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ABSTRACT
DENAND ANALYSIS FOR

COMBINES, PICK-UP BALERS
AND FORAGE HARVESTERS

by Eldon Reiling

Producers of farm machinery (and other
durable goods) are confronted with the task of
planning production for a future period. This
study illustrates a method of predicting shipments
in a future period; that is, single-equation
regression models were developed to predict the
manufacturers!' shipments of combines (self-propelled
and pull-type), pick-up balers and forage harvesters
in the next calendar year.

Secondary data for the period 1947 through
1959 were used. These data were drawn largely from
publications of the U.S. Departments of Agriculture,
Commerce and Labor.

The independent variables used in predicting
shipments of self-propelled combines were wholesale
price index (W.P.I.) of self-propelled combines,
total net income of farm operators the previous
year and acres of crops per farm. An adjusted
coefficient of multiple correlation (Re) of 904

was yielded by the model.
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The W,P.I. of pull-type combines divided by
the prices received for all crops, total net income
of farm operators lagged one year, and W.P.I. of
pull-type combines were used as independent vari-
ables in the prediction model for shipments of
pull-type combines, The model yielded an Re of .628,

The model for pick-up balers using receipts
from dairy and beef in the prior year, the W.P.I.
of balers divided by the W.P.I. of forage harvesters,
W.P.I. of balers, and the number of balers and har-
vesters scrapped during the previous period as
independent variables yielded an Re of .624.

The model predicting shipments of forage
harvesters yielded an Fe of .454 using receipts from
dairy and beef the previous year, relative price of
harvesters to balers, W.,P.lI. of forage harvesters,
and the number of balers and harvesters scranped the
previous year.

Because a standard of current industry
practice was not found, the results of the regression
models were compared with a model which assumed that
shipments of the current year would be equal to the
shipments of the preceding year. The standard devi-
ation and mean deviation using the regression model

were smaller than for this alternative model in all
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cases.,

Future revisions of the models might devote
further attention to problems such as the speciali-
zation of the machines, the use of income as a
variable, inventory levels of machines and the used
machinery market. These problems were investigated

but appear to warrant further attention.
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CHAPTER I

INTRODUCTION

All economic planning - whether by busi-
ness, by government, or by consumers - involves
making assumptions regarding the future. Fre-
diction is an aspect of life which can not be
avoided., This is true of the business firm
budgeting its operations for the coming year; it
is equally true of the consumer as he tries to plan
his activities of the future period.

Forecasting can be viewed from many dif-
ferent aspects; it can be long-run or short-run
or can engulf a large segment of the economy as
contrasted with a restricted industry. The assump-
tions and techniques vary with the kind of planning
needed, This study is restricted to the task of
predicting manufacturers' shipments of self-pro-
pelled combines, pull-type combines, field forage
harvesters and pick-up balers,

Prediction and explanation are not always
the same or found together., It is possible to pre-

dict without explaining; however, if explanation is

1



possible then prediction follows., It is possible
to predict without explaining because there may
exist phenomena that are correlated with the item
in question, and these correlations make it poss-
ible to infer predictions. Where it is possible
to explain events predictions differ not in logic,
but only in the temporal point of the observer., If
the result has occurred, the search is for the
events and laws leading up to the result. This is
explanation, But with prediction, the events and
laws are available and from these the results must
be deduced,

A methodological problem arises in a demand
study where the demand for a particular item is in
question, Two different approaches may be taken.
One method is to develop a model which will yield
predictions of future demand for the entire industry
of which the specific item is a part. Then, assum-
ing knowledge of the interrelations among the
specific items is known, the demand for any specific
item can be deduced, The second method is to arrive
at some estimates of demand for each specific item
and aggregate these individual demands to arrive at
the industry demand.

The knowledge of the relations between

specific machines is not sufficient at this time to



use the first method. Therefore, this study will
concentrate on the latter approach by making fore-
casts for individual machines. From these estimates
and others of this nature, such as the tractor and
machinery study by Cromartyl, it may be possible to
develop an overall picture of the farm equipment
industry with an understanding of the interrelations

among the various segments,

The Problem Setting

Business firms are currently making these
estimates of shipments using a great variety of
devices ranging from naive expectation models2 to
more refined procedures involving econometric models
where mathematics, statistics and economic theory
are used, A large mass of literature has been pub-
lished about the technique, methodology and organi-
zation involved in the estimétion of future sales,.
Few of the writings really attempt to answer the
question of how and on what grounds the prediction

is made; instead they concentrate on the organi-

lWilliam A, Cromarty, The Demand for Farm

Machinery and Tractors, Technical Bulletin 27/5
(Michigan State University Agricultural Experiment
Station, East Lansing, Michigan, 1959),

2Naive models refer to models utilizing only
a very small portion of the relevant information
which might be appropriate,
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zational aspects of estimation procedures.

D, Gale Johnson lists several naive expec=-
tation models used by farmers estimating future
prices.3 They are equally applicable to industry
and to production as well., They are:

(1) Project the current price into the future.

(2) Project the trend in prices over some past
peI‘iOd.

(3) Project prices as normal, that is, "normal
prices" in the future will be the same as
the average for some past period.

(4) Believe that future prices will be more
nearly "normal" than present prices but that
there will still be a fairly high correlation
with present prices., (lMay heavily weight
more recent years.,)

(5) Select some particular time or period of time
in the past as determining anticipations and
disregard the time before and after (important
with historical events, for example, war,
drought, and so forth),

It is difficult to say just how much these
naive models are used by manufacturers., It can be
said with some certainty that they are used, but
they are, in all probability, not used singly but
in conjunction with other information.

