 12, together with their respective
indexes of seasonal voriation for prices. The inverse relationship
between marketings and seasonal varviation in prices is shown.
Tany farmers dispose of their crvop as it is harvested to aveid the
costs of handling and storage. As figure 12 indicates, this period
of heavy marketings is July through Ociober for oals and barley
and September through January for sorghum grains. The differ-
ence in marketing seasons for the four grains apparently explains
most of the differences in seasonal variation in prices,




TABLE 22

22— Corn, oats and barley: Relative weights by which specified components of the supply of feed

grains should be mutiplied to obtain a composite supply factor for use in-analyses of factors that affect their

A Stoek ™ of
Months eovered corn, July 1

by analysis

respective prices !

Camponent of supply

Prospective new
erop of corn

New-crop supply of

Oats

1

Barley

Weieht
Veight error?

June to September 0.61 ‘ 0.
July 1o October, 2. 19 l
1

1 Standard 4

<o b Standard
Weight orrar?

FRIE
oy
4

.06
L0

* When all components are expressed in tons,

Y

0.06

l Standand
} error?

Weight

0.10 |
5T

.20

Standard

Ceiccht
Weight orror?

0.10
0

Total
weight

2 Based on standard wrrors of respective regression coeflicients.
3Rased on relative size of the regression coeflicients from
analyses discussed on pages 24 and 43, vespectively.

).
‘ These components were combined in the analysis for corn.
*Based on relative size of the regression coeflicients of the

analy=es discussed on pages 24 and 43, respectively.
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The second factor, which is closely velated to the first, is the
vest of storage, The longer a commodity is held, the greater are
the costs ineurred. Costs normally associated with storage are
interest and insurance, handling charges. cost of the space used,
lesses Tron inscets and rodents, and any deterioration in quality.
To the extent that the grains lose moisture, as corn does during
staragre, costs are incurred, for a given lot of grain weighs less
at e end of the storage period than at the beginning. In terms
of total value, this is generally at feast compensated for by the
inerease in guality if the grain is properly stored.

Table 23 shows the indexes of seasenal variation in prices for

tae three graims and for corn, together with indexes of seasonal
variation for oats, barley, and sorghum grains relative to corn.
The lower scetion of table 23 indicates that prices of cats aml
bariey are highest relative to corn from Novembor through May
aind ovrest from June through Qctober. The wide range in these
dnied numhers {or cats and barley refleets the wide difference in
{ne marneting periods for these graing and for corn. The index
for sorghum grains relative to corn shows less variation because
U reapoetive marketing peoriods are similar,
Evammatin of monthily ratios of prices to a2 12-memth moving
wverage from 1895 through 1951 indicated that a moving seasnonal
index should be used fur cats. From 1008 through about 1624,
prices of oats pormally reached their laws in either Octobor or
Noveraher: sines about 1930 prices of cats have typicaliy reached
thelr hno for the vear during August. Similarly, in the earler
period the peak montks occurred in either May or June, Now
e period G highest prices tvpically oecurs from January
thronsh April. This scasonal pattern has changed gradually.
averaging caly whoat one-fourth of 1 percent a vear from 1909
w1850 for August, the month in which the greatest change
sectirred. Table 23 shows indexes of seasonal variation in prices
o oats Tor 1819, 1920, 1030, 1848, and 1950, derived from a
mathematically fitted bnear wend esvering ratins to & 12-month
Lpaing average, centered., for July 1903 through June 1931,
Other pears can be obtained by interpolation.

This changing patiorn of prices reflects the changing pattern
o marketings of oats by {armers in the {nited Siates. Data on
manthiy sales of oats Uy farmers are available for 1021 to 1917
only. But even this limited period indicates the trend of carlier
drl Jarger summer mavketings, In the vears 1924-28, on {he
average. farmers soid in June, July, and August 20 pereent of
the total nuuntit; sold. Far 1945-17, on the av.rage, farmers soll
i1 pereent during these menths, an inerease of almost a third,
The nuantities sold from September through December decreased
cervespondingly, Tn the earlier period, 39 percent was sald, while
rem THE fo 10T only 27 pereent was disposed of in these
achis Presumably this trend began earlier than 1921 and has
coatinmed sines 18447, This hypothesis is borne out by the priccs
for those perieds for which data on monihly sales are nort
available,
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CORM, OATS, BARLEY, AND SORGHUM GRAIN

Percentage of crop sold in each month compared with indexes
of seasonal voriotion in prices received by formers ¥

PRICE {x} T A SALESTY,
OAIS - Frice i

110 Sales . l2g

~ ”
%0 G
Mo 1 A § O N B J F M A M I 1 A

W NDEZES OF JEATONLL Vajita THON i1 ARICES FOK CORH, 04 TF, 4W0 JAALEY BEALED OH Frg 7:4"‘ 197i-al. FOR
TORCHUS CRAIN, O THE YELRT }IXI-51. ADJUITED TO TOFAL LI6B AND MO ELIAINATE ASMORUAL SLUCTUATIONS.
TALES BASED OF Ihd-d4F FOR CORW, QATT ANQ EANLEY AWG ON 185447 FOR G226 JORCHUM.

