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PREFACE 
This bulletin discusses in detail the statistical and an; .icical 

aspects of a number of studies referred to in Technical .l:hlletin 
1061 entitled, "The Demand ",nd Price structure for Corn and • 
Total Feed Concentrates" by Richard J. Foote, John W. Klein, 
and Malcolm Clough. Designed to supplement that bulletin, it is 
expected that this bulletin will be of interest mainly to research 
w{)rkers and to commodity analysts 1vho are acquainted with the 
use of multiple regression techniques. The economic interpreta
tions and applications of these analyses ,vere covered in Technical 
Bulletin 1061 and are not repeated here. Sufficient background 
information is included, however, to indicate the economic reason
ing involved in determining the variables to be included and the 
particular form of equations to he used. Four major inter10cking 
equations are discussed; together these represent the principal 
interrelationships within the feed-livestock economy. The econo
metric aspects of this system of equations are cliscussed in "A 
Four-Equation Model of the Feed-Livestock Economy and Its 
Endogenous Mechanism" by Richard J. Foote, published in the 
February 1953 issue of the Journal of Farm Economics. 

In addition to the system of equations mentioned, for which 
the price effects apply essentially to the November to May period 
of heavy marketings of corn, an analysis of the factors that affect 
prices of corn from June to September was developed. The solu
tion of this problem invoh'ed the use of an iterative approach. The 
several supply components were combined on an additive Lasis. 
with weights equal to certain partial regression coefficients, and 
the resulting variable was used with certain other variables in a • 
logarithmic equation. This approach was later used successfully 
in a number of similar cases. The method is discussed in detail 
in this bulletin. Certain other analyses mainly relating to corn are 
discussed also. 

The research on which this report is based was carried on under 
authority of the Agricultural Marketing Act of 1946 (RMA. Title 
II). Information was obtained from many specialists within the 
Department of Agriculture. Suggestions made by Malcolm Clough 
and Karl Fox, both of the Bureau of Agricultural Economics, were 
particularly helpful. Data were assembled and most of the 
statistical computations were ma(l~ by Elizabeth Ruiz; the re
mainder were made by Floretta L. Do,vnes or under the super
vision of Viola E. Culbertsol1. 
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SFMMARY AN'D C()l'iGL(TSIO~,S 

Four related analyses were developed which together describe 
the principal economic forces that affect the feed-livestock economy 
during the period when marketings of corn are heaviest. These 
indicate: (1) Factors that affect the price of corn from November 
to May; (2) factors that affect the number of animal units fed 
during the October to September marketing year; (3) factors 
that affect production of livestock and livestock products; and 
(4) factors that affect prices of livestock and livestock products. 
Tn each case, equations based on first differences of logarithms 
for 1922--42 or as close thereto as available data permit are given, 
and the variables were chosen in such a way as to make the 
several analyses as nearly comparable as possible. 

The four equations taken together imply an inner structure 
which, in tbe absence of other factors such as weather, would 

Ie 1Submitted for publication Mareh 2(;, 1953. 

1 



• 

generate an endless series of observations on price and production 
for successive years on the basis of specified initial conditions. 
These equations can be used in sequence to follow throngh the 
effects of changes in supplies of feed or in consumer income on 
production of livestock and on feed and livestock prices, or they 
may be used to study the effects oyer time of specified support • 
programs for corn. 

The three variables-total supply of feed concentrates, grain
consuming animal units fed on farms, and prices received by 
farmers for livestock and 1i\'estock l)roducts-explained 92 to 95 
percent of the variation in prices received by farmers for corn 
from No\'ember to May for the years included in the analyses. 
On the average, a I-percent change in supply of feed concentrates 
"was associated .vlth a change in the opposite direction of 2.4 per
cent in the price of corn; a I-percent change in number of animal 
units was associated with a change in the same direction of 1.9 
percent in the price of corn; and a 1-percent change in prices of 
livestock and livestock products was associated "with a change in 
the same direction of 1.1 percent in the price 0: corn. The elas
ticity of demand indicated by this analysis is practically identical 
to that indicated for certain other analyses "which apply to the four 
major feed grains. Thus this elasticity coefficient is believed to 
reflect essentially the demand for total feed grains and possibly for 
total feed concentrates. Becausl' of the ease with which other feeds 
('an be substituted for corn, the demand for corn as Ruch, jf it 
cou1d be determined separately by statistical means, 'would be 
expected to be more elastic than the -0.4 indicated by this 
analysis. . 

The three factors-total supply of feed concentrates, priceR 
l'eceh-ed by farmer;; for corn, and those recch-ed for liyestock and • 
li\-estock products-explained 78 to 86 percent of t~.t variation in 
number or grain-consuming animal units fed on farms during the 
October to Septemher corn-marketing year. Each of the price 
Reries applies to the calendar year during which the crop year 
begins. On the ayerage. a I-percent change in each of these 
factors waR associated with a change of 0.2 percent in the number 
of animal units fed. This change "vas in the same direction for 
supply of feed and prices of livestock and livestock producb~ and 
in the oPPosite direction for prices of corn (or feed). 

The number of animal units fed on farm;; explained 71 to 77 
percent of the variation in production of livestock and livestock 
products for sale or home consumption, a 1-percent change in 
animal units being associated on the average "'lith an 0.6 percent 
change in sales. Total concentrates fed b lh'estock "were used as 
~ separate variable, but this variable had no statistically significant 
('ffect. It does have a statistically significant effect on live-weight 
J)1'OCluction of livestock and live::;tock products. The dependent 
variable used in these analyses eRsentialIy reflects sales of these 
products. 

The two Yariables-productioll of Ih-estock and live;;tock prod
ucts for sale and home consumption and personal disposable 
income-explained 96 percent of the variation jn prices received 
by farmers for livestock and livestock products. On the average, 
a i-percent change in sales was associated ,'lith a change fn price • 

2 




in the opposite direction of 2.1 percent and a I-percent change in 
income was associated 'with a change in price in the same direction 
of 1.5 percent.

• From June to September, new-crop oats and barley can be fed 
and the prospective size of the new corn crop begins to affect 
prices. The supply of old-crop corn, which can be represented 
approximately by stocks on July 1, also is important. A method 
was developed, based on regression analysis, by \vhich the weights 
for these several components of supply can be determined from 
the data. When all variables are expressed in million tons, ap
propriate weights are as follows: 3.2 for stocks of corn, 0.8 for the 
indicated new crop of corn, and 0.5 for the supply of new-crop 
oats and barley. This supply factor, together with the production 
of livestock from July to December and the price of livestock and 
livestock products from June to September, accounted for three
fourths of the variation in prices received by farmers for corn 
from June to September. On the average, a I-percent change iiI 
Rupply was m:;sociated with a change in price in the opposite direc
tion of 1.6 percent; a I-percent change in livestock production wa:.;; 
associated with a change in price of 0.7 percent in the same direc
tion; and a I··percent change in lh'estock prices was associated 
with a change in price of 0.8 vercent in the same direction. 

• 

These factors accounted fol' a smaller part of the variation in 
com prices in summer than did similar factors in the heavy 
marketing period from Noyember to May. The lower percentag'e 
explained may reflect: (1) The fact that changing prospects for 
the oncoming crop haw a less stable effect on prices th~:i do crops 
already harvested; (2) the fact that in years of shor~ supply, the 
prospect of a large crOl) for the follow'ing year does not influence 
price to the same extent that it does '."hen year-end stocks are 
large; and (3) the fact that changes in nonfeed demands Tor corn, 
::'iuch as demands for export or for use by the wet- or dry-processing 
industries, affect prices of corn significantly in some years during 
the last quarter of the marketing year. 

The three ,'ariables-prices received by farmers for feed grains, 
number of grain-cOlumming animal units fed during the year, and 
prices receh'ec1 by farmers for Ih'estock and livestock products
explained 83 percent of the variation in quantity of the four major 
feed grains fed to liveRtock. On the average, a I-percent change 
in prices of feed grainR waR associated with a change of 0.5 percent 
in consumption of feed gTains in the. opposite direction; a I-percent 
change in number of animals fed \vas associated with a change 
in consumption of 1.5 percent in the same direction; and a 1
percent change in livestock prices was aRRociated with a change 
111 consumption of 0.5 percent in the RBme direction. Similar 
factors explained 81 percent of the variation in the quantity of 
corn fed to livestock. TheRe analyses can be used to indicate th<, 
demand for feed for Ih'estock in any given year. In some years, 
because of an inadequate supply, the actual quantity feel may be 
less than that indicated by the analysis, ~llthough in time prices 
of feed and of livestock would be expected to adjust in such a way 
as to equate supply and demand. 

• The two variables-production of corn plus nonloan stocks on 
October 1 and numher of grain-consuming animal units 1'1'(1 1\11 
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farms-explained 87 percent of the variation in sales of corn by 
farmers. On the average, a I-percent change in production was 
associated with a 2.0-percent change in the same direction in sales 
and it I-percent chang'c in animal units fed was associated with 
a 0.6 percent change in the opposite direction in sales. 

Each of these relationships is subject to certain types of sta
tistical errors and limitations. The nature and magnitude of these 
are indicated in the text and in the tables that accompany each 
analysis. 

PRINCIPAL ECO~OMIC BO:RCES IN THE FEED-LIVESTOCK 
ECONOMY 

The general bearing that supplies of feed, number of animal 
units fed, production of livestock, consumer income, and prices of 
feed and livestock products have on the feed-livestock economy are 
shown in figure 1. These relationships are discussed in detail by 
Foote, Klein, and Clough (6).~ Only a brief summary of these 
l'elationshios is included here. 

In any given year, supplies of feed are determined mainly by 
the acreage used for feed crops and the yield per acre. Acreage 
used for feed crops normally does not vary greatly from year to 
year, and changes in yields depend mainly upon'weather and the 
general level of cultural practices. Within the usual framework of 
price relationships, year-to-yeal' changes in supplies of .feed are 
determined chiefly by nonprice factors. 

Factors that affect the number of animal units fed also affect 
the quantity oJ feed fed per animal unit. For this reason, these 
factors are grouped together in the diagram. Within the range 
of standard feeding practices, returns per unit of feed fed diminish 
when increasing quantities of feed are fed to a given number of 
animals. Because of these diminishing returns, changes in the 
number of animal units cause changes in prices of feed and result 
from them as well. When the number of animal units on farms 
at any given time is relatively small, higher livestock-feed price 
ratios (and, therefore, relatively lower feed prices) are required 
to mow a given supply of feed into consumption than 'when the 
number of animal units is large. 

Production of livestock and livestock products might be expected 
to depend mainly upon the number of animal units fed, the rate 
of feeding per head, and certain technological factors, such as 
changes in breeding and methods of feeding. Statistical analyses 
of these relationships are presented in this publication. 

Prices of meat animals and livestock products are determined 
mainly by the marketings of these products during the period 
under consideration, and by the level of consumer income. Con
sumer income is considered to be determined mainly by factors 
outside the feed-livestock economy. 

Prices of feedstuffs adjust to prices of livestock products in such 
a way that in any crop year the feed fed will very nearly equal the 
feed produced. Breimyer said, "The price of feed grains may be 
considered to be that price which is equivalent to the value of the 
livestock products obtained from the last unit of feed input fed 
at a level of intensity at which the total units of feed required 

• Italic numbers in parentheses refer to Litel'atul"c Cited, 1), 36. 
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THE MAJOR ECONOMIC RELATIONSHIPS 

IN THE FEED-LIVESTOCK ECONOMY 


'--_S_U_P_,,_Ii-,es,o_f_f_e_ed_---l1 	 ~ 

r---A-n-im-a-I....:.~-n.-d:-.-fe-d---.~ 
Feed fed per 
animal unit 

,------ -------,
I Technol;,gi1cal chang"s : 
~______________ J 

Prod ucHon of livestock 

and p...dud. 


ARROWS SHOW DIR,ECTION Of INFLUENCE 

U, S DEPARTMENT OF' AGRICULTURE NEG.048513.X 6UREAU or AGRICULTURAL ECONOMICS 

FIGURE I.-This diagram shows the principal economic forces that affect the 
feed-livestock economy. The rectangles represent forces that are essen
tially physical; the circles, those that are mainly economic. 

are the same as the number available" (1, p. 609). Because of 
diminishing returns, the number of animal units on farms will 
largely determine the quantity of livestock products obtained from 
"the last unit of feed input fed". Thus, prices of feed result in 
large part from the supply of feed, the number of animal units to 
be fed, and the level of livestock prices. Prices of corn are closely 
related to prices of total feed concentrates. Thus, these same 
factors largely determine the price of corn. 