Personal judgment pervades all possible
techniques of estimation, but there is a fore-

casting technique which employs personal Jjudgment

5D. Gale Johnson, Forward Prices in Agricul-
ture (Chicago: University oI Chicago Fress, IéT?;,

PPe /4=76,




alone, This involves a survey of the executives,
the sales force, and outsiders such as consultants
or suppliers., According to C. M. Crawford, "These
individuals may be asked to make a direct estimate
of total company sales or any segment thereof, More
commonly, the judgment is directed first at the
level of industry. In this way, a product-by-
product analysis is made by the person involved;

and he may even be asked to make the next step of
estimating company share, Furthermore, the judgment
may relate to general business conditions or to
expected behavior in certain segments of the
economy. Finally, the firm's specialists are
frequently qualified to express opinions regarding
certain aspects of the effectiveness of various

planned activities."4

A weakness of this method is
that goals or objectives of the top executives are
often known which tends to bias the survey toward
that figure., Also, persons involved in the survey
frequently lack sufficient data and knowledge of the
overall picture to make accurate decisions of this
type.

Where the survey technique is employed in a

committee, the individual in charge of presenting

4C. M, .Crawford, Sales Forecasting, Methods
of Selected Firms (Urbana: University of lllinois,
s DPe <l




background information such as general economic
activity, current sales, and so forth, may bias the
judgment of the group by the material presented or
omitted. There is also the problem of conjectural
interdependence, where each individual is trying to
take into consideration what the other person will
do, and at the same time, consider the other person's
reaction to his own acts. The group decision has
certain advantages, however, The most important is
the pooling of specialized knowledge. The special-
ized facts are .not so important as the judgment
which can be applied to these facts in determining
consequences of various alternatives. Another
advantage of this method is that the surveyor need
not be a statistician nor any other kind of special-
ist. The technique is a normal human procedure.
Crawford generalizes that this technigue along with
one or more other techniques is used by almost all
firms which forecast sales.

Surveys of purchaser intentions is a second
technique used to make predictions of sales of a
future period. Frospective purchasers are inter-
viewed to determine if they intend to buy a given
product in a given future period of time. The
logic of the idea is good; the buyer seems to be

the appropriate individual to ask, but there are



certain assumptions which must be met., The re-
spondent is assumed to answer honestly without
omissions. The validation of this assumption
depends partially on the type of question asked;
for example, is the question personal or does it
reflect on the respondent's status in any way?

If there is any knowledge of the distribution of
the bias, it may be possible to compensate for it.
Respondents are also assumed to be able to predict
the future and know how they will react under the
different possible conditions. From this assump-
tion it follows that respondents have plans of
purchasing products in the future and these plans
are specific with respect to price, quality and
time. The respondents will also have the ability
to pay at the future date. These assumptions are
quite restricting. Crawford5 concluded that in
spite of many attempts to apply the survey tech-
nique, adoption has not been widespread. Wright
and Vincent6 conducted a research project in

Michigan where they studied the relationship of

2Tbid., pe 29.

6K. T. Wright and W. H. Vincent, "Intended
and Actual Tractor Purchases by Farmers in Michigan,
1959", Quarterly Bulletin of Michigan Agricultural
Experiment Station, Vol. 44, (Fast Lansing, hichigan
State University, 1961), pp. 334-360.




intended and actual tractor purchases by Michigan
farmers in 1959. A general conclusion was that
about half of those farmers who indicated there

was "some chance" of a purchase actually purchased
tractors, Of the 72 percent of the farmers indi-
cating there was "no chance" of a purchase, 14
percent did purchase a tractor. If sufficient data
of this type are collected in the future, it may be
possible to use this method more extensively.
Additional experience may enable researchers to
adjust the divergence between intentions and prac-
tices to yield more useful predictions,

Analytical techniques, as a third approach
to the problem, have gained in use in recent years,
but are still not widely accepted. Analytical
techniques involve the use of specified variables
applied in some particular manner, At the lower
end of this methodological continuum, an index or
collection of indexes may be used to make forecasts.
At the upper end of this continuum falls the field
of econometrics. One of the principle contributions
of econometrics has been the encouragement of
model building. The function of model building
and analysis is not to replace intuition and judg-
ment, but rather to support them with the tools

for handling complexity and uncertainty with which



the human intuitions can not cope unaided, It must
be kept in mind that no model can be constructed to
describe reality, if for no other reason than the

computational problem,

The Problem

The task of this thesis is not to explain
the demand function for agricultural machinery. Much
more must be known before this can be done,

The problem is that of examining shipments of
new self-propelled combines, pull-type combines,
pick-up balers and forage harvesters to determine
the variables associated with changes in the rate of

shipment of these machines,

Scope and Objectives

Investments which farmers have made in new
combines, forage harvesters and pick-up balers over
the period 1947 through 1959 are investigated in
this study.

The primary objective is to develop single-
equation regression models which will be useful as
prediction equations for manufacturers' shipments
of the respective machines., A secondary objective
is to explain the demand for these machines., The
achievement of the first objective is necessary for

the second, but is not sufficient,
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Apparent Industry Practice

A search of the literature for a standard
of current industry practice was disappointing.

From the literature discussing the models used and
the information utilized by the models no conclusion
can be drawn as to Just how the decision to produce
a particular number of machines next year is reached,
Granting that no manufacturer uses only naive models
to determine this period's production, it may still
be useful to compare the results of using the single
equation regression models used in this thesis
relative to the results yielded by a particular naive
model, The particular naive model used as a basis

of comparison in the balance of the thesis is the
number of units shipped last year will equal this
year's shipments,

Taking self-propelled combines as an ex-
ample: the standard deviation of the estimates of
self-propelled combine shipments using the naive
model was 5802 units as compared to the single
equation regression estimates of 1965 units. The
error using the regression model is, in this case,
roughly one third the error of the naive model,

The mean deviation of the realized shipments from
the estimated shipments using the naive model was

3242 units as compared to 1300 units using the
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regression model.

This lends some support to the use of the
pedestrian single-equation least squares regression
model as a tool for use in demand analysis. Results
of the model compare favorably with the naive model
and yet require a minimum of time and calculating
equipment, Before examining the equations used in
this study and the rationale of the individual
variables, a review of past published research of
the demand for farm machines will give a background

for this study.



