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ABSTRACT

Input flows into agriculture have been hypothesized as varying during
different phases of the business cycle. This hypothesis has been investi-
gated in this study for one of the groups of inputs from the nonfarm
economy which flows into agriculture, farm tractors and machinery.

The primary purpose of the study was to determine if the relationships
of factors associated with farm tractor and machinery purchasss differed
during different phases of the business cycls.

The years included in the study, 1910 through 1956, were classified
individually as being eithsr = contraction year or an expamnsion year. This
classification was made on the basis of two criteria, (1) reference cycles
for the general economy developed by the National Bureau of Economic
Research, and (2) gross national product estimates. Using these criteria,
there were fifteen contraction years and thirty-two expansion years during
this period.

Synthetic variables were employed in the statistical models used in
the analysis so that regression coefficients for variables during contrac-
tions could be compared with the regression coefficients for the corres-
ponding variables during expansions. This method increased the computational
efficiency and made it possible to use a common test in comparing regression
coefficients. The single equation modsls were linsar in the original vari-
ables and fitted using ordinary least squares techniques.

Twenty equations in all were included in the four groups of equations

that were examined in the analysis. The variables included in these

equations were either machinery expenditures by farmers or shipments to

iv



dealers as the dependent variable, and indspendent variables consisting
of: (1) net cash farm income, (2) capital gains and losses on livestock,
crops, and real estate, (3) stocks of machinery on farms, (L4) the price
of machinery relative to prices received by farmers, (5) the price of
labor relative to machinery prices, and (6) a calendar time variable,
assumed to represent a measure of the state of technological advance.
Variations in the form of ths variables were made between squations and
changes in the variables included were mads between groups of oquation}s.

The results indicated that different relationships between variables
have existed during contractions end expansions in respect to net cash
farm income, capital gains and losses and "technological trend" as repre-
sented by the time veriable. Changes in the rate of machinery purchase
appear to have been more closely related to changes in farm income during
contractions, and changes in ths rate of machinsry purchase appeared to
be more closely related to capital gains and the presence of new technology
during expansions.

The relationship between the relastive price of machinery and ths rate
of machinery purchase appeared to be about the same in contractions and
expansions. Changes in the rate of machinery purchase in relation to the
etdcke of machinery on farms appeared to be overpowered by the development
of new technology. Evidence was not found to support the hypothssis that
the relative price of hired labor hes been important in the machinery -
labor substitution that has taken place on the farms of America during

this period.
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CHAPTER 1
INTRODUCTION

One of the more important gaps in the knowledge possessed by agricul-
tural economists relating to the agricultural industry is a clear under-
standing of the nature of the aggregate supply function for agriculture.
Papers submitted to the Joint Economic cdmittool suggest there is gensral
agreement that the agricultural industry is out of adjustment at the pre-
sent time. Proposals for bringing the agricultural sector of the economy
into adjustment are contingent upon assumptions concerning the nature of
this aggregate supply function. Belief in a supply curve which is highly
inslastic calls for programs involving stringent production controls and
high price supports, while belief in an elastic supply function calls for

reductions in price supports and relaxation of production controls.

The Problem

The task of this thesis is not to attempt to explain the aggregate
supply function for agriculture. Much more must be known before this can
be done. The subject matter of this thesis is closely related to the
understanding of the aggregate supply function for agriculture, however.

A responsive aggregate supply curve for agriculture may be explainﬁd
in part by increases in resources used in agricultural production as a

result of increases in the demand for agricultural products. This

1. Policy for Commercial Agriculture, Its Relation to Economic Growth
and Stability, Joint Economic Committee Print, November 22, 195T7.




2
was suggested in a paper by Hathawaye relating agriculture to the dusiness
cycle. Measuring the changes in these inputs which are used in agricul-
ture involves many difficulties, so that rather than attempting to work
on all the inputs which go into agriculture, one of ths major input
categories, farm tractors and machinery, was examined. The findings of
thie study gives somes indication as to the usefulness of looking at other
inputs in & similar manner, and some of ths problems involved if such
investigations are to be mads.

The problem, simply stated, is that of examining farm tractor and
machinery inveatmenis over the business cycls to determine if the variables
which are associated with theses investmente are related differently during
different demand conditions. These demend conditions are conaidered to be

changing with changing conditions of well-being in the gsnsral sconomy,
i.9., the business cycls.

Literature Leading to thes Study

The dsvelopment of the concseptual fremework used in this study was
dons bty Johnson and appears in the paper "Supply Function - Some Facts and
Notions."3 Hypotheses are pressnted concarning reaource employment in
agriculture in relation to the general lsvel of smployment and business
activity. The inputs used in agriculturs have been classified into nine

categories in Johnson's paper. The category "nonfarm produced durables"

2. Hathaway, Dale E., "Agriculture and the Business Cycls", in Policy
for Commercial Agriculturs, Ibid, Table 4, p. 58.

3. Johnson, Glenn L., "Supply Function - Some Facts and Notioms" in

Agricultural Adjustment Problesms in a Growing Economy, edited by Heady,
ot. al., Iowa State College Preas, 1958, ch. 5.




includes farm tractors and machinery. Table 1.0 presents hypotheses

developed in Johnson's paper concerning nonfarm produced durablea.h

TABLE 1.0 - HYPOTHESES CONCERNING EMPLOYMENT OF NONFARM PRODUCED
DURABLES IN RELATION TO THE GENERAL LEVEL OF BUSINESS ACTIVITY

Stable 4 Expanding 4 Stabls ¢ Stab. or Contr.$

The hypotheses in Table 1.0 were framed in reference to the fixed
asset concept developed by Johnson. An asset is considered fixed when its
marginal value product is less than its acquisition cost and in turn, its
salvage value is less than its marginal value product. In such a situatiom
it doesn't pay to employ more of the input and the input will return more
in its present use than through salvags.

The fixed asset concept was offered as an explanation of why inputs
do not leave agriculture during periods of low earnings and why more inmputs
do not enter into agriculture on the outset of a betterment of the terms
0f trade bVetween agriculture and the non-agricultural sectors of the
economy. In Teble 1.0 we see that employment of nonfarm produced durablss
is hypothesized as being stadbles or contracting in three of the four stages
of the business cycle. Employment of nonfarm produced durables is hypothe-
8ized as expanding only during periods of prosperity. The plus (+) signs
indicate the influsnce of technological advance upon the employment of

nonfarm produced durables. There is a plus sign for each phase of the

4. Ibid, Table 5.1, p. 82.



business cycle, suggesting that employment of nonfarm produced durables

is increased in all phases of ths business cycle due to this cause. How-
ever, it does not suggest that the rate of increase from this cause will
be the same in each phase of the business cycle, even though the effect is
hypotheaized to be positive. The interest in this study is in obtaining

a more complate knowledge of the reasons for, or more correctly the factors
associated with, variations in the rate of purchase of new tractors and
machinery which become inputs in agriculture.

Many valuable insights into demand factors of importance were obtained
from Cromarty's recent investigation in this area.’ In his study he used
conventional tims series analysis. The approach in this study was differ-
ent because ths purposes of ths study were different. This will be dis-
cussed in more detail in Chapter II.

Wilcox and Cochram6 discussed the impact of business fluctuations on
purchases of farm machinery and motor vehicles, pointing out the close
association of these investments with changes in general business activity.
They found that in “good times", investment in this area was increased and
in "bad times", investment was restricted.

The other basic work involved, of which the present study is an out-
growth, is Hathaway's paper "Agriculture and the Business Cycle."T Impli-
cit in this paper are the hypotheses that: (1) farm output is partially
related to demand, and (2) part of the output increases which take place
are a result of increased purchases of inputs from the nonfarm sector of

5. Cromarty, Williem A., The Demand for Farm Machinery and Tractors
Agricultural Experiment Station, East Lansing, Technical Bulletin ZIn
Process).

6. Wilcox, W. W., and Cochrans, W. W., Economics of American Agricul-
ture, Prentice-Hall, 1951, p. 458-9.

7. Hathaway, Dale E., op. cit., p. 51=76.
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the economy. It would be desireble to consider all inputs used by agricul-

ture in relation to the business cycle to test these hypotheses. Such an

inquiry is beyond the scops of the present study.

Scope and Objectives of the Study

Expenditures which farmers in the United States have made on tractors
and machinery over the period 1910 to 1956 are investigated in the study.
This input category was chosen because available data provide some measure
of the magnitude of input in individuel years.

The primary objectives that are sought are: (1) the construction of a
demand model for farm tractors and machinery that allows for, (2) deter-
mination of the differences in the relationships of variables in this
demand modsl, during periods of gensral business contraction and periods
of gensral business expansion. The second obJective, although necessarily
related to ths success of accomplishing the first, is the primary objective
of the study. In this light, the investigation might be considered as an
attempt to develop a demand model for new farm tractors and machinery over
ths business cycle. However, it should be pointed out that primary empha-
sis is not on the development of a precise prediction equation, but rather
upon possible differences in thes relationships of veriables with chenges
in gensral business activity.

The methodology, involving the theory used in the analysis, is dis-
cussed in Chapter II. Chapter III contains the analysis completed in the
study along with its interpretation. Finally, in Chepter IV the findings

of the study are summarized and evaluated.



CHAPTER II
METHODOLOGY

The present study deals with aggregates for ths farm sector of the
economy and as such lies in the realm of macroeconomics, which deals with
mass economic behavior. The aggregates which are included in the analysis
are considered to be derived from the many single units which constitute
the whole. This approach to the development of ths thsory which is used
in the analysis is called the analogy approach to the aggregate problem.l

Theory involved in the analysis of the macrovariables utilized in the
atudy rests upon theory dealing with individual behaviors which are included
in the composition of ths aggregate. Howsver, in dealing with the behavior
of large groups of individuals, the "law of large numbers" tends to cancel
out irregularities in the individual behaviors giving a resultant regular-
ity in the aggregate behavior. The resulting aggregate is sufficiently
stable fo allow meaningful aggregative theories and moasuremnt.2 Apart
from this, the objective of any study of this nature is to determine rele-
vant and significant relationships and in this particular case the interest
is in macroesconomic relationships A

" Macroeconomics looks at economic affairs from an overall viewpoint ,4
scanning the forest without looking at each of the trees individually.
But, a forest is made up of individual trees, and it would follow that
considerations pertinent to individual trees are important in molding the
forest. It is here that microthsories aid in understanding the problem,

in the development of a theoretical framework for the whols., This is the

1. Theil, H., Linear egation of Ec lations, North-
Holland Publishing Company, Amsterdam, 1954, p. 6.

2. Ackley, Gardner, An Introduction to Macroeconomic Theory, prelim-
inary edition for student use, Gardner Ackley, University of Michigam,
Sept. 1957, Ch. I, p. 15.

yd
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approach of this study, in which demand for tractors and machinery by the

farm sector of the economy is investigated.

The General Model Used in the Analysis

Variables associated with gross expenditures on tractors and machinery
by farmers were examined. The selsction of these variables, with the theory
involved in their selection, is delayed to a later portion of the chapter.
Before these variables are discussed, the development of a modsl which
allows for differences in relations of the variables for years of contrac-
tion and years of expansion is discussed. This is done so that the hypo-
thesis that employment of tractors and machinery differs during different
rhases of gensral business activity may be evaluated.

To test this hypothesis, it is necessary that the’\ demend model used
provide for comparison of the relatiomships of variables during different
phases of the business cycle.}‘ Business cycles were split into two major
phases; expansion years and comntraction years. The single equation model
used was linear in the original variables since no particular justification
for using curvilinear forms was apparent.

Since comparison of regression coefficients of corresponding variables
for contraction and expansion years was ths primary objective of the study,
the model was conetructed with this end in mind. "Splitting out" contrac-
tion years and expansion years and computing multiple correlations separ-
ately would raise serious problems in the comparison of regression coeffi-
cients by a common test. To avoid these problems, and to obtain greater
efficiency in computation, synthetic varisbles were comstructed so that
both contraction years and expansion years could be treated as being from

& single sample. Using this method, it was possible to compare regression
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coefficients for corresponding variables in contraction years and expansion
yoars for significant difference.

The single equation modsl used which incorporated this capability wes

linear in the original variables, of the form:

Y = 85) Xo1 + 800 Xgo + D3] X37 + V3o X3p 4 ce..obpy Xpy + Dpoxs b
where Y is gross expenditure on, or shipment of, tractors and machinery, 8
is the constant value, b is an estimated parameter, x is an independent

variable, n is the number of independent variables, and u is the unexplained

residual. The model includes independent variables Xj......x, which are
divided into sub-variables, so that variables X,y , ,jp°---"- Xp1...n2 8re
used.

Very simply stated, the model includes corresponding variables for
contraction years and expansion years so that comparison of the regression
coefficients of corresponding variables can be made. As an example,
variable xj is income, and divided in this mammer, x;, and x;, take the
following values:

1. During contractions 2. During expansions
(a) xq; takes the value of xj (a) x7; takes the valus of zero
(b) x1o takes the value of zero (b) x1, takes the value of x;

To obtain a double constant & value, 1's end zeros were used in a similar
menner, where X, is considsred to be 1.

The model, thus formulated, is based upon the sssumption that the
error term (u) is independent, i.e., thet the unexplained residual has a
similar distribution for expansion and contraction years. These residuals
are examined in Chapter III to check the validity of this assumption. The

equations are fitted using ordinsry leest square techniques.



Classification of Years

The use of this model requires that the years included in the study
be classified individually ae being either a contraction year or an expen-
sion year. This classification was made with the use of the turning points
of business activity developed by the National Bureau of Economic Research3
and gross national product estimates. Since data pertaining to agricul-
ture is reported on an annual basis, it was necessary to classify an
entire ysar as being & year of contraction or a year of expamsion though
obviously turning points are not at the end of the ysar in all cases.

These turning points and gross natiomal product figures are given in
Table 2.0. The method of classification used was to observe the time in
the year in which the turning point occurred, if at all, for the year being
classified. Years in which turning points did not take place near the
middle of the year were classified as follows: (1) if a peak in business
activity occurred before mid-year, the year was classified as a comtrac-
tion year, (2) if a trough occurred before mid-year, the year was class-
ified as being an expansion year, (3) if a peak occurred after mid-year,
the year wes classified as being an expansion year, (4) if a trough occ-
urred after mid-year, the year was classified as being a contraction yeer,
(5) 1f neither peak nor trough occurred in the year being classified, it
was classified as an expansion year if the last preceding turning point
was a trough and as being a contraction year if the last preceding turning

point wes a peak.

3. For development of reference cycles for thes general economy see

burns, Arthur F., and Mitchell, Wesley C., Maasuréfg Bysiness Cycles,
National Bureau of Economic Research, New York, 1947.
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TABLE 2.0 - CLASSIFICATION OF THE YEARS USED IN THE ARALYSIS

(1) (2) (3) (1) (2) (3)

Classi- Turning Point GNP ' Classi- Turning Point GNP
Year fication* Peak Trough Bil.$ Year fication* Peak Trough Bil.$

1910 c Jan - 36.7 1934 E - - 65.0
1911 C - 36.8 1935 E - - T2.5
1912 E - Jan 38.5 1936 E - - 82.7
1913 c Jan - 40.0 1937 E May - 90.8
1914 c - Dec 38.5 1938 C - Jume 85.2
19015 E - - k2.1 1939 E - - 91.1
1916 E - - 47.8 1940 E - - 100.6
1917 E - - 59.5 1941 E - - 125.8
1918 E Aug - 65.5 1942 E - - 1%9.1
1919 E - Apr T7.1 1943 E - - 192.5
1920 E Jan - 86.2 1944 E - - 21.4
1921 c - July T0.3 1945 c Feb Oct 213.6
1922 E - - T2.5 1946 C - -  209.2
1923 E May - 84k.3 1947 E - - 232,2
1924 c - July 83.4 1948 E Nov - 257.3
1925 E - - 90.0 1949 c - Oct 257.3
1926 E Oct - 95.3 1950 E - - 285.1
1927 c - Nov 93.5 1951 E - - 328.2
1928 B - - 95.6 1952 E - -  345.4
1929 E June - 1ok.h 1953 E July - 363.2
1930 c - - 91.1 1954 o - Aug 361.2
1931 C - - 76.3 1955 E - - 391.7
1932 c - - 58.5 1956 ) - -  h1h.7
1933 E - Mar 56.0
#C denotes contraction, E denotes expansion.