U. 5. DEFARTMEMT OF LGRICULIURE HEG 12113-X ALUREAL CF AGRIZLLTLES, "rGMNOMI"S

Fiorre 12 —Seasonal variatien in prices and sales by farmers are closely
velated. When sales are large, prices are normally low. Similarly, when
sales are small, prices are normally high, The differences in the patterns
of seasenal variation in prices for the four grains are largely explained by
the differences in marketings.
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TABLE 23.—Index numbers of seasonal variation in average prices received by farmers for oats, barley, sor-
ghwm grains, and corn, United States™

AcTUAL

Ttem . .| Mar. | Apr. June | July

103 105 107 105
104 105 105 103
104 106 103 101
105 105 108 101 99
105 105 . 100 a6
104 105 100 O &y
102 104 106 106 03

05 98 106 110 112

RecaTive To CorxN

113 114 110 106 100 04 87 78 84 05 107 112
110 109 108 1006 102 4 86 83 87 08 108 109
106 104. | 108 106 103 100 96 92 a1 95 99 102

1 Ttalic numbers indieate high and low values for the year adjusted to total 1,200 and to eliminate abnormal fluctuations.
based on unrounded data. Based on 1922-41 for corn and barley, 1933-51 for sorghum
*Ratios to 12-month moving average centered, adjusted for -grains.
trend and to total 1,200, Based on 1908-51. i Barley, sorghum grains, and 1950 oats index of seasonal
T Average of ratios to 12 “.onth moving average centered, variation divided by corn index, adjusted to total 1,200.
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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 farmers now tend
to dispose of the bulk of their markelings slightly earlier in the
crop year. This trend has not beean great enough, however, to
affect materially the scasonal variation in prices of these grains.
Thus, the indexes based on 192241 for corn and barley are
valid currently.

These various indexes convey or 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 any one year. A short crop of oats
following a large erop resulls in contraseasonal or less than
seasonal price mevement from May through September. Rapid
changes in demand, cither deflationary or inflationary, also distort
the normal pattern. Similarly, the prices of oats, barley, and
sorghum grains relative to prices of corn vary, depending upon
the degree to which relative supplies deviate from normal. Again
using oats as an example, if production of oats is very large or
stocks of corn very low, the price of oats relative to the price of
corn is unusually low in summer and the inerease in the price of
oats relative to the price of corn is greoater than normal in fall
and early winter. In general, the extent to which prices of oats,
barley, and sorghum grains deviate Trom their average relation-
ship to prices of corn depends upon the extent to which relative
supplies and other factors, such as marketings, deviate from
normal. Changes in demand, however, do not ordinarily affect
these relatice prices. As pointed out previously, [actors of demand
affect all the feed grains in aboul the same way. .

Seasoxar Variation by Major REciows

Seasonal variation differs from region Lo region to the extent
to which climate differs enough to vesult in different production
and marketing periods. As mest 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, however, are produced in significant guantities in nearly
all regions of the country. Seasonal variation for barley in the
West North Central region, the principal producing avea, is
compared with seasonal variation in California and Colorado,
two secondarvy producing States. Seasonal variation in prices of
oats in the West North Central region is compared with that
in Texas. Tahle 24 contains these State and regional indexes of
seasonal variation, together with the index Tor the United States
as a whole.

Three aspects are bhrought out by these seven indexes: (1) The
Colorado index for barley, the Texas index Tor oats, and to some
extent the California index for bharley show a substantially
greater range in seasonal variation than do either the West North
Central or United States indexes for vats and barley; (2) the
high and low months for Texas oats and California harley are
earlier than the high and low months Tound in the West North
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Ceniral and United States indexes; (3) the West North Central
and United States indexes for barley and cats show a smaller
than expected seasonal increase from September to October. The
first aspect reflects the importance of bariey and oats in the area
and conversely 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
ihe feed-livestock economy than in the North Central region. The
effect of corn on ecats and barley may be illustrated by the West
North Central indexes for oats and barley and the Texas and
Golorado ind.xes for these grains, vespeciively, In the West
North Central region corn first is marketed in quantity in October
and corn prices drop substantially in this month. This decline
apparently has a depressing effect on West North Central prices
of cats and barley wheie corn is the major feed grain. ¥ has
little or no effect on prices of Colorado barley, of Texas oafs, or
California barley where corn is relatively less important. As
prices of corn are seasonally high and prices of oats and barley
are at their seasonal low peint in summer, prices of corn tend tn
strengthen prices of oats and bariev in the West North Central
region in summer and to depress them in winter when the priece
of eorn is low and prices of cats and barley ave high, This has a
dampening effect on prices of oats and barley in the West North
Central region, particularly from September to Oetober, and
resulis in relatively “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 largsr.

EFTECT OF LOCATION ON DIFFERENCES IN PRICE

Prices received by farmers for agricuitural ecmmedities vary
considerably from one section of the country to another. For some
commodifies, prices in one State may be twice as high as those
in another. By and large these geographic variations in prices
result from regional surpluses and deficits. In regions in which
production is greater than econsumption, prices normally are
considerably lower than in deficit arveas, The diffeventials among
surplus areas reflect principaily relative proximity to deficit areas
aned major markets. Although costs of transporfation hebween
surplus and deficit areas account for most of the differential,
variations in quality also may eontribute to the spread. Regional
differences in price vary considerably from year to year. Ther
reflect changes in production of the commeodiiy and other sub-
stitute commodities in the gdifferent areas, shifts in factors of
demand, and changes in methods and costs of transportation. Alsn
in snme vears for certain crops they reflect Government support
programs which may influence prices more in some regions than
in others.

OveRALL PATTERN

Figure 13 shaws isc-price maps for corn, oats, barley, and
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TABLE ‘H———Oats and barley: Index numbers of seasonal variation in average prices received by farmers,
United States and sclected States and 1egions, average 1922-41 !

0ArS

Jan. vob., .| Apr. | M June

United States, . 103 5 106 | 102
West North Central region : 104 107 § 103
TORAS. o cvvvrne s cvcras e 107 108 7 91

Bannpy

Jo— " i I A

7

i t .