CHAPTER II

REVIEW OF PREVIOUS DEMAND
STUDIES OF FARM EQUIPNENT

Introduction

The economics of the farm equipment industry
has received only limited attention in the past,
Included in the farm equipment industry, as used
here, are the manufacturers (who are normally also
the wholesalers) and the retailers. Of the few
studies done in recent years on the market char-
acteristics in the farm equipment industry, the
work done at Michigan State University by Cromarty
is probably the most significant, Cromarty did a
detailed study of the factors affecting demand for
wheel=type tractors including units used in the
construction industry, but excluding garden trac-
tors. Closely felated to this work was his study
of the market characteristics affecting demand for
all other farm machinery as a group. Z%. Griliches
of the University of Chicago did a similar study
on the domestic tractor market. Each of these

studies will be discussed in the following pages.

12
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Cromarty's Study of the
Demand for Farm Machlnery

Cromartyl first used a simple one-equation
system fitted by "least squares" procedure., The
variable to be explained was the physical volume
of manufacturers' shipments of farm machinery for
farm use in the United States. The time period
covered in the sample observations was for the
calendar years 1923-1954 inclusive, a total of 3%2
observations. His equation for estimating the
quantity of machinery purchased by farmers was:
1-1 Yl = 2,397,952 - 702.5Y6 + 255.822

(450.0) (255.4)

- 1206.3Z, + 28.82Z, + 15.62

3 4
(257.0)  (46.3) (4.1)

5

+ 38,62, + 1232.,9Z2, - 433,02

6 7 9

(22.4)  (2549.6)  (126.5)
(where the standard error is given in parentheses
below each parameter estimate)
The coefficient of multiple determination
adjusted for the number of degrees of freedom

equaled .95,

1 .

Cromarty, op. cit,

William A. gromarfy, The Market for Farm
Trucks, Technical Bulletin No. Z/1 (liichigan State
University Agricultural Experiment Station, East

Lansing, Michigan, 1959).
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the value of manufacturers! sales of
farm machinery and equipment for use

on farms, in dollars, deflated by the
wholesale price index for farm machinery
including tractors, The wholesale price
index is on the basis of (1947-49 =
1000). The deflating procedure reduces
manufacturers! shipments in value terms
to shipments in quantity terms. The
value figures are based on factory
prices and refer only to sales by
manufacturers to dealers and do not
cover sales by dealers to consumers,

It thus assumes constant inventory
levels at the dealer level,

the wholesale price index for farm
machinery including tractors, deflated
by the wholesale price index for all
commodities, (1947-49 = 1000).

the index of prices received by farmers
for crops and livestock (1910-14 = 100)
deflated by the wholesale price index
for all commodities, (1947-49 = 100),
Resulting index multiplied by 1000.

the index of prices paid by farmers for
items used in production excluding wages
and the components of farm machinery
and motor vehicles (1910-14 = 100)
deflated by the wholesale price index
for all commodities, (1947-49 = 100),
Resulting index multiplied by 1000,

the value of farm machinery on farms
at the beginning of each year, in
millions of dollars.,

the asset position of farmers at the
beginning of the year, in millions of
dollars, deflated by the wholesale
price index for all commodities,
(1947-49 = 100)., This variable rep-
resents proprietor's equity weighted
further by liquid assets and current
liabilities,

realized net farm income for the pre-
vious year, in millions of dollars

deflated by the wholesale price in&ex
for all commodities, (1947-49 = 100).
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Z7 = the average acreage of cropland per
farm, in tenths of acres,

Z9 = an index of farm labor costs (1910-14
= 100) deflated by the wholesale price
indgx for all commodities, (1947-49 =
100).

A reformulation of equation 1-1 was made in
which Zq, the stock of machinery on farms, was
omitted, The results for the remaining variables
were comparable to 1-1 but were associated with
smaller standard errors.

1-2 Yl = 1,536,702 = 649.077Y6 = 275.78922
(436.1) (244.9)

- 1219.,404Z, + 16,760Z. + 30,4822

> 5 6

(252.8) (3.6) (18.0)

* 2620,%612, - 444,105Z

7
(1228.1) (123.6)

2

The results indicate that a 10 percent
increase in machinery prices has, on the average,
been accompanied by a 10 percent decline in machin-
ery purchases,

A 10 percent increase in prices received
by farmers was associated with a 7 percent increase
in machinery purchases,

A 10 percent increase in the value of all
farm assets was associated with a 6 percent in-

crease in machinery purchases,
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A 10 percent increase in net farm income
for the previous year was accompanied by a 5
percent increase in machinery purchases,

The amount of machinery on farms at the
beginning of the year appears to have no effect
on the quantity purchased during the year. The
rapid technological advance in farming and farm
machinery seemed to explain the unimportance of
this variable,.

The variable concerned with the average
size of farm was related to machinery purchases
and included the influences of increased crop
specialization and intensity of land use.

The negative sign of the farm labor cost
variable was contrary to Cromarty's hypothesis
that labor and machinery are substitutes., This
sign was probably due to the strong influence of
technological development, The productivity of
the labor was increasing faster, due to the in-
creased use of machines, than was the labor cost,

Cromarty reformulated the demand for all
farm machinery utilizing the "limited information,
maximum likelihood" method., This method permits
estimation of one equation at a time, with the
simultaneity implied by a system of equations

taken into account in the computations, but
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information on the particular variables that
appear in each of the equations in the system is
ignored., The system of equations estimated in-
cluded machinery production, sales and prices,
In this multi-equational model the time period of
sample observations were changed to 1926-1955
inclusive, omitting the year 1943, War demands
on materials severely restricted the production
of farm machinery in 1943,

Cromarty's equation using the limited
information method for estimating the quantity
of machinery shipped by manufacturers was:
1-3 X

= 24970 - 20,76Y, - 8.60Z, + 0.27%,

1 1

(10.0) (10.27) (0.27)

+ 8.96Z, + 512.83%
(4.4) (391.7)

Y, = value of domestic farm machinery ship-
ments, in thousands of dollars, de-
flated by the retail price index for
farm machinery, (1947-49 = 100).