FACTORS THAT AFFECT PRICES OF CORN FROM 

NOVEMBER TO MAY 


By November prices of corn have generally adjusted to a new
crop basis, but by June or July they begin to reflect the outlook 
for the coming crop. Thus, the effect of factors that affect prices 
of corn in any given crop year can best be ascertained by con
fining the analysis to the November to May period. In years when 
crops are large in relation to available storage, and particularly 
in years in which the moisture content of corn is high, prices may 
be depressed below normal from October through December 01" 
January. However, such years are fairly rare, so that they 
probably do not greatly affect average relationships during a 
numbel' of years. In any given year, supplemental allowance 
would need to be made for such factors if they were believed to 
be important. 

The variables used in the analysis of factors that affect prices 
of corn were as follows: 

XII = 	price r-er bushel received l>y :farmers fol' earn, average fol' November 
to May, in cents. 
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XI = 	Total suppiy of feed concentrates, including total stocks of corn on 

October 1, and of oats and barley on July 1, production of the four 

feed grains, imported grain and wheat and rye fed, and byproduct 

feeds used for feed, in million tons (unweighted). 


X. 	= Number of grain-consuming an.imal units fed on farms during the • 

October to September year, in millions. 


Xa 	 = Index numbers of prices received by farmers for livestock and live

stock products (1910-14 = 100), average for Noyember to May. 


Data for these are shown in table 1. 

TABLE l.-PTice ';'eceived by fannel's fo'r corn, Nove1nbe1' to May: 

Actual and computed p'rice 7)er bushel and ?'elated va-riables, 

1921-51 


-. 


Xu 
 X.
Price of eOI'll PriceX. receivedI 	 Xl Grain-

Computed from an 	 bySupply consuming
analysis based 011 	 farmersof feed animalPeriod 	 for liveconcen- unitsbegin- Actual 	 stock andDevia- tl'ates :I fed anning 	 Year-to- products

tiOllS 	 nually 3 

year 	 (Nov.

fl'om chang'e" 	 May)'average I 


Million 
Cellis Cents Cl!llt.s tons Millions 

1Ii21......__ 51 54 ~~~~--- .....-.. -- 136 152 123
1922..._.___ 73 77 75 126 163 132
1923....____ 76 70 66 129 162 128 

1924..__ ·_··1 108 91 104 114 151 144

19!!5...__... 69 76 83 129 149 151
1926_..___ .. 66 85 80 123 152 150 
 •
1927._._.... 83 
 87 68 123 153 151
1928.-_____ . 83 89 84 126 153 160

1929..______ 78 86 85 122 154 148

1930....__.. 60 65 65 113 152 110

1931.. .• _. __ 33 36 35 122 156 78 

1932._...... 24 25 22 138 159 67

1933._... __ . 
 45 37 38 115 154 74

1934__ ..._.. 83 84 112 82 131 106

1935.__ ...._ 56 59 49 114 138 118

1936.. .._. __ 106 97 104 90 138 123

1937.._._. _ 51 49 46 123 138 114 

1938 .. _..... 44 47 49 130 148 108 

1939.._... _. 55 46 44 136 156 
 107

1940... _... 58 52 60 140 156 
 122

1941.. .. _._. 74 77 	 167
75 151 	 159 

1942..._..... 90 97 89 172 192 194

1943.... __ .. 112 108 105 164 193 196 

1944...._... 107 104 108 158 173 206 

1945........ 115 108 111 155 168 215

1946.__..... 
 138 137 136 158 160 278 

1947........ 220 199 214 133 154 305 

1948...._.. 120 127 129 167 160 285 

1949...._••. 118 107 102 176 166 258 

1950........ 155 154 163 178 172 327 

1951..._.... 167 167 176 170 175 
 318
I 


1 
From an analysis based on logarithms for 1921-42 and 1946-50. 
• From an analysis based on first differences of logarithms for 1922-42. 
3 
 Year beginning October. 
• Index numbers, 1910-14 = 100. • 
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These appear to be logical variables based on the diagram shown 
in figure 1. Some question might be raised as to whether the high
protein feeds are complementary or supplementary to coru. Such 
feeds represented 7 percent of the total supply of feed concentrates 
in 1948-50. This is a valid question. As the evidence on this 
point is not clear, it was decided to include them with the other 
feeds, at least as a first approximation. The number of grain
consuming animal units fed during the entire crop year would be 
expected to be partly a result and partly a cause of corn prices. 
The size of the spring pig crop and the number of chicks hatched 
in the spring, for example, are affected by prices of corn during 
the heavy marketing period. After allowing for time lags in the 
effect of prices of corn on numbers of livestock, it appears that 
when used in an analysis of factors that affect prices of corn dur
ing the November to May period this variable would be mainly an 
independent factor. This view is partly borne out by the extremely 
low simple correlation between prices of corn in November to May 
and the number of animal units fed. No sound statistical method, 
other than the multiple equation method, exists for adequately 
separating the simultaneous cause and effect aspects of a variable 
of this type. 

As the several independent variables are believed to affect the 
dependent variables jointly, rather than additively, and the rela
tionships are believed to be more stable in percentage than in 
absolute terms, all data were .converted to logarithms before 
running the analyses. Two analyses were run: One based on 
deviations from average and the other in terms of year-to-year 
change.3 Originally each of the analyses was based on data for 
1921-42, but calculated values ,',ere obtained for the post-World 
War II period. Examination of a chart similar to that shown in 
figure 2 indicated that the analysis baf3ed on deviations from 
<,<vel'age would yield better forecasts in current years if the post
war years were included in the .analysis. Hence the analysis was 
rerun, based on 1921-42 and 1946-50. As indicated by figure 3, 
inclusion of the postwar years was not required for the analysis 
based on year-to-year change. 

For purposes of comparison, table 2 shows the principal sta
tistical coefficients obtained from these analyses. The correlation 
coefficients were left in the squared form, as these are easier to 
interpret in terms of the percentage of variation in the dependent 
variable explained by the respective independent variables. All 
of these coefficients are statistically significant. 

Results obtained from the three analyses are remarkably close. 
The respective regression coefficients should be and, within sam
pling limits, are nearly the same. The standard errors of estimate 
are approximately equivalent to an error of 12 percent of the 
computed value. The partial correlation between price and supply 
is higher for the .first-difference analysis than for those based on 
deviations from average, because year-t0··year variations in supply 
are large in relation to the longer-time changes in level. As year

• For a discussion of the circumstances under whieh the \'se of logarithms 
is desirable and of the statistical a::,pects and alternative ilite·;·pretations of 
analyses based on deviations from ayerage versus those bl\seu on year"to
year change. see Thomsen and Foote (HI, pp. 284-286). . 
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TABLE 2.-P1'incipal statistical coefficients obtained /1'0111, anal.yses 
reZaJ;ing Novem.ber to May prices of corn to supply of feed 
concent1oates, anirnal ~tnits fed, and 1J1"ices of livestock and live
stock p1'oducts 1 

Based on deviations from average Based on year-to
1---------------1 year change

Coefficient Excluding Including excluding 
postwar postwar postwar years 

years years 

ROII.,o" _, ___ ,__________ 0.916 __ .. _._. __..____ 0.954 ._.__ ._.________ 0.912. 

Su,m ••• ___._ .•• _. _____ 0.0500 __ . ___ . ___ .___ 0.0472 ----------.--. 0.0548. 

bo1 _," ± S.Ol.," ______ -2.05 ± 0.30 . __ .__ -1.82 ± 0.24 ..._.. -2.36 ± 0.24. 

b" •. ,,, ± S.U',lO _.____ 1.85 ± 0.57 __ .. _.. _ 1.71 ± 0.50 ______ __ 1.94 ± 0.57. 
~;"-" ± S.1/3, .... ____ 1..25 ± 0.10 .. _. __ ._ 1.36 ± 0.06 ....... . 1.13 ± 0.18. 
? "'.2. __ ..___.__________ 0.715 .... ___ . _____... 0.720 -.....--.------. 0.850. 
1·-....1. ________ .________ 0.373 __ '" ....... __ .. , 0.334 ........-- ..--. 0.406 

1··.... ,. __________________ 0.896 ....... __ ..___ 0.952 ,-- ... ------ .. .. 0.707. 
((e.12" __________________ -0.559 _ ... ___ . __ , -0.949 __ ...... ____ .. 0.00373. 

I These values relate to the regression equations when all yal'iables are 
expressed in logarithms. 

to-year variations in prices of livestock are smaller than the 
longer-time changes in level, the partial correlation between 
price and this variable is higher when based on deviations from 
average. Changes in supply, on the average, account for a larger 
percentage of the year-to-year changes in prices of corn than do 
changes in prices of livestock, after allowing for the effects of the 
other independent variables. In terms of deviations from average, 
however, changes in prices of livestock account for a larger per
centage of the variation. In each case, changes in numbers of 
animal units account for a smaller percentage of the variation in 
prices, on the average, than do changes in supply or in prices of 
livestock, after allowing for the effects of the other independent 
variables. All of these relationships are consistent with those that 
would have been expected from a p1'1:o'ri considerations. 

Three additional points should be mentioned: 
(1) In the past, many analyses have been run based on supplies 

of feed or supplies of corn -pe1' animal unit. In a logarithmic 
analysis, such a procedure implies that bOI .:!3 and bo:!.l a are equal 
in absolute value. The ratios of these coefficients for the analyses 
discussed here range between 1.06 and 1.22. 'This indicates that 
this procedure is reasonably sound, particularly if only a rough 
approximation is desired. 

(2) When the price of a particular group of products is used 
as a demand shift~r, as in this analysis, the question may be raised 
as to whether the implied correlation reflects merely changes in 
general demand conditions which affect the two commodity groups 
similarly. If this were true, it would be preferable to use the 
general factor as a demand shifter in the analysis in place of the 
more limited factor. One way to determine the relevance of this 
criticism is to compare t.he relative size of the simple correlation 
between prices of corn and prices of livestock, and between prices 
of corn and disposable income, respectively, and to compute the 

• 

• 
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partial correlation coefficient between prices of corn and live
stock when disposable income is held constant. If Xo represents 

• the price of corn, Xl the price of livestock products, and X 2 dis
posable income, then for the criticism to be valid, rOl should be 
smaller than r02, and 1'H.2 should not differ significantly from zero. 
For the calendar years 1922-43, these coefficients are as follows: 
1·01 = 0.80, 1·02 = 0.57,1'01.2 = 0.73. Therefore, this criticism does 
not appear valid. 

(3) A further criticism of an analysis of this type that is 
occasionally made is that the degree of association between the 
independent variables is so high as to give indeterminate results. 
In these analyses, the highest simple correlations between the 
various independent variables were those between the number of 
animal units and the supply of concentrates. These were nearly 
0.85 for the analyses based on deviations from average and 0.55 
for the analysis based on first differences. These are not suf
ficiently high to cause indeterminancy in an analysis based on 
mathematical computations, although the correlation based on 
deviation from average might slow up the speed of convergence 
materially in a graphic analysis.4 All of the other simple inter
correlations were quite low. 

• 

Figures 2 and 3 show prices of corn, adjusted for the remaining 
,'ariables, against each of the independent variables in turn, for 
two of these analyses. Actual data, rather than logarithms, have 
been used in constructing these charts. In each section, the 
relevant partial regression curve, based on the mathematical 
analysis, has been drawn. In the last section of each chart, the 
unexplained residuals have been plotted against time. Data for 
the years used in the analyses are shown as dots; data for the 
excluded years are shown as X's. 

In the analysis based on first differences, the war and postwar 
years give a closer fit than do the prewar years used in the 
analysis. As supply relative to demand at ceiling prices was 
extremely short in the November to May periods beginning 1943, 
1944, and 1945, the actual values ordinarily would have been 1:>elow 
the regression curves for those years. Several reasons can be 
given for the failure of this to show up in this particular analysis. 
One explanation for the closeness of fit is as follows: Had larger 
supplies of corn been available, farmers would have expanded the 
number of animal units fed more than they did. The desire on 
their part to increase the number of animals fed created intense 
competition for supplies of corn. However, price ceilings for 
r-orn may have been consistent with existing feed supplies, animal 
units, and prices of livestock. In other words, animal units were 
apparently held down to a point at which supplies of feed were 
just used up at ceiling prices. This hypothesis is borne out by an 
analysis of the factors that affect the number of animal units fed 
to be discussed in the next section. Animal units for the market
ing years beginning 1944, 1945, and 1946 are a good deal farther 
below the calculated curves than are those for any of the years 
included in the analysis.

• , See Thomsen and Foote (10, pp. 288-290) lOI' a discussion of the effects 
of intercorrelation .among the independent vadables, 
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CORN: NOVEMBER.MAYPRICES 

RECEIVED BY FARMERS IN RELATION 


TO SPECiFIED FACTORS 
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FIGUI<E 2.-The three factors-supply of feed concentrates, number of animal 
units fed, and prices of livertock and livestock products--explained 95 per
cent of the variations of prices of corn around their average for 1921~42 
and 1946-50. 