Source: Col. 2, Mills, Frederick C., Introduction to Statistics, Henry

Holt Company, New York, 1956, Tsble 12-3, p. 353. Col. 3, Handbook of
Basic Economic Statistics, Economic Statistics Bureau of Washington, D.C.,

July 15, 1958, p. 22b. :
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Whan clesaifying years in whi:h the turning point ocsurred near mid-
year, the changs in gross national product was used as an additional
criterion. For years with this characteristic, the classification was as
follows: (1) if the gross national product for the year exceeded the gross
national product for the preceding year, it wes classified as being an
expansion year, (2) if the gross nationsl product estimate declined from
the level of the preceding year, it wes classsified as being a contraction
year,

Exceptions to this system of classification are the years 1920 and
1946. The turning point in 1920 occurred in January, which was a peak,
This would cause the year to be classified as a contraction based upon the
turning point criterion. Gross national product rose substantially over
the 1919 level, so the year was classified as an expansion year. The year
1946 would be classified as an expansion using the turning point criterion,
but was classified as a contraction becauses gross national product declined
from the 1945 level.

Complate clasgification of the ysars 1910 to 1956 is given in Column 1
of Table 2.0, Using this system of clagsification, theare are fiftesn years
of coatra:tion and thirty-two years of expansion includsd in the forty-

8sven years covered by the study.

The Dependent Variable

The dependent variable which is to0 be explained by other independent
variables in the single equation model must be such that it reflects the
pu:rchasés of tractors and machinery for agricultural use. To obtain a
measure of the physical purchases of farm tractors and machinory, gross

expenditures on farm tractors and machinery were deflated by am index of
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farm tractor and machinery prices. Deflation of the expenditure figures
adjusts the estimates for price changes, thus giving a more accurate
measure of physicel purchases than would expenditure figures, not adjusted.
While the components of this input mix (i.s., types of machines, etc.)
have been changing rapidly over the period under study, this is a problem
which we are not presently capable of handling and is regarded as being
beyond the scope and purpose of this study. Rather, the primary concern
wvas in vhat the relationships between independsnt variables and investment
in farm tractors and machinery as a broad category have been, with an under-
standing that specific items included in the category as to kind and number
(i.e., the mix) have changed from your to year. The gross capital expendi-
ture figures are derived by marking up shipment figures to retail and
making an adjustment for dealsr invsntory changaa.h These mark-ups have
besn computed at relatively constant rates, whils mark-ups by dealers most
likely vary with the business cycls. This would tend to amplify errors in
ths shipment estimates.

Shipments to dealers was used as an alternative dependent variable in
soveral of the fittings. With this variable, there is the problem of
dealsrs' inventories; dealsrs do not necessarily sell all the tractors and
machinery shipped to them in any given ysar. Dealsrs may, in soms years,
have to carry stocks above their planned inventory into the following year.

Each of these two variablss have been used in the analysis to dster-
mine which was mors capables of prediction within the limits of the formu-
lations used. Values of tractor and machinery shipments have been dsflated
by the index of farm tractor and machinery prices as with the case of gross
expenditure figures.

4. Major Statistical Series of ths U.S. Department of Agriculturse,
Vol. ié Gross and Net Frrm Income, Agriculture Handbook, No.1l18, U.S D.A.,

Dec. 5T, p. 18.
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Ths Underlying Investment Theory

The crucial problsm involved in this study is the choice of explana-
tory, "indspendent” variasbles which are used in the model to explain why
farmers purchase tractors and machinery. This problem is not unique in
character from other studies in which explanation of phsnomena are the goal.
Variables which are chosen for this purpose must be the more importent ones
selected from among the many relsvant onmss. It is here that theory guides
the investigator in determining what variables possess these characteris-
tice. On this subject Kdopmans has written:

But "good" choices means relesvant choices....The choices as

to vhat variables to study....call (8) for a systematic argument

to show that the best use has been made of available data in re-

lation to the most important aspects of the phenomena studied.”
Thie clearly outlines the present task of the author, who, following
Koopmans' advice, shall try to set down auch "systematic argument"” which
displays the reasoning behind the choice 0f the variables which have been
related to farmsers' investments in tractors and machinery.

At the outset of this discussion, it should be pointed out that the
author recognizes that "we have as yet no thoroughly satisfactory theory
of investment ,"6 8o that what follows is by no means presumed to be "the"
theory of investment. This weakness does not prevent investigations of an
empirical nature from being made; indeed, many times such investigatioms
provide insights which lead to further clarification of ths relsvant
theory, through rejection of invalid parts snd indicatioms as to nseded

additions. The primary concern in choosing variables for explanation of

5. Koopmans, T. C., "Msasurement Without Theory", in Review of
Economic Statistics, Vol. XXIX, No. 3, Aug. 1947, p. 164.

6. Ackley, op. cit., ch. XIT , p. 28.
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investment is with the selection of those uhich appear to be relevant and
important, using as a guiding reference existing investment theory.

The present context in which inveatment is being explained deals with
aggrogate gross investment in tractors and machinery for the farm sector
of the economy. The macrotheory involved in the study is derived from
microtheory by the use of the analogy approach. Thus, the theory which is
discuassed deals with the theory of the firm, assuming that the aggregates
used reflect the simple summed effects of ths variebles for individual
firms wvhich go into the make-up of the aggregative variables.

The dscision to make investment on the part of individual farm managers
involves many considesrations such as the age of ths operator, the number of
children and the amount of responsibility which the manager bears, to list
but a few. However, most of these tend to "cancel out" when investment is
considered in the aggregats, so that many of the variables which are highly
relesvant to the decision of the individual manager are not particularly
germeans vhen aggregate investment is considered. Thus, only those vari-
ables which affect aggregats investment in a regular and systematic fash-
ion need be included.

The discussion which has evolved to this point has been preliminary
in character, leading up to the question of why capital investments are
mades by farmers. The investment theory used in the selection of variebles
is advanced in ths discussion that follows.

One of the more useful concepts in explaining the nature of invest-
ment, the marginal efficiency of capital, was developed by Keynes.! As

contrasted to the marginal value productivity of capital, which is the

7. Keynes, J. M., The Gensaral Theory of f=rloymsni, Intsrest ani
Monsy, Hartourt, Brate and Company, 1:3%, ch. 1.
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addition to total revenue resulting from using more of a capital input,
marginal efficiency of capital as defined by Keynes refers to the expected
rate of return over cost over a period of time from using capital assote.s
A closer comparison betwesn these two concepts is deemed necessary so that
confusion between them may be sliminated. Whsn using the marginal value
product, we are intsrested in comparing this (MVP) with the marginal
factor cost (MFC). Considering oms input, greatest profit can be obtained
by using that level of input where MVP = MFC since additions of the input
prior to this level add more to gross income than to total cost and addi-
tions after this level add more to cost tham to return. Thus, in using
the MVP concept, we must compare cost and return simultansously. The
marginal efficiency of capital (MEC) is the expected rate of return over
cost. In this case, both costs and returns have besn looked at to obtain
ths return over cost, 8o the sams elsments concernsd in MVP = MFC have
been involved. Thus, we see in total that both concepts are used in con-
Junction with costs and returns; these costs and returns being ths expected
values in each case. TFrom this discussion, it can be seen that the two
concepts are highly complementary, merginal efficiency of capital being
considered the longer run of the two. The concept of the marginal effici-
ency of capital is the basic proposition of the theory used.

Assuming rationality, more of ths capital asset should be employed,
80 long as the expected percentage return, discounted for uncertsinty,
exceeds ths rate of interest. Thie follows because if the marginal effi-
ciency of capital exceeds the rate of interest, invested capital leaves
a8 return over the rate of interest. Conversely, if the marginal effici-

ency of capital is below the rate of interest, not enough return would be

8. Tbid, p. 140-k1.
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made to pey ths rate of interest. Interest charges must be covered
wvhether the capitel is borrowed or owned, since with owned capital thers
is the alternative of loaning the money to others (to bamnks, through pur-
chase of securities, etc.) and collecting the rate of interest. Ability
to obtain loans is another issue discussed below.

Expectations relating to the future play a very important rols in
investment decisions (to invest or not to invest). Prospective yields
from capital investments are nothing more nor less than ths expectations
vhich investors hold. These expectations are conditioned by what has
happened in the recent past and what is heppening in the present, particu-
larly in shorter lengths of run. Longer run expectations are highly
unstable with much emphasis placed on the things which are known at the
present time and not much weight attached to uncertain matters. ZExpecta-
tions in reference to decisions on purchasing machinsry would probably
be concerned with some intermediate length of run depending upon the use
intended for the machine, the expected durability of the machine, and
other such factors.

The ability to obtain loans with which to make investment is another
consideration which must be made along with the marginal efficiency of
capital. It is not sufficient that the marginal efficiency of capital be
attractive to investment; in addition the farmer must be able to provide
funds or obtain credit to make the investment.

While the rate of interest must be covered by the return on the
investment for investment to be profitable, "since the rate of interest

relatively 'sticky', fluctuations in the inducement to invest dspend

primarily upon changes in the marginal efficiency of capital” ,9 and not

9. Dillard, Dudley, The Economics of J. M. Keynes, Prentice-Hall, Inc.,
New York 1948, p. 1h2.
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on the rate of interest.l® In relation to tractor and machinery purchases,
Cromarty also reached this conclusion and states "interest rates, judging
from their stability, have not been effective in varying equipment
sales. "1l

Arguments along this line dismiss the importance of the interest rate
in determining investment. Furthermore, if one does allow that the inter-

"est rate should be included as a determining varisble, the relsvant rate
of interest to use as a determinant is unascertainable. Using the mort-
gage rate of interest would essume that this is the relevant rate, but
farm tractors and machinery are financed by and large from non-mortgage
type loans. A report in a recent Federal Reserve Bulletin giving the
findings of the Agricultural Loan Survey made in 1956 by the Federal
Reserve System gave the following:

Among loans to finance intermediate-term investments, the
difference in rates was most pronounced for the smaller classes
vhere loans to buy farm machinery and consumer durable goods were
concentrated.l?

This statement provides a strong indication of the difficulty invol-
ved in obtaining & relsvant rate of interest for use as a determinant of
investment. Probably the most suitable published series in this regard
would be the series on interest rates for intermediate credit to farmers.

However, since the rate of interest is relatively "sticky" and the marginal

10. See also in this regard Shackle, G.L.S., Uncertainty in Economics,
Cambridge University Press, 1955, p. 128-4l,

1l. Cromarty, op. cit.

12. Morelle, Wilellyn, "Interest Rates on Farm Loans", Farm lLoans at
Commercial Beanks, Board of Governors of the Federal Reserva Systenm,
Weshington, D. C., 1957, p. 49.
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efficiency of capital fluctuates to a great degree with changes in bus-
iness activity, cheanges in the marginal efficiency of capital are consid-
ered to be the dominating factor of these two variables. It is more
reasonable to expect changes in investment because of (say) a change in
the marginal efficiency of capital from 0% to 10% or 15% than to expect a
change in the interest rate from 6% to 7% to have much effect. Because of
these considerations, rates of interest were not used as variables in the
analysis.

The factors which would appear to be important in the determination
of investment are summarized schemetically in the Figure 2.0. The vari-
ables used in the anslysis of investment in tractors and mechinery need
necessarily be related to these factors. The selection of independent

variables is discussed in the following sectiom.

Figure 2.0

Factors Corsfldered to ta Irporiant in ¢he Leterminstion of Invesiment

Cost of the Asset

Marginel Efficiency
Expected Returns of Capital
Equity and Internal Investment
Finaucing Availability of Credit

Taa Inds;sndsnt Variables

The selection of variables that are related to changes in farmers’
investment in trectors and machinery wes made with the assistance of the
theory which was presented in the preceding section. In making these
choices, it is very difficult to be certain exactly what a particular

variable measures, so that in essence intuitive reasoning many times pro-
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vides the only link between a variable and a factor which ths theory said
vas important. Explorstion of alternstive variables must be made to find
those which give the "best fit" and are logically comsistent. Statistical
measures of association and tests of significance then provide somes indic-
ation of the (apparent) relevancs of the variables used. The reasoning
underlyiné the use of particular varisbles is discuseed in each of the
following cases.

Farm income. Farm income wes used as a variabls that is associated
with farmers' investment in tractors and machinery. Farm income consti-
tutes a crucial element in farm capital outlaysl3 and should provide a
measurs of the marginal efficiency of cepital in agriculture. This seems
to be fairly plausible in that lower incomes appear to be consistent with
lower marginal efficiency of capital, given the cost of the asset, and
higher incomes represent higher marginal efficiency of capital.

The marginal efficiency of capital was defined as being the expected
rate of returns over costs. Assuming that farmers' expectations of the
future are largely conditioned by outcomes of the present, net farm in-
come, or the excess of gross farm income over costs, appears to be quite
closely related to the merginal efficiency of capital in agriculture. It
is not argued that expectations of return over cost for the coming year
are based completely on the outcome of the present year, but rather that
this aspect probably has an important influence on the expectations which
are formed. Apart from this, farm income provides a stock of funds which
may be used for machinery purchases.

Net income was used to represent that part of farm income which is

available for investment purposes. Further, because farmers camnot invest

13. Monthly Reviewv, Federal Reserve Bank of San Francisco, July 1956,
p. 82.
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"realized nonmoney" income, a net-cash-incoms concept was considered most
fitting. Net cash farm income was obtained by subtracting current oper-
ating expenses (excluding hired labor), taxes on farm property, and inter-
est on farm mortgage dedbt from the total of cash receipts from marketings
end government payments. To put this incoms in terms of "real"” net cash
income, the estimates have been deflated by the index of prices paid by
farmers.

Farm income, along with providing soms measure o0f the marginal effi-
cisncy of cafital in egriculture, is probably importent from the standpoint
of farmers' ability to obtain loans with which to invest. Ackley heas
written in connection with this point:

We can still relate total investment to current (or recent)
profits if we assume that the smount of outside capital which a
firm can attract depends upon the amount of internal financing
that its owners can supply (or that increases in the ratio of
:;:e:g:i. z: x::zig:lc:;?:;ﬁhm‘ﬂ" eppreciable increases in

This idea is closely related to the danger of "illiquidity" whem too
much credit is taken so that the reate of interest that must be paid is
pushed upvard.15 Higher incomes provide savings which can be used for
investment, thus reducing the ratio of external to internal financing.

Capital gains and losses. Capital gains and losses which coms about

as a result of changes in the prices of assets in which farmers have an
equity, may be anothsr variable important in the determination of farmers'

investments in tractors and machinery. The potential importance of capital

14, Ackley, op. cit., ch. XII, p. 27.

15. Kalecki, M., "Ths Principle of Increasing Risk", Economica, New
Series Vol. IV, 1937, p. 442,
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gains in agricultural capital formation has been stressed by Johnson.l6
Such geins may expand ths credit base for farmers as they occur and thus
make credit more available for machinery purchases.

Capital gains and losses have been computed for real estate, live-
stock, and crops, and the total of these used in the analysis. Compute-
tion of these gains and losses is given in Appendix II.