>

Y6 = retail price index for farm machinery
deflated by the wholesale price index
for all commodities, (1947-49 = 1000).

Zl = the ratio of prices received by farmers
to prices paid by farmers, (1910-14
= 1000),

Z2 = the value of assets held by farmers at
the beginning of the year, deflated by
the wholesale price index, in tens of
millions of dollars,
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Z,+ = industrial wages rates deflated by
the index of wholesale prices for all
commodities, in tenths of cents per
hour,

Z5 = g quantified measure of farm price
programs.,

The results showed an even higher price
elasticity using the limited information method.

A 10 percent change in the retail price of machin-
ery in real terms was, on the average, accompanied
by a 25 percent change in machinery purchases in
the opposite direction,.

A 10 percent increase in farm assets was
accompanied by a 4 percent increase in machinery
purchases, .

Cromarty debated whether he should use farm
wage rates or industrial wage rates., He used the
industrial wage rates hypothesizing that high
industrial wages would encourage workers to move
off the farm, To sustain current production more
farm machinery would then be needed. Judging from
the statistical estimates there was good evidence
to support this,.

The parity ratio variable yielded a neg-
ative sign, opposite to that expected. Cromarty
suggested that possibly farmer's decisions to
purchase machinery were not governed by prices as

they develop during the year, but were made before
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farm prices were known and had only an expected
value,

The quantified measure of farm price pro-
grams, Z5, was actually an involved dummy variable
which attempted to measure some of the political
influences at work in the economy over time, The
approach used was to consider the basic commodities
and observe if:

(1) price supports were fixed at levels of 85
percent or more,

(2) flexible price supports were in operation.
(3) no price programs were in operation.

(4) soil bank or other similar types of programs
were in operation,

(5) a Democrat or Republican held the presidency.

From those data a series on Z5 was con-
structed with positive values resulting from (1)
and a Democrat president, negative values from (2)
and (4), and O values for (3). The results of the
analysis showed that farm purchases have tended to
be higher when a combination of high, fixed price
supports, no soil bank and a Democratic president
were in existence.

The second equation of the system using the
limited information method was concerned with the

retail price of farm machinery,
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1-4 Y6 = =914,12 + ,042Y. + 1.,407Z,5 + .004Z

1 9 3

(011) (.228) (,017)

Y6 = the retail price index for farm machin-
ery deflated by the wholesale price
index for all commodities, (1947-49
= 1000).

Y. = the value of domestic farm machinery

shipments in thousands of dollars,

deflated by the retail price index for

farm machinery, (1947-49 = 100).

Z9 = the wholesale price index for farm
machinery deflated by the wholesale

price index for all commodities, (1947-
49 = 1000).

g = the change in manufacturers' inventories
of farm machinery for the preceding year,
in thousand dollars, deflated by the
retail price index for machinery, (1947-
49 = 100),

This equation, treating the wholesale price
as pre-determined, assumed that the manufacturers
set the price at the beginning of the period and
all price fluctuations were then at the retail
level, The statistical estimates of wholesale
price indicates that wholesale and retail prices
move together, The difference between the two being
the price discounts or premiums charged by dealers,

Cromarty had no adequate measure of farm
machinery inventories, either at the retail or
wholesale level, He felt that inventories had
important effects upon price, so he included as much
of the effects of inventories on prices as possible

by using a measure of the change in inventories at
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the manufacturing level rather than the absolute
level by calculating the difference between manu-
facturers' production and sales of the previous
year.

The third equation of the system using the
limited information method deals with the production
of farm machinery.

- .884Z_ + ,262Z

1-5 = 537.54 + J140Y, 6

(.052)  (.523)  (.646)

9 9

+ . O96Y7_3'
(«113)

Y7 = the value of farm machinery produced
by manufacturers, in thousand dollars,
divided by the retail price of farm
machinery, (1947-49 = 100),

Y, = value of domestic farm machinery ship-

1 nents, in thousand dollars, divided by
the retail price of farm machinery,
(1947-49 = 100).

Z

6 = the price per ton of steel deflated by
the wholesale price index for all com-
modities, (1947-49 = 1000),

29 = the wholesale price index for farm
machinery deflated by the wholesale
price index for all commodities, (1947-
49 = 1000),

Y743 = a measure of plant capacity, as measured
by the average value of farm machinery
produced during the past 3 years, in
thousand dollars, divided by the retail
price of farm machinery, (1947-49 = 1000).

The hypothesis that manufacturers adjust

production in response to sales was supported by the



22

positive sign for machinery shipments. Some caution
is warranted here due to the assumption that ship-
ments by manufacturers are synonymous with sales

by retailers, Taken over a period of time, this

was probably a Jjustifiable assumption.

The price of steel was a measure of manu-
facturers! production costs. Cromarty omitted the
industrial wage rate because of the high correlation
between it and the price of steel, The negative
sign suggests a cut-back in machinery production as
steel prices and/or industrial wages rise,

The wholesale prices of machinery were again
treated as pre-determined and, as such, they were a
partial determinant of the quantity of machinery
produced,

The variable which measures the industry's
capacity to produce was added with the hypothesis
that manufacturers attempted to approximate the
production of a recent period. The positive sign
supports this hypothesis, but one coefficient did
not differ from zero at a 10 percent level of

significance,

Cromarty's Study of the
Demand %or Tarm Tractors

The tractor study was carried out in very
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much the same way as the study of all machinery.2
Many of the variables are the same for both, which
is to be expected since the same body of theory is
used.