An additional factor which may have been of importance is.as 
follows: Some of the wartime desire on the part of farmers to 
expand livestock numbers grew out of the fact that most of the 

• 


• 


• 
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<;ORN: NOVEMBER.MAY PRICES 


• 
RECEIYED BY FARMERS IN RELATION 

TO SPECIFIED FACTORS 
F~om an tinalysis baud on fjnl~difl.r.nc.s of logarithms lor 1922-.... 2 
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FIGURE 3.-The three factors-supply of feed concentrates, number of animal 
units fed, and prices of livestock and livestock products-explained 91 per
cent of the year-to-year variation in prices of corn in 1922-42. These 
relationships appeal' to have remained unchanged in the post-World War 
II period. 

price uncertainty was removed by price ceilings for corn and 
price supports for livestock products. But the analysis assumes 

• normal uncertainty. Thus it would be expected to fail to reflect 
any stimulation in demand owing to this factor. It also would 
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fail to reflect the abnormal demand for corn for food use and for 
alcohol, as these factors are not included in the analysis. It 
probably can be concluded that the demand for corn during the 
war years was higher than that indicated by the analysis but very • 
likely not as high as was assumed by many people on a judgment 
basis. The extent to which the actual value for certain years, such 
as 1933, 1939, and 1949, is above the calculated value probably 
reflects, at least partly, the effect of the support program in those 
years. 

With slight modification, this analysis can be used to give an 
early season estimate of the probable level of the season-average 
price received by farmers for corn. Prices from November to 
May normally average about 6 percent below the average price 
for the year. However, larger quantities of corn are sold during 
the months in which prices tend to be lowest. Thus the weighted 
season average price tends to be about 4.5 percent higher than the 
average from November to May. 

FACTORS THAT AFFECT NUMBER OF ANIMAL UNITS FED 

DURING THE YEAR 


As indicated by the diagram in figure 1, changes in the number 
of animal units fed from one year to the next are determined 
mainly by changes in the total supply of feed concentrates and 
by the relative levels of feed and livestock prices. Effective price 
levels are those that prevail when farmers are making decisions 
regarding the number of animal units to be fed during the crop 
~'ear. Breeding for the fall pig crop takes place in the preceding 
spring, and that for the spring pig crop in the preceding fall and 
winter. Hens fed during the crop year come mainly from chicks • 
hatched the preceding spring. Thus, the number of animal units 
fed in the crop year beginning in Odober of any year would be 
determined mainly by the price levels prevailing during the cor
responding calendar year. It was thought that farmers would 
be influenced more by the relative levels of feed and livestock 
prices during this period than by the change in these prices from 
the preceding calendar year. 

The exact nature of the function used is indicated below. The 
following symbols may prove helpful: 

A, = animal units fed in year t. 

8, = supply of feed concentrates in year t. 

C, = price of corn in year t. 

L, = ])riC"E' of livestock in year t. 

(f, = constant value in the regression equation. 

b, = specified partial regression coefficients. 


The equation used was as fo]]ows: 

At (St )Ih b. b.-- = a -- (t/~1t4: £,_1.1•. 
A 1-1 81-1 

A multiplicative equation was used because the two price series, 
~t least, would affect the dependent variable jointly. 

When translated into logarithms, the equation takes the follow
ing form: 

Log A I - log A to, =-= log (/ + bt (JOg 8, - log 8'-1) + b, log Ct- + 
b" log L, ". • 
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GRAIN·CONSUMING ANIMAL UNITS FED 
IN RELATION TO SPECIFIED .FACTORS 
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FIGURE 4.-The three factors-supply of feed concentrates, prices received 
by farmers for corn, and prices received by farmers for livestock and live
stock products-explained 78 percent of the year-to-year variation in num
ber of animal units fed on farms, During World War II farmers would 
have liked to feed more animals at ceiling prices for corn and livestock 
products than available supplies of feed permitted. This accounts for the 
large negative deviations in the years 1944-46. 
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A second decision is needed 'vvith respect to factors that motivate 
farmers in planning their livestock operations. Presumably, if a 
support program is completelyeifective, stocks under loan or 
owned by the Government will not affect the market price or • 
other parts of the feed-livestock economy except during those 
periods when prices are sufficiently high so that farmers would 
redeem the loans or the Commodity Credit Corporation could sell 
its corn. So far as supplies 'of feed affect the number of animal 
units fed, after allow.mce for the effects of the level of feed and 
livestock prices, it is believed that in actual practice farmers 
would be affected more by total supplies than by supplies not 
under loan, at least if market prices were fairly close to the loan 
level. 

The variables used were as follows: 
X ..-Grain-consuming animal unit" fed v!1 fal"ms during the October to Sep

tember feeding year, ratio to preceding year. 
X,-Total supply of feed concentrate!:;, ratio to preceding year. 
X.-Average prices received by farmers for corn in the calendar yeal' during 

\",1.ich the crop year begins, cents per bushel. 
Xn-Index numbers of prices received by farmers for livestock and livestock 

products in the calendar year during which the crop year begins (1910
14 = 100). 

All variables were converted to logarithms before running the 
analyses. 

Originally the analysis was based on data for 1922-42, omitting 
1936. The latter year was omitted because the drought in 1936, 
following closely as it did the severe drought in 1934, caused little 
change in the number of animal units fed. Farmers apparently 
used straw and other low-grade roughages to carry their animals • 
through, despite the severe shortage of feed. At no other time 
since production records began have two such severe droughts 
followed each other so closely. Examination of a chart similar to 
that shown in figure 4 indicated that the analysis would yield 

TABLE 3.-P1-incipal stCLtisticcd coefficients obtained r,.01Y/, cmalyses 
relating animal units fed during the yeC{1" to the total SUP1)Zy of 
feed concent1'CLtes c~nd to p'rices of COl'n and livestock during 
specified yean 1 

Based on years beginning October 

Coefficient --1-9'-.2-2--4-2-,·~xc-Iu~di-~~·"-1·--19-2-2--4-2-a-n~d. ~~47-~~~ 
1936 excluding )936 

R2.'_1!?:l "~,""~,~~_~.~¥_"""~_~" •• ",.,,.,,,.~ 0.861 0.780. 

8" 128 ~ ..... ~~ _"_.~_~.~"_w~ ..__"""" __"_" __ 0.0108 " 0.0125. 

b"'l.!fa ± Sbd1 .:!.1 ~ _ • 0.204 ± 0.039 0.214 ± 0.040. 

b0213 ± Shu ':.13 _ ~ -0.212 ± 0.030 "" ... -0.185 ± 0.032. 

bn3.12 ± Sb03 lZ ~~. 0.288 ± 0.040 0.207 ± 0.036. 


2 r (1.23 - ...... - .... -- ..... -.~" " .. ,.~ .... - .. -- 0.633 ... 0.585. 
r2l1~.13 _ .. ,. .. ~ .... ___ ~~ ..... ~ .. _••. ~ ......... __ .. 0.758 .. 0.625. 
r~('a. 12 ....... _______ ...... _............ _ .... ~ ~ ....... .. 0.764 0.626. 

at; l~a ...... ____ .. "' .. _... ~~ ..... "'~. ~.~ ...... ~* -0.211 " -0.092. 

I 

These values relate to the regression equations when all variables al'e • 
expressed in logarithms. 
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TABLE 4.-Animal units fed du?ing the yea?': Actual and 

computed, and related va1iables, 1921-51 


X.
Xo X. PriceI X,
Grain-consuming Price receivedTotalYear animal units fed received bysupplybeginning annually by farmersof feedOctober farmers forconcen

for livestocktrates 
corn • and prod-Com-Actual 

puted 1 ucts • • 
.. 

Jvl'illion 
lvIillions Millions tons Cents 

1921 ------ ..------- 152 -------- -------- 136 -_ .... ------------ ----- .. ---------
1922 -------------- 163 154 126 60 126 

1923 -------------- 162 161 129 80 128 

1924 -------------- 151 151 114 \H 128 

1925 -------------- 149 150 129 100 149 

1926 
 -------------- 152 154 123 70 151 

1927 -------------- 153 154 123 79 146 

1928 
 -------------- 153 154 126 89 155 

1929 
 -------------- 154 153 122 88 159 

1930 --_ ... _-----_ .. ,. ... 152 150 113 78 134 

1931 -------------- 156 157 122 50 98 

1932 ------ ... ------- 159 169 138 28 72 

1933 -------------- 154 154 115 36 70 

1934 ---- ..... --,..----- 131 134 82 61 81 

1935 -----,..-------- 138 136 114 77 114 

1936 -------------- 138 128 90 77 118 

1937 -------------- 138 139 123 95 125 

1938 -------------- 148 146 130 49 111 

1939 156 156 136 48 106 

1940 -------------- 156 157 140 59 108 


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

1941 ------- ...... ---- 167 164 151 64 137 

1942 --- .. --_ ........ --- 192 180 172 79 171 

1943 --- .. -.. -- .. -.... ~- 193 195 164 103 198 

1944 
 ----- ... -- ....---- 173 192 158 113 195 

1945 --------_ ......... 1C8 177 155 1ro 210 

1946 -"'_ .. _- .. ,. .. _---- 160 170 158 141 241 

1947 --_ ..... -...... " ...... 154 153 133 187 287
~ 

~ ~1948 -... ...... ........ ,.. 160 164 167 188 314 

1949 ............. -, 166 174 176 117 272 

1950 ......... -.... _.... ,. .. -. 172 174 178 133 278 


" ~ ~-1951 . " ........ ~ .. - J75 183 170 162 335 


1 Fro~ an analysis based on logarithms, with an equation of the foml 
shown on page 12, for 1922-42 and 1947-50, excluding 1936. 

• Calendar year during which the crop year begins_ 
• Ind€;x numbers, 1910-14 = 100. 

better forecasts in current years if the postwar years were 
included. I} Hence the analysis was rerun based on 1922-42 and 
1947-50, excluding 1936. Residuals for many of the interwar 
years were reduced, although the total sum of squares of the 
residuals for 1922-42 was increased. Residuals for the postwar 
years were reduced materially. 

Figure 4 shows the chans indicating the respective degrees of 
partial correlation and the final residuals plotted against time 
for the second analysis. As noted in connection with the N ovem

• This chart is given i.n Thomsen and Foote (10, p_ 296). 
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bel' to May analysis of corn prices, there is reason to believe that 
the limited supplies of feed during World War II preyented 
farmers from expRnding numbers of animal units as much as 
they would have liked to do under existing ceiling prices for feed 
and livestock. This accounts for the sizable negative deviations 
during the years beginning October 1944, 1945, and 1946. The 
14 to 22 percent of the variation in Xu unexplained by these 
analyses during the years included in the analysis probably reflects, 
at least partly, the fact that full allowance was not made for all 
of the time lags. 

This analysis is mainly of value in making forecasts for more 
than a year ahead or for appraising probable effects of alternative 
agricultural policies. Better estimates than those provided by 
the analysis could be obtained immediately preceding or during the 
early part of any given marketing year by taking into account 
available information on livestock numberf:, including farmers' 
intentions and recent trends. 

Table 3 shows the principal statistical coefficients obtained from 
these analyses. Data on which the analyses ,,,ere based and the 
calculated values for the dependent variable from the analysis 
that includes the postwar years are given in table 4. 

FACTORS THAT AFFECT PROnCCTIO" OF LlYESTOCK 

A~D LIVESTOCK PROnCCTS 


Lorie (8) discusses in considerable detail the type of equation 
that should be used in an analysis of this type. He concludes that 
all ,'ariables (except time) should be expressed in logarithms. 
As the analyses discllssed here are based 011 first differences rather 
than deviations from average, the effect of the time trend is 
included in the constant yalue in the regression equation. The 
dependent variabJe is the index of production of livestock and 
livestock products for sale ancl for home consumption. Thif: was 
llsed because it is included as an independent ,'ariable in the 
analysis of the factors that affect prices of liyestock and li\'estock 
products. 

The variables used \vere as follows: 
X.-Index of pl'oduction of livestock and livestock product" fol' gale and home 

consumption, 1935-JH) :::: ] 00 . 
.:\:"-Total con('entrateg fed to livestock, in million tOlH'. 
X,-Grain-comml11ing animal units fed on farms oUl'ing the year, ill .millioll~. 

Two analyses were run. For each of these the independent 
yariables were based on the usual October to September corn
marketing year. For one. the index of livestock production applied 
to the following calendar year, and for the other to the period 
October to June. The latter was used as an independent variable 
in the analysis of factors that affect November to May prices of 
livestock. The former might be expected to give improved results, 
assuming that there is an average lag of about 10 weeks between 
the time grain if', consumed and the time the 1i\'estock is ready for 
market. As each of these analyses gave results that are somewhat 
inconsistent with a priQ?'i expectations, both are discussed. 

Table 5 gives the principal statistical coefficients from these 
anaiyses. Data on which the analyses are based are given in 
table 6. 