The stock of machinery. The stock of machinery on farms was included

as a variable in the analysis with the thought that the need for additional
(new) machinery has been conditioned in part by the amount of existing
stocks. Farmers can continus to use machinery until it weers out. To
obtain an approximation of the stock of machinery on farms, expenditures
in constant dollar terms were weighted linearly for the eight previous
years and totaled. This was dons because examination of Figure 3.0 in
Chapter III, machinery expenditures charted over time, indicated a cycle
of highs and lows about eight years in duration. Cromarty also considered
a8 replacement time of eight years as being a valid approximation of the
length of time which elapses betwsen the time a farmer purchases a parti-
cular piece of machinery and the time when he re-enters the market to make
an additional purchase. As he points out, this is only a rough approxi-
mation because the life of a piece Of machinsry may be extended if supplies
are restricted or if farm purchasing power falls to a low lev'e1.17

This still appears to be a better approximation of machinery stocks
on farms than a depreciated book value, such as the value of machinery on

farms after depreciation. Such depreciation is done for income tax and

16. Jomson, G. L., "Sources of Expanded Agricultural Production” in
Policy for Commercial Agriculture, Its Relation to Economic Growth and
Stability, op. cit., p. 1k1-2,

17. Cromarty, op. cit.
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accounting purposes and is not considered as being a good indicator of the
"sets" of machinery actually on farms. The use of weighted sums of pre-
vious years purchases, while being a rough approximation admittedly,
appears 1o be more useful for this purpose. The weighting has been done
linearly, giving the expenditure of the most recent year a weight of
eight times its value and giving the expenditure of the eight years pre-
vious a weight of one times its value.

The "real" price of ﬁaching;y. In order to obtain a measure of the

real price of machinery, the price of machinery relative to ths prices
received by farmers was included. Changes in expenditures for tractors
and machinery should come about when this relative price changes as
farmers compere the prices they receive with the price they must pay for
the machinery. The rate that was used was obtained by dividing the retail
index of farm tractor and machinery prices by the index of prices recsived
by farmers.

The "real" price of labor. The price of labor relative to the price

of machinery was used in the analysis to obtain the saffect of the substi-
tution of capital, in the form of machinery, for labor, when labor becomes
more expensive relative to machinery prices. Considering labor and mach-
inery as substitutes to some degree in production, one would expect mach-
inery to be substituted for labor as thse ratio of ferm labor prices to
machinery prices increasss. Since the salvags valus of farm machinery out-
side agriculture is very low, we would not expect machinery once purchased
t0 be replaced by hired lebor until the marginal value product o2 thes
machinery drops to the point where it equals its salvage value. In thias
respect, we would not expect hired labor to substituts for machinery as
the ratio of farm labor prices to machinery prices decrsases, unlsss

additional inputs are being used to expand production.
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The optimum combination of machinery and labor is reached when the
ratio of the marginal physical product from machinery use to the price of
machinery is equal to ths ratio of the marginal physical product from
labor use to the price of labor. This may be written in equation form as
follows:

MPP Machinery _ MPP Labor
P Machinery =~ P Labor

This condition defines the least cost combination for producing a given
output and also the highest output from a given ox.rt.lay.:"8 When the price
ratio between lebor and machinery prices changes, the optimum combination
of machinery end labor changes. While we camnot expect the optimum to be
obtained in a world of uncertainty, the tendency should be in that dir-
ection, it appears. This variable was obtained by dividing the index of
farm wage rates by the index of tractor and machinery prices.

This variable, of course, only considere hired labor. Femily labor
has constituted a very important portion of the agricultural labor force
in the United States. When has machinery replaced family labor? It is
impossible to plece a price applicable to family labor such as that for
hired labor because of its fixed nature. Hence, we must look to other
sources for measurement. Employment opportunities in the nonfarm economy
are pointed out by Schultzl9 ag being important in the movement of labor,
both family and hired, from agriculture to jobs in urban communities.
Machinery may be used, in ﬁurn, to replace labor which has left agricul-

ture as a result of improved Job opportunities. On the importance of

18. Bradford, L. A. end Johnson, G. L., Farm Management Analysis,
Wiley and Sons, Inc., New York, 1953, p. 127-130.

19. Schultz, Thaodore W., Agriculture In An Unstable Economy,
McGraw-Hill, New York, 1945, p. 130.



employment opportunities as affecting the rate of machinery investment,
Wilcox and Cochrans have written:

There is considerable evidence that mschanization in recent
years primarily replaced labor that had already left the rural
commmnity for nonfarm jodbs, rather than that machinery took jobs
awvay from local workers. 20

At first, inclusion of an employment variable, based on the percent of
the labor force employed, was ;onsidored for use in the analysis because
of these speculations. However, because of the close association by
definition betwsen the classification, based upon business cycles, and
the percent of the labor force employed, it was decided that inclusion
of such a variable would not be useful. (See Appendix II, Table 8, for

an employment series.)

Time as a variable. In addition to the preceding variables, a time

variable (1910:=1) was used in the analysis of machinery purchases. Time
used as a variable has been referred to as a "catchall factor" that allows
for the factors which change over time for which data are non-available .2l
Writing on technological change and its relation to forecasting in this
connection, Siegel has said in regerd to the use of calendar time as a
variable:
In such a case, time serves two purposes; it is a conglom-
erate variable representing all the omitted pertinent factors of

production, and it is a parameter reflocting ths continuous change
in ths structure of the productive process. 2

20. Wilcox, W W., and Cochrane, W W., op. cit., p. 83-h.

2l. Thomsen, F. L. and Foote, R. J., Agriculture Prices, McGraw-Hill,
New York, 1952, p. 287.

22. Siegel, Irving H., "Technological Change And Long-Run Forecasting",
The Journal of Business of Ths University of Chicago, Volume 26,
July, 1953, p. 152.
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The second purpose which Siegel points out was the primary purpose for
including the time varisble. Probably the thing which best typifies agri-
culture in the United States sincs the turn of the century has been the
improvements which have been made in the production process. Development
of new technology must have had a great impact on the purchase of new
machinery. Thsrefore, the reasoning behind the inclusion of a time vari-
able was to capture some of the influence of "technological trend" with
the pessage of tims. The magnitudes of thse coefficient for this variable
should give soms indication of the rate of adoption of technology in

contractions as compared to expansionms.

The Use of Lagged Variables

"Time lags are used whenever the effect of a given indspendent
variablo tekes place in a later time interval ....23 Some of the inde-
pendsnt variables utilized in this study were considered as (possibly)
being in this classification, and because of this, certain variables were
lagged. Considering farm income, for example, the use of a lag seems
very appropriate.

«+.s..while incomes is, to a great extent, determined in ths
fall as crops are harvested, machinsry purchases reach a fairly
high peek in ths spring months as farm operations get underway.
For this reason, income of thes previous year may have more effect
on current machinsry purchases than doss current income .24
From this same lins of reasoning, it would also appear to be more appro-

priate to use lagged capital gmins rather than current capital gains.

When a "lagged" variable is referred to, it means the estimate of the

23. Thomsen, F. L. and Foote, R. J., op. cit., p. 286.

24k. Cromearty, op. cit.
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variable for ths previous year is related to ths depsndent variable for
ths current year. Similarly "current" varisbles are estimates of the
variable for the sams year as ths dependsnt variable.

There must exist a logical basis for using a lagged variabls rathesr
than a current variable if one is t0o bes used in an analysis. Variables
used based on logical grounds can then be scrutinized on statistical
grounds for appropriatensss. This was the approach used in regerds to
the possibilities of lagged relationships. No attempt has been made to
employ distributed lags, which was considered to be beyond the scope of

this invastigation.25

Prediction Versus Different Relationships Between the Variables

The construction of a dsmand model for farm machinery and tractors
suggest that a great deal of attention should be given to the development
of a precise prediction equation. While this is a noteworthy objective in
itself, the efforts of this study are directed more toward obtaining
indications as to possible differences in the relationships of variables
consideared relevant in aggregate investment decisions during upswings and
downswings of the general business economy. In this way the study separ-
ates from studies which have investigated machinery investment in the

26

conventional time series method.

25. For the most recent discussion on the methodological aspects of
using distributed lags, see Nerlove, Merc, Distributed Lags and Demend

Analysis for icultural and Other COmmodities, Agriculture Handbook
No. 141, AMS, USDA, June 19

26. As an example, see Cromarty, Williem A., The Demand for Farm
Machinsry and Tractors, Agricultural Expsriment Station, East Lensing,
Tech. Bul. zIn Process).
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This accounts in part for the lack of attempt to refine the analysis
by using simultaneous equations, distributed lags, et cetera, simply be-
cause the purpose was not to construct am accurate predictive model.
Such a model if sought, would be difficult to comstruct, largely because
of limitations as to accuracy and availebility of data. In this connec-
tion, Miss Burk has made the admonishment”.....I always feel called upon
to warn against reliance on overly refinsd methods applied to rough
date."@7 The data used in this study would be classified as being in
this "rough" category and it was felt that the maximum return, in terms
of time and effort, would be obtained by using the methods that were
employed. These methods provide some indication of the differences of
the relationships of corresponding varisbles for contraction years and
expansion years. The statistical test of significance for difference

between corresponding variables is given in Appendix I.

Criteria for Evaluation of Regression Coefficients

In reviewing the results from the use of alternative equations in
the single equation formulations, the interest was in, first of all, the
consistency of the signs of the estimated parameters with expected signs
from the guiding theory. These expected signs are given in Table 2.1.
Reasons for these expected signs, when the variables are considered
separately, are fairly obvious and discussion of their derivation is
considered unnecessary. However, inconsistencies in signs which appear

in the analysis may sometimes be explained in terms of other factors.

27. Burk, Marguerite, "Studies of the Consumption of Food and Their
Uses," Journal of Farm Economics, Vol. 38, 1956, p. 174l.




28
Interpretations of this general nature are mades when they are considered

appropriate.

TABLE 2.1 - EXPECTED SIGNS OF ESTIMATED PARAMETERS

Variable Sign
Farm Incomse +
Capital Gains +
Machinery Stocks -
Relative Price of Machinery -
Relative Price of Labor +
Time +

Equations that do not fulfill the criteria of economic theory, i.e.,

the expected signs of the regression coefficients, must be regarded with
suspicion. In some cases these discrepancies can be explainad by the
margin of error in the data used. Wrong signs at levels not significantly
different from zero can be tolerated as not contradicting economic theory.
Such results, though undesirable, appear in many cases to be inevitable.
In other cases, discrepancies may be explained by some other factor
exerting an influence on the association. From this, we see the necessity

of examining results on both statistical and economic grounds.



CHAPTER III

THE RESULIS OF THE ANALYSIS

The purpose of ths study, as previously indicated, was to determine
if thes relationships between variables associated with farm tractor and
machinery purchases have been different during different phases of the
business cycle. Several esquations were fitted to obtain indicatioms of
the relationships of variables during contractions as compared to the
relationships of corresponding variables during expansions in gensral
business activity. Since primary interest wvas in relationships of
variables rather than in accurate prediction in putting together formu-
lations, it was not expected that "the" prediction equation would be
achieved. Undoubtedly, it was not. However, this is a matter of pur-
pose; some "feel" toward the relations of the variables included, thus
the relationships involved, was obtained from the consistencies produced
by these fittings. This was the focal point of interest in the examina-

tion of the results of the fitted equatioms.

The Results Presented

The equations that were fitted are divided into four groups om the
basis of major differences in the variables included in the equations.
Between equations within these groups, there were changes of a lesser
nature in the form of the variables included. Ths results of each group
=»e presented in tebular form and discussed from the standpoint of rela-
tionships indicated by the results. Overall results and interpretations

are discussed after the results of all four groups have besn presented.

29
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Group I. The first group of equations contains ome basic equation
and five variations. One variable in the basic equation was changsd in
each of these variations. The variables included in each of these
equations, along with the coefficient of multiple determination (R°)

for each equation, are given in Tebls 3.0.

TABLE 3.0 - VARIABLES INCLUDED AND THE COEFFICIENT OF MULTIPLE
DETERMINATION, EACH EQUATION, GROUP I

N Dependsnt
Equation R Variable Independsnt Variables
1 .809 Machinery Current year's income, current year's

Expenditures capital gain, stocks of machinery, the
relative price of machinery and the
relative price of labor.

2 .T05 Machinery Seme as squation 1.
Shipments
3 849 Machinery Same as equation 1, except that pre-

Expenditures ious year's income is used in place
of current year's income.

4 .830 Machinery Seme as equation 1, except that
Expenditures current year's capital gains are
deflated by the index of prices of
farm tractors and machinery.

5 .810 Machinery Same as equation 1, except that pre-
Expenditures vious year's capital gain is used in
Place of current year's capital gain.

6 LT24 Machinery Same as equationl, except that stocks
Expenditures of machinery are iropped.

In addition to the variables given in Table 3.0, the comstant term

(a value) was also fitted as a "double" variable in the first two equations.
Splitting of the a value resulted in values very close to each other

-
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(-4148 for comtractions amd -4368 for expamnsions im equation ome; -1285
for contractions and -1246 for expansions in equation two and nonsignifi-
cant from zero in each case), so in the remainder of the equatioms, the
constant term was fitted as a single value in ths usual manner.

The results from using each varisble in Group I are given in Tables
3.1 to 3.5. These regression coefficients were examined for consistency
vith economic theory, significant difference from zero, and significant
difference between corresponding regression coefficients. In reading
these tables, it should be remembered from Chapter II that odd numbered
variables are for contractions and even numbered varisbles are for expan-
sions. The test statistics used are for two purposes: (1) the (ty) test
statistic 1s used to test the regression coefficient for significent
difference from zero in the conventional manner, and (2) the (tbi bJ)
test statistic is used to test corresponding regression coefficients for
significant differencs. The (tb) test statistic is odbtained by dividing
the regression coefficient by its standard error (’b)‘ The derivation of
the (tpg pj) test statistic is given in Appendix I.

In Table 3.1, we see that the use of farm income as am independent
variable in Group I resulted in coefficients consistent in sign with
economic theory. These coefficients were significantly different from
zero as evidenced by the (t,) test statistic. The regressiom cosfficients
of the farm income varieable for contractions were always larger than the
corresponding coefficients for expamsions. This was true im all cases,
vhether the current year's income or the previous year's income was used,
and suggests that changes in farm income are more closely associated with

machinery purchases in contractions than in expansioms.
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There is a definite indication that incoms changes are more closely
related to machinery purchases in contractioms tt'mn in expansion, and the
(t'bib,j) test statistic indicates that ths difference is statistically sign-
ificamt.

TABLE 3.1 - RESULTS FROM USING FARM INCOME AS AN INDEPENDENT
VARIABLE, GROUP I

Form of Regression Standard Test statistics
Equation variable coefficient  error (sy) ty thivs
1 Current Year's x;; .1620 0540 3.00 1
Income X, .069% .0253 2.75 =95
2 Current Year's x;, .1153 .0b39 2.63 1.99
Income x, .0188 .0206 .91 )
3 Previous Year's x;, .1528 L0us57 3.34 8
Income x, -109% .0256 k.27 -03
N Current Year's x3; .1763 .0562 3.14 1
Incoms 11> .0938 .0263 3.56 -33
5 Current Year's x3; .1l160 .0822 1.41 8o
Income x1o> .OW62 .0222 2.08 .
6 Current Year's x;, .2222 .0575 3.86 o
Income x> .068L4 .030k 2.25 37

Table 3.2 gives the results from using capital gains as an indepen-
dent variable in Group I. First of all, in checking these results, it
should be noticed that ths use of the current year's capital gein elwvays
resulted in regression coefficients, both in expansions and in contrac-
tions, vhich have megative signs. This is inconsistent with the theory
developed in Chapter II. However, when the capital gain for thse previou_s

yoar was used, the regression coefficients for both expensions and con-
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tractions take the correct sign. Thus, we have an indication that the

capital gain from the previous year is the more correct variable to use.