The time period of sample observations
covered the period 1926-1956 inclusive, omitting
1943 for the same reason as before., Three equations
were fitted by "least squares" methods., The first
two equations estimating manufacturers' shipments
of wheel-type tractors were linear in the original
variables while the second was linear in the first
differences,

Least squares estimates of manufacturers!

shipments, FQ = (84,

2-1 Yy = 2072.47 = 1.345Y,/X) + JO43X, + 1.559%;
(.729) (.053) (+333)
+ 2003X, + 134.264%5 - ,918%,

(.011) (60.,404)  (.184)
Least squares estimates of manufacturers!

shipments, T - o784

2Cromarty, Demand for Farm Machinery and
Tractors, ops cit., pe 40,
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2=2 Y, = 2210.69 - 1.689Y2/Xl + .O92X2 + 1.434X

1 5
(.846) (.058) (.389)

- .990X9
(+195)
Least squares estimates of first differences
of original variables, Re = 73,
2=3 Yl = 90,85 = 1.201Y2/X1 + .O29X2 + .OO2X4
(+650) (.070)  (.006)

+ 54,567X6 + 8.549X7 - .929X9
(6.796)  (1.470)  (.172)

Cromarty hypothesized that farmers consider
the price of tractors relative to the prices they
receive for crops and livestock when making tractor
purchases, The consistently negative parameter
estimate for retail tractor price relative to
prices received by farmers supported this hypothesis,
On the average, other things remaining constant, a
10 percent increase in the relative prices of trac-
tors to those received by farmers for their products
resulted in a 6 percent decrease in the number of
tractors purchased.

Cash receipts from farming the previous year
was included as a variable because of its importance
in terms of down-payment requirements and ability

to finance the farm business for the current year.
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In all cases there was a positive relationship
between tractor sales and net cash receipts of the
previous year, As an indication of the responsive-
ness of shipments to farm receipts, a 10 percent
increase in net farm cash receipts for the previous
year resulted in a 2 to 4 percent increase in
tractor purchases,

The variable dealing with the effects of
government political policies was the same as the
one used in the machinery model. The positive sign
lends support to the hypothesis that high rigid
price supports reduce uncertainty.

The variable dealing with the replacement
rate of tractors was determined by observing annual
purchases of tractors and computing the number
scrapped from the January 1 stocks, The average
length of 1life in this computation was seventeen
years. This agrees with a recent study by Parsons,
Robinson and Strickler3 (using a survey technique)
in which 16.5 years was estimated to be the average
useful life of a tractor. In both of the equations
in which it was used, the parameter estimates were

significantly different from zero with positive sign,

3M. S, Parsons, F, H., Robinson, and P, E,
Strickler, Farm Machinery: Use, Depreciation, and
Replacement, U.S.D.A. otatistical %uIIefln No. 269,

(U.S. Government Printing Office, 1960), p. 29,
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The average tractor sales for the previous
5 and 6 years was included to reduce the unexplained
variance., Cromarty found that by observing the
January 1 stock relative to the current purchases,
there was quite a pronounced cycle of approximately
ten years. Cromarty first used a 5 year lag but
discarded this because a considerable change in the
purchases from 5 years earlier would force the
estimate of current purchases way off. The average
of two years removed some of the year to year vari-
ation., The negative sign of the parameter estimate
suggests that if tractor purchases were low during
the previous 5 and 6 years they would be high
currently and vice versa., The parameter estimate
was consistently negative in all equations and
statistically different from zero.

Cromarty developed a three equational model
to explain tractor purchases to be solved by the
"limited information, maximum likelihood" method.
This system is similar to the one developed in the
case of farm machinery.

2-4 Yl, Y2/Xl, /X2, X3’ Xg, Uy
e=5> /Xy, Yy/Xy, Zyn, Uy

2=6 Yy, Yp, Yp/X, /Xy Zygs Zps (Y 30 uy
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Definition of wvariables:

Y, =

manufacturers' shipments of wheel-type
tractors (excluding garden) for domestic
farm use, in hundreds.

ratio of retail price of farm tractors
(1937-41 = 100) to prices received

by farmers for crops and livestock,
(1910-14 = 100). Resulting index
multiplied by 1000,

net cash receipts received by farmers
during the previous year, in thousands
of dollars,

8-year weighted average of number of
tractors on farms, in thousands.

change in manufacturers' inventories for
the previous year, in units,

a quantified measure of farm price
programs.

replacement rate for tractors, in
thousands.,

average tractor sales for the previous
5 and 6 years, in hundreds,

price of steel per ton (1947-49 = 100)
deflated by the wholesale index of prices
for all commodities, (1947-49 = 100).

The equation estimating manufacturers!

shipments of tractors using limited information

estimates was:

2-4

Yl =

3229,983 - 2.726Y2/Xl + .056X3
(.960) (.061) («391)

- l.8l7X5

- 1.,130X
(o184)



28

The variables are the same as those used in
the least squares estimates and were discussed and
explained there., In this model using limited
information fit a 10 percent change in the relative
prices of tractors to prices received by farmers the
previous year is accompanied by a 10 percent change
in tractor purchases, This compares with the least
squares fit where tractor purchases changed 6 percent
with a 10 percent change in relative price. Crom-
arty explains the difference was caused by not
giving machinery prices a pre-assigned value in the
estimation process.

Estimating equation of retail prices of
tractors using limited information estimates:

2-5 YZ/Xl = =51%.8% =~ .O65Yl - .OOl4X4 + 1.277212
(.017)  (.002) (.167)

The variables in the above equation are the
same as those in the previous one except for the
price of steel, The cost of steel was used to
represent the costs of production. Wages were
omitted as in the machinery case because of the high
correlation between industrial wages and the price
of steel. The parameter estimate was positive as
expected since manufacturers' pricing policies are
based on costs.,

If Yl were considered as representative of
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demand factors, then the negative sign of the
parameter estimate was opposite to that expected.
If, however, the variations in shipments are con-
sidered mainly caused by and were positively asso-
ciated with the prices received by farmers, then it
was logical that as Xl and Yl increase Y2/Xl would
decrease,

Cromarty rationalized that manufacturers'
inventories of the previous year should have had
some effect on current tractor prices, but the
parameter estimate was not significant.

Cromarty*s equation of the production of
tractors was not a technological function (pro-
duction function) but an attempt to explain the
behavior of manufacturers.