• 


• 


• 
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The surprlsmg thing .about these analyses is the low value 
obtained for r201.!!, which indicates the percentage of year-to-year 
variation in production of livestock and livestock products for 
sale and for home consumption that is associated with year-to-year 
vari~tion in concentrates fed, afterallowingfJr the .effects of 
number of animal units fed, Apparently, even on a year-to-year 
basis, changes in the total number of animal units fed affect this 
over-all production series a good deal more than do changes in the 
total quantity of concentrates fed, although the reverse may well 
be true for certain livestock products such as production of milk. 
This v~,riable had a statistically significant effect on total live
weight production of livestock and livestock products, as measured 
by the series published by Jennings (7). The small negative value 
obtained for bol.!! in the analysis for October to June is of no 
significance, as this coefficient does not differ significantly from 
zero. As rO!! is almost as large as R o.]!! for each of these analyses, 
the simple relationship probably can be used for most analytical 
purposes. 

When the antilogarithms of the constant values in the two 
simple regression equations are obtained, values of 1.013 and 

• 

1.009 are given. Similar values from the multiple regression 
equations fall within this range. These indicate that, on the 
average, a given number of animal units will yield 1.3 and 0.9 
percent, respectively, more livestock products in each year than 
in the preceding year, when the analysis is based on 1922-42 or 
1925-42. For 1910-44, Lorie (8) found.a value of only 0.2 per
cent. Research in breeding and feeding has steadily expanded 
Rince 1910, so that use of a later period could be expected to give 
a higher figure. Other differences in the two sets of analyses 
probably account for a substantial part of the discrepancy. 

TABLE 5.-Principal statistical coefficients obtained .f?·om analyses 
made to 1'elate production of [i-uestock and livestock products 
f01' sale and home consumption to total concentmtes fed and 
grain-consuming animal units feel elm'ing the yea?'] . 

Based on years beginning October 

Coefficient 1922-42-X" applies 1925-42-X.. applies 
to following cal to period October 

endar year to June 

0.808 __ ."..... 0.775. 
S,. l~'" - - ~ 0.010 .- __ 0.009. 

b,~1.:: ± 811"1 ':! 0.095 ± 0.048 ~ -0.091 ± 0.043." 

bH!!.t ± 8tr. I :.!.1 0.596 ± 0.112 _. 0.702 ± 0.106. 

l~u1-"~ .. ~.~ w~~_ .. _ .... ~~~ .. ~~ ..... ~ .. _ .. ___ .~ 0.179· ,,, __ , 0.225." 
~.- ~f~ 1 0.613 .... 0.746. 
Ctl, I!! ". _ •• ~ ~ •.• 0.00530 . __ " 0.00453. 
b.,~ ± S'tu~ 0.735 ± 0.093 0.562 ± 0.090. 
,,2,,:t •... ~~¥._, ~._ .. " .~ .......... _.~ ___ • 0.766 .. _ 0.710. 

a-u.2 .... ,.~ .. ,~ .. ~.~~ ....... _.. ~ ....... ~ ... ~ ...... _...... 0.00584 0.00369. 


I When all data are expressed as first differences of logarithms. 

• 
• Coefficients of this magnitude would be expected to appear between 5 and 

10 percent ·of the time due to chance if the true correlation and regression
coefficients were zero . 
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TABLE 6.-Production of livestock and livestock products for sale 

and home consumption: Actual and computed, and related 

variables, 1921-51 


X. 

Index of production of livestock and X, 
 •X,
products, 1935-39 = 100 Grain-

Year Total consum
begin- concen- ing
ning Following calendar October-June ' trates animalyearOctober fed to units 

livestock fed 
Com- Com- annuallyActual Actualputed' puted" 

Million 
tons Millions1921..______ 91 -- ... --_ ... -_.-- .... _-...,---- -------------- 108 152
~ ~.~.- ~-1922________ 97 96 ...... _"'--------- -.. ------------ 106 163
192L______ 99 98 -------------- -------------- 111 162
1924________ 96 95 98 ------. ------- 97 151
1925..______ 97 97 98 97 107 149
1926________ 98 99 100 101 103 152
1927________ 100 100 100 101 108 153
192L______ 99 101 100 101 107 153
1929________ 99 100 101 102 105 154
1930________ 100 99 102 102 96 152


1931..______ 99 104 104 105 104 156

1932___ ..___ 103 102 104 106 111 159

1933________ 106 100 106 104 92 154

1934..______ 93 96 96 98 71 131

1935________ 101 100 98 98 94 138
1936________ 98 100 101 100 75 las

1937________ 102 101 101 100 97 138

1938________ 107 108 105 107 99 148 

1939________ 112 112 112 110 102 156 
 •1940_______ 115 114 116 112 108 156 

1941.. ••. ___ 127 122 127 122 119 167 

1942_._.____ 139 142 135 139 142 192

1943________ 143 141 147 138 139 193 

1944______ •. 173
141 135 140 139 129

1945________ 138 140 140 138 133 168 

1946. __ . ____ 135 135 138 138 123 160 

1941.. ..•... 128 132 128 137 110 154 

1948______ .. 134 134 121 131 120 160 

1949__ •_____ 136 139 125 127 166
.,.- --- ........ ---1950________ 141 141 .------- ._ .. --" ----,.- .. -----_ ... 129 172 

1951.. ___ ... 145 144 ... ~ ..... ~ ....... ~ -_ ... ---- ........ _----- 132 175
I 


1 From an analysis based on first differences of logarithms for 1922-42_ 
• This series is not available after 1948_ 
• From a simple I-egression analysis based on first differences of logadthms 

for 1925-42, the independent variable being animal units fed on farms. The 
regression coefficient for the multiple correlation analysis comparable to that 
referred to in footnote 1 gave the wrong sign for total concentrates fed to 
livestock and did not differ significantly from zero_ 

FACTORS THAT AFFECT PRICES OF LIVESTOCK AND 
LIVESTOCK PRODUCTS 

As prices of livestock and livestock products from November to 
May are used as one of the independent variables in the analysis 
of factors that affect prices of corn during these months, the 
average price for these months is used as the dependent variable 
in the analysis discussed here. • 
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The diagram shown in figure 1 indicates the.t prices of livestock 
are determined mainly by _production (or sal€is) of livestock prod
ucts and disposable income. The supply variable used in this 
analysis is the same as that used as the dependent variable in one 
of the preceding analyses, that is, an index representing- production 
for sale and home consumption from October to June. 

The November to May level of consumer income was estimated 
as follows: A simple scatter on a calendar-year basis was made 
between personal disposable income and personal income from 
1929 to date, and regression lines were fitted which allowed for 
the shifting level of taxes. The November to May average for 
personal income was then obtained and used to estimate the 
November to Mayaverage for personal disposable income. Before 
1929, a similar method was used to derive estimates of disposable 

TABLE 7.-Prices l'eceil'ed by fanners for lit'estock and livestock 
products: Actual and computed, and related variables, 1924-51 

- - .- . 
Xl

Xv Production X.
Price of livestock (No"l:m of livestock Estimatedber-May), and products personalPeriod for sale disposablebeginning I ------ -- ~.- .~ -. and borne income 

consumption (November-
Actual Computed • (October- May) 

June)" 
-,-_.

• 
Billion 
dollars 

1924 - ~ " ... ...... - 144 - - 98 76 
1925 

~ ~ 

... ];'1 151 98 78.. ~-~-.~.".~ ~-

~ ~1926 -. ' ..-- ... 150 148 100 78 
1927 .. 

~ 

- - .. ~ .. 151 14(i 100 76 
1928 .- .. -. 

~ 

160 160 100 78- + ~. ~ 

1929 '--."'. 148 158 101 78 
1930 110 117 102 li7 
1931 78 79 104 54 
1932 .. -.- (i7 59 104 44 

>< •1933 .. 74 79 106 50 
1934 I 106 108 96 56 
1935 I 118 120 98 62I]936 123 1B5 101 70 
1937 1]4 116 101 fi6 
] 938 lOR ]09 105 68 
1989 107 J OR 112 74 
] 940 122 llB 11fi 83 
1941 159 145 127 105 
1942 . ~ - -- 194 182 135 126 
1943 

~ 

196 198 147 142 
1944 --- Z06 249 140 154 
1945 215 207 140 152 
1946 - . . - 278 252 188 166 
J947 .,- .... R05 383 128 183 
1948 -. 281) 371 121 193 
1949 . " ~ "" .,... 258 .. ~ - -.... ~ .. - .. ~ .. -".-- 196 

~.~,~ .~~-~1950 . " - R27 ... .. "."- 216 
~. ~. ~1951 

~ 

,," 

~ 

...". 318 _. .. .. ...... _... ... 230 
,- "..,.,.....--

I Index numbers, 1910-14 = 100. 
2 From an analysis based on first differences of logarithms fol' 1925-42 . 
• Index numbe1'~, 1935-39 = 100. Thi::: series is not available after 194R.• 

-
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income from the income of industrial workers. This gave a con
sistent income series for the entIre period on which the analysis 
was based. 

On an a pri01'i basis it wal; difficult to decide whether the rela
tionships should be joint or additive. A first-difference loga
rithmic analysis was used mainly to be consistent with the other 
analyses. The production series begins in 1924, and the first 
difference analysis covers the years 1925 to 1942. 

The variables used were as follows: 
Xv-Index numbers of prices received by farmers fOl' livestock and livestock 

products (1910-14 = 100), November to May average. 
Xl-Index numbers of production of livestock and livestock products for sale 

and for home consumptiort (1935-39 = 100), October to June. 
X.-Estimated personal disposable income, November to Mar average, billion 

dollars. 

Data for this analysis are givPl\ in table 7. 
This analysis provides further evidence of the inadvisability of 

using consumer income as a demand shifter for prices of corn in 
place of prices of livestock. The partial correlation coefficients 
indicate that livestock production and disposable income are of 
nearly equal importance in effecting changes in livestock prices. 
This is brought out also by the fact that disposable income alone 
explained only about three-fourths of the variation in prices of 
livestock, whereas consumer income plus livestock production 
explained more than 95 percent of the variation. 

The positive constant in the equation implies an upward shift 
in the demand for livestock products, after allowing for the inde
pendent variables used in the analysis. The indicated increase, 
assuming no change in the independent variables, is 1.3 percent 
per year. 

Principal statistical coefficients obtained from the analysis 
relating prices of livestock and livestock products to production 
of livestock and livestock products and personal disposable income, 
1925-42, are as follows: 

CorJJirient l'lIlm' 1 

R·n,l••...•.. , ,. 0.959 
So l2 _ .... ~ .. --~. 0.0164 
bilL:! ± ShOl.~ " . " -2.08 ± 0.25 
l~t.! J ± 8~O:LI ... 1.45 ± 0.08 
1,.1.2- 0.825M_. 
).-(J~ 1 0.959 
aG.l:! ~- ... ,~ •.. ~ ~ . 0.00578 

1 When all data are expressed as first differences of logarithms. 

As one of the independent variables for this analysis is no longer 
avaiIab1e, it cannot be llsed for purposes of forecasting. However.. 
the analysis was developed primarily to determine certain sta
tistical coefficients for use in the four-equation model of the feed
livestock economy discussed in the next section. A similar analysis 
using currently available data could be run on a 'calendar-year 
basis. 

A FOUR.EQUATION MODEL OF THE FEED-LIVESTOCK 
ECONOMY AND ITS CYCLIC STRUCTllRE 

The demand and supply functions for some agricultural com
rnodities imply an inner mechanism or structure which, in the 
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absence of other far;tors such as weather, ,,,"ould generate an end
less series of obser,,-ations as to price and production for successi...-e 
years, on the basis of specified initial conditions. A simple system 
of this sort that is familiar to agricultural economists is the 
"cobweb" model described by Ezekiel (2)" For any given com
modity group, there is some interest in knowing whether this 
inner mechanism is essentially a stabilizing factor, or whether 
it tends to perpetuate cycles of considerable and possibly of ever
increasing magnitude. 

The four sets of equations that have been discussed can be used 
in such a study. They can also be used in sequence to follo,,," 
through the effects of changes in supplies of feed or in consumer 
income on production of livestock and on prices of feed and live
stock or to study the effects over time of specified support pro
grams for corn. In the next few paragraphs a summary is given 
of the analyses developed in the preceding sections to show how 
they can be fitted into a simultaneous system of equations for the 
entire feed-livestock economy . 

.Because of the complexity of this approach, the author has 
founa it helpful to use symbols which imply the particular varia
l)les involved. The following symbols are used: 
C--Price received by farmers for corn, which is a~sumeci ':0 be representath'e 

of the general price level for all feeds, in cents per bushel. 
S-Supply of all feed concentrates, in million tons. 
A-Number of grain-consuming animal units fed on farms a=ually. in 

• 
millions. 

L-Price received by farmers for livestock and lh'estock products, index 
numbers (1910-14 = 100). 

Q-Production of livestock and livestock products for sale and home con
sumption, i'ndex numbers (1935-39 = 100 l. 