TABLE 3.2 - RESULTS FROM USING CAPITAL GAINS AND LOSSES AS
AN INDEPENDERT VARIABLE, GROUP I

Form of Regression Standard Test statistics
Equation variable coefficient error (s,,) ty Yhivy
1 Current Year's x5, -.0208# .0121 1.73 1.26
Capital Gain x5, -.0041%  .0056 .13 :
2 Current Year's x,; -.0095% .0098 97
Cepital Gain x5, -.0009%  .00k6 .20 -9
3 Current Year's x,, -.006T* .0092 .73 "
Cepital Gain x5, -.0032%  .00M5 .72 -3
b Current Year's x,, -.0224* .0135 1.66 45
Capital Gain x5, -.0154% 00Tk 2.09 .
Deflated
5 Previous Year's x,, .0006 .0208 .03 39
Capital Gain 55  .0090 .0056 1.60 )
6 Current Year's x,; -.0321# .0133 2.4 o111
Capital Gain -. * 0304 A1 :
p X5n 0007 .03

#Incomsistent with expectations

When the previous year's capital gain was used in equation five, the
regression coefficient for expansions was larger than for contractions ’
indicating that capital gains and losses were more closely associated with
purchases of tractors and machinery in expansions than during contractioms.
The regression coefficieat for expansions had some significence from zero
wvhile the regression coefficient for contractions did not. However » there
wves not a sigaificant difference between the regression coefficiemt for

expansions as compared to the corresponding coefficient for contractioms.
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The results from using stocks of machinery as am indspendent variable

in Group I are given in Table 3.3. Examination of these results reveals
that the regression coefficients for both contractions and expansions have

positive signs.

TABLE 3.3 - RESULTS FROM USING STOCKS OF MACHINERY AS
AN INDEPENDENT VARIABLE, GROUP I

Form of Regression Standard Test Statistics
Equation variable coefficient error (sy) ty tpiv)
1 Stocks as x3) .0169 .0079 2.15 .03
Defined x3; 0172 0048  3.61
2 Stocks as x3;  .0093 .0064 1.45 h
Defined x> . 0148 .0039 3.82 *
3 Stocks as 3 .0137 .0071 1.92 6L
Defined X3 .0187 .0038 L.87 :
4 Stocks as x3) .0162 L0073 2.22 38
Defined x3; 0192 0041 .7k ‘
5 Stocks as x3; .0209 .0113 1.84 18
Definsd x3> L0187 .0043  4.38 ‘

The theory in Chapter II suggested the coefficients for the stocks
variable would be negative, particularly during contractions of general
business activity. After farmers had acquired machinery stocks, their
needs for additomal machimery would be reduced until they must replace
that wvhich exists. However, this relation appsars to be overpowered by
the trend in new technology that has occurred in agriculture. Wilcox and
Cochrane apparently amticipated this result when they wrote:

...unless importamt technological advance keeps reoccurring
2 heavy volume of investment must decline after a few yoars.l

1. Wilcox, W. W., and Cochrame, W. W,, op. cit., p. 453.
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The positive sign on the stocks of machinery coefficisents appear to

attest to the importance of technol.ogical trend. Interpreted in this
manner, this result is consistent with theory. All of the regressiom
coefficients were significantly different from zero, temding to be a
little larger in expansions than in contractioms. However, the difference
between regression coefficients for expansions and contractions was not
statistically significant.

Teble 3.4 gives the results from using the relative price of mech-
inery as an independent variable in Group I. The signs of the regression
coefficients are as expected, with the exception of equatioms five and
six. Equatiom five has coefficients mot significantly different from zero
and equation six has coefficients which do have some significance from
zero. Equation six doesa't include the stocks variable, giving some
indication of the importance of the imclusion of a variable reflecting
trend, as stocks apparently do.

In generel, the first four equations have coefficients for the
relative price of machinsry which are largsr in contractions than in
expansions. This suggests that farmers pay closer attention to machimery
prices compared to prices they receive during contractioms them during

expansions. This difference was not statistically significant, however.
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TABLE 3.4 - RESULTS FROM USING THE RELATIVE PRICE OF MACHINERY AS
AN INDEPENDENT VARIABLE, GROUP I

Form of Regression Standard Test Statistics
Equation variable coefficient error (sy) ty tbibJ
1 Relative Price
of Machinery X, -227.34 206.61 1.10 8o
as Defined X, = 10.47 163.81 .06 )
2 Relative Price
of Machinery xy; -113.23 168.11 .67 .12
as Defined x> -138.31 133.28 1.04
3 Relative Prics
of Machinery X)) -205.96 147.39 1.40 1.06
as Defined x> =~ T1.06 115.0% .62
4 Relative Price
of Machinery x;; =-203.11 167.55 1.21 N
as Defined I, -145.70 125.99 1.16
5 Relative Price
of Machinery x)1 3.95% 172.04 .02 .08
as Defined Xy - T.79 136.21 .06
6 Relative Price
of Machinery x)1 98.12% 187.68 .52 62
as Defined Xy 205.21% 139.30 1.47 ‘

#Inconsistent with expectations

The results from using the price of labor relative to the price of
machinery in Group I are givem in Table 3.5. The regression coefficients
for this variable had these characteristics in general: (1) the coeffici-
ent for contractions was always a large negative, and (2) the coefficient
for expansions was either a smaller negative, or positive.

A nsgative regression coefficient for ths price of labor relative to
the price of machinery is incomnsistent with the theory developed in

Chapter I1. The negative coefficients in contractions were significamtly
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different from zero; while in expansions, in two cases nsgative coeffi-
cients, and in one case & positive cosfficient, were significantly diff-
erent from zero. There was a significant difference between the regres-
sion coefficient for contractions as compared to the regression coefficient
for expansions. Possible interpretations of this result are delayed umntil

the discussion of overall results in the latter part of this chapter.

TABLE 3.5 - RESULTS FROM USING THE RELATIVE PRICE OF LABOR AS
AN INDEPENDENT VARIABLE, GROUP I

Form of Regression Standard Test statistics
Equation varisble coefficient  error (sy,) ¢, ty1vy
1l Relative Price
of Labor 151 -392009* 205.95 1.90 1 57
as Defined x50 14,01 156.60 .09 .
2 Relative Price
of Labor x51 -330.40% 167.57 1.97 1.49
as Defined x50 - 16. Th* 127.41 .13 :
3 Relative Price
of Labor x51 =352.51% 176.97 1.99 1o
as Defined x5, -266.88%  14l.5k  1.89 '
't Relative Price
of Labor x51 -432.05%  19k4.15 2.23 1.25
as Defined x50 =153.5T% 140.48 1.09 *
5 Relative Price
of Labor x51 -318.30% 229.23 1.39 1.26
as Defined x50 - 9.24» 126.71 .07 *
6 Relative Price
of Labor x5] -217.54% 235.06 .92 5.21
as Defined x50 356.77 129.53 2.75 :

#Inconsistent with expectatioms
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Group II. This group differs from Group I in that instead of
including the relative price of machinery as one variable, the index of
machinery prices and the index of prices received by farmers were included
as separate variables. The variables included in the equations of this
group along with the coefficient of multiple determination (R2) for each

equation are given im Table 3.6.

TABLE 3.6 - VARIABLES INCLUDED ARD THE COEFFICIENT OF
MULTIPLE DETERMINATION, EACH EQUATION, GROUP II

Dependent
Equation R2 variable Independent variables
1 .830 Machinery Previous year's income, previous

Expenditures year's capital gain deflated, index
of machinery prices, index of prices
received.

2 .843 Machinery Same as equation 1, plus the time
Expenditures varisble.

—,——— e T T T e T e

Table 3.7 gives the results of the equations used in Group II. Before
oxamining these results, it should be pointed out that using the indexes of

machinery prices and prices received involves high intercorrelation between
the two indexes as well as inter-correlatiom between each of the indexes

and farm im:ome. Using the relative price of machinsry did nst present
this problem. Thus, ths results from this group are believed to be highly
distorted bscsuss of the in:zonsistent signs for several of the regression

coefficients compared with ths results in Group I.

The signs for coefficients of prices received amd of machinery prices

were inconsistent in all cases. Results such as these raise serious
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questions as to the usefulness of formulations including the two price

indexes separately. It is interesting to note the difference in the
coefficients of the time variable, however, which suggests a difference
in the influence of the passage of time, or rather variables which change
over tims, in contractions as compared to expansions. This variable was

examined in greater detail in Group IV.

TABLE 3.7 - RESULTS FROM GROUP II

Form of Regression Standard Test statistics
Equation variasble coefficient error (sb) Ty Ypiby
1 Previous Year's x;;7 .0790 .1294 .61 .08
Income x> .0892 .0224 3.97
2 Previous Year's x,;, .0886 .okoT7 2.18
Income X, -0943 .0292 3.23 -1k
1l Previous Year's
Capital Gn~in .O1T7h .0127 1.36
Deflated :22; .0022 .007h .30 1.06
2 Previous Year's
Capital Gain X, 0202 .0123 1.6k 1.%0
Deflated X5, 000 .0072 .06 :
1 Current Prices x,) -1.335% 2.053 .65 "
Received x5 - .550% 1.067 .52 -3
2 Current Prices xn -1.368# .200 .93 61
Receivad X - RITSE 1.489 .30 ’
1 Current Price  xg; 4.801% 2.359 2.04 L9
of Machinery x8p 3.534% 1.115 3.17 )
2 Current Price Xo, 7.543% 2.586 2.92 1.3k
of Machinery  xob 3.bog* 2,082 1.6k -3
2 Time (1910sl) X -9.712 4.355 2.23
xg; .731 4. 428 A7 1.88

*Inconsistent with expectatioms
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Group III. Because of the results obtained in Group II, it was
decided that efforts along the lines of Group I would be more fruitful
than continuance of Group II. In Group III, the equations included both
incoms of the previous yesar and income of ths present year as variablass.
This was dons to obtain a (possible) better meamsure of the influance of
sxpectations on tractor and machinery purchases. The equations are dif-
ferent from thes equations in Group I in this respect. Also, stocks of
machinery was not included as a variables in the formulations of this
group. There are five equations in the group. Ths variables included in
each equation, along with thes coefficisnt of multiple determination (RQ)

are given in Table 3.8.

TABLE 3.8 - VARIABLES INCLUDED AND THE COEFFICIENT OF
MULTIPLE DETERMINATION, EACH EQUATION, GROUP III

Dependent
Equation . variable Independent variables
1 LThl Machinery Current year's incomes, previous year's

Expenditures incoms, previous year's capital gains
: deflated by the price of machinery, the
relative price of machinery, and the
relative price of labor.

2 643 Machinery Same as equation 1.
Shipments
3 .T45 Machinery Seme as equation L except that previous

Expenditures year's capital gains were not deflated
by price of machinery.

4 .657 Machinery Same as equation 3.
Shipments
5 .648 Machinery Same as equation 3, only the relative

Shipments price of labor wes dropped.



The results from using farm incoms in Group III are given in Table
3.9. It should be pointed out that the two incomes, the previous year's

and the current year's, are highly inter-correlated, thus perhaps dis-
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torting the results of eithser looksd upon separately. With this word of

caution, ws see the regression coefficient for the current year's income

was positive in all contractions and negative in all sxpansions. The

regression coefficient for the previous year's income was always consis-

tent in sign in both expansions and contractions. The possible reason
for this result is discussed in the general interpretations after all
four groups are presented.

Here again, as in Group I, the indications are that income changes
in contractions are more imvortant than in expansions in farmers' deci-
sions to purchase machinery. However, the pattern is not as clear in
the case of the previous year's income in this group as in Group I,
and this is possibly a result of the inter-correlation that exists with
the cﬁrront year's incoms. The coefficients in general were signifi-
cantly different from zero, but were not significantly different in

expamsions and contractions.
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TABLE 3.9 - RESULTS FROM USING FARM INCOME AS
AN INDEPENDENT VARIABLE, GROUP III

Form of Regression Standard Test statistics
Equation variable coefficient error (sp) ty tbibJ
1 Current Year's X, .0395 .1191 .33 L
Income X15 -.Ol54# .0406 .38 *
2 Current Year's X917  -0953 .0915 1.04 1.52
Income Xy, -.0515*% .0312 1.65 :
3 Current Year's xj3; .0712 .11%53 .62 69
Income x1p -.0l27% .0403 .32 :
N Current Year's xj; .1052 .0876 1.20 1.67
Incoms x1o -.0489 .0306 1.60 ’
5 Current Year's x,; .0387 .0793 49 1.06
Income X1 -.0504% .0305 1.65
1 Previous Year's x,; .1810 .1007 1.80 .35
Income x5, .1410 .0556 2.54
2 Previous Year's x;; .0524 LOTTh .68 .76
Income ), .1189 .ou27 2.78
3 Previous Year's x;; .159 .1010 1.58 .36
Income x;, .1188 .0541 2.20
4 Previous Year's x;; .O4ll L0767 .57 .69
Incoms xl2 . 103“' L0411 2.51
5 Previous Year's x;, .0372 0775 .48 .99
Income x5, .1203 .0304 3.96

*Inconsistent with expectations

Table 3.10 gives the results from using capital gains as an inde-

pendent variable in Group III. Use of the previous year's capital gain

deflated by the index of tractor and machinery prices in equations one

and two resulted in inconsistent signs for the regression coefficients

for both expansions and contractions. When cspital gains were not



deflated in the other three equatioams, ths sign in expansions was con-

sistent, while the sign in contractiomas was incoasistent.

TABLE 3.10 - RESULTS FROM USING CAPITAL GAINS AND LOSSES AS

AN INDEPENDENT VARIABLE, GROUP III
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Form of Regression Standard Test statistics
Equation variable coefficient  error (se) ty tyivg

1 Previous Year's
Capital Gain  xp) -.0118%  .0181 .65 .28
Deflated X,n -.0063% 0093 .68

2 Previous Year's
Capital Gain x, ~-.0081* 0139 .53 52
Deflated x22 -.0003% .0071 .04 *

3 Previous Year's X, --O0LT5* .0156 1.12 12
Capital Gain 5, -0029 .0069 42 :

L Previous Year's X0 -.0095% .0119 .80 1.17
Capital Gain L .0056 .0053 1.07 :

5 Previous Year's X5y =.0020% .0110 .19 58
Capitel Gain x,, 0050 .0052 .96 :

#Inconsistent with sxpectations

The three equations using non-deflated capital gains did not give

statistically significant regression coefficients and thare was not a

significant difference between the regression cosfficient of capital gains

for contractions and expansions.

The results from using the price of machinery relative to prices

received by farmers in Group III are given in Tebles 3.11.

The striking

feature of this teble is that in all cases the regression cosfficient has

an inconsistent sign.
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TABLE 3.1l - RESULTS FROM USING THE RELATIVE FRICE OF MACHINERY AS
AN INDEPENDENT VARIABLE, GROUP III

— cmem— ——
— ——

Form of Regression Standard Test statistics
Equation variable coefficient error (sp) ty tyidbj
1l Relative Price
of Mechinery xy) 49.33% 205.03 .24 42
as Defined X, 120.97*  164.83 .73
2 Relative Price |
of Machinery Xy 47.99* 157.59 -30 .26
as Defined x,, 81.96* 126.69 .65
3 Relative Price
of Machinery x),, 62.87% 187.53 .34 a8
as Defined xh2 205.97%* 145.70 1.41 ¢
4 Relative Price
of Machinery Xy 59.49% 142.51 L2 .58
as Defined T, 131.54% 110.72 1.19
S Relative Price
of Machinery x),; 38.97* 137.27 .28 .90
as Defined Xy, 150.13% 107.81 1.39

#Inconsistent with expectations

The inconsistent aign is very difficult to explain., However, in
Group I, the relative price of machinery had the correct sign, excepting
vhen the stocks variable was dropped from the formulatiom. This indicates
the need for a variable which reflscts trend. Such a variable was used in
Group IV. It appears to bes unavailing to discues a variable which dis-
Plays such an incomnsistent sign, but if we recognize the variable as such,
having in mind a possible remedy, it is rather interesting to note certain
consistencies. The regression coefficient was always larger in expamsioms.
This indicates the factor used to correct this inconsistency has a "larger

Job to do" in expeamsions than in contractions. The (t'bi'b.j) test statistic
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indicates there waes not a significant difference between regression co-
efficients for expansioms and contractioms.