Estimating equation of production of trac-

tors using limited information estimates was:

[}

2-6 Y

4 5140.54% + 1.2574Yl + 5.1782Y2/X

(.136) (2.258)

1

+ .OO75X4 - 5.541Z12 + .1242Y4_3

(.009) (3.175) (.126)

Y4 = total production of wheel-type tractors
(excluding garden), in hundreds.

Y1 = manufacturers' shipments of wheel-type
tractors for domestic farm use, in
hundreds.,
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YZ/Xl = retail price of tractors (1937-41 = 100)
deflated by index of prices received by
farmers for crops and livestock, (1910-
14 = 100).
Z price of steel per ton (1947-49 = 100)
deflated by the wholesale index of prices
for all commodities, (1946-49 = 1oo§.

12 =

X4 = change in manufacturers' inventories of
tractors for the previous year, in units.

Y4_3

weighted average tractor production for
the preceding 3% years, in hundreds.

Production plans of manufacturers were
determined prior to the production year and adjusted
during the year on the basis of several factors, two
of which were current shipments or sales and level
of inventories. Cromarty had difficulty getting
adequate data to represent inventories which explains,
in part, the low level of significance of the
estimates.

Steel prices were included as a reflection
of manufacturers' profits and costs of production.
As costs rise and profits are squeezed there is a
tendency to reduce production.

The variable dealing with weighted tractor
production was included to give some measure of the
capacity of the industry. The variable was weighted
giving the preceding year a weight of 3, the year
two years preceding a weight of 2, and the year
three years preceding a weight of 1., The positive

sign was expected where it was assumed that the
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industry tried to attain previous capacity.

In the aggregation of data for all these
models Cromarty was faced with the problem of
quantifying different pieces of equipment. Since
it was impossible to use physical numbers, he was
forced to use value series, Deflation was a
problem when value series were used; the appro-
priate deflator was difficult to find. In the
tractor study, part of the problem was alleviated
because there was only one piece of equipment.

The magnitude of the problem was only slightly
reduced, however, because of the many different
sizes and models within the category defined as
tractors. A trend variable might have been used to
account for the movement toward larger units, but
no such variable was used. He remained aware of
the phenomenon and observed annual residuals for
possible sources of bias.

The replacement rate of farm machines is
difficult to determine.. The rate is partially
determined by the number and age of the machines in
question, but many other factors such as marginal
value product (MVP) of the second unit, market
price for used machines, cost of labor, and others,
enter, Also, farmers can vary the life of equip-

ment so that no definite period can be stated.
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If the life span were known, sales of a previous
period could be entered as a variable, As was
pointed out earlier Cromarty introduced two vari-
ables, replacement rate for tractors and an 8-year
weighted average of number of tractors on farms to
take into consideration the l1life expectancy of
tractors,

The elasticities yielded by the models were
concluded to be of limited value. The conclusion
was arrived at largely on the basis of studies
completed at Michigan State University by Fettig4
and Hathaways. The results of Fettig's and Hath-
away's studies of farm machinery purchases during
upswings and downswings of the non-farm business
cycle indicated that farmers act differently de-
pending upon the phase of the cycle., Cromarty also
found some evidence to indicate that the demand
curve for farm machinery assumes varying shapes
depending upon the earning power of the machinery

in relation to the price of new machinery and market

4Ly1e P, Fettig, "Purchases of New Farm
Tractors and Machinery in Relation to the Non-farm
Business Cycle, 1910-1965" (Unpublished M.S. thesis,
Dept. of Ag. Econ,.,, Michigan State University, East
Lansing, 1958).

5Dale E, Hathaway, "Agriculture and the
Business Cycle", Policy for Commercial Agriculture
(Was%ington, D.C., U.S. Government Printing Office,
1957).
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values of similar used machinery. This suggests
that elasticities will also vary with the changing
shape of the demand curve., The elasticities yielded
by the model were averages for the total sample
period and, therefore, do not reflect shifts in the
demand curve, It was primarily these two factors
that led Cromarty to discount the usefulness of the
derived elasticities.

Griliches' Study of Farm
Demand for Tractors

Z..Griliches6 of the University of Chicago,
did a study on the farm demand for tractors similar
to Cromarty's tractor study. Griliches' tractor
study covered the period 1921 through 1957. In his
first model using small letters to represent the
logarithms of the variables he derived the demand
for the stock of farm tractors.

- *:
1-1 yi ag +* 8%y g + A%, 1t a5x3t-l +ouy

where yg is the "desired" stock of tractors given
currently available information.

The distinction between the "desired" and
"actual" stock of tractors is concerned with the

adjustment to a disequilibrium. The length of time

6Z. Griliches, "The U.S. Farm Demand for
Tractors: 1921-1957" (Office of Ag. Econ.,, University
of Chicago, June 6, 1958), Paper No. 5812,
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of the adjustment is affected by the fluctuation of
price and other variables and the purchasers'
expectations of the permanence of the change.
Griliches assumed the adjustment of the actual stock
to be proportional to the difference between the
desired and actual stock or:
= v * o
1-2 yt - yt-l = b(Jt yt—l)
where b is the elasticity of adjustment.
Substituting 1-1 into 1-2 and solving for

Vi yields:
1-3 i = bao + balxlt-l + ba2x2t_l + ba5x3t_l

+ (l—b)yt_l + bug

where ba's are the "short run" elasticities.,
The numerical results of the analysis were:
I = a 7 _ e26Xyy 1 + 05Xy 1 - '81x5t-1 + .89y, 4
(.13) (.15) (.21) (.07)
R™ = .9087
b= .11
The wvariables used were:
Yt = value of the stock of tractors on farms,
year 1, in 1935-39 dollars. Unpublished
U.S.D.A. estimates.
Xlt = index of prices paid for tractors divided

by an index of prices received for all
CIropS.

7The Y-intercept is not presented and
sufficient data to calculate it are lacking,
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X2t = index of prices paid for tractors divided
by an index of farm wages.
XBt = rate of interest (farm mortgage rate).

Griliches dropped the variable representing
index of prices paid for tractors divided by index
of prices paid for farm wages because it was not
significant. The R° was still .987 with the co-
efficient of adjustment then equal to .l4.