~Personal disposable income, in billion donal'S. 
6-Change in the particular item from the preceding year. 

When all variables are expressed in logarithms, the following 
equations are given by the analyses discussed previously. 

6 C = 0.00373 -2.36 6 S ..:.. 1.94 £c. A ...L. L13 [:. L. 
6 A = -0.092 ..:..0.214 L!. S -0.185 C· ...:-0.207 L.' 
b. Q = 0.00369 +0.562 £c. A. 
6. L = 0.00578 -2.08 ~ Q - 1.45 !:. 1. 

As 6. Q is assumed to be a direct function of 6. A. as feed fed 
per ar.imal did not have a statistically significant effect on the 
series used to represent sales of livestock products (see page 17), 
lhe last equation can be rewritten as: 

6. L = -0.00190 - 1.17 C:. A - 1.45 C. 1. 

If this is done, the third equation can be omitted. 
These relationships are not assumed to take place simul

taneously, but instead to occur in sequence within the year. The 
following sequence,vas assumed in .analyzing year-to-year changes 
in the several variables involved: (l) Prices of livestock from 
November to May are determined by the level of animal units in 
the preceding year and the cu.rrent disposable income from N ovem
ber to May. (2) Prices of corn from November to May are 
determined by the level of animal units in the preceding year, 

• • These prices apply to the calendar Yf'ar in which the crop yeal' begins. 
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new-crop supplies of feed, and prices of livestock from step 1. 
(3) Animal units fed are determined by new-crop supplies of 
feed and prices of corn and livestock for the calendar year begin
ning in the same year that the October to September corn-market
ing year begins. Prices for the calendar year were determined 
by weighting prices for Noyember to May and June to October 
by the proportion of the sales for the calendar year obtained from 
each period. (4) Prices of livestock from June to October are 
determined by the level of animal units from step 3 and current 
disposable income for June to October. (5) Prices of corn from 
June to October are determined by the level of animal units from 
step 3, the level of prices of livestock from step 4, and the sup
plies of feed used in step 2. 

In using this system of equations, three types of deviations from 
reality were made: 

(1) Aggregates for the livestock industry were used, whereas 
it is realized that the nature of the time sequences for beef cattle, 
for example, would differ from tb,)~e for production of eggs. 

(2) It was assumed that the new crop of corn did not affect 
prices of corn until November, and that the relationships between 
prices of corn and suppJies of feed, animal units fed, and prices 
of liyestock and livestock products that were found to prevail from 
November to May were equaJIy applicable from June to October. 
Actually, both the old supply of corn and the estimate of the new 
supplies of feed affect prices in the latter part of the marketing 
year. 
. (3) Prlces of feed and of livestock and livestock products were 
a~sumed to have no effect on production of feed grains, within the 
framework of usual price relationships. This appears to be nearly 
true jn terms of year-to-year relationships, but it would be less 
true during a number of years. 

The first simplification would be unsatisfactory in the study 
of specified support programs for livestock, but in a study of 
support programs for corn it probably does no great damage. The 
Recond would be undesirable in analyzing short-term relationships. 
The study .for which this system was developed was concerned 
mainly \",ith aggregates during a 25-year period. 

All of the analyses were based on first differences of logarithms, 
so that the results are given in the form of percentage changes 
from the preceding year. Actual levels for any given year are 
obtained by applying these changes to the computed level in the 
preceding year. By this method, the study can be continued year 
after year for as 10ng as desired. 

In an analysis of the effects of specified loan programs for 
corn on the feed-livestock economy, the following general approach 
was used: (1) Certain assumptions were made regarding year
to-year changes in production of feed and disposable income; (2) 
the effects of these on prices of corn and livestock, on production 
of livestock, and on total returns to farmers, within the assumed 
loan-program framework, were measured on a year-to-year basis; 
(3) results for the specified loan programs and those arjsing 
without a loan program were compared, both' by years and in 
total for a number of years. 

This method appears preferable to one in which results for 
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RESULTS OF AN ANALYSIS ASSUMING 


• 
NO GOVERNMENT ACTION 

EXOGENOUS VARIABLES . . - $ Bil. 
Personal disposable income I 

75 
I 

I 

50 

~ 

"- -

0 ,Mil. TONS 
Total supply of filled concentrates 

200 
~ 1 ~I l. -. 

150 -
100 I 1 
50 

0 
ENDOGENOUS VARIABLES 

MilliONS 
Animal unihFed during the year 

• 
200 

- .- I 

150 - 
100 

i50 

0 
CENTS 

November-May price of c~rn per bushel 
200 II\. j:r: ~ I --.../ 

,J 

~ ~ - ,- 100 ..... ./ 

0 
INDEX 

November-May price of livestock and products 
300 ~ (1910-14 =100)

I ... 1 ...............
200 
,~-

0 
BASE 5 10 15 20 25 

U S DEPARTMENT OF A,CRICULTUfJE NEG 41:17047-X BUREAU Of AGRICULTURAL ECOfiOMICS 

F.lGURE 5.-When supplies of feed concentrates and disposable income vary 
as shown, the system of equations discussed here indicates that animal 

• 
units fed during the year and prices of corn and of livestock and livestock 
products vary in the way shown above . 
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specified loan programs are compared with actual prices for a 
given period. Many factors other than those allowed for in the 
~ystem of equations affect actual prices, so that the differences 
between results under a given loan program and actual prices 
reflect not only those resu1tjng from the loan program as such, 
but also the effects of all factors not allowed for in the equatirms. 
Under the system described above, the differences that are found 
result mainly from the type of loan program assumed. However, 
results will depend to some extent upon the particular pattern 
chosen for the factors outside the system, the starting levels for 
the ya:doL1s items, the particular equations used, and tbe length 
of time for which results are computed. All of these must be 
ehosen as logically and as realistically as possible. 

Some of the results obtain,J from a sequential use of these 
equations are shown in figure 5. This chart shows the levels 
a8sumed for supplies of feed concentrates and disposable income 
in one set of computations ana the resulting prices of corn and 
lh'estock products and the number of animal units fed during the 
year for 25 years, assuming no action on the part of the Govern
ment. 

The changes implied by such a system of equations can be ascer
tained for a limited number of years by a direct solution of the 
equations. An algebraic solution can be obtained which will 
indicate (in the absence of changes in major outside factors) the 
nature of the changes which would be likely to occur over as 
long a period as the equations were applicable. Such a solution 
is given in Foote (4). It indicates that, for this set of equations, 
the system probably ,vould involve cyclical changes in the variables 
and that the changes v.'Quld tend to increase in size. These con
clusions are consistent with the results of direct analyses similar 
to that sho·",n in figure 5. 

FACTORS THAT AFFECT cOXSr~PTlON OF CORN A~l) 
TOTAL FEED CONCENTRATES 

Two analyses were run to determine whether the elasticity of 
demand for corn for livestock feeding could be measured sepa
rately from that for the total of the four major feed grains (corn, 
oats, barley, and sorghum grains). In each analysis, the quantity 
of the respective grains fed to livestock during the October to 
September feeding year was used as the dependent variable, and 
the price received by farmers during the same period was used 
as an independent variable. The number of animal units fed 
during the year and the index of prices received by farmers for 
livestock and livestock products were used as additional independ
ent variablei'. in each analysis. Consumption of feed grains o.ther 
than corn was included as an additional variable in the analysis 
for corn. The regression coefficient for this variable was about 
a sixth as large as that for corn but it did not differ significantly 
from zero. The indicated coefficients of elasticity of demand for 
each analysis were almost identical. 

It was concluded that the high degree of correlation between 
commmption of corn and consumption of the four feed grains and 
between their prices prevented the separation of these two elastici
ties. The elai'.ticity of demand for corn from this analysis was 
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TABLE S,-COnt al/d ioial feed cOllccnt'l'otes: Actual ((lid computed amount fed to livestock, a.nd _. 

'I'elated 1'a'l'iables, 1921-51 

---~ "---1-~--"'~~'-
X'. Xl X'. X. and X'. X. 

Year beginning 
October 

I 
Consumption of 

corn 
----- --:-".-.-~-~.-

Actual Com
puted 1 

Consumption of 4 
feed gi'ains 

_______,____....... __ . 

Actual Com
puted t 

Price received by 
farmers for 

______--;-_____ 

Corn, 
per 

bushel 

Feed 
grains • 

Livestock 
and 

products • 

Feed 
grains,

excluding 
corn fed 
to l'ive

stock 

X. an~ X'. 
Grall!

cons!lml1lg" 
ammal 

units fed 
aFnually 

ilJillion Million Million Million Million 

1021 
1922 
1D23 

._ 

._ ......._ 

('OI1S 

75 
72 
74 

1011$ 

73 
66 

tons 
95 
92 
96 

tons 

95 
85 

Crllt,Q 
52 
n 
81 

84 
111 
123 

12:3 
12!) 
1.26 

tons 
20 
20 
22 

Millions 
152 
163 
162 

t-:) 
01 

1924 
1925 
1926 

• 
58 
68 
67 

61 
70 
68 

82 
92 
88 

83 
96 
89 

106 
70 
74 

]49 
105 
114 

145 
151. 
146 

24 
24 
21 

151 
149 
152 

1927 70 64 93 84 85 132 153 22 153 
1928 
1929 

66 
65 

70 
64 

91 
87 

97 
88 

84 
80 

123 
115 

1.60 
1.42 

25 
23 

153 
154 

1930 52 63 76 86 60 82 106 24 152 
1931 .......... __ ......... . 64 62 86 84 32 50 77 22 156 
1932 
1933 

....... .. 74 
63 

63 
60 

95 
76 

84 
74 

32 
52 

49 
82 

6!) 
77 

21 
13 

159 
154 

1934 44 46 55 58 82 122 107 11 131 
1935 56 53 76 69 61l 96 11.8 21 138 
1936 42 46 59 62 104 150 124 17 138 
1937 56 54 78 76 52 77 114 22 138 
1938 59 63 80 88 49 69 107 21 148 
In39 62 59 83 78 57 84 107 20 156 
Hl40 63 63 89 87 62 90 128 26 156 
1941 70 72 96 100 75 113 163 26 167 
1942 
1943 

82 
80 

86 
75 

111 
106 

116 
101 

92 
112 

143 
177 

194 
195 

30 
26 

192 
193 



• • • 

1944 _. ____________________ 76 69 101 94 109 166 206 25 1731945 ______________________ 77 68 107 91 127 201 223 30 1681946 ______________________ 75 73 99 101 156 245 282 24 1601947 _____________________. 63 63 86 88 216 308 314 22 1541948 ______________________ 71 79 97 109 130 182 284 26 1601949 _____________________ • 79 74 103 98 125 188 268 24 1661950 _______________ .______ 78 82 105 109 153 228 327 27 1721951 ___ ._______ .._________ 80 75 107 101 168 246 317 27 175 

'From an analysis based on first differences of logarithms for the years 1922-42. 
• Index numbers. 1910-14 = 100. 
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nearly equal to the reciprocal of the coefficient of price flexibility 
for the analysis of factors that affect prices of corn from November 
to May. For this reason, it was assumed that the elasticity prob
ably represented essentially the elasticity of demand for total feed 
grains and perhaps for total feed concentrates. If the elasticity 
of demand for corn could be separately determined, the demand 
for corn would probably be somewhat more elastic because of the 
possibility of substituting corn for other feed grains. Were it 
not for the fact that corn is the dominant feed grain (in the 1~49-
50 feeding season, corn constituted 77 percent of the total grains 
fed to livestock), the demand for corn for livestock feeding would 
be expected to be highly elastic because of the availability of close 
substitutes. 

The variables used in these two analyses are shown below. 
Each refers to the total or average for the marketing year begin
ning October. 

Analysis dealing with consumption of corn: 

Xo-Quantity of corn fed to livestock, in million tons. 

X,-Price received by farmers for corn, in cents per bushel. 

X.- ·Quantity of feed grains, excluding corn, fed to livestock, in million tons. 

Xa-·Gl~in-consuming animal units fed on farms during the year, in millions. 

X.-Price received by farmers for livestock and livestock products, index 


numbers, 1910-14 =100. 

Analysis dealing with consumption of all feed grains: 

X'o-Quantity of feed grains fed to livestock, in million tons. 

X',-Price received by farmers fa'; feed grains, index numbers, 1910-14 


100 
X'.-Same as X. above . 
X'a-Same as X. above. 

Each analysis was based on first differences of logarithms for 
1922-42. Data for the analyses are shown in table 8. 

These analyses primarily measure the demand for feed concen
trates by livestock. In years of short supply or unusually strong 
demand, the supply of feed may be the limiting factor in determin
ing the actual consumption. Thus, in using these studies for fore
casting purposes, the effect of supply on consumption must be 
allowed for on a judgment basis before using the results from the 
statistical formulas. It is realized that some farmers base their 
feeding operations primarily on the quantity of feed available 
on their own farms, with little regard to the economic factors 
included in these analyses. The effects of such operations would 
(lnter into the formulas given here only through the animal-units
fed factor. Feeding operations of this type probably account, at 
least in part, for the fact that the factors included in the analyses 
explain only about 80 percent of the year-to-year variation in the 
quantity of feed actually fed to livestock. 