The results from using the price of labor relative to the price of
machinery in Group III are givem in Table 3.12. In this group of equa-
tions, the coefficient for contractions was always a large negative,
inconsistent with theory. The sign of the coefficient for expansions was
always consistent with theory, but the coefficient was not significantly

different from zero in each case.

TABIE 3.12 - RESULTS FROM USING THE RELATIVE PRICE OF LABOR AS
AN INDEFERDERT VARIABLE, GROUP III

— . _ ]

Form of Regression Standard Test statistics
Bquation variable coefficient error (sp) ty tbiby
1 Relative Price
of Labor X, -359.22% 268.29 1.3% 1.39
as Defined xga ¥7.00  164.76 .29 -3
2 Relative Price
of Labor X -305.80# 206.21 1.48 1.50
as Defined xga 31.50  126.63 .25 .
3 Relative Price
of Labor xg; -370.70%  250.87 1.48 1.69
as Defined x5 102.75 156.40 .66
4 Relative Price
of Labor X, -301.94%* 190.64 1.58 1.72
as Definsd 122 6h.ho  118.86 .5k -1

*Inconsistent with expectations

Results here, using the relative price of labor, correspond closely
with the results in Group I. The test statistic for difference between
regression coefficients indicates there was a significant difference

between the regression coefficients for expansions and contractions.
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Group IV. This group continues along the lines of Group III, differ-
ing from Group III in that a time veriable (1910sl) was added to the
variables included in the formulatioms. Also, because of the intercor-
relation between succeeding years' incomes, three equations were used
vhich included only one of the two incomes, current or previous year's.
There were seven equations included in Group IV. The variables used,
along with the coefficient of multiple determination (R2), for each

equation are given in Table 3.13.

TABLE 3.13 - VARIABLES INCLUDED AND THE COEFFICIENT OF
MULTIPLE DETERMINATION, EACH EQUATION, GROUP IV

Dependent
Equation R2 varisble Independsnt variables

1l .T93 Machinery Current year's income, previous year's
Expenditures income, previous yeer's capital gain,
the relative price of machinery, and
the time variable.

2 .691 Machinery Same as equatiom 1.
Shipments

3 .823 Machinery Sems &8s equation 1, with the relative
Expenditures price of labor added.

Yy .731 Machinery Seme as equation 3.
Shipments

5 672 Machinery Seme as equation 4, with current
Shipments year's income dropped.

6 .658 Machinery Same as equation 5, with the relative
Shipments price of labor dropped.

7 .635 Machinery Seme 28 equation 2, with previous

Shipments yoar's income dropped.
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The results from using farm income in Group IV given in Table 3.14
correspond very closely to the results in Groups I emd IIX., In general,
the regression coefficients for the current year's income in expansions
wers alweys negative snd during contractions, positive. With the previous
year's incoms, the coefficients were always positive in both expansion and
contraction and generally larger in contractions, as in Groups I and III.
There was not a significant difference between the regression coefficients
for farm income during sxpansions and contractions in most of these
equations.

To check the effoct of the intercorrelation between the current
year's incoms and the previous year's income, equations five and six
wveres fitted using the previous year's income only, and equation seven wes
fitted using the current year's income only. The previous year's income
used alone in equations five and six gave coefficients consistent in sign
in both expansions and comtractions while the current year's income used
alone in equation seven yielded a consistent sign in contractions and an
inconsistent sign in expansions. This is fha seme result as wvhen both the
current year's income and the previous year's income were used together.
The coefficients for the current year's income used alone in equation
seven were nonsignificant in both contractions and expansions. The co-
efficients for the previous year's income used alone in equation six were
significantly different from zero, but not significantly different in
contractions and expensions. However, in equation five, the previous
year's income used alone gave a coefficient for expansions that was signif-
icantly different from zero vhile the coefficient for contractions was
not. There was a significant difference bestween the regression coeffici-

ents for expansions and contractions. This suggests that the intercor-
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relation between the current snd the previous years' incomes has possibly
distorted the magnitude of the income coefficients and that only ome of

the two (probably the previous yesar's) incomes should be included.

TABLE 3.14 - RESULTS FROM USING FARM INCOME AS
AN INDEPENDENT VARIABLE, GROUP IV

Form of Regression Standard Test statistics
Equation variable coefficient  error (s,) YWibs
1 Current Year's X, -.0655% .0943 | .69 16
Income X, --0499* .0376 1.33 '
2 Current Yeer's x;, . 0064 L0754 .09 1.00
Income x12 -.0737%* .0301 2.45 ‘
3 Current Year's x;; .0522 .0966 .5k 1.12
Income xy5 -.6317* .0367 1.72 .
L Current Year's X4 .0958 .0780 1.23 2.18
Income x), -.0853% .0296 2.88 ’
7 Current Year's x,, .0081 .0299 27 95
Income Xy, -.0133% .0237 .56 ’
1 Previous Year's X, .1585 .0968 1.64
Income x, .102h .0385 2.66 -5
2 Previous Year's x,, .0307 LOTTU .50
Income x, 0912 .0308 2.96 .07
3 Previous Year's x;, .1669 .0898 1.86 o)
Income X1, .0953 . 0456 2.09 ’
4 Previous Year's X, .0362 .0T25 .50
Incoms x,  .089 .0368 2.13 -65
5 Previous Year's X, -l221 062 2.64 1.98
Income x, .0l .0298 .58 -9
6 Previous Year's X, .88 .0302 1.82 72
Inzome 1, - 0388 .0233 1.66 :

*Inconsistent with expentations
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Table 3.15 presents the results from using capital geins and losses

as an independent variable in Group IV. As in Group III, the regression
coefficient in contractions was negative in all cases but one and positive
in expansions. There was not a significant difference between the regres-

sion cosfficient for contractions as compared to expansions.

TABLE 3.15 - RESULTS FROM USING CAPITAL GAINS AND LOSSES AS
AN INDEPENDERT VARIABLE, GROUP IV

Form of Regreseion Standard Test statistics
Equation variable coefficient  error (s,) tpivy
1 Previous Year's x,, -.0069% .0134 .52 .55
Capital Gains x50 .0012 .0061 .20
2 Previous Year's Xp) -.00002%  ,0107 .001 39
Capital Geins X .00us5 .0049 .93 '
3 Previous Year's x5 -,0209%* .0133 1.57 1.48
Capital Gains X .0006 .0058 10 ‘
b Previous Year's x,, =-.0106* .0108 .98 1.20
Capital Gains x5  .0038 .00k .81 )
5 Previous Year's X1 -.0036%* .0100 .36 80
Capital Gains X, .0055 .0052 1.06 "
6 Previous Year's x, ~ --0002% .0100 .02 16
Capital Geins x22 .0050 .0051 .98 ¢
7 Previous Year's xo; .0012 0112 .11 1
Capitel Gains xo0  .00T6 .0052 1.47 -3

#Inconsistent with expectations

The results from using the relative price of machinery as a variable
in Group IV are given in Table 3.16. The introduction of the time variable
changed the signs of the coefficients in both expamsions and contractions

from Group III. The regression coefficients were statistically signifi-
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cant from zero and of about equal magnitude in contractions and expansions.
Since in some cases the coefficient for contractions was larger than for
expansions and in other cases the coefficient for expansions was larger
than for contractions and the two about balance out, the difference bet-
ween regression cosfficients could not be considered significant. The
test statistic for significent difference (t‘bibj) lends credsnce to this

conclusion.

TABLE 3.16 - RESULTS FROM USING THE RELATIVE PRICE OF MACHINERY AS
AN INDEPENDENT VARIABIE, GROUP IV

Form of Regression Standard Test statistics
Equation variable coefficient error (sy,) %y toibvy
1 Relative Price
of Machinery X3 -365.24 211.77 1.72 6
as Defined x,, -310.01  229.52 1.35 -3
2 Relative Price
of Machinery X, -231.18 169.33 1.37 10
as Defined ), -218.89 183.52 1.19 *
3 Relative Price
of Machinery X, -489.96 225.71 2.17 ol
as Defined X, <-525.35 246.58 2.13 :
b Relative Price
of Machinery x4 -340.24 182.30 1.87 48
a8 Defined xl&2 -396.73 199.15 1.99 :
5 Relative Price
of Machinery x),, -172.97 18%.95 .94 6
as Defined x,, -219.01  208.h3 1.05 -3
6 Relative Price
of Machinery xyy -131.47 167.01 .T9 05
a8 Defined xy, -137.49  186.81 Th )
7 Relative Price
of Machinery Xy -385.23 173.61 2.22 yo
as Defined x5 437.77 182.16 2.40 :

D e o
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Table 3.17 gives the results from using the price of labor relative
to machinery prices in Group IV. Similarly to Groups I and III, the re-
greasion coefficient for contractions was, in each case, a large negative,
and the regreasion coefficient for expansions was not significantly differ-
ent from zero. The differencs between the regression coefficient for

contractions as compared to expansions was very significant, statistically.

TABLE 3.17 - RESULTS FROM USING THE RELATIVE PRICE OF LABOR AS
AN INDEPENDERT VARIABLE, GROUP IV

Form of Regression Standard Test statistics
Equation variable coefficient srror (sy) tp thibg
3 Relative Price
of Labor X, -621.98*% 219.84 2.83 5.50
as Defined xgz - 31.78%  142.94 .22 -3
L Relative Price
of Labor X, 4T8.72*  177.55 2.70 ».28
as Defined xge - 43.29%  115.45 .38 .
5 Relative Price .
of Labor x -301.59% 174.99 1.72
51 1.85
as Defined X5 55.20 121.55 b5

#Inconsistent with expesctations

The results from using time as an indspendent variable in Group IV
are given in Table 3.18. The signs of the coefficients wers positive in
all cases for both contractions and expansions. The regression coeffici-
ents for expansions were always largsr than the onss for contractions with
the use of this varisble. This difference was statistically significant.
This finding, along with the other results are interpreted in the follow-

ing section.
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TABLE 3.18 - RESULTS FROM USING TIME AS
AN INDEPENDENT VARIABLE, GROUP IV

Form of Regression Standard Test statistics

Equation variable coafficient error (s-b) ty tyiby
b Tistea) 2 S B RN R
: ‘fi;;o.l) :2; 333 2(3)2 2:2; 1.47
> Sl o2l e 2
oW @ 3% 3R e
’ 'ﬁ’;io.l) :g; %% g:;g 2 3e 1.61
‘ (191041) :g; 5 §:§3 Lo 1.31
! %‘fi;iozl) ig’; 1222 ’3”3’?, ;.6(; 1.52
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Recapitulation and Interpretation of Results

The results from the preceding groups of equations are summarized and
interpreted from an overall standpoint undsr the heading of each indepen-
dent variable. Emphasis is placed upon interpretations of differences in
the relationships of variables over the business cycle that occurred in
the analysis since this was the purpose of the investigation.

Farm income. The results from the fitted equations indicated that
income changes during contractions are more closely related to machinery
purchases than similar changes in expansions. Farm income changes may
have a greater influence onm machinery purchases during conmtractions be-
cause: (1) farmers may be more careful or pessimistic as a result of a
beneral business decline and (2) credit may be harder to obtain with
lower incomes, thus multiplying the effect of the income decline. We
expect expenditures on machinery to be reduced as income is reduced;
however, the reduction in expenditures appears to be more than propor-
tional to income dscreases, Judging from the regression coefficients.

When both income of tha current ysar and of the preceding year were
used as varisbles, it was found that the previous year's income had con-
sistent signs during contractions and inconsistent signs during expan-
tions. Examination of the relation between farm incoms and farmers'
expenditures on tractors and machinery in Figure 3.0 suggests that
farmers reduce expenditures as a result of farm income decreases more
rapidly (in the current year) than they increase expenditures as a re-
sult of farm income increases (involves a lag of ebout one year). While
this phesnomenon has not occurred in all cases of farm income increases

and decreases, ths relation does asppear to have some degree of regularity.
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The relation found hsre could well be ths reason for a positive coeffi-

cient for current farm incomes in contractions and a nsgative coefficient
in expansions.

Since farm incoms was selected in part 2s a measure of the marginal
sfficiency of capital, why does a different relation hold between income
increases anl decreases and ths rate of machinery purchase? Dillard
gives a very plausible answer in this connsction.

The turning point from expansion to contraction is tkus explain-
ed by a collaspse in the marginal efficiency of capital. The change
from an upward to downward tendsncy takes place suddenly, and in
this respect differs from the turning point from contraction to
expansion, which occurs more gradually end often imperceptibly.2

This appears to be a fairly substantial reason for ths results obtained
and the relation svident in Figure 3.0. The relation suggests that per-
haps variables pertaining to direction of income change should be included
in the analysis. Aleo involved would be investigation of the duration of
such changes. Unfortunately, no systematic approach exists for ths treat-
ment of variables of this nature. Using such variables requires specific
assumptions which might prove incorrect. This would, of couras, lead to
classifications which are incorrect since othsr classifications would fit
the case equally well. Since no systematic method of examining the re-
sults of alternative classifications has been developsd, no attempts at
including variables dealing with direction and duration have been made.

Capital gains and losses. Indications from the fitted equations

suggsst that capital gains amd losses were associated with machinery pur-

chases during expansions, but that capital gains and losses were not as

2. Dillard, op. cit., p. 270.
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closely related to machinery purchases during contractions. Figure 3.1
shows ths relation between capital gains and losses and machinery pur-
chases plotted over time. This relation sxhibits a lag of about one
year between the capital gain or loss which leads machinsry purchases.
The results from the fitted equations also indicated this relation. The
relation in Figure 3.1 appears to have been closer before World War II
than eince, but the relation bstween the previous year's capital gain and
the current year's machinery purchase has still moved gensrally in the
seme direction. This mey bs caused by & reduction in the importance of
external credit as a source of capital formation since the war, for in-
come and savings accumulated during the war period may have been more
inportant.3

The regression coafficionte were, in some cases, significantly dif-
fersnt from zero, particularly in /expansions, and were not significantly
difforont from zero during contractions. This could be caused by one of
twvo things; either capital geins were not important in machinery purchases,
or the measure o0f capital gains used was not accurate enough. There does
not sppsar to be any particular reason for favoring either of these causes
over the other. In general, however, more support is marshalled for the
hypothesis that cepital gains and losses have besn important during ex-
pansions with respect to machinery purchases than the hypothesis that
capital geins and losses have been important during contractions in influ-
enging mechinery purchases.

Since capital gains and losses ars of ths "papsr" variety, and as such

are not realized as income by those who hold properties on which they

3. In this regard, see Tostlebe, Alvin S., Capital in Agriculture:
Its Formation and Financing since 1870, a study by the National Bureau of
Economic Research, Princeton, University Press, 1957, pp. lul-153.
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Figure 3.1 - Machinery Purchasss by Farmers Related to Capital
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accrue, there may be somes degree of "money illusion" in such gains. This
observation is suggested by the improved results from using capital gains
in current dollars rather than in deflated (constant) dollars. Why should
this illusion operate in connection with capital gains? Equity positions
of farmers are in money terms; thus a $10,000 mortgage on a $20,000 hold-
ing seems very serious both to the farmer and to financial institutions.
However, let the value of this property increase to $30,000 through price
level increases, and the $10,000 mortgage does not appear to be nearly
80 serious. As a result of the capital gain, the farmer is more likely
to use more credit which is now more available. If capital gains are
truly nonsignificent in the determination of machinery purchases, perhaps
the nonsignificant regression coefficients of equations one and two in
Group III which used deflated capital gains are the correct answer. Con-
versely, capital gains and losses, more accurstely measured, may be of
more importance than indicated by the results. It appears that this is
an area which should be investigated in greater detail.