United States. . oo oiieio i, 102 103 104 1 105 106 -+ 100 06 a4 a6 06 08 100

West North Central region . 103 105 105 ¢ 105 107 100 04 o3 a5 05 07 101

Californin, .o s i aciniiiiia i iia s es Lo To7 103 100+ 101 101 a2 04 95 as 101 104 104

Colorado...coovuasinn e S 90 101 | 104 i 107 5 110
4

1 Average of ratios to 12-month moving average centered, ad]usted to total 1,200 and to climinate abnormal fluctuations.
Ttalic numbers indicate high and low values for the year based .on unrounded data.

3
;
{
By

107 ¢ 98 92 93 04 97 08
]
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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 indicate, prices of cats and barley are lowest
in the heavy producing areas of the West North Central region
and highest in the outer fringe of States that border the cceans
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, ut the pattern is inter-
rupted by the mountains and by local surplus areas outside this
rvegion. This pattern of prices for oats and barley closely ap-
proaches that of corn. 1t mirrors the overlapping surplus-produc-
tion areas for oats and covn, and the clase 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
differ from those of other feed grains because of wider geographic
difterences hetween smrplus prodecing ateas for sorghum grains
and those for the other three grains. Prices of sorghum grains
are lowest in the swrplus areas of Texas, Oklahoma, Kansas, and
adjoining areas of New Mexico, where most . the crop is
produced. From the threce major producing Stafes westward,
prices increase along the sputhern tier of States bordering the
Republic of Mexico, where sorghum grains are important feed
grains. Prices increase in morc northern and eastern States,
reaching their highest levels in Missouri and Avrkansas.

Revatioxsuirs BETWEEN UxrTep StaTes AveraciE Prices REcCEIVER BY
Fanaiers anp Prices ar TeERMINAL MNARKETS

The normal relation bebween 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. Terminal
market prices, in most instances, ave quoted daily, whereas an
estimate of the average price received by farmers is available
{or only about the 15th of each month. Use of sueh a relationship
indicates the probable leval of prices received by farmers for other
parts of the month. United States average prices for the three
grains are compaved with prices at leading terminal markets.
Prices received by farmers in leading producing States also ave
compared with prices at terminal marvkets through which they
normally market.

Qat3—Tabie 25 shows certain statistical relationships hetween
the price reccived by Tarmers for oats and the price of No. 3
White oats at Chicago by months, based on 1923—11 and 1947-51.
To obiain a price for Chicago approximately comparable to that
received by farmers an average of the quotations for the 12th,
13th, and T1.lth of each month at Chicago was used. The factors
given are designed to estimate the price received hy farmers
from the Chicago price. Factors given in columns 1 and 2 of




CORN, OATS, BARLEY, AND SORGHUM GRAINS

Regiondl variations in average prices received by farmers, 1932-41
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FIGURE 13.—Regional variation in prices reflect” surplus and deficit areas. Prices are normally low in surplus
arcas and high in deficit areas. The similarity in regional variation for corn, oats, and barley reflects the
overlapping surplus and deficit areas. The dissimilar pattern for sorghum grains reflects the separation
of surpius areas for this grain as compared with the others.
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TABLE 25—0ats: Relation of price received by farmers to price
of No. 8 While, Chicago, based on 1928-41 and 19;7-51 1

Factor . Average error | Percentage of
by which the F(ilé‘z?f tf,otf?, of es%ima_tc varlation in
Month Chicage | * Chicago when this the two series
price is )I‘i?: eg‘ relationship which ig
multiplied ? L is used* associated s
Cents Ce::tsl Percen!gg 8
January.............. 0.923 —{.18 JT7 .
February. . ... ... ... 907 1.34 2.42 98 .9
March............... 888 3.57 3.7 - 99.3
Apriloooooooall L 021 114 2.43 49.0
May...oooooivennann, J23 1.28 3.19 gg8.2
Juoe.............. ... . 900 1.85 2.5{5 236
.o 825 —. 26 1.493 991
ililguat .............. ,933 11 1.89 99,1
September®. .. ... ..... L8007 .40 2.11 08,4
October?, .. .......... 86 3.12 2,406 9R.,7
November®..,........ .S 1.72 1.91 09,3
December?. ..ol 508 —.23 21 99,2

* Price received Ly “armers on 15th of the month; price at Chicago, averapge
of quotations for tic 12th, 18th, and 14th of the month. :

* Simple regression coefficient with the price received by farmiers as the
dependent variable.

* Constant value {a) in the regression equation.

* Standard error of estimate.

® Coefficient of determination times 100.

* Bxeludes 1947,

" Excludes 1951,

the table must both be used in determining the comparable price
at the farm (or loecal market} level. .

Table 26 shows the relationships between the August prices
received by farmers in lowa and Illinois and the August price
of No. 3 White oats at Chicago and between the August Minnescta
farm price and the Angust price of No. 3 White oats at Min-
neapolis, based on 1923-41 and 1947-51. The relationship betwesn
the Angust price of No, 8 White cats at Minneapolis 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 14th of the month. lowa and Ilinois farm prices are
related to Chieago prices, and Minnesota farm price to Min-
neapolis prices to reflect the normal movement of oats from
these Stafes to terminal mariets.

BARLEY.—Table 27 shows certain statlistical relationships be-
tween the price farmers receive for barley and the price of No.
3 barley at Minneapolis by months, based ou 1928—-41 and 1947-51.
To obtain a Minneapolis price as nearly comparable as possible
to that received by farmers, an average of quotations for the
12th, 13th, and 14th of each month at Minneapolis was again
used. As for oats, the factors found in this takle are designed to
estimate the price received by farmers from the Minneapolis price.
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Tahie 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. 8 barley at Min-
neapolis, based on 1923-41 and 1947-51. Much of the barley sold
by fariners in these States moves through Minneapolis. Market-
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,
18th, and l4th 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 Yellow Milo at Kansas
City. These relationships are based on 1883-51. The factors given
are designed to estimate the price received hy farmers from
the Kansas City price. Factors given in columus I and 2 of the
table must both be used in determining the comparable price at
the farm (or local market) level.