Principal statistical coefficients obtained from the analysis 
made to determine the relation between quantity of corn fed to 
livestock and price received by farmers for corn, quantity of fe.::d 
grains, excluding corn, fed to livestock, grain-consuming animal 
units fed during the year, and price received by farmers for live
stock and livestock products, years beginning October 1922-42, 
are as follows: 
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•• 
G'?,efficiC11t Val",,~R-•.,.," _____....__._.________.._.._.______._.____•___•___ 0.810
SO.1-:!3' _._••• _ .., ... ____ .. ____ ... ______________________________... __ 

0.0367 
bO~.:2at ± 8bOl..!!:tt _ .. _____________________________________ _ -0.473 ± 0.100 
bQ2.~al ± St'U:!.t3l- ____________ .. _.. .., ________________ ...______ _ -0.075 ± 0.124: 
b,J3 

.1.:!-4 ± SbO:'.l2:l. ------ ..._-----------------------------..... - 1. 700 ± 0.3403 
0.484 ± 0.192~~:~~::" == .~:.:'::~~::.:::=:::::::::::::::::::::::::::::::::::: 0.585 
0.0222~::~::~:: ~:~:::::::: ~ ::~~~~: ~~:::::~: ~:::: :::::::::~:::~::::: 0.606 

')--0{.1 '!!a ___ ...... _______ ... ____ ,.. ... _ ........... ___ .. ____ .. _____________ ....... ... 
 0.285 
aU.1-:!!!'" ____ .. ___ .. __ ... _'"'___ ..... _____________________________ .. _ ... .. 

-0.0050 

I 'When all variables are expressed as first differences of logarithms. 
"These coefficients do not differ significantly from zero. 

Principal statistical coefficients obtained from the analysis 
relating quantity of four major feed grains fed to livestock to price 
l'eceived by farmers for these items, grain-consuming animal 
units fed during the year, and price received by farmers for live
stock and livestock products, years beginning October 1922-42, 
are as follows: 

Coeffioient raluc t 

R 2 
0 .,". ---_ •• _------ ...--- •• _•••••• -. -'----'-" _•••• -_.-.-- •• 0.825 


SO.1!!3 ____ " ...... __ .. ____ ... ____ ... _ .. ~ .... ~ .. ~ ~ .. __ .................. _ ........ ___ ...... __ _ 
 0.0316 
b('1.;!~ ± 8"Ul.:'::3 _~ .. ",, ____ .. ___ .... ..,. _______ .. ___ ~_ .. _ ... _,. ____~~ __ _ -0.460 ± 0.069
blJ !!.l:' ± S"ll!!.l:l __ .... ____ . __ .. ~._. __ ._ .... ____ .... _.. _ .. _________ ... 1.547 ± 0.277 
boa 1 1

• !! ± 8hu3
• :: - ... ~--- ....----".------ .. - ........ -""--- .. ------ ... ---- 0.498 ± 0.137 


14201,!!:t -_ ..... " """ .. :", ............. _ .. - ........ - -"" - .. --- ---- - .. ------_ .... --_ .. 0.723 

0.647~:::~:~~ :::::::::::::::::::::::::::::::~:::::::::::::::::::::: 0.438 

n"L 1:!:t ......... __ ~ .. ~ ....... _ .... _____ ...... ____ ...... __________ ...... _ .... _ .. ____ 
 -0.0040 

I When all data al'e expressed as first differences of logarithms. 

FACTORS THAT AFFECT SALES OF CORN BY FARMERS 

Phillips (9) published an analysis of factors that affect sales 
of corn by farmers in the North Central region. About 85 percent 
of the total quantity of corn sold by farmers in the United States 
comes from these States. He showed that 88 percent of the varia
tion in sales for 1926-45 was associated with variations in produc
tion of corn per head of livestock. 

A similar analysis was run for the United States, except that 
the factors used and the form of the equation were changed 
slightly from the ones used by Phillips to make them conform with 
other studies discussed in this bulletin. A logarithmic equation for 
the years beginning October 1921-42 was used, based on these 
factors: 

XII-Sales of corn by "farmers, in million bushels. 

X~--Production of corn, plus October 1 nonloan stocks, in million bushels. 

X"-Grain-consuming animal units fed on farms duting the year, millions. 


The study indicates that sales are about twice as variable as 
supply. That is, a 10-percent increase in supply would be expected 
to result in about a 20-percentincrease in sales, provided the num
ber of animal units fed did not change. As the number of animal 
units would nQrmally increase with an increase in feed supply, 
this would have an 'offsetting effect on sales, as indicated by the 
regression equation. 

• 


• 


28 




The partial regression coefficient for animal units does not differ 
significantly from ·zero. However, as the sign of the coefficient 

• 
is in line with expectations and this variable would be expected to 
have a small but genuine effect on sales of corn, it was retained 
in the analysis. 

Data for this analysis are shown in table 9. Since 1946, actual 
values in all years have been above the computed values. This 
is believed to reflect, at least in part, effects of the support pro
gram for corn. The analysis was 'rerun including the post-Wol"ld 
War II years, but computed values based on this analysis for 1946 
to 1951 were' only slightly higher than those obtained from the 
analysis based on the years 1921 to 1942. 

TABLE 9.-C01'n: Actual and computed sales by !a1"me1's, and 
1"elated va1'iables, 1921-51 

Sales Pmduction Grain-con-
Year beginning of corn, pI us suming 

October October 1 animal 
Actual Computed 1 nonloan units fed 

stocks annually 

Million M·illion Million 
bushels bushels bushels Millions 

",_A ___ • __ • _______1921 602 693 3,290 152 
1922 ------_..... -----.- 499 537 2,960 163 
1923 ....- .. ----_... _-..,- 590 553 3,000 162 
1924 -- .. ~ .. --- ........-- ..- 418 366 2,390 151 

1925 ---------------- 584 543 2,900 149 

• 1926 --- -----,..- ------ 462 509 2,827 152 
1927 521-- .. ---..--------- 510 2,833 153 
1928 _...- .... _----- ..--- 498 485 2.760 153 
1929 ... ----" ----.... ---- 441 450 2,663 154 
1930 ----_ .. _---_.. -.. -- 337 313 2,219 152 
1931 ---- .. ----_.- ... --- 458 473 2,744 156 

__ 0-" ... ___________1932 567 637 3,201 159 
1933 ... -- ..........-...... _--- 445 493 2,784 154 

1934 ....... _........ _-- .. --_ .. 153 222 1,705 131 

1935 ............ _- ...... _---- 395 361 2,364 138 

1936 .............. _-------- 216 191 1,681 138 

1937 ...................... -....... 2566 498 2,709 138 

1938 ....... ~ .. .. "'- ' 575 532 2,865 148
-~~~~~ ~ 

.-~.~~~ -~.-1939 .... ... - 2582 531 2,907 156 
1940 .. --.... .. -~ " ... -- " 487 450 2,674 156 

.. ~ _ ..... " ...... M .... _ ....1941 
-~ 

• 541 505 2,893 167 
1942 --_ ........ ., ..... "' ....... 579 630 3,363 192 

1943 -.. -.. ~ ......-.. -... -,.." 552 620 3,342 193 
1944 .......... -_... -..........- 713 649 3,313 173 


-~ 1945 -- ....... ...--- .... -.. 603 609 3,175 168 

1946 .. ~ .. ------- ......... 807 712 3,3'89 160 

1947 "' 

~ 

........................-... " 489 438 2,629 154 

~ ~1948 .. -- ...... ... __ ........ 2] ,034 862 3,728 160 


1949 -- .. -..................... _... 2907 '768 3,559 166 

1950 -.. -_ ..-...__ ... 742 628 3,253 172---~ 

1951 ........ ~,.. ...-... -_ ...... 697 599 3,193 175 

1 From an analysis based on logarithms for 1921-42, 

'. 
• Includes an allowance for unredeemed loans and pu)'('hase agreement de

liveries to CCC. 

Principal statistical coefficients obtained from the analysis 
relating sales of corn by farmers to production of corn, plus 
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October 1 nonloan stocks, and grain-consuming animal units fed 
during the year for the years beginning October, 1921-42, are 
as follows: 

Value 1C.?effidf~ut 
R-u.l.,;! ... 0.874 e. 
80.':.:! .. -,,.  0.055 
bul .:! ± SPIH .::: 2.01 ± 0.23 
b02 •1 ± 8"'U::.1 -0.60 ± 0.50 : 
r 2 

..1..!! .. ~"-- ."~~, •. ~, ~ •..•.. ? ~ ... ~ .. ~ ~- - •• ~~"~-.~.~ .. ~~.~~~ 0.805 
r!!O!!.1. .. ~ ... u.~~ ,_.~. • .... ~~. _. ~~~ ........ "' __ ...... ~ ...... ___ ~~~ .. _______ _ 0.069 • 

aU.l.:! ~~~ + - ... ~ _ ~_~ ... - ~~ ~_ .. - .. .-_ ... - ... ___ .. _ ..... --- ... ---~ .... _ ... _ .... _ ...... -2.91 

1 'When all variables are expressed as logarithms. 
• These coefficients do not differ significantly from zero. 

AN ITERATIVE ANALYSIS OF FACTORS THAT AFFECT 

PRICES OF CORN FRQM JUNE TO SEPTEMBER 


Analyses previously discussed indicate the principal factors that 
are believed t8 affect prices of corn from November to May. In 
ihis section, an analysis is discussed which indicates the principal 
factors that affect prices of corn during the remainder of the 
marketing season. The general form of the equation and the 
general types of factors used are the same as for the other analyses. 
Certain modifications are required, however. In this instance, 
only an analysis based on first differences is discussed. 

VARIABLES USED 

From June to September, new-crop oats and barley can be fed 
and the prospective size of the new corn crop begins to affect 
prices. The supply of old-crop corn, which can be represented • 
approximately by stocks on July 1, also is important. From a 
statistical standpoint, the problem is how to weight the various 
factors. A method developed for use in this study was used to 
determine the appropriate weights. The exact components of the 
supply variable were as follows: 

1. Stocks of cO:"'n on July 1, excluding stocks under loan or 
owned by the Commodity Credit Corporation on October 1. This 
gives an estimate of the variation in the "free" supplies of corn 
that are available for feeding or for other use during the last few 
months of the marketing year, assuming that year-to-year varia
tions for June 1 stocks are about the same as for July 1 stocks. 

2. An average of the July 1, August 1, and September 1 Crop 
Reporting Board estimates of the size of the new corn crop. It 
was felt that the Board estimates would have more effect pricewise 
than would the actual size of the crop, as the latter would not be 
known u:rtillater in the year. 

3. July 1 stocks of oats and barley, excluding stocks under loan 
or owned by CCC on October 1, plus new-crop production of these 
two grains. These would be available for feeding during the late 
summer months. 

4. The quantity of concentrates other than corn, oats, and barley 
fed from July to October. 

As a first approximation, these were converted to millions of 
tons and added together. The final results indicate that, when the. 
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data are expressed in million tons, stocks of corn should be 
multiplied by about 3, new-crop corn production by about 0.8, and 

• the new-crop supply of oats and barley by about 0.5. The results 
added together form the supply variable. The quantity of other 
concentrates fed can be omitted, as year-to-year changes are of 

• 

negligible importance. 
The main demand shifter for June to September prices of corn, 

as for November to May prices, is the level of prices for livestock 
and livestock products. An average of the index numbers for 
June to September was used in the analysis of prices of corn for 
that period. 

A second demand factor is the number of animal units to be 
fed. It was felt that numbers in both the July to September and 
the October to December quarter would be important, but it was 
not known how th~se should be weighted. As the animal-units-fed 
series is not available on a quarterly basis, the series given in 
Jennings (7) on livestock production, weighted by the amount of 
feed required per production unit, was used instead. The iteratiye 
method was used to determine appropriate weights in this instance, 
too, but the results were less satisfactory than for the supply 
\-ariable, reflecting in part the low degree of partial correlation 
between prices of corn and production of livestock, after adjusting 
for the effects of the other variables. Data for the two quarters 
were weighted on an equal basis for the final analysis. Details 
regarding the use of the iterative method are given in the 
Appendix. 

These variables were converted into first differences of loga
rithms and used in an analysis co\"ering the years 1922-42. The 
data are presented in table 10. 