The first impression from the regression
results is that a very high percentage of the vari-
ance is explained, This is a bit misleading. Since
the R2 can not be less than the r2 between any
independent variable and the dependent variable.
The correlation (ra) between the current period and
the prior period is .974. This leaves at most 2.1
percent of the variance explained by the other three
(or two) wvariables.

In another version using the same basic
model the coefficient of adjustment was assumed
equal to one. The resulting R2 was «793.

The negative coefficient of index of prices
paid for tractors divided by the index of prices
received for all crops was expected., Griliches
pointed out that the positive coefficient of the
price of tractors to farm wages was incorrect.
However, it was judged insignificantly different

from zero at the conventional test levels. The
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negative coefficient of the rate of interest was
significantly different from zero and "right".

In a second model Griliches derived a
demand equation in which the dependent variable
was the annual purchase of tractors.

Gt = farm gross.capital expenditures on
tractors, in 1935-%9 dollars. Un-
published U.S.D.A. estimates.

Gross investment as used by Griliches was the sum
of net investment and replacement demand or de-
preciation., Replacement demand was taken as
proportional to the existing stocke.

Again using small letters to represent the

logarithms of the variables the equation is:

G, = ba. + ba.x + ba

b 0 1¥71¢ zXz¢ + (d-bly,_; + bu

t
where d is the average rate of depreciation., That
is, for the period 1921 through 1957:
= 8 .
Gt = bao - 1.15x12 - 2.'7Ox3t + .38Jt_l
(.22) (.72) (.15)

2]
1

= 792

Griliches improved the results considerably
by changing the time period of the analysis. The
results studying the years 1920 through 1940 and
1947 through 1954 were:

8The Y-intercept is not presented and data
necessary for calculation of it are lacking.
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Gy = =354x)¢ = 1333%5 + o100y, ;)
(58) (178) (.019)

The stock-demand model and the gross invest-
ment model both indicate a stock-price elasticity
of demand of about -0.,25 in the short run and about
-1.5 in the long run. The short-run price elastic-
ity of investment is about -1.9, much higher than
the stock-demand elasticities. Thus a 10 percent
rise in the relative price of tractors would have
resulted in a 19 percent drop in the purchases in
the same year for the output flow of the tractor
industry. So, the low stock-demand elasticities
imply very large fluctuations in investment. The
low short-run stock elasticities also imply that
the effect on agricultural output of a change in the
relative price of inputs is small in the short run.
This is consistent with the generally accepted
concept of an inelastic short-run aggregate supply

function of agriculture.

Summarl

The studies of Cromarty and Griliches are
important contributions to the understanding of the
demand for farm machinery and tractors. They used
slightly different approaches. Cromarty assumed
adjustments toward equilibrium during the period

while Griliches emphasized long-run adjustment
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(making use of the Nerlove Model).
The influence of both these studies will be
evident in the models developed for combines, pick-

up balers and forage harvesters in the next chapter,



CHAPTER III

MODELS AND EQUATIONS OF THE ANALYSIS

Introduction

Each of the models used in the analysis will
be presented in this chapter. However, before
presentation of the models, those factors relevant
to the study as a whole will be considered in order
to avoid needless repetition. The sources of data
as well as the data themselves will be discussed
in the chapter. The actual data used in the analysis

may be found in Appendix II.

Data

The data used in this study are secondary
data selected mainly from federal government publi-
cations. . The "Farm kachines and Equipment" section

of The Facts for Industry series of the Bureau of

the Census of the U.S. Department of Commerce, is

the source for both the number and value of manu-
facturers! shipments. These data are based on a
survey which covers from 1,000 to 1,100 manufacturers
of farm machines, attachments and parts; the number

of manufacturers varying only slightly over the

39
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period covered by this study. The survey is taken
via mail questionaire to the individual manufactuers.
Physical units were used throughout the
analysis. Value of sales were available and could
have been used, but there is a complication of price
deflation; a problem that it is possible to avoid
in this instance. Using physical units does not
yield a solution to all the problems.. There is still
a wide variance in the size of machines and variety
of optional features available with any of the
machines in the study, presenting a problem of
accurate denumeration. By using physical units
another problem is created. Over time there are
changes in the basic machine. For example, with
both the balers and forage harvesters there has
been a shift in the source of power from motor
driven to power-take-off (hereafter referred to as
P.T.0.). Similarly, the size of the combines has
gradually increased until recently the major demand
has been for either large or small machines with
medium sized units rapidly declining in importance.
Ideally one might like to use some measure of
capacity of machines shipped since farmers who
purchase the machines are interested in a flow of
services., However, no statistical data of this

nature exist.,
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The inventory data of number of specific
machines on farms are collected by the U.S.D.A.
The data were used with reservation because of some
discrepancies revealed when an attempt was made to
determine salvage rates of each classification of
equipment., Salvage rates were estimated by summing
the number of units shipped by manufacturers in the
given year, then subtracting the number of units on
farms the following January first. A positive number
of units salvaged was expected. These computations
were made for balers and harvesters only. For the
years 1954 through 1957, there was a negative rate
of salvaging for harvesters according to this method.
One or two years with reactivation of machines
could possibly be rationalized as inventory ad-
justments or minor discrepancies in the data
collected., Periods of severe depression or war
might also lead one to rationalize that machines
were being reactivated, but none of these rationale
are applicable., However, there was an underlying
assumption which must not be overlooked; the number
of units shipped by manufacturers was treated as
synonomous with the number of units sold meaning
that dealer's inventories would not fluctuate sig-
nificantly from year to year. ZFor any one year the

assumption of constant dealer inventories is weak,
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but for four consecutive years it seems valid.
It is unlikely that inventories were great enough
in 1953 to enable dealers to draw frém them for
the following four years. Another possible ex-
planation for the negative junking rate arises from
the manner in which the data are collected., The
survey may include only machines in use., If this
is true, there might be machines on farms which are
held in reserve and used only in years of above
average crop yields or years of poor weather,