Although comparable relationships between the Unilted 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.—Ouats: Relation of mrice of No. 2 White, Chicugo and
Minneapolis, to specified prices, based on Auwgust 1928-41 und

1047-51"1
RELATION T0 CHICAGO PRICE
e et b Average orvor | Percentage of
F:‘Etm‘ l-l:t}al i] ‘lfl tﬁ'o #S of esumate | variation in
Telated price wh ”‘ e ig“ ® :fl (i -(l O when this | the two series
plee I8 retated relutionship which is
wmattiplied ? price is used ! associated §
Cents g, (ents Percent
Received by favmers:
OWD. o eiaeans 0.987 —3.01 1.88 99.2
Iiinots. .. ........ .. 485 —1.dd 1.4 30.5
No. 3 White, Minnea-
polis. ...l §.003 —1 57 1.87 C99.2
Reration 10 MiNNBAPOLIS PRICE
Boeeived by farmers:
Minnesota. ......... L9248 —3.34 1.48 09.4

! 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 regression coefficient with the related price as the dependent

variable.

* Constant value (a) in the repression eguation.
! Standard error of estimate.
& Coefficient of debermination times 1060,
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TABLE 27.—DPBarley: Relation of price received by farmers to
price of No. 8, Minnrapolis, based on 1923—41 and 1947511

Factor by |pq. o Aveorape error | Percentage of

ij.licll t;hc_'.‘ ii(ltﬁrti)ot}ﬂg Of' estimate variul&ion ln

Month Minneapolis | yp 00 o] when this. [ the two series

price is - I-ir,:el3 ? | relationship which is

muliiplied 2 I8 is used * associated 5
Cents Cem'sﬁ " Pcrccntq 6

January.............. 0.773 3.32 . a7,
Fehrus}y ............. 700 2.36 T.44 96.2
March. . ............ Eli] 5.87 7.a0 96.8
April........ Ll A% 5.11 7.20 96.7
May.. ..o .. e 5.47 7.35 96.3
gu{)e ................. el T.-i? Sgg 85.2
uly. ..o s 7. 7. 95.8
August............... L7535 5.23 7.22 95.7
September, . .......... LT3 1.63 8.73 94.4
October. ... ..., LTS 450 7.51 96.0
November............ . 758 413 7.12 96.8
December, ... ........ L7906 230 7.G7 96.6

LI
* Price received by farmers on 15th of the monih; price at Minneapolis,
average of quotations for 12th, 12th, and 14th of the menth,

? Simple regression coeflicient with the price received by farmers as the
dependent variable,

? Constant value {a) in the regression equation.

* Standard ervor of estimate.

® Coefficient of determination times 100.

of obtaining errors exceeding the standard error indicated for
December. To the extent that different seasonal variations in
price exist for the United States and the Kansas City series,
congistently wider spreads in some months and narrower in
others may be found. These differences are helieved to be minor,

PRICE DIFFERENCES !N CENTRAL MARKETS BECAUSE OF GRADES

Oats

Cash prices for the different grades of cats are based primarily
on their foreign matter content, although many other grading
factors ave considered also. These include test weight per bushel,
percentage of sound cultivated oats, and spoilage. Dloisture is
not so important in grading oats as it is in grading corn, except
that oats which contain more than 16-pereent moisture must he
graded sample and for those grades that contain between 14.5
and 16 percent moisture, thie word *“‘tough” must precede the
grade.

Test weight per bushel is not important in determining priec
differentials among grades. In recent years most inspected re-
ceipts have had a test weight per bushel of 35 pounds or move,
while the minimum test weight for No. 1 ocats is 32 lbs. In the
last decade the trend toward a higher percentage of receipts
grading heavy or better (test weight per bushel of 36 lbs., or
more) and grading No. 1 and No. 2 was consistent. Table 30
shows the percentage of inspected receipts grading heavy and
hetter and No. 2 or better for the crop-years 1938-50.
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TABLE 28.—Barley: Relation of price received by farmers in
North Dakote, South Dakota, and Minnesote to price of No. 8,
Minneapolis, bused on August 192341 and 1947-511

Price received by
farmers

Factor by
which the
AMinneapolis
price is
multiplied *

Taclor to be

added to the

Minneapolis
price?

Average crror
of cslimate
when this
relafionship
ig used *

Pereentage of
variation in the
twa series which

is associated ®

North Dakota. ...
South Dakota
Minnesota

0.5a0
.813
438

Cenls
—11.90
—G.85
—8 .47

Cenls

Percent

5.t
95.8
98.5

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

average of quotations for 17th, 13th, and 1dth of the month.

* Simple regression coeflicient with the price received by farmers as the
dependent variable.
S Constant value (a) in the regression eguation.

* Standard error of estimate.

3 Coefficient of determination times 100.

TABLE 29.—Sorghwum grains: Relation of price recetved by farm-
ers, specified States, to price of No. 2 Yellow Milo, Kansus City,
based on December 1933-51

Priee reeceived
by farmers

Oklahoma, ... .... !

IKansas...........

1 Factor hy
which the
Kansas Clity

price is
multiplied !

Taetor to be
added to
Kangas City
prive?

0,872
LBO7
864
003

Cents
—1. 106
—i3,478

2.824

—11.1id

Averars ermor

of estimate
when this
relationship
is used ?

Pereentage of
variation in
the twa seriea
which is
assoelated ¢

{'ents
.7
10,43
4.0
7.90

Fercent
C

' Simple regression coefficient with the price received by farmers as the
dependent variable.
¥ Constant value (1) in the regression equation.
1 8tandard ervror of estimate,
* Coefficicnt of determination times 100.