Stocks of machinery on farms. The results from the use of the stocks

of machinery variable in the first group of equations have been inter-
preted in that section as a reflection of the 1hf1uonce of new technology
in agriculture. The relation betwsen estimated stocks of machinery and
machinery purchases as shown in Figure 3.2 has been close by definition.
Technological advances have continued over the period studied, thus
overpowering the relationship betwsen stocke of machinery on hand and
machinery purchases. The influence of technology on the coefficients of
the stock variasble asppeared to be greater in expansions than in contrac-
tions. Since the time variable was included in later analyses to obtain

a measure of the relationship between technological trend and machinery
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Figure 3.2 - Machinery Purchases by Farmers Related to Estimated

Stocks of Machinery on Farms, United States, 1910-56.
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purchases, further discussion of the stocks variable appears to be
superfluous.

The "real" price of machinery. The use of the price of machinery

relative to prices received by farmers resulted in the conclusion that
this variable is associated with machinery purchases in contractions and
in expansions in about the same manner. In the first group of equations,
the relative price of machinery appeared to be of more importance in con-
tractions. This tendency was not produced in all of the equations of the
group, however. In Group III, the regression coefficients were inconsis-
tent in sign. This inconsistency was clesared up for some reason by the
inclusion of the time variable in Group VI. Inclusion of the time vari-
able did not affect eithsr the sign or megnitude of other variasbles in-
cluded in the equations, however. The regression coefficients in Grouwp IV
indicated no pattern of consistency in greater magnituds for either con-
trac@ion or expamnsion.

Figure 3.2 shows the relation between the relative price of machinery
and machinery purchases plotted over tims. The relationship appears to be
a quite consistent inverse one, with purchases of mechinery rising and
falling as the relative price of machinery falls and rises respectively.
From the findings of the enslysis, it appears that farmers respond to
changes in the relative price of machinery in a similar menner in contrac-
tions and expansions.

The "real" price of labor. In each of the groups of equations, the

price of labor relative to the price of machinery had regression coeffici-
ents for contractions that were inconsistent and significently different
from zero and regression coefficients for expansiomns that were either

positive or negative and nonsignificant from zero. These results indicate
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Figure 3.3 - Machinery Purchase3 by Fermers Related to the
Relative Price of Machinery, United States, 1910-56.
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that there i1s a possible substitution of machinery for labor in expansions,
although the results were not significant, statistically. On the other
hand, in contractions, there are influences present that are not conducive
to this substitution. This may be explained in part by the magnitude of
the outlay that must be made for machinery as contrasted to hired labor,
i.e., machinery purchases require a ruch greater outlay than labor, thus
committing more resources and increasing the dangers of illiquidity.

Another possible explanation for the spparent lack of substitution
of machinery for labor in contractions is that since the marginel effici-
ency of capital is low, machinery is not purchased, and, in addition,
neither is labor hired. Checking this hypothesis requires aggregative
labor input data in a form not now available.

The price of hired farm labor relative to the price of machinery is
related to machinery purchases over time in Figure 3.4. The contractions
other than 1921 and thes early 30's appear to be quite important in the
formation of the regression coefficisents since these two periods appear
to display a direct relationship in Figure 3.L.

While the relative price of labor and farm income are intercorrelated,
it is doubtful if the intercorrelation distorts the results with this
variable so seriously. Exclusion of the relative price of labor from
some of the equations did not appear to elter the results of farm income
significantly, hence we would not expect the results of the relative price
of labor to be changed significantly if income were dropped from the form-
uletions.

Further interpreteation of the results obteined from the use of the
relative price of hired farm labor is deemed necessary. In Cromarty's

investigation of the demand for farm tractors and machinery, a negative



Figure 3.4 - Machinery Purchasss by Farmers Related to the
Relative Price of Farm Labor, United 3Jtates, 1910-56
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regression coefficient for the relative price of farm labor was obtained,
corresponding with the results obtained in this study. Here, negative
coefficients were obtained for contractions and nonsignificant positive
cosefficients were obtained for expansions. Cromarty interpreted the nega- |
tive coefficient as being the result of the price of hired farm labor
being an endogenous, rather than independent, variable. This in effect
meens that the relative price of hired farm labor is not important in the
substitution of machinery for labor, other influences being much more im-
portant. On this basis, hs used the industrial wage rate as a variable,
to get the effect of higher nonfarm wages (thus attracting labor from
farms) on farm machinery purchases. In this case he obtained consistent
reeults.l‘ An observation in comnection with the importance of the rela-
tive price of hired labor in machinery purchases appears appropriate.
Suppose a farmer has a tractor and other tractor bmred machinery on his
farm. Now suppose the price of hired labor dscreases relative to the
price of machinery. The farmer would be more likely, it appears, even
under these conditioms to buy, say, a cultivator for the tractor, than to
hire labor to work in its place.

It should be pointed out that hired labor has probably not been the
important part of the farm labor force, family labor being considered much
more important. Thus, we cannot expect to obtain the important part of
machinery - labor substitution by looking only at hired labor prices. As
previously mentioned, employment opportunities in the nonfarm economy are
probably very important in the movement of both hired and family labor
from the farm. These opportunities are in turn closely related to the

classification of expansion and contraction used in this study. Thus, we

4. Cromarty, op. cit.
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expect the greatest movement of labor from the farm during expansions and
hence the greatest substitution of machinery for labor during those times.

Time as a variable. One of the features which has characterized

American agriculture has been the rapid development of new technology.
Technological advances become available for adoption as they are discov-
ered over times. However, adoption is not automatic -- conditions must be
favorable for adoption to take place. These conditions are considered to
be more favorables in expansions than in contractioms.

To obtain a measure of the relationship between the "trend" of tech-
nological development and farm tractor and machinery purchases, the time
variable was introduced into the formulations in Group IV. The result
from this addition was that the regression coefficient for expansions was
larger and significantly different from the regression coefficient for
contractions. Thus, it appears that the effect of technological develop-
ment has been greater in expansions than in contractions, meaning that
these have been the periods when new technologies were adopted because of
conditions present. This result lends credence to the hypothesis that
the rate at which new inputs are purchased varies over the business cycle,
indicating that inputs in agriculture are added at a faster rate during
business expansions than during business contractions. It suggests the
Presence of new technology has had a much greater influence during expan-
sions when conditions have lead to better expectatioms of the future and
the means of purchase were available.

Expenditures versus shipments. The question of which is more appro-

priate dependent variable -- expenditures on machinery by farmers , Or

machinery shipments to dealers -- should be resolved.
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In the fitted equations, there were four sets of equations, each set
including the same independent variables. One of each set had expendi-
turss as the dependent varisbls, while the other had shipments as the
dependent variable. The results of these equations were very similar
whether fitted with expenditures or shipments. From this we may conclude
that either is equally good for our purposes. This is what we would
expect from appendix Tables 1 and 2 which show that these two series move
closely togethsr over time.

Variation in the unexplained residual. The use of the model employ-

ing synthetic variables was based upon the assumption that the error term
or unexplained residual of predicted from actuel machinery purchase wes
from the same distribution in contractions and expansions. That is to
say, the unexplained residual for contraction years was assumed not to
differ in magnitude in a regular pattern from the unsxplained residual
for expansion ysars. Due to ths enormity of the task of computing the
residuals for each of the fitted equations, it was decided that only a
limitsd number of equations should be examined in this regard. It was
falt that the residuals of the squations which were examined gave a fair
indication of the results of the other equations. ZEquations from Groups
I, III and IV were selacted for this purpose. No squation was selscted
from Group II because the formulations there were not investigated exten-
sively for reasons given when that group was discussed.

The residuals from squation one, Group I, are given in Figure 3.5 (A).
The residuals for contractions do not appear to diffsr in a regular
pattern in magnitude from those for expansions in this squation. Thers
does appear to be soms relation betwsen these residuals and time. Time

as a variable was not included in this equation, it will be remembersd.
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Figure 3.5 - Unexplained Residuals (Mil $)

A. Equation 1, Group I B. Equation 4, Grouwp III
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Tha greatest deviation, a3 in the residuals of other equations that were
plotted, was in 1943 when there were serious wartime shortages.

Figure 3.5 (B) gives ths residuals from equation four, Group III.
These residuals appear to demonstrate a cyclical behavior and were not
considered to be random from the pattern they displayed. The cyclical
pattern of these reasiduals indicate that the formulation in this case was
not satisfactory.

The residuals from equation six, Group IV, are given in Figure 3.6 (A).
The residuals in this case appesar to be more random in nature, and there
does not appear to be a consistent difference in the magnitude of contrac-
tion year residuals as compared to expansion yesar residuals. Purchases
wers over-estimated during the war years when there were shortagess and
under-estimated after ths war when backlogs of machinery orders existed.

Figure 3.6 (B) gives the residuals from equation five, Group IV,
vhich was the same as equation six when the relative price of labor added.
Residuals for contractions are of about equal magnitude as those for expan-
sions in this equation. The distribution of residuals appsars to be
fairly rendom with over-estimation occurring during the war and under-
estimation following the war.

In general, from the inspection of these residuals, it appears that
the assumption necessary for the use of the model employed in this study
was valid; the residuals for contractions do not appear to be of different
magnitude from those for contractions. Addition of ths time variable in
Group IV improved the pattern of the residuals consideradly from Group I

and Group ITI, further indicating the usefulness of the time variable.
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Figure 3.6 - Unexplained Residuals (Mil §)

A. Equatiom 6, Group IV B. Equation 5, Group IV
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CHAPTER IV

SUMMARY AND CONCLUSIONS

Tha study was developsd to determins if different relationships exist
between variables associated with farmers' purchases of tractors and mach-
insry and these purchases during different phases of the business cycle.
Ths period of time included in the investigation covered the years 1910
through 1956. Twenty equations in all, linear in the original varisbles,
were fitted by least squares techniques in the four groups of equations
examinsd in the analysis. The single equation models were constructed
with ths use of synthetic variables so that relationships of variables
during contractions could be compared with the relationships of corres-
ponding variables during expansions. Using such models, it was possible
to obtain indications of the differences in the relationships betwsen the
independent variables and machinery purchases during expensions and con-
tractions of the gemeral economy.

The results of the analysis indicated that the relationships bstween
variables have differed in different phases of the business cycle. With
respect to each independent variable, these differences may be summarized
as follows:

1. Changes in farm tractor and mechinery purchases appear to have
a closer relationship with changes in farm incoms in contractions than in
expansions. Regression coefficients for the income variable during con-
tractions were consistently larger than those for expamsions. The results
also suggest farm income has been of major importsmce in financimg mew

capital investment in recent decades.

TO
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2. Farm tractor and machinsry purchases appear to be related to
capital gains and losses during expansions, but the statistical results
failed to support the hypothesis that these purchases are associated with
capital gains and losses during contractions. The relation between capital
gains and losses and farm tractor apd machinery purcheses appears to have
been closer in years prior to World War II than since. This suggests that
perhaps external credit sources have played a less important role in
agricultural capital formation after the war than prior to that time.
While this may be the case, there is not reason for assuming that external
sources will continue to be less important thamn internal sources of finance.

3. The stock of machinery on farms as used in this study is admitt-
edly a rough spproximation, at best. Results indicated that "technological
trend" has overpowered the relation of this variable with farm tractor and
machinery purchases. This appears to be the case, more so in expansiomns
than in contractioms.

k. Regarding the "real" price of machinery, the results did not
reveal a consistent difference in the relationship during contractions
as compared to expansions. The results from the first group of equations
suggested that this variable is more closely related with machinery pur-
chases during contractions; however, results from other groups did not
display this consistency. The series, wvhen plotted, indicated the relation
has been consistently inverse. When one assesses these findings, the
conclusion wvhich appears to be most temabls is that the relatiomship during
expansions end comtractions has been epproximetely the sames.

5. There wvas a significant difference between the regression coeffi-
cient for the relative price of hired farm labor during contractions and

expansions. However, the sign of the coefficient for comtractioms was



inconsistent and the coefficient significant, while the coefficient for
expansions was consistent in sign but nonsignificant. Thus, the hypothe-
8is that the relative price of hired farm labor has been important in
machinery-labor substitution was not supported by these findings. However,
hired labor probably has not been the important part of the labor involved
in machinery-labor substitutiom.

6. The time variable, insofar as it reflecte the development of
technology for use in agriculture, indicates that farm tractor and mach-
inery purchases during expansions have been more closely related to the
presence of new technology than during contractions. New technology
appears to have been adopted at a faster rate during expansions than
during contractions.

The classification used in this study appears to be useful since
consistent differences in the relationships of variasbles were found in the
analysis. Apparently farmers do respond differently to certain changes
duriang diffsrent phases of ths nonfarm businsss cycle. This appesars to
be particulsrly so in ths case of technological deveiopment, as repre-
santed by cziendar tims, and ths results in the cases of incoms and cap-
ital gemins displayed consistent differences bstween contractions and ex-
pansions. There was a statistically significant difference between the
regression coefficients for ths relative price of hired farm labor in
expansions and contractions., However, it doces not appear that the price
of hired farm labor relative to the price of farm tractors and machinery
is an important factor in the purchase of farm machinery and trectors.
This conclusion in itself is important, but the significant difference
between contractions and expansions does not appear to be an important

finding. 1In total, it does appear the relationships between variables
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have not been the same during expansions and contractions from the find-
ings of this study.

Reference cycles of the general economy developed by the National
Bureau of Economic Research, along with changes in gross national product,
were used in making the classification. Thus, periocds of contraction and
periods of expansion are in terms of the general econcmy rather than in
terms of agriculture itself. Upswings and downswings in the farm econromy
have not always been concurrent with similar changes in the nonfarm
economy. This suggests the need for the development of reference cycles
for the farm economy based upon series in agriculture similar to those
used in developing series for the general economy. Then, using these as
a basis for classification, it would be possidble to investigate the ree-
ponse of agricultural producers to changes in variables in upéwings and
downswings in the farm economy to determine if the reactions of agricul-
tural producers during contractions were different from those made during
expansions. It appears that this method would give clues to whether
reactions of farmers during periods of contraction were reversals of the
actions taken during expansion periods. This, of course, refers to the
non-reversible nature of the supply curve for agriculture which has been
discussed at seversl points in recent literaturs. Much of the success of
using this method in en overasll sense will depend upon sbility to measure
input flows into and out of agriculture, vhich is a very difficult problem
in itself. In the case of tractors and machinery, flows out of agricul-
ture were assumed to be negligible because of their low salvage value
outside of agriculture.

There is also a need to develop methods of examining alternative

-~ classifications in doing studies of this nature; so that the most useful
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classification, in terms of the purpose of the study, is selscted. For
exanple, the farm income variable appears to exhibit a lag in expansioms
from contraction periods, but not in contractions from expansion periods.
The classifications, then, would have to deal with direction and duration
of the changes being classified.

The results from the use of the method outlined in this study suggest
that the use of time series esnalysis in the usual manner may tend to mask
the difference in relationships between independent and dependent variables
during expansions and contractions and that perhaps some of these relation-
ships should be re-examined in this regard. Howsver, limitations of form
and accuracy of data encountered in conventional time series methods are
not alleviated here. In addition, particularly when only a small number
of observations are available, the use of twice as many variables mekes
statisticelly significant results harder to obtain because of the literal
"burning up" of degrees of freedom. This latter point may be compensated
in part by éloser fits from using "split variables" although this aspect
was not checked in this study.