RESULTS OF THE FINAL ANALYSIS 

This analysis was run in two parts: (1) A linear analysis for 
the separate components of supply, the partial regression coef
ficients from which were used as weights in obtaining the supply 
variable for the second analysis; and (2) an analysis based on 
first differences of logarithms using as the dependent variable 
prices received by farmers for corn from June to September (XI) 
and as the independent variables the supply series deriyed from 
the first analysis (Xl), production of livestock during July to 
December (X:!), and prices of Ii vestock and livestock products 
during June to September (Xs). The second analysis is similar to 
that previously discussed based on first differences of logarithms 
from November to May. Final results from the second analysis 
are presented in this section. The first analysis was used in obtain
ing the second. Final results from it are shown under the fourth 
approximation in table 12 in the Appendix. 

• 
Principal statistical coefficients obtained from the final analysis 

in which the relationship of June-to-September prices of corn to 
supply of feed concentrates, units of livestock production, and 
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TABLE lO.-P1'ice 1'eceived by farmers f01' CQ1'n, June-Septentber: Actual and Com,1Juted pl'ice pm' bushel, and 
l'£'Zated va-I-iables, 1921-52 

Xl x.J\O
\ Componellts of the supply PricesPl'il'e of rOl'll X.

variable Units of received by 
farmers for--,.,.-~------~---.. .-...... -.---~ livestockYear I 

I production livestock
New-cl'oJlJuly 1 New-croll and(July-Actual Computed" stocks of corn pro- suppJyof Weighted productsDecember)

corn" ductioll ' oats and total • (June
barley • September) 1 

Million .1lillioll Million Million 
('rllts Gruts Ions tOilS tMIB tons Millions1921 _.____ •_______________ 

_ ...... .....~M _ _ _ ...~~~" -~ ~ ~. 
59 ... ..........- .... 87 . ..-.. -~ ......... -... 142 ............ .. 118
~-~.~-~- ~-1922 ______ •_______________ 

, .... ~..... ~ 

I.\? 86 75 - - ............... ~ .. ~ ....... 8:~ ...... ...... - .. ~~ 111 ..... ... ... .. 123~ 1923 ______________________ 63 76 -~~~ .... --- ..... 
~ 

-. 82 . - - ,. .... -. 124 ...... _...... - .. --,. .. ~ "' .... 122 
~.~~ -~.~ --~-- -~ ~- ~1924 _._________ .._________ 99 88 -~ -~~ .. ,,~~ ..... ~ .... -.. - 71 ........ ,. .. .... 107 79 123
-~~ -~,----

105 108 .~* .• .. ~ .•• *.- 83 ~ .... ~ .....- ... 111 79 148 
1925 ______________________ 
1926 ______ •______. ________ 74 90 

--~ 

15 74 34 124 80 1491927 _. __ ....__ . ____ ....___ 94 84 :)114 66 111 84 1371928 ___. __________________ 100 105 9 81 20 110 82 1581929 ______________________ 93 !J7 11 73 26 111 82 1591930 ___________ ...________ 84 88 10 65 26 102 82 1281931 ______________________ 50 61 9 79 19 108 85 941932 ______ •.______________ 29 29 15 81 34 131 84 711933 ______________________ 48 31 20 65 21 ]26 84 731934 ______ .._________. ____ 66 n 15 49 14 94 70 821935 ____... _____ •_________ 81 105 (i 61 28 83 70 1131936 ______ ._. _____. _______ 88 82 11 48 22 87 75 1171937 _. ____________________ 108 91 4 73 26 87 74 1281938 ______ •_____._________ 51 54 17 70 28 127 78 1101939 ______ •____. __________ 50 51 17 70 26 127 86 1021940 . _____________________ 63 60 , 14 65 31 113 84 1061941 ... __ ........___...___ 
 70 I 71: 16 72 32 125 90 143 
i 



• • 
1942 ..•...•......•..•...•• 83 74 18 

1943 .......•.............. 108 84 23

1944 ...................... 116 116 16

1945 ...................... 112 108 21

1946 •................•.... 173 131 15

1947 .... _.........." ... 211 206 20 

1948 •..•... " ............. 197 241 13 

1949 ...................... 120 127 22

1950 ..... _..... _._ ........ 142 141 20 

1951 '" "«'_' ......... _ 164 160 22 

1952 ..................... ]72 162 19
, 

1 Data relate to the calendar year, not the crop year as in other 
analyses. 

~ From an analysis based on first differences of logarithms
for 1922-42. 

3 Excluding stocks under loan or owned by the Commodity
t.¢ 
t.¢ Credit Corporation on October 1. 

• An average of the JUly 1, August 1, and Septrmher 1 Crop 
Reporting Board estimates. 

• 

78 36 142 103 172 
80 33 157 114 196 
84 30 137 97 191 
80 37 152 100 210 
95 36 144 95 241 
72 31 139 92 286 
97 34 137 91 331 
99 32 167 96 272 
89 34 155 98 286 
90 3~ 159 102 335 
90 32 151 98 311 

• July 1 stocks of oats and barley, excluding stocks under loan 
01' owned by the Commodity Credit Corporation on October 1. 
plus new·crop production of these two grains. 

"July 1 stocks of corn times 3.19 plus new·crop corn produc
tion times 0.81 plus new-crop supply of oats and barley times 
0.54. 	 Partly estimated before 1934. 

; Index numbel's, 1910-14:::; 100. 



prices of livestock and livestock products, 1922-42, were studied 
are as follows: 

Cocffici~"t Vnluc 1 


RO.,,, • .....................................______..._........ 0.758 

80.1::3 ____ .. ~ .. ~ ~ ~ _ ....... _ ... ~ _... " ..... ~ _~ .. _M· ~ - ~ _ .. __ p"" .. __ .. ____ .. _____ .. _ 0.0729 

bOl._ 28 ± 8111~1.23 _.... _.......... _ .. ~ ... ~ .. _ .. _ .. __ ... __ .. ________ ... ______ ... _ -1.59 ± 0.34 

bu••u ± S·O••13 ....__...........................__ •__...... 0.70 ± 0.70" 

bOS. 12 ± 8boa•12 - .. ---- ............. _-- .. ---_ .... _------------ ... _----- .. - 0.84 ± 0.23 


'1·!t.Ul..23 _ ...... __ .. _ ...... .,.,., ... _~_.~ .. " .... __ .. __ ~~ .. ~ .... _. _______... ______ ... _ 0.570 
2
-r 02.1S ...... - •• ~- .... _ - ... ~ .... ~. -" - ••. " -- ~".- _ ~ * - ........ - - .. --- .... -- .... -~ .. - 0.056 2 


"::08.12 ____ ... "' ..... __ .. _..... _ ... ~ ~ •• _... ". ~ _"' ..... _... ~ ... _ ....... _ ..... ___ " __ " ..... _ .. _ 0.429 

___(1_",_"_:;1 .... "' ........... ___ .................. ~ •. _~ .. _" ...... ~ .......... ___ ~_ .. ___ '"' ______ ... _ -0.00328 


~ When all variables are expressed as first differences of logarithms, 
• These coefficients do not differ significantly from zero, 

Figure 6 shows prices of corn, adjusted for the remaining 
variables, against each of the independent variables. Relation
ships indicated by these charts are less refined than those for the 
November to May first-difference analysis, reflecting the lower 
degrees of partial correlation. The three variables used in this 
analysis together explained 76 percent of the variation in June
to-September prices of corn from 1922-42, whereas similar facto;.'s 
E:xplained 91 percent of the variation in November-to-May prices, 
The lower percentage explained by this analysis may reflect: (1) 
The fact that changing prospects for the oncoming crop have a 
less stable effect on prices than do crops already harvested; (2) in 
years of short supply, the prospect of a large crop for the follow
ing year does not influence price to the same extent that it does 
when year-end stocks are large; and (3) changes in nonfeed 
oemands for corn, such as for export or for Use by the wet- or 
dry-processing industries, in some years affect prices of corn 
significantly during the last quarter of the marketing y<!ar. This 
is likely to be particularly true in years of short supplies at the 
close of the marketing year. No allowance for these demand 
factors has been made in the analysis. 

REseLl'S FRO?\I THE Y[ETHOD AS Apl'LJEn TO CERTAIN RELATED PROBLEMS 

Meinken ran similar analyses for oats and barley for July to 
October when marketings are heaviest for these crops.7 In each 
case, the price received by farmers was the dependent variable 
and a first-difference logarithmic analysis was used covering the 
years 1922 to 1941. In these analyses, as for corn, the three 
variables-a composite of supplies of old- and new-crop corn and 
new-crop oats and barley, production of livestock from July to 
December, and prices received by farmers for livestock and live
stock products for the months included in the analysis-were used 
as independent factors. Weights for the components of supply 
wer~ determined by a linear first-difference analysis through the 
method discussed in this section. 

Table 11 compares the weights obtained from the analysed for 
oats and barley with those obtained for corn. In each case, the 
current supply of the commodity as such carries the largest 

1 These studies are given in an unpublished manuscript entitled T.HE 
DEMAND AND PRICE STRUCTURE FOR OATS, BARLF;Y. AND SORGHUM GRAINS, 
by Kenneth W. Meinken. 
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CORN: JUNE-SEPTEMBER PRICES 


• 
RECEIVED BY FARMERS IN RELATION 

TO SPECIFIED FACTORS 
Prom an ano-Ir.h ha.ed on ti",.dill.r.nc•• ollogori'hm. lot' '922.42 

PRI~E C"'. OF PR~3~~DING YR·)r ADJUSTED FOR UNITS OF 

~5~:~' LIVESTOCK PRODUCTION1-:- '2~1..••• :52~'3' .~. ·.~:'.O :':2. '37 AND LIVESTOCK PRICES• ,.',n;. '.( -I 

100 192~:.! ';0-' .~.~~'
~~:5;":~~2 -t--~---+--+___ 

'35'"1,0 '2B,_ ~29. ·~·~I J'32 

'A. '31 .'2' 1~~--7-__...L._,'.9 .,'3. 
50 80 90 100 110 120 130 lAO 150 

SUPPLY OF FEED CONCENTRATES. ("I. OF PRECEDING YR.) XI 

XO.IJ . --
ADJUSTED FOR FEED CONCENTRATES 

.SUPPLY AND LIVESTOCK PRICES , 
150 I-----ji---f---t- '33.' --!.J --I---i---1

I '.U '3.7"23 ~~, ~t .", 
'2~:.4~.ll·.t.5·~/·36"··;9 • 

'.52 ·~ ... ~2e·..J.....,...
100+---+---1--•• ~--':;wro. '~O ';"'A9 --+---+---1 

---a . 1·25-;;..:"9""~Ji... 
03... ;.'/"15: ". '38 

50 1. .Jo·••9~._·_.,-19:'-2_2_-:-:L--___'.,--_-..J 

60 70 80 90 1(1' 110 120 130 140 
UNITS OF LIVESTOCK PRODUCTION (O!o OF PRECEDING YR.) X2 

XO.12 ADJUSTED FOR FEED CONCENTRATES SUPPLY 
AND UNITS OF LIVESTOCK PRODUCTION 

• 
 ____-r____,I_____'3~J. ~.I·A2,__~I----_+ __---r----~
1150 I .1'37 '.J' I.: , 
_~ '1~J"J6··. '51 ••:~7 ','1 ~ 

'S2 '27·2A':.".~'.5'.,,25 I 
.;,;.~ .. '.40 ..... ...-0"28 

100+----!~.:l\'. .•.... 'J. - .·J5 
'J9._.--,. '.sO ~i"" 

~J:'-.. - • '29"~, ''&8 ~, I
.. 'l" '26 \922 

50 r ·JI-JOI·;?·J· 'I I I 
AO 60 80 100 120 lAO 160 180 200 

PRIcES OF LIVESTOCK AND PROD. ('10 OF PRECEDING YR.) XJ 

:~l~~T'Dl 
1920 1925 1930 1935 19040 19~5 1950 1955 1960 

• Sf( rur '0. MrrHOO 0' WEICHUNG 

ft[P;; ... ltlt..... eu~uu or AG_'CUlTtH'Al [COHONles 

FIGURE 6.-The three variables-supply of feed concentrates, including an 
allowance for stocks of corn on July 1 and new-crop supplies of corn, oats, 
and barley, livestock production from July to December, and prices of 
livestock and livestock products from June to September-explained 76 
percent of the year-to-yea)' variation in prices received by farmers for 
corn from June to September. The charts indicate that relationships that 
prevailed during the interWRl' period continued into the [lost-World War 
II years.
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weight, and the weights for other components are consistent with 
a priori expectations. The regression coefficient for barley in the 
analysis for oats had the wrong sign but, as it did not differ 
significantly from zero, its value was assumed to be zero .in these • 
computations. Results for the analyses for oats and barley con
firm those obtained for corn .in that they indicate that this general 
approach is useful in analyzing problems of this type. 