Table 31 shows the minimum test weight per bushel and

maximum foreign material for the various grades of cash oats
compared with the avevage price paid from 1946 to 1950. Com-
parisons were made using No. 2 White oats as the basic grade
with prices, test weight, and foreign-matter content of the other
grades expressed as a percentage of those for No. 2 White,
Premiums and 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 149 days in 1946 and for 201 days in 1947, the other years
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izlling within thiz range. Average price relationships between
grades can be studied more accurately by this method than by
comparing monthly azverage prices. For some grades the latter
migit be based on only one or two nuotations taken from different
periods during the moenth.

Comparison of test weights and foreign-material content with
prices reveais close ageeement fur all grades with foreign-maierial
content and little or nene with test weight., As mentioned above,
this lack of agreemenz hetwesn relative prices and relative fest
weightz refleets the fact that, on the average, in these 5 vears 73
percent of the inspected receipts had a test weight of 335 pounds
or more.

The apparent close agreement betwsen foreien-material content
and prices does nal mean tnai this iz the only grade factor that
fdetermines price differentials. All factors are generally taken
inte considerarion in dstermining such diferentials,

BirrEY FoR FEED

Prices for the diferent grades of pariey are based primarily on
their percentagme content of sond barley and test weicht per
bhushel. Other grading facwors—heat-damaged kernels, foreigm
material. broken kernmels, and black harlev—are also considered.

Table 32 sheows the soun:d barley content and test weight per
bushel for the various grades of cash barlsy eompared with the
average price pald from 1946 in 1030, Comparisons were made
using No. 3 barley as the basie grade, with prices, sound barley
content, and test weizhnt per bushel {or the other grades expressed
#3 a percentage of those for No. 3. Premium and discounts from

TABLE 3¢.—Qafa: Pereeninne af inspected rereipés grading No. 2
or helier ond heavy or hetler ai approrimotely 75 markets,
i838-51

Drrownrege o0 insoeeted reeelptz gmrading—

Year bemnning Juls

Heavs and wxirs heavy

Pervant
wWwis .. . 11.
| 12531 S AT 3L, : 32,
1340 e 5L, 7 ar.
1., ... ., . 24,
L2, o : L2
¢ R N
s,
.5
Y
94T, .
WS .
949 . ...
19300 ... .. .. ... ..

Sl 0310 = 153 e B 1= D O

i
i

Compiled from ANNUAL BARLEY AND QATS SUMMARY (23},
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No. 3 in cenis per bushel also are shown. As for oats, the price
guotations for each marketing year represent an average for all

L g days on which 2 or more cars of each grade were sold. Such
quotations were available for 20 days in 1949 and 6% days in
1947, Other years fell within this range.

Compavisen of these two grade factors with relative prices
indicates a close agreement for all grades with sound barley
content and slightly less agreement with test weight. For grades
4 and 5 association of hoth grade factors with yelative prices is
rvelatively close. For grades 1 and 2, the premiums apparently
are more closely related to sound barley content than to test
weight, This 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
4 and 5 is used for feeding. For this use test weight and sound-
ness probably are about equally important.

MarTine BarLEY

Malting grades of barley normally bring a premium over com-
parable grades of feading bariey. This reflects the higher quality
standards of these special grades. In cents per bushel, premiums
for any malting grade over any feed grade have varied consider-
ably from year to year. From July te November, 1934 through
1950, No. 2 Maliting barley commanded, on the average, a premium
of 9.9 cenls a bushel above No. 3 bavley, ranging from a high

® of 20 cents in 1942 fo a Tow of 4 cents in 1940. These deviations
from the average, however, apparently are not related to factors
that might logieally 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 niore 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. Reeceipts of malting grade bavley and
utilization of barley for malting purposes were used as the two
independent factors for 1934 to 1950, omitting the World War
IT yeavs. Results of thig 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 rveceipts of mali-
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 indieated that no relationship existed between
dependent and independent variables.

SorcHUM GRAINS

Moisture content is the principal factor associated with prices
for the different grades of sorghum grains. However, other grade
factors such as test weight per bushel, spoilage, and foreign

¥ nmaterial also are considered.




TABLE 31.—Oats, White: Specified grade characteristics and average price in relation to No. 2, by grades,
Minneapolis, 1946-50

Maximum Price in relation to No. 2, year beginning July 3
limits .of

foreign .
material ! Pereentage Premium and discount per bushel

Minimum
test weight
per bushel !

Per- Per-
cent- cent- Average Avernge
Actual | age | Actual | age 1948 1950 1946- 1946~

of of No, 50 50
No. 2 212 .

Per- Per- | Per- | Per- .| Per- Per-

Pounds | cent | Percent | cent | cenl | cenl | cent cenl Percent | Cents Cents | Cents | Cents Cents

32 1106.7 2 1101.0 |100.8 {100.6 {101,2 101.0 100.9 [ 0.7 . 0.9 .61 0.8 0.7
30 106.0 3 [100.0 1100.0 1100.0 j100.0 100.0 100.0 [ 0 0 0 0

27 | 90.0 99,01 99.1.4 99.1.1 98.6 98.6 98.9 | -.8 ~-1.0 . -1.2 ~1.0
24 | 80.0 5197.9(98.0]97.4]96.9 6.9 07.3 § -1.7 0] -2.3[~1.81-2.6 -2.3

o [ R e —

* From HANDBOOK OF OFFICIAL GRAIN STANDARDS (25). *Simple average for all days on which 2 or more cars of
* Maximum limits for each grade subtracted from 100 and  each grade were sold.

values of grades 1, 3, and 4 computed as a percentage of the

value for No. 2 :
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TABLE 32.—Bariey: Specified grade characteristics and average price in relation to No. 8, by grades, Min-
neapolis, 1946-50 :