It should be recognized that the relationships analyzed in this
study are associations between variables as they have been estimated to
occur over time. Thus, the findings fall short of the most desired goal
-= that of determing cause-effect relationships. However, limitations as
to a suitable theory to use in this regard, along with accurate data to
test the theory, make the determination of the lines of causality imposs-
ible to achieve. These problems are inherent in investigations of this
nature; hence, these shortcomings are by no means unique to this study.

The demand models used in this analysis are admittedly naive in

nature and probvably far too simplified. This is probably particularly
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true with respect to expectations of the future which agricultursl pro-

ducers hold, represented by farm income, primarily, in this study. How-
ever, there are no apparent reasons why ths techmiques used in this study
cannot te epplied to more refined models in investigations of agricultural

producers responses during different phases of the business cycls.
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TEST OF SIGRIFICANT DIFFERENCE BEIWEEN
CORRESPONDING REGRESSION COEFFICIERTS

The regression coefficients for corresponding variables were tested
for significant difference by using the test statistic:

bi - bj
S‘/;ﬁ.* BJJ _ 2613

vhere the i th and j th regression coefficients are for corresponding

variables in contraction and expansion years, S is the standard error of
the estimate, and  ij is an elsment of the inverse matrix (s:l.j)'l, moments

being defined as:

N
°1J = E : Xin XJn .
ns

the appropriateness of the elements under the radical wes derived from

the expected value:

E[(bi - ﬁi) - (v -ﬁd):l
E[ (b1 - 01) + (b - pa) - 2(b1 - 61) (b3 - 63)]
vhere (1 and Bj are the true regression coefficients. This test is given

1

in Snedscor.” Also included in Snedscor's book is a discussion of elements

of an inverse matrix.2

1. Snedscor, George W., Statistical Methods, The Iowa State College
Press, Ames, Iowa, 1956, p.Wh2.

2. Ivid., pp.438-h4l. See also in this regard, Goulden, Cyril H.,
Methods of Statistical Analysis, Wiley, New York, 1952, Chapter 8.
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TABLE 1 - EXPENDITURES ON FARM TRACTCRS AND MACHINFRY, U.S., 1910-56

Gross Gross

expend- Index of mach- oexpend- Index of mach-
Year iture inery and Machinery Year iture inery and Mechinery

current tractor prices purchases current tractor prices purchases

Mil.$ (1937-41.100) Mil.$ (1937-412100)

(1) (2) (3) (1) (2) (3)

1910 264 64.5 409 1934 135 90.5 149
1911 265 64.5 k11 1935 278 9.6 294
1912 269 64.5 h17 1936 383 97.5 393
1913 263 64.5 408 1937 504 100.1 504
1914 272 64.5 422 1938 389 104.0 374
1915 272 66.5 409 1939 366 99.1 369
1916 267 69.7 383 1940 438 99.5 440
1917 282 79.4 357 1941 649 99.8 650
1918 359 100.0 359 1942 816 10L4.8 T79
1919 406 103.2 393 1943 499 106.9 467
1920 629 107.1 587 1944 1,016 111.3 913
1921 229 103.2 222 1945 990 113.3 87Tk
1922 214 92.3 232 1946 685 119.5 573
1923 289 96.0 301 1947 1,244 137.6 90k
1924 243 96.0 253 1948 1,820 158.9 1,145
1925 314 96.2 326 1949 2,022 176.1 1,148
1926 357 96.5 370 1950 1,957 178.0 1,099
1927 366 96.9 378 1951 2,270 192.0 1,182
1928 364 96.6 377 1952 2,033 196.8 1,033
1929 421 95.9 439 1953 1,890 195.7 966
1930 351 96.1 365 1954 1,793 197.5 908
1931 156 94,2 166 1955 1,778 200.8 88s
1932 61 90.0 68 1956 1,722 208.1 827
1933 59 97.8 60

—
——

Source: Col. 1, Farm Income Situatiom 164, July, 1957, Table 19, p.36.
Col. 2, 1910-1922, Policy for Commercial Agriculture, op. cit., Table C-9,
p. 853, 1923-56, AMS Constructed Index for Retail Tractor and Machinery
Prices, from the files of William Cromarty, Agricultural Economics Department,
M.S.U.. Col. 3, Col. 1 divided by Col. 2.
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TABLE 2 - TRACTOR AND MACHINERY SHIPMENTS TO DEALERS, U.S., 1910-56

Index of Index of
Shipments tractor and Shipments tractor and

Year current machinery Shipments Year current machinery Shipments

Mil.$ prices Mil.$ prices

(1937-412100) (1937-412100)

(1) (2) (3) (1) (2) (3)
1910 207 64.5 381 1934 221 90.5 24l
1911 212 64.5 389 1935 272 9.6 288
1912 237 64.5 kot 1936 366 97.5 375
1913 231 64.5 418 1937 463 100.1 463
1914 217 64.5 396 1938 384 104.0 369
1915 196 66.5 355 1939 379 99.1 382
1916 196 69.7 341 1940 387 9.5 389
1917 261 T9.4 389 1941 535 99.8 536
1918 342 100.0 o2 1942 512 104.8 489
1919 437 103.2 483 1943 296 106.9 277
1920 530 107.1 555 1944 546 111.3 491
1921 177 103.2 232 1945 606 113.3 535
1922 173 92.3 247 1946 718 119.5 601
1923 298 96.0 310 1947 1,082 137.6 786
1924 263 96.0 274 1948 1,453 158.9 914
1925 329 9.2 342 1949 1,492 176.1 847
1926 346 96.5 359 1950 1,496 178.0 840
1927 366 9.9 378 1951 1,852 192.0 965
1928 376 9.6 389 1952 1,589 196.8 807
1929 k20 9.9 438 1953 1,471 195.7 52
1930 290 96.1 302 1954 1,229 197.5 622
1931 195 ol.2 207 1955 1,402 200.8 698
1932 167 90.0 186 1956 1,173 208.1 564
1933 153 97.8 156

Source: Col. 1, 1910-22, Income Parity for Agriculture, Part II - Expenses
of Agriculture Production, Sec. 3, U.S.D.A., Washington, D.C., 1940, Table
28, p.65 adjusted to 1923-56 estimates by adding the mean difference betwsen
the series for 1923-30 which 1s 60; 1923-56 reproduced from Fact for Industry
from the files of William Cromarty, Agricultural Economics Department, M.S.U.
Col. 2, same as for Col. 2, Table 1. Col. 3, Col. 1 divided by Col. 2.
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TABLE 3 - NET CASH FARM INCOME, U.S., 1910-56

Prices paid Prices paid
Farm by : Farm by
Year income farmers Incoms Year income farmers Income
Mil.$ (1937-41a100) Mil.$ Mil.$ (1937-41e100) Mil.$

(1) (2) (3) (1) (2) (3)

1910 3,740 76.4 4,805 193% 3,718 94.5 3,934
1911 3,535 T7.2 4,579 1935 4,418 97.6 k,527
1912 3,776 79.5 4,750 1936 5,074 97.6 5,199
1913 3,890 719.5 4,893 1937 5,267 103.1 5,109
1914 3,648 81.1 4,498 1938 4,471 97.6 4,581
1915 3,967 82.7 b,797 1939 b 621 96.9 k,769
1916 4,945 91.3 5,416 1940 h,629 97.6 4,743
1917 7,310 116.5 6,215 1941 6,750 104.7 6,447
1918 9,058 136.2 6,651 1942 10,164 119.7 8,491
1919 9,690 155.1 6,248 1943 13,252 134.6 9,845
1920 17,268 168.5 4,313 1944 13,825 143.3 9,648
1921 3,937 122.0 3,227 1945 14,186 149.6 9,482
1922 4,396 118.9 3,697 1946 16,342 163.8 9,977
1923 5,123 125.2 k,092 1947 18,979 189.0 10,042
192k 5,509 126.0 h,372 1948 18,254 204.7 8,917
1925 6,296 129.1 4,877 1949 16,528 197.6 8,364
1926 5,843 126.0 4,637 1950 16,086 201.6 7,979
1927 6,004 125.2 4,796 1951 18,412 222.0 8,294
1928 5,950 127.6 4,663 1952 18,022 226.0 7,974
1929 6,383 126.0 5,066 1953 17,69& 219.7 8,054
1930 4,599 118.9 3,868 1954 16,192 221.3 7,317
1931 2,788 102.4 2,723 1955 15,695 221.3 7,092
1932 1,763 88.2 1,999 1956 16 ue 225.2 7,290
1933 2,568 85.8 2,993

Source: Col. 1, Farm Incoms Situstion 164, Total of cash receipts, Table
11, p.28 minus tho sum of taxes on farm property, interest on farm mortgage
debt, Table 15, p.32 and current farm operating expenses excluding hired

1a'bor, Teble 16, p.33. Col. 2, Policy for Commercial Agriculture, op.cit.,
Table C-9, p.853. Col. 3, Col. 1 divided by Col. 2.
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TABLE 4 - CAPITAL GAINS AND LOSS BY FARMERS IN HOLDING REAL

ESTATE, LIVESTOCK AND CROP INVENTORIES, U.S., 1909-1956

—— ————— —— ————— — ——— — — — —— — — — e
Yoar Real Estate Livestock Crops Total

Mil.$ Mil.$ Mil.$ Mil.$

(1) (2) (3) (4)

1909 900 676 147 1,722
1910 900 298 - 237 961
1911 932 - 155 323 1,100
1912 822 591 - 510 903
1913 815 348 431 1,594
1914 - 345 - 15 - 315 - 805
1915 »357 - 155 68 2,270
1916 2,922 5Th 898 4,194
1917 k,046 1,291 1,742 7,079
1918 P ,153 478 o84 4,915
1919 11,341 - 280 89 11,150
1920 -5,369 -1,896 -2,879 -10,1h4
1921 -7,029 -1,291 906 - 9,226
1922 - 929 271 €50 - 8
1923 -2,031 - 182 233 - 1,980
1924 - S5k6 188 555 197
1925 - 182 536 591 - 238
1926 -1,874 220 348 - 2,002
1927 - 849 489 223 340
1928 - 217 549 - 52 280
1929 719 158 (] - 802
1930 -h,765 -1.707 - 553 - 7,025
1931 -7,118 1,425 -1,030 - 9,573
1932 -6,899 - 666 - 5T - 8,136
1933 999 123 785 1,907
1934 64k 601 816 2,061
1935 597 »723 -1,057 1,264
1936 884 - 32 866 1,718
1937 - 78 50 -1,359 1,016
1938 -1,120 - 3 - 335 - 1,487
1939 - 483 - 188 362 309
1940 697 136 - 16 817
1941 2597 1,461 786 4,8l
1942 3,494 2,080 593 6,167
191"3 6 :Olh = 362 3372 T ,021&
1944 5,009 - 102 - 30 4,877
1945 6,354 ,018 Ly 7, 416
1946 7,234 2,644 897 10,775
1947 %,996 1,946 2,821 9,763
1948 2,738 1,393 -3,515 617
19!‘9 '1:597 ’1:992 5!‘7 - "":135
1950 11,315 4,227 ,181 15,724
1951 9,197 ,383 +320 11,900
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TABLE 4 - (Continued)

Yoar Real Eatate Livestock Crops Total

Mil.$ Mil.$ Mil.$ Mil.$

(1) (2) (3) (&)
1952 641 -5,132 200 - 4,290
1953 '1:91"8 '2:697 "10289 - 5)931"
1954 4,092 - 660 - 636 2,796
1355 3:872 - 732 -1,220 1,920
1956 6,817 303 Su7 7,666

Source: Col. 1, from Col. 6, Table 4a. Col. 2 from Col. 6 Table 4b.
Col. 3, from Col. 6, Table lkc.
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TABLE 4a - COMPUTATION OF CAPITAL GAINS AND LOSSES BY FARMERS
IN HOLDING FARM REAL ESTATE, U.S., 1909-1956

Change dua Change due

Annu=2) thangs Veiue Yelus o % ysar wna to physical to price
Year in value current constant of previous changs change

current year -100 current current
Mil.$ Mil.$ Mil.$ % Mil.$ Mil.$
(1) (2) (3) (%) (5) (6)

1909 - - - - - 9008

1910 1,249 34,793 27,857 - - 9008
1911 1,256 36,042 28,114 0.9 324 932
1912 1,158 37,298 28,363 0.9 336 822
1913 1,123 38,456 28,592 0.8 308 815
1914 11 39,579 28,848 0.9 356 - 345
1915 2,67k 39,590 29,089 0.8 317 2,357
1916 3,260 42,264 29,330 0.8 338 2,922
1917 4,456 45,504 29,580 0.9 410 4,046
1918 k,553 49,980 29,821 0.8 400 4,153
1919 11,777 54,533 30,062 0.8 436 11,34
1920 -4,839 66,310 30,306 0.8 530 -5,369
1921 -T,459 61,471 30,089 -0.7 -430 -7,029
1922 -1,307 54,012 29,890 -0.7 -378 - 929
1923 -2,242 52,705 29,760 -0.4 -211 -2,031
1924 -1,000 50,463 29,493 0.9 =454 - 546
1925 - 419 k9,463 29,320 0.6 -297 - 182
1926 -1,237 48,984 29,687 1.3 637 -1,87h4
1927 - 133 W, 747 30,124 1.5 716 - 849
1928 354 47,614 30,483 1.2 571 - 217
1929 - 95  b7,968 30,887 1.3 624 - 719
1-930 '!"’ » 1""3 "‘7 9873 31 :290 1. 3 622 :7b5
1931 -6,550 43,730 31,711 1.3 568 -7,118
1932 -6,378 37,180 32,163 1.k 521 -6 899
1933 1,399 30,802 32,595 1.3 400 999
1934 1,063 32,201 33,027 1.3 419 64
1935 996 33,264 33,431 1.2 399 597
1936 953 34,260 33,490 0.2 69 884
1937 - 43 35,213 33,536 0.1 35 - T8
1938 -1,085 35,170 33,559 0.1 35 -1,120
1939 - hig 34,085 33,581 0.1 34 - 483
1940 64 33,636 33,637 0.2 67 697
1941 3,147 34,400 34,161 1.6 550 2,597
1942 B,05T 37,547 34,669 1.5 563 3,494
1943 6,596 41,604 35,168 1.4 582 6,014
194k 5,684 48,200 35,677 1.4 675 5,009
1945 7,162 53, "8 36,212 1.5 808 6,354
1946 7,&17 61 o046 36,315 0.3 183 7,234

1947 5,201 68 ,463 36,416 0.3 205 b,
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TABLE 4a - (Continued)

Change dus Change due
Amnual changs Value Value in % year was to physical to price

Yoear in value current constant of previous change change
current yoar -100 current current
Mil.$ Mil.$ Mil.$ % Mil.$ Mil.$
(1) (2) (3) (4) (5) (6)
1948 2,959 3,664 36,522 0.3 221 2,738
1949 -1,367T 76,623 36,627 0.3 230 1,597
1950 11,542 75,256 36,728 0.3 226 11,316
1951 9,197 86,798 36,732 0.0 o 9,197
1952 641 95,995 36,737 0.0 0 641
1953 -1,948 96,636 36,730 0.0 0 1,948
1954 k,092 94,688 36,729 0.0 0 4,092
1955 3,872 98,780 36,721 0.0 0 3,872
1956 6,817 102,652 36,727 0.0 0 6,817
1957 - 109)!‘69 36 9722 - - -

rotimated at 1911 rats

Source: Col. 1, computed from Col. 2. Col. 2, Farm Real Egtate Market,
July 1956, p. 9, value on March 1. Col. 3, obtained by dividing Col. 2 by
index of value per acre (1940#100), Farm Real Estate Market, July 1956, p.9.