TABLE 11.-Co1·n, Oats, and Barley: Relative weights by ~{'hich 
specified components of the supply of feed grains should be 
multiplied to obtain a composite supply facto?' for use in analyses 
of factors that affect their 1'espective p'rices 1 

Component of supply 

Months 
Prospec- New-crop supplycovered Stocks 


by of 

Item tive of 

new Total~~analysis corn, 

July 1 
 crop of Oats 	 Barleycorn 

Corn ••.•... June to Sep- 0.64 0.16 30.10 30.10 1.00 
tember 

Oats ....... July to Oc- .19 .24 .57 0 1.00 
tober 

Barley·... -, do ..- .11 .14 .20 .55 1.00 
.. 

, When an components are expressed in tons. 
• Ba.sed on relative size of the regression coefficients given by the fourth 

approximation 	for the second analysis shown in table 12. 
• These components were combined .in the analysis for corn. • 
• Based on relative size of the regression coefficients from analyr.es similar 


to those used for corn. From an unpublished manuscript by K!:mneth W. 

l\'!einken. 
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APPENDIX 
STEPS 	]:-;\'OLU:D IN THE 1TEIIATIYE ANALYSIS 

The following method can be used whenever additive weights 
are desired for the components of one or more variables to be 
used in a logarithmic analysis. It has been applied mainly to 
problems that involve the determination of proper weights for 
several components of a supply variable. Two research. papers 
have contributed to the statistical problem considered here. Foote 
and Ives (5) demonstrated that a successive approximation 
method similar to the one outlined here will conyerge to the least
squares yalue. Ezekiel (3, pp. 390-403) proposed methods along 
these lines for studying j oint relationships while holding other 
\ariables constant. 

The following steps are used when weights for components of a 
supply variable are desired and price is used as the dependent
\'ariable: 

• 
1. The components of the supply factor are combined in some 

simple way. (As a first step, they were converted to tons and 
added together.) The composite is used as one independent vari 
able in a logarithmic analysis. 

2. Values of the dependent yariable from this analysis are 
adjUl';ted for the effects of the' independent variables other than 
supply and the antilogarithms obtained. (In the case of first
difference analyses, some additional calculations are involved. 
The calculated value plus 2 has for its antilogarithm a figure in 
terms of percentage of the preceding year. This should be applied 
to the actual price in the preceding year to get an estimated price. 
The difference between this estimate and the actual price in the 
preceding year is the adjusted dependent variable that should be 
lIsed as the dependent variable in the linear first-difference 
analysis discussed in step 3.) 

3. The adjusted dependent variable is used as the dependent 
variable in a linear analysis in which the separate components of 
the supply factor are used as independent variables. The partial 
regression coefficients from this analysis are proportionate to the 
weights that should be applied to the individual supply compo
nents. 

4. The following method may be used to test whether these 
partial regression coefficients differ significantly from each other: 
(a) Compute the simple linear correlation between the dependent 
variable used in step 3 and the supply factor based on constant 
'weights for the components. (In the case considered here. the 

• latter is the same as the supply variable used in step 1.) Compute 
the unexplained sum of squares for this analysis. If Xo is the 
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dependent variable, this will equal:::: (Xu-AuF (I-r~Ql). (b) 
Compute the unexplained sum of squares for the linear multiple 
correlation analysis in step 3. Thil:l will equal ~ (Xo-Xo):! 
(I-R:!u.l ... p). (c) Take the difference between thel"e two sums 
of squares and divide it by P-l. This represents the variance 
owing to the differences between the regression coefficients in the 
linear analysis. (d) Divide the sum of squares obtained in step 
b by N-P-l. This represents the error or remainder variance. 
te) Compute the ratio between the variance in step c and the 
\Oariance in step d, and compare this ,yith the tabular values in 
an F table, using P-I and N-P-I degrees of freedom. If the 
ratio obtained is larger than the tabular value at the 5-percent 
point, the differences between the regression coefficients are sta
tistically significant. If this is approximately true, the weights 
determined in step 3 should be used, provided they appear logical. 

A method of successive approximation to refine the various 
coefficients is next considered. This is used only if the F -ratio 
obtained in step 4e is equal to or larger than that at, say, a 10
percent probability leyel. If the regression coefficients do not 
differ significantly. the simple weighting procedure origina"lly used 
in step 1 is satisfactory. and that analysis becomes the final one. 

5. Obtain a new supply composite by multiplying each compo
nent by its partial regression coefficient from the linear analysis 
or by weights that are proportionate to these coefficients. (In the 
ease of first-difference analyses, the actual values are multiplied 
by the weights, the total obtained, and the first-difference loga
rithms are deriyed from this tota1.) 

6. Use this composite with the other variables originally used 
in step 1 to obtain a second approximation for the logarithmic 
analysis. 

7. If the second approximation!> for the partial regression coef-: 
ficients for the variables other than supply differ from the first 
approximations obtained in step 1, get a new series for the depend
ent variable adjusted for the effects of these nOl1supply factors 
and obtain the antilogarithms of these. 

S. Use the variable obtained in step 7 as the dependent variaJJle 
in a linear analysis, using the same components of supply as inde
pendent variables as were used in step 3. 

9. If the regression coefficients obtained in step 8 differ from 
those obtained in step 3, repeat step 5, 6, 7, and 8 until the results 
conv.erge to stable values. The final result will yield a set of 
weights to be applied to the components of supply to giv.e a com
posite factor of supply that will maximize the multiple correlation 
In the logarithmic analysis, for which price is the dependent vari 
able and supply is one of several independent variables. . 

For the series of analyses discussed here, the basic analysis 
is a logarithmic one, using first differences, for which the Jepend
ent variable is the June-to-September average price received by 
farmers for corn. The independent variables are: (1) The com
posite feed-concentrate-supply variable, for which the weights 
are determined from a separate linear analysis; (2) the composite 
units of livestock production variable, for which the weights 'were 
partially determined from a separate linear analysis; and (3) 
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average June-to-September index numbers of prices received by 
farmers for livestock and lh'estock products. 

• 
The dependent yariable for the linear analysis involving the 

separate components of the supply factor was determined by 
adjusting year-to-year changes in the price of corn for the effects 
of year-to-year changes in units of livestock production and prices 
of livestock, using the highest-order partial regression coefficients 
from the logarithmic analysis. Likewise, the dependent varia~le 
for the linear analysis il1\"olving the separate components of the 
units-of-liveRtock-production variable was determined by adjust
ing year-to-year changes in the price of corn for the effecb of 
year-to-year changes in supply of feed and prices of livestock, 
using the highest-order partial regression cOE'fficients from the 
logarithmic analysis. Results for each succeeding approximation 
were used to improve the results for the following analysis. 

RESl LTS OF THE SCCCESSIVE lTEHA'!'IOXS FOH TUE A~ALYSIS OF FACTORS 

THAT AFFECT Jl'~E-TO-S£PTE'IRER PHlCES OF COHN 

• 

In an iterative analysis of this type, values for certain coef
ficients may be assumed to start with, as the results of successive 
iterations will converge toward the statistically most likely or 
"true" values. During the process of analysis, certain coefficients 
may be obtained which aloe inconsistent with a 1)l'io1"i expectations. 
Particularly if the standard errors of these coefficients are large, 
consistent coefficients may be assumed or the variable may be 
omitted from the analysis, in ,yhich case a regression coefficient 
of zero is assumed. Table 12 lists the coefficients obtained or 
assumed for succeeding approximations for each of the three 
analyses involved in the over-all analysis of factors that affect the 
price of corn from June to September. (The third analysis deal
ing with components of the units-of-livestock-production factor 
was omitted from the dh;cussion in certain earlier sections, partly 
to simplify the discussion and paTtly because the results were 
none too satisfactory.) 

Results obtained from the second approximation for the analysis 
dealing "rjth the components of the supply of feed concentrates 
were tested to determine whether the regression coefficients dif
fered significantly from each other. An F' value of 3.30 was 
obtained, compared with the 5-percent point yalue of 3.24. As the 
individual coefficients in general seemed reasonable, it ,vas decided 
to use them. As the coefficient for concentrates other than corn, 
oah;, and barley fed (bo.I.1!!a) was positive and had such a high 
standard error, this factor was omitted. Year-to-year changes 
in this item were extremely small. 

In the first analysis, data on livestock production units for the 
July-to-SeptE:mber quarter only were used. In the second approxi
mation, data for the July to September quarter were weigbted by 
2 and for the October-to-December quarter by 1. The series on 
prices of corn was then adjusted for the effects of supplies of feed 
concentrates and prices of livestock. The adjusted price was used 
as the dependent variab]e in a linear analysis in which the two 
livestock 'Production series were used as separate independent

• variables. TheRe two variables explained on]y 7 percent of the 
residual variation in prices of corn. This is consistent with the 
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TABLE 12.-Successive approximations fO?' the th1'ee sets of 
mu,Ztiple con'elation analyses used in connection with the basic 
nnalysis of factors that affect June to Septembe1' p1'ices of corn 1 

Analysis dealing with factors that affect the price of COl'n, June to 
September 

Approximation 
Coefficient - ___ --- -----~--~---.-_:_-- - ____ 

______ ___I_"t_-__ II ___2_d___ I____!3_d__ 1 4th 

R"o.l," _._ ..._... __ . 0.634 _._._.._.. 0.738 ......._.. 0.770 ._.•. _._. ' 0.758. 
b"L03 ± S.01.28 _'" -0.82 ± 0.36 -1.65 ± 0.39 -1.70 ± 0.34 -1.59 ± 0.84. 
b"•.~. ± S'02.1••, •. -1.06 ± 0.54 0.23 ± 0.69 __ 0.76 ± 0.69 .. 0.70 ± 0.70 
b,.,u. ± S·03.,,· •__, 1.21 ± 0.29 .. 1.10 ± 0.24 _. 0.87 ± 0.23 . 0.84 ± 0.23. 

Analysis dealing with components of the supply of feed 
concentrates 

---~-----~--- ------_.----- 
R"".l"~' ........_.._. __ ._ .......... __ . 0.530 __ .' __ . __ ' 0.587 .. _.. __ ._ 0.656. 
b•.1 .,,,, ± S·01.23< _. 1" .. __ .... ____.. -2.69 ± 0.69 -2.88 , ___ ,,,,,, -3.19. 
b",.1" ± S.",.13< .. 1" .... _........ -0.68 ± 0.40 -0.78 ........ _. -0.81. 
b"•.", ± s."",,", .. 1" •. ____ ....... -0.85 ± 0.871-0.61 ""_. ___ 1-0.54. 

b"1.m ± sO"'m ._ ~_"_.~: .....~:~:: L1.93 ±~~~~_~--=-~'_~'~'~'_'j O~' ._ 

Analysis dealing with components of production of 
Jivestock 

-......-,,------.._---_._--
R"n,," ...... __ ......_. ______........._..j .. _. ___ . _ .......... 0.071 ..._.____ .... _...._........__. 
b"l.' .......-....---."11' .............. )2" __ ......... '" a _ 1."l' ......... .. 

b";_l .................. 0" ._._".: ......... 1" .. __ .. ___ ._.. _. 1 2 

" : __ .._._. __ • I." 


1 See text for exact variables used. Many of the coefficients shown here 
would not be statistically significant, based on the usual tests. 

2 Assumed values. 
3 Calculated values for this analysis were as follows: 


bOl•• ± S.o, .•, - 1.82 ± 1.62 j bu•.1 ±S.O"" 0.96 ± 1.05, 


highest-order partial coefficient of determination between prices 
of corn and production of livestock from the logarithmic analysis 
which was only 0.05 for this approximation. The analysis indi
cated, however, that, if anything, October-to-December livestock 
production units (for which the sign of the regression coefficient 
was consistent with a pr'iori expectations) were more important 
than July to September livestock production units (for which the 
regression coefficient had the "wrong" sign). In subsequent loga
rithmic analyses, these two series were given equal weights. 

In the basic analysis of the factors that affect June-to-September 
prices of corn, the regression coefficient for the units-of-livestock
production factor (bQ!J.13) had the wrong sign on the first approxi
mation. This occasionally occurs in analyses of this type and 
may merely indicate the need for additional approximations. In 
this instance, the dependent variable, in terms of first-difference 
logarithms, for the second approximation for the linear analysis 
involving the components of the supply of feed concentrates was 
obtained by use of the formula X O•3 = Xo -boa•1 (X~ - Xa). In 
othet words, the computations for this approximation were based 
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http:0.871-0.61


on results that would have been obtained had the X 2 factor been 
omitted from the analysis. 

In general, the multiple correlation coefficient for the basic 
analysis should be the same or higher for each succeeding approxi
mation, and the regression coefficients should change in an orderly 
way. In the analyses discussed here, this takes place through the 
third approximation but does not hold for the fourth. This is 
believed to be because of rounding errors. The weights for the 
components of the feed-concentrate-supply fador were carried 
to two decimals only, which is equivalent to two significant figures 
for the smaller coefficients. Thus, there is no sound way of choos
ing between the third and the fourth approximations. The fourth 
was chosen mainly because the weights for the supply f&ctor con
tinue to change in an orderly way through that approximation. 
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