Minimum limits of 2 Price in relation to No. 3, year beginning July?
l]‘)(‘esf l;tl(;ll?ol}t %?;112? Percentage Premium and discount per bushel
Grade?
Per- Per- .
cent- cent- Average Average
Actual | age | Actual | age | 1946 [ 1947 | 1048 | 1949 | 1950 10406— 1046 | 1947 | 1948 | 1949 | 1950 1946~
of of ; 50 50
No. 3 No. 3
Per- Per- | Per- | Per- | Per- | Per- | Per-
Pounds | cenl | Percent | cent | cenl | cent | cent | cenl | ceni Percent | Cents | Cents | Cents | Cents | Cents Cenls
No. 1....... 47 1109.3 95 |105.6 {101.9 ]102.2 [105.1 {103.0 j106.4 103.7 1 3.3} 5.1 6.7 4.1 9.5 5.7
No.2......: 46 {107.0 93 {103.3 {100.0 | 99.4 |103.5 |101,9 {102.6 101.5 0 -1.4 4.6 2.6 3.8 1.9
No. 3.., 43 1100.0 90 (100.0 {100.0 |100.0 |100.0 (100.0 }100.0 100.0 O 0 0 0 0 0
No.4....... 10 [ 93.0 © 80 188.9]95.6|94.3187.5|89.8]88.4 91.1 | -7.6 |-12.9 }-16.3 {-13.9 |-17.2 -13.6
No. .. 35 | 81.4 70 177.8|84.9{83.3]81.0]78.2]8!1.1 S1.7 |-26.3 |-38.1 |-24.8 |-20.7 [-28.0 ~29.4

! Not otherwise designated.
2 From HANDBOOX OF OFFICIAL GRAIN STANDARDS (25).

* Simple average for all days on which 2 or more cars of
cach grade were sold.
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TABLE 33.—Milo maize, Yellow: Specified grade characteristics and price in relation to No. 3, by grades,
Kansas City, 1946—50

Price in relation to No. 3, year beginning October 2
Equivalent L - ) e,
minimum dry
Maximum matter Pereentage Premium and discount per ‘bushel
irade moisture {._ . B U S e o
permitte { i i i
Percent- | g ; i i Avernge ‘ Average
* Actual age L0465 3 Ty L1048 § 1049 1050 - 1046 - 1946 0 1947 1 1948 1 1949 © 1950 1946
i of ; i 50 . 50
. No. 3 , '
] 1 ) O RN DA NUUDHEON SCRUUNIS VNN SR SUSURI SRR TR I [N SR,
X ’ Pers | Per- | Per- | Per- | Per- i
¢ Pereent . | Pereent | Percenl cent{ 1 cenl | cenl | ecenl | eent | - Percend | Cends | Cends | Cents | Ceats | Cenlds (ents
No.l....... ! 14§ i 102.4-(101.41101.2 1102.6 1018 HOL5 & 101.7 3.8 4.3 5.8 3.7 3.4 4.2
No.2... 00 13 S 101.2 4101.2 1101.1 §102.5 {101.3 }l01.3 101.5 3.2 4.0 5.7 2.6 3.0 3.7
No.3..0 .. 16 84 100:0 1100.0 1100:0 {100.0 {100.0 {100.0 100.0§ 0O 0 0 0 0 0
No.4.......| 18 52 7.6 1 97.9 (1 US.3 1 97,6 ] 98,31 99.0. 08.2 1 -5.1;-6.71-5.0[-3.51]-2.2 ~4. 5
1
* From HANDBOOK OF OFFICIAL GRAIN STANDARDS (25). *See text for method of coniputation.
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TABLE 84.~—Oats, barley, and sorghum grains: Farm loan rate and season average price per bushel for oats
and barley and per hundrediweight for sorghum grains and quantity placed under price support, 1940-50

QATS
- . -‘,-{ - N
Loan rate : Quantity plaeed wider price support ®
I T - Season [T
Year i j average ;
Nutional ¢ Peresufage | price Loans Pureluse Tatal Percentoge of
average | of parily | ( A0 Cagreements Lok production
U DO B A ST
! : 1,000 1.000 1,000
Dollars Pereenl 1 Dollars ¢ hashels Lushets  © bushels Percent
045, . e e e e 0,48 70 0 67 ¢ QW3 L 2,033 0.19
046, 0 oev i e | .53 o NG TES 788 .05
1947 .. 00l e s PPN e % .63 (SIS [ UH 22 B T . 244 .02
1948, e e e [ 70 0 R 11,705 8,691 23,396 1.61
1949, . e LY 0 Gty 30,281 ! 10,725 4 41,006 3.27
1950 .oy i e T TH LT 14,611 z 3063 ¢ HEOTL 1.06
1981 . oo i e T2 Ta St 12,820 . 305 : 13,125 L09
1952, .. ... .. e e, PR JT8 VI PO AT 51,303 ° 221,480 21,69
BarLey
: — — | e 4‘ T e
3G T T P U 35 4 S0 i) TN L R 7.0 2.41
1941, .. .. .. [ e . 4h a7 a0 16,207 ;. . o 16,297 4,49
1942......... i P Veeeaas 55 40 68 (I 1 I A 15, 190 3.54
1943.., . ... P P LT 76 O (L) . e T01 W24
T4 e i e .8 Si .01 . 3,302 ‘ ............ ’ 3,302 1,20
1945, e r e et ey .80 7H 1,02, 1,027 oot 027 .38
1946 .00t i iii i e e R . .83 7H 136 ¢ g9 0 L ; 1 19
1047 i e e e e e e 1.03 ™ 150 - AT 337 12
048, e 1,13 ) 115! 30,462 18,208 44,260 15,61
040, e e e 1,04 72 1.0 28,430 1,512 32,4901 13.90
1000, et i e i s PR 1. 10 (] P18 240,624 I 30,020 10,04
1951......... AP Lol ] 1.2 16,320 - [HIKW 17,021 6,69
082, i s e 1.22 SO b } 27,508 - 2 384 1,802 %1, 306
i i :
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TABLE 34.—Oats, barley,and sorghum grains: Farm loan rate and .season average price per bushel for oats and
barley and per hundredweight for sorghum grains and quantity placed under price support, 1940-50—Continued