Col. 4, computed from Col. 3. Col. 5, Col. 4 times Col. 2. Col. 6, Col. 1
minus Col. 5.
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TABLE 4b - COMPUTATION OF CAPITAL GAINS AND LOSSES BY FARMERS
IN HOLDING LIVESTOCK INVENTORIES, U.S., 1909-1956

Value Total Change due Change due
Annual changs beginning inventory % year was to physical to price
Year in value of year 1in constant of previous changs change
current current end of year year -100 current current

Mil.$ Mil.$ Mil.$ % Mil.$ Mil.$

(1) (2) (3) (%) (5) (6)

1908 - - 6,626 - - -
1909 598 4,316 6,506 -1.8 - 18 676
1910 352 4,914 6,577 1.1 54 298
1911 - 229 5,266 6,484 -1.k4 - Th - 155
1912 611 5,037 6,513 0.4 20 591
1913 500 5,648 6,687 2.7 153 348
1914 144 6,148 6,999 b7 289 - 145
1915 65 6,292 7,246 3.5 220 - 155
1916 707 6,357 7,396 2.1 134 5Th
1917 1,489 7,064 7,601 2.8 198 1,291
1918 W69 8,553 7,597 =0.1 -9 478
1919 - 542 9,022 7,376 -2.9 -262 - 28
1920 -2,100 8,480 7,201 2.4 -20% -1,896
1921 -1,310 6,380 7,181 -0.3 - 19 -1,291
1922 296 5,070 7,216 0.5 25 271
1923 - 29 5,366 7,063 -2.1 -113 - 182
1924 - 50 5,071 6,732 4.7 -238 188
1925 365 5,021 6,501 -3.h4 -171 536
1926 134 5,386 6,396 -1.6 - 86 220
1927 506 5,520 6,418 0.3 17 489
1928 567 6,026 6,436 0.3 18 549
1929 - 19 6,593 6,514 1.2 79 - 158
1930 -1,655 6,51k 6,565 0.8 52 -1,707
1931 <1,304 4,859 6,729 2.5 121 1,425
1932 - 572 3,555 6,989 3.9 139 - 666
1933 186 2,983 7,137 2.1 63 123
1934 309 3,169 6,481 -9.2 -292 601
1935 1,706 3,478 6,450 0.5 - 17 1,723
1936 - 120 5,184 6,338 -1.7 - 88 - 32
1937 - 31 5,064 6,238 -1.6 -8 50
1938 59 5,033 6,352 1.8 91 32
1939 41 5,092 6,641 4.5 229 - 188
1940 192 5,133 6,711 1.1 136
1941 1,749 5,325 7,075 5.4 288 1,461
1942 2,568 7,074 7,562 6.9 488 2,080
1943 43 9,642 7,880 4,2 405 - 362
194k - 673 9,685 7,418 -5.9 =571 - 102
1945 730 9,012 7,182 -3.2 -288 1,018
1946 © 2,235 9,742 6,880 4.2 -409 2,644
1947 1,407 11,977 6,569 4.5 -539 1,946
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TABLE 4b - (Continued)

Value Total Change due Change due
Annual changs beginning inventory ¢ year was to physicel to price
Year in value of year in constant of previous change change
current current end of year year -100 current current
Mil.$ Mil.$ Mil.$ % Mil.$ Mil.$
(1) (2) (3) (&) (5) (6)
1948 1,273 13,384 6,507 -0.9 -120 1,393
1949 -1,757 14,657 6,614 1.6 235 -1,992
1950 4,227 12,900 4,800 0.0 0 4,227
1951 2,462 17,127 5,100 6.3 1,079 1,383
1952 -4,T40 19,589 5,200 2.0 392 =5,132
1953 -2,979 14,849 5,100 -1.9 -282 -2,697
1954 - 660 11,870 5,100 0.0 0] - 660
1955 - 508 11,210 5,200 2.0 224 - 732
1956 506 10,702 5,100 «1.9 203 303
1957 - - 5,000 - - -

Source: Col. 1, computed from Col. 2, Col. 2, 1909-49, Goldsmith, Raymond
W., A Study of Seving in the United States, Vol. I, Princeton Univ. Press,
1955, Table A-32, p. T797; 1950-5T7, Balance Sheet of Aggiculture, ARS, USDA,
Washington, D.C., 1951-57 annual issues. Col. 3, 1908-49, Goldsmith,
Raymond W., op cit.,, Table A-31, p. T795; 1950-56, Balance Sheet of Agricul-
ture, op. cit., 1951-57 annual issues. Col. 4, computed from Col. 3.

Col. 5, Col. 2 times Col. 4. Col. 6, Col. 1 minue Col. 5.
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TABLE 4c - COMPUTATION OF CAPITAL GAINS AND LOSSES BY FARMERS
IN HOLDING CROP INVENTORIES, U.S8., 1909-1956

Value Total _ Change due Change due
Annual change beginning inventory % year was to physical to price
Year in value of year in constant of previous change change
current current end of year year -100 current current
Mil.$ Mil.$ Mil.$ % Mil.$ Mil.$
(1) (2) (3) (4) (5) (6)
1908 - - 2,818 - - -
1909 336 2,203 3,061 8.6 189 147
1910 - 130 2,539 3,191 4.2 107 - 237
1011 34 2,409 2,808 -12.0 - 289 323
1912 145 2,443 3,561 26.8 655 - 510
1913 - 19 2,588 2,940 <17.4 - 450 431
1914 101 2,569 3,415 16.2 416 - 315
1915 212 2,670 3,599 5.4 144 68
1916 365 2 882 2,932 -18.5 - 533 898
1917 2,251 3, 2“7 3,392 15.7 510 1,742
1918 152 5,&98 3,312 - 2.4 132 284
1919 T2 5,650 3,302 - 0.3 17 89
1920 -1,477 5,722 4,111 24.5 1 ho2 -2 ,879
1921 -1,836 4,245 3,211 -21.9 930 906
1922 679 2,409 3,250 1.2 29 650
1923 239 3,088 3,25 0.2 6 232
1924 252 3,327 2,960 - 9.1 - 303 555
1925 - 19k 3,579 3,288 111 397 - 591
1926 - U480 3,385 3,160 - 3.9 132 348
1927 159 2,905 3,090 - 2.2 64 223
1928 3 3,064 3,146 1.8 55 - 52
1929 - 94 3,067 S9T4 - 5.5 169 5
1930 - 776 2,973 2,752 -7.5 223 - 553
1931 - 533 2,197 3,374 22.6 497 -1,030
1932 - 463 1,664 3,593 6.5 108 - 5
1933 576 1, 201 2,968 -17.% - 209 785
1934 230 .777 1,988 -33.0 586 816
1935 - 39 2,007 2,995 50.7 1 ,018 -1,057
1936 248 1,968 2,056 -31.4 - ‘618
1937 - 4o 2,216 3,280 59.5 »319 -1,359
1938 - 270 2,176 3,378 3.0 5 - 335
1939 265 1,906 3,206  -5.1 - 97 362
1940 93 2,171 3,365 5.0 109 - 16
1941 926 2,264 3,575 6.2 140 786
1942 1,174 3,190 4,224 18.2 581 593
1943 1,110 4,364 3,876 - 8.2 - 262 1,372
1944 205 5,474 3,971 b.3 235 - 30
1945 - k7 5,679 3,909 -16 - 91 bk
1946 1,201 5,632 4,121 5.4 304 897
1947 1,912 6,833 3,573  -13.3 - 909 2,821
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TABLE 4¢ - (Continued)

e——— — —— — e — — —
—— ——— — ——— —

Value Total Change due Change due
Annual change beginning inventory % year was to physical to price
Year in value of year 1in constant of previous change change
current current end of year year -100 current current
Mil.$ Mil.$ Mil.$ % Mil.$ Mil.$
(1) (2) (3) (k) (5) (6)
1948 -1,215 8,745 4,514 26.3 2,300 =3,515
191"9 '19571 7:530 3,901 ‘13-6 -1,02’4 = 51“7
1950 984 6,567 3,200 - 3.0 - 197 1,181
1951 852 7,551 3,000 - 6.2 - k68 1,320
1952 - T 8,403 2,900 - 3.3 - 277 200
1953 - 715 8,326 3,100 6.9 575 -1,290
1954 102 7,611 3,400 9.7 738 - 636
1955 - 765 7,713 3,600 5.9 455 -1,220
1956 352 6)91"8 3:500 - 2.8 - 195 5“‘7
1957 - 7,300 - - - -

Source: Col. 1, computed from Col. 2. Col. 2, 1909-1949, Goldsmith,
Raymond W., op. cit., Table A-32, p.797; 1950-56, Balance Sheet of Agri-
culture, op. cit., 1951-57 amnual issues. Col. 3, same source as Col. 2.
Col. E, computed from Col. 3. Col. 5, Col. 2 times Col. 4. Col. 6, Col. 1
minus Col. 5.
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TABLE 5 - STOCKS OF MACHINERY ON FARMS, U.S., 1910-1956

Expenditures Machinery stocks Expenditures Machinery stocks

on tractors & (sum of 8 previous on tractors & (sum of 8 previous

mechinery years weighted mechinery yoars weighted
Year (constant $) linearly) Yoar (constant $) linsarly)
(1) ‘ (2) (1) (2)
1902 356 - 1930 365 13,166
1903 271 - 1931 166 13,410
1904 298 - 1932 68 11,929
1905 302 - 1933 60 9,799
1906 362 - 1934 149 7,790
1907 363 - 1935 294 6,759
1908 34k - 1936 393 7,105
1909 412 - 1937 503 8,335
1910 409 12,692 1938 37h 10,425
1911 k11 13,256 1939 369 11,419
1912 h17 13,783 1940 4ho 12,364
19013 408 14,218 1941 650 13,674
1914 - k22 14,462 1942 T79 16,292
1915 409 1,712 1943 46T 19,352
1916 383 14,798 1944 913 19,286
1917 355 14,630 1945 874 22,615
1918 359 14,199 1946 573 25,112
1919 393 13,857 1947 90k 24,830
1920 587 13,837 1948 1,145 26,997
1921 222 15,387 1949 1,148 30,557
1922 232 13,847 1950 1,099 33,436
1923 301 12,573 1951 1,182 35,425
192k 253 12,041 1952 1,033 37,758
1925 326 11,233 1953 966 38,184
1926 370 11,139 1954 908 37,954
1927 378 11,426 1955 885 37,168
1928 377 11,766 1956 827 35,863
1929 439 12,113

Source: Col. 1, 1902-1909, Goldsmith, Reymond W., op. cit., tractors,
Table A-18, p.T777 and machinery Table A-16, p.773 adjusted to FIS series by
subtracting ths mean difference between the series from 1910-18 which wes
193; 1910-56, from Col. 3, Table 1. Col. 2, obtained by weighting eight
previous years expenditure linearly, i.e. for 1910 value, 1902 expenditure
times one, 1903 expenditure times two, etc.
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TABLE 6 - RELATIVE PRICE OF MACHINERY, U.S., -1910-56

Index of Index of

tractor and Prices Ratio tractor and Prices Retio

machinery received (relative machinery received (relative
Year prices by farmers price) Year prices by farmers price)

(1937-41+100) (1937-41s100)
(1) (2) (3) (1) (2) (3)

1910 64.5 97 .66 1934 90.5 8l 1.08
1911 64.5 87 Th 1935 94.6 101 .9k
1912 64.5 92 .T0 1936 97.5 106 .92
1913 6h.5 95 .68 1937 100.1 113 .89
1914 64.5 9k .69 1938 104.0 90 1.16
1915 66.5 92 .70 1939 99.1 88 1.13
1916 69.7 11 .63 1940 99.5 93 1.07
1917 79.4 165 48 1941 99.8 115 .87
1018 100.0 191 .52 1942 104.8 148 Tl
1919 103.2 202 .51 1943 106.9 179 .60
1920 107.1 196 .5% 194k 111.3 183 .61
1921 103.2 115 .93 1945 113.3 192 .59
1922 92.3 122 .76 1946 119.5 219 .55
1923 96.0 132 .13 1947 137.6 257 <S4
1924 96.0 133 .12 1948 158.9 267 .60
1925 96.2 145 .66 1949 176.1 232 .T6
1926 96.5 135 T 1950 178.0 240 Th
1927 96.9 130 15 1951 192.0 281 .68
1928 96.6 138 .T0 1952 196. 268 .T3
1929 95.9 138 .69 1953 -195.7 240 81
1930 96.1 16 .83 1954 197.5 231 .85
1931 94,2 81 1.16 1955 200.8 219 .92
1932 90.0 60 1.50 1956 208.1 218 .95
1933 97.8 65 1.50

Source: Col. 1, same as Col. 2, Table 1. Col. 2, Policy for Commercial
Agriculture, op. cit., Table C-8, p.852. Col. 3, Col. 1 divided by Col. 2.



Index of tractor and Ratio
farm wage machinery (relative

TABLE 7 - RELATIVE FRICE OF FARM LABOR, U.S., 1910-56

Index of tractor and Ratio
farm wage machinery (relative

Year price) rates price)
(1937-412100) (1937-%14100)
(3) (1) (3)

1910 T2.0 64.5 1.12 4.3 90.5 .82
91 73.5 64.5 1.14 80.3 k.6 .85
1912 75.8 64.5 1.18 85.5 97.5 .88
1913 78.0 64.5 1.21 96.8 100.1 .97
1914 75.8 64.5 1.18 97.5 10%.0 .9k
1915 75.8 66.5 1.1% 95.3 99.1 .96
1916 84.0 69.7 1.21 9.8 99.5 .97
1917 105.8 79.4 1.33 113.3 99.8 1.14
1918 132.8 100.0 1.33 147.8 104.8 1.h1
1919 154.5 103.2 1.50 196.5 106.9 1.8
1920 180.8 107.1 1.69 238.5 111.3 2.14
1921 117.0 103.2 1.13 269.3 113.3 2.38
1922 115.5 92.3 1.25 290.3 119.5 2.43
1923 . 96.0 1.3 314, 137.6 2.28
1924 96.0 1.k2 331.5 158.9 2.09
1925 96.2 1.41 322.5 176.1 1.83
1926 9%.5 1.%2 318.8 178.0 1.79
1927 9.9 1.42 352.5 192.0 1.84
1928 9.6 1.43 377.3 196.8 1.92
1929 95.9 1.45 384.8 195.7 1.97
1930 96.1 1.38 382.5 197.5 1.94
1931 9k.2 1.1 387.0 200.8 1.93
1932 90.0 .87 402.0 208.1 1.93
1933 97.8 .67

Source: Col. 1, Policy for Commercial Agriculture, op. cit., Table C-9,

p.853.

Col. 2, same source as for Col. 2, Table 1.
divided by Col. 2.

Col. 3, Col. 1
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TABLE 8 - PERCENT OF LABOR FORCE EMPLOYED, U.S., 1910-56

% labor % labor

Year force employed Year force employed
1910 100 1934 T8
o1 9T 1935 80
912 99 1936 83
1913 99 1937 86
1914 9% 1938 81
1915 93 1939 83
1916 98 1940 85
1917 103 1941 92
1918 105 1942 - 101
1919 99 1943 109
1920 97 19k 11
1921 87 1945 108
1922 91 1946 96
1923 96 1947 96
1924 93 1948 9T
1925 95 1949 9%
1926 96 1950 95
1927 95 1951 97
1928 95 1952 97
1929 44 1953 98
1930 91 1954 95
1931 83 1955 9%
1932 T7 1956 96
1933 5

Source: 1910-45, Jomson, Glemn L., "Allocative Efficiency of Agricultural
Prices -- As Affacted by Changss in the General Level of Employment”,
unpublished doctor of philosophy dissertation, Department of Economics,
University of Chicago, 1949, Plate VI, p.61; 1946-56, Economic Report of
the President, United States Government Printing Office, Washingtom, 1957,
Table E-17, p.140.
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