SORGHUM GRAINS

Loan rate

National
average

1’ercéntage
of parity

Season
average
price

Quantity placed under price supportt

Loans

Purchase
agreements

Total

Percentage of
production

Dollars

N Y
> o~}

Percent
35

Dollars

-08

B2 = R RO W I — =
-

1,000
hundred-

welght

44

101

68

26

4,601

6

309

42
19,400
431743
331202
8,310

1,000
hundred-
weight

1,000

hundred-

weight

44

Percenl

? Preliminary.
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TAQE 35.—0ats, barley, and

sorghum grains: Dispos'gon of amounts placed under price-support, 19.&—52

QArs
Loans Purchase agreements Total?
Crop Placed Re- De- Placed Re- De- Placed - De-
of under deemed livered Re- under deemed livered Re- under livered
price by to sealed price by to sealed price to
support! | farmers cceC support | farmers cce support! CCC*
MAllion Million Million Million Million Million Million Million Million Million
bushels bushels bushels bushels bushels bushels bushels bushels bushels bushels
1945 . . e e 2.9 2.0 | e e e e e s PO O 2.9 {00
1046, ... o .8 I T P A ISR RO A TGN DY DT PP I 28 TR
1047 vt e .2 I PR R R P I PO S 151 P
1048, oo 14.7 3.8 9.5 L. 8.6 2,1 6.1 0.4 23.4 16.9
1949, . L o e 30.3 26.3 2.4 1.6 10,7 0.4 2 N 41.0 3.0
1950, ... o oel 14.6 14,2 4 (% 4 44 (%) (% 15.0 4
1951, .. i e 12.8 12.3 .5 (%) .3 <3 (% (% 13.1 i)
1952, .l ik 7.2 | i e R B L2 8 T
BarLey
1040, .o i i 7.5 7.0 0.1 [T e S o 7.5 0.1
1941, ... 16.3 13.6 7 20 L., D T O P 16.3 .7
1942, ... o i el 15.2 15.1 T RGNt DU O PN [P 15.2 .1
1943, i .8 0% 2 1 RO [P PGNP PR [ S P I 2 N
104, oo 3.3 3.1 2 e PPN PR 3.3 2
945, o il 1.0 1.0 () T VAN S 1.0 ("
1940, 0. v i, .5 I 2 DA DUVEDRUPE N [N TS N N P I T I
1047, ... oo o .3 I 2 PSP RN g Y B ) IO Y P B
1048, .. o s 31.0 4,7 24.0 2.3 18.3 “.7 12.8 .8 49.3 4Q.6
040 .0 e 28.4 12.4 14.8 1.2 4.5 3.8 Nl .1 33.0 16.2
1950 oo 29.6 2%.4 3.2 (% 1.0 <9 ¥t S 30.6 3.5
195L o 16.3 14.4 1.9 (9 7 w6 1 (% 17.0 2.2
1952, ... T.0 |vevivnnnn. R P Y L R N S I L3¢ L I DO

G6 SNIVID WAHDIOS ANV ‘XHTIVE ‘SLVO ‘FININNYLS IOIdd
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TABLE 35.—Oats, barley, and sorghum grains: Disposition of amounts placed under price-support,
: 1940-52—Continued

SORGIIUM GRAINS

Loans Purchase agreements Total ®

Placed Re- De- . Placed Re- De- Placed De-
under deemed livered Re- under deemed livered Re- under livered

prige by to sealed price by to sealed price to
supportf | farmers cece support ; farmers cee supportf cear

Million Million Million Alillion Million AMillion Million Million Million Million
cwl. cwt. cwl,

(% (% : (®
0. 0.2 .
L1 1

% "

4.0 2.7
e
8
19.4
-43.7
8.3
81.9

* Quantity placed under loan excludes grains from purchase 'Placed under purchase agreement, but not delivered to CCC
agreement put under reseal program. or sealed for loan.
* Totals computed from unrounded data, *Loans were not extended,.
*Includes deliveries shown as “delivered to CCC” from ' Preliminary.
original program, deliveries from reseal program, and over- "Less than 50,000 bushels.
deliveries as determined by final measurement of farm-stored ¥ Less than 50,000 ewt.
grain when delivered to CCC. Compiled from reports of the Production and Marketing
Administration. ’
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Table 83 shows the minimam dry-matter content for the

9 various grades compaved with the average price paid from 1946

to 1950. Comparisons were made using No. & Yellow Milo as the

Lbasic grade. Prices and minimum dry-matter content for the

other grades were expressed as a percentage of those for No. 3.

Preminm and discounts in terms of cents per 100 pounds for the
other grades from No. 3 also are shown.

The method used to obtain crop-yeatr average 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, ave not large cnough to
provide an adequate number of days on which 2 or more cars of
each grade were sold to obtain an accurate yearly average. To
avoid this diffieulty, days on which 1 or more cars of grades 1,
2, and 8 were sold were used to obtain yearly average prices
from which preminms for grades 1, 2 and 3 werve computad.
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 days arve not necessavily
represented in the yearly averages for all grades by this method.
However, the spreads for grades 1, 2, and 4 from 8 in percentages
and cents per 100 pounds probably ave nearly the same as those
that wonld 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 ranged from 10 in 1948 to 58 in 1950. Days on
which 1 or more ears of grades 8 and 4 were sold ranged from 1

in 1948 to 24 in 1946, the other yecars falling within these re-
spective ranges.

Comparison of these relative dry-matter contents with relative
prices reveals substaniial 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
guality factors may be equally important for this grade.

SUPPORT PROGRAMS FOR OATS, BARLEY, AND SORGHUM GRAINS

Under authority contained in the Agricultural Adjustment Act
of 1938. as amended, and subsequent agricultural acts, support
programs have been in effect in each erop year sinee 1940 for
barley and sorghum grains, and since 1945 for cats. Quantities
pledged for price-support loans were comparatively small from
1940 to 1947 for ail three grains. They reflected the strong de-
mand for feed grains during World War II and the short crops
in 1947. During these years Government programs functioned
primarily as a short-term loan program in which farmers re-
ceived loans on relatively small quantities. Later they paid off the
loans and redeemed their grain. From 1948 thyough 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

Y 1960 crops declined from the high level reached in 1949. How-
ever, it was still substantially higher than in the eariier period.
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Support prices in the post-World War 1I 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 hy the Commodity Credit Corporation
to eligible producers. Under this type of loan, if a loan is de-
fanlted 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 speei-
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 muay he deliver more than the
gquantity 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 eondition 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
Tarmers who do not require immediate funds may retain their
grain and sell it commerecially when they believe the market to
be advantageous.
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APPENDIX %

Two tests of significance were applied in connection with certain
groups of analyses developed in this balletin. So far as the author
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 trained in mathematical
statistics might have difficulty in developing the specific formulas
needed, the tests ave outlined in detail herve. 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 WHETHER THE CORRESPONDING JIEGRESSION
Cogrrrcients iy THREE or More MuLTiPLE-REGRESSION FQUATIONS ALL
ARre Equar

This 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 variahbles 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 hariey similarly. The following equations more
definitely indicate the nature of the hypothesis:

(1.1) X = a" 1 Pou=X, 1~ % anuXe + blyXy

(1'2) X.U' ' = a, ! + b::‘.!:l Xl, ’ —‘i— bfi’.:l.lX"‘ _!_ b ::‘J'—'X:kl

(L3 X' "= a4 b UK e X b IXY
where

X is the price of corn during June to September,

X’ is the price of oats during July to October

X' '’ is the price of barley during July to October,

X, X', and X7 are the respective weighted supply variables,

X: is the production of iivestock durving July to December, and

X; and Xy are the average prices of Jivestock and products for the
months to which the respective X,’s apply.

The hypothesis to be tested is that the following relationships

hold simulfaneocusly:

. re tr: -
(2) Blass =1 oy hm,zs = bu.n b
e Frro_ v
b =0 wan b vtz = Basy
s Frr 1.
b= b =0 = besaz

The following steps are involved in making the test:

1. For each of the three analyses, compute the unexplained sum
of squares. In each case, this will equal ¥ (3 — X)* (1-R%u=).
Add the results. The degrees of freedom attached to this sum
of squares is N-P, where N is the total number of observations
in the several analyses and P is the number of vesirictions, that
13 the number of coefficients involved in the 3 equations 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).

* This section was written by Richard J. Foote, Supervisory Analytical
Statistician, based on noteg developed by Bugene E. Hixson, Mathematical
Statistician, both of the Burcau of Agrienltural Economies.
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2. Combhine the respective sums of squares and cross-produets,
after corracting for the vrespective means, for the three analyses.
In the notation used abhove

i = Ex? 4 Exy' 7 - Ix) 7 ete,
Rerun the analysis, using these totals in obtaining the regression
coeflicients. Compute the unexplained sum of squares for the

combined analysis, which will equal 5x% (1-R%as). 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
plas the 3 constant terms for the separate eqguations.

3. Subtract the result in step 1 from that in step 2 and divide
by the difference between the respective degrees of freedom. In
this case, the difference in degrees of freedom is ¢ [N-6 —
(N-12)]. This represents the mean square vesulting from differ-
ences among the regression coeflicients in the three analyses.

4. Divide the final rvesult in step 1 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 ave statistically significant and the hypothesis
is rejected. In this case, the ratio was smaller than the tabular
value, as would have been expected, and the hypothesis was
accepted.®

TEsT DESIGNED TO ASCERTAIN WHETHER A PaRTICULAR SET 0F REGRESSION
Coerriciests v TEREE OrR More Recressioy EquaTioNs Are Egquar

This test was applied to analyses of factors that affect the
ratio of prices of oats, barley, and sorghum grains, respectively, to
prices of corn (see page 71). In each analysis, the respective sup-
ply ratio was used as an independent variable. The hypothesis to
Jbe tested was that the regression coeflicients for vne supply ratio
was identical for the three analyses. The test was complicated
somewhat by the fact that two of the regression equations in-
volved only a single independent variable, whereas the third
involved three. The three equations can be written as follows:

{8.1) X'  —a" + b'X.’

(3.2) X" =2 + bx"'X)"

(33) X" =a""" b/ X AbeaXs + buwXs
where

X, is the ratic between the price of oats and the price of corn,

X'’ is the ratio between the prices of barley and that of corn,

X'’ is the ratio between the price of sorghnm pgrains and that of corn,

X, Xy, and X'’ are the ratios between the supply of the respective
items and of corn, and X. and X, are related variables.

* Had we wished to inelude in {2) the hypothesis thata’ = a2’ ' =g "' =
i, the same test could have been used, except that deviations from a common
mean would bave been used in step 2 and the degrees of 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,
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The hypothesis to be fested is that the following relationship

holds:
(4) bo’ = b ' = b/ = bax

The steps involved are the same as those given above, except
that the sums of squares and cress-preducts involving X: and X
in step 2 are based only on the variables from eguation (3.3},
and P =— 8 (5 regression cocfficients plus 3 constant terms). The
divisor in step 8 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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