Data for the farm income variables were

taken from Farm Income Situation, Balance Sheet

of Agriculture and Handbook of Basic Economic

Statistics. The income of the previous period was

used in all the models. Income from the previous
period is important for several reasons: (1) it
affects current asset position, (2) it largely
determines the amount of operating capital available
during the year, (3) it affects the ability to make
down-payments, (4) it affects the planning horizon
of the farmer,

More important than enumeration of data
sources is the reason for using secondary data in
lieu of a primary source. The censuses taken by
the U.S. Commerce Department and Bureau of Labor

Statistics are consistent over time., Admittedly,
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there are definitional changes and changes in
coverage, but there is normally some device (that
is, a formula) for removing the change or the change
is noted and explained., Data of past years are
readily accessible and are usually revised as
additional information is accumulated. The ease of
acquiring this data and the negligible cost of
acquiring it encourage the use of this type of data
in estimating the demand for these and similar
items., The cost of comparable data from the primary
sources would be prohibitive.

The general arguments against the use of
secondary data are relevant to this study. Second-
ary data are general and not patterned to the par-
ticular problem in question. The weaknesses and
strengths are not fully known to those other than
the collector, making it easy to use and draw
conclusions from the material in a manner which can
not be justified. Explicit definition of terms is
often omitted as are important data, those which are
of great value to a particular problem but were
considered unimportant to the general area., Items
of critical importance to the particular question
are often collected under a more general heading,
losing identity and usefulness in the process as
happened in the data on forage harvesters in this

study.
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Other sources of secondary information were
investigated. Inquiries were made to two different
organizationsl representing manufacturers and
retailers of the machines of this study. It was
found that these organizations collect very little
data themselves and that for studies of the nature
of this paper they too would use the data compiled
by agencies of the federal government., Their
primary function is the compilation and organization
of data from scattered sources to be used by the

members of the respective groupse.

Period Covered in the Analysis

Annual data for the years 1947 through 1959
were used in the study. The availability of annual
data was probably the primary reason, but aside
from this reason, the aim of the study was to aid
in annual scheduling by manufacturers of these
machines., From a statistical viewpoint, for any
period less than a year the conditions within the
period would not be sufficiently homogeneous be-
cause of the highly seasonal demand for farm
machine service. The period must be long enough
to average out the effect of these irregular or

non-measurable factors and short enough to insure

1Personal correspondence with Farm Equipment
Institute and Implement and Tractor Publications,
Incorporated.,
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that a relatively homogeneous set of factors be
operating. Further work in this field might involve
experimentation with the length of time period or
the use of crop year rather than the calendar year
as the basis of the annual data.

The most evident weakness of the analysis
is the small number of observations., The analysis
was conducted with only thirteen observations: a
primary factor underlying the lack of strong con-
clusions. There is Jjustification for the use of only
thirteen observations. Data for the period prior to
1947 are not available in a form which would be
useful and relevant to this analysis. Of the items
considered in this study, data on production were
available from the date that the item reached
limited significance as defined by the Commerce
Department., Data on forage harvesters and pick-up
balers were not available prior to World War II
because neither had attained the specified level
of significance, During the war they were not
adopted at a rapid rate, largely due to the re-
strictions on production., Self-propelled combines
were not listed separately from combines as a group
until 1941, During World War II the production of
these machines was curtailed as the national re-

sources were mobilized for the war effort. From mere
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observation of the data, it appears that 1943 was
the year in which curtailment of production was the
most significant. However, the amount of curtail-
ment in the years of the war is difficult to ascer-
tain since annual production was regularly increas-
ing, with the exception of 1943, If there had been
a census of production of these machines for a
period of more than one year prior to the war an
evaluation could more easily be made of the war-time
restrictions,

Lack of price data for all machines prior to
1947 is another primary reason for the use of only
thirteen observations., The wholesale price index
(hereafter called W.P.I.) tabulated by the U.S.
Bureau of Labor Statistics was used for the years
1947 through 1959, with the years 1947 through 1949
as the base period. This index represents the price
at the manufacturer's level necessitating the
assumption that the mark-up at the dealer level is
some constant amount. An index of retail prices
would be superior to a wholesale price index, but
a complete set of retail prices is not available,
There is a suggested retail price published by the
manufacturers and reprinted by Farm Equipment In-
stitute, an association of farm machinery manu-

facturers; but this does not depict the true price
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situation, There is variation in discounts, vari-
ation in trade-in allowances and service benefits
which can not be considered.

The wholesale price index used in this
study is the index of prices of 1large lot sales.
The price data used in constructing this index are
those which apply at the primary market levels.,
That is, most of the quotations are the selling
prices of representative manufacturers. Machinery
is priced free on board (f.o.b.) factory in such a
way as to conform with the concept of seller's net
realization per unit of precise specification. Net
realization, as used by the Bureau of Labor Statis-
tics means actual sales of precisely defined commod-
ities, less normal discounts, in approximately
similar quantities to similar classes of buyers. It
does not mean an average realized price for a range
of similar commodities. For example, net realization
means the price of a pull-type combine with a seven
foot cutting bar, P.T.O. driven, a given quality and
sold to a precise class of buyers (dealers). It is
not an average of all pull-type combine models.,
Prices are selected f.o.b. production points to avoid
inclusion of transportation costs in the index.
Excise taxes (applicable to tires only on farm

machinery) are also excluded from the index.
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The manner in which the war years and the
immediate postwar years should be treated is not well
defined. Even if the price data were available back
to 1940 or thereabouts, it might be inadvisable to
use wartime data because of the restrictions on
machinery production and prices., Another factor
making specification difficult during this period
was the above normal weather. Using Stallings!
indexes of the influence of weather on gross farm
production the years 1941 through 1946 were all above
normal.2

During the war period there was increased
pressure to substitute capital for labor because of
the drain on the farm labor supply. However, equip-
ment was also rationed during this period. This
indicates that equipment must have been used more
intensively resulting in a back-log of demand for
the post-war years. It might be suggested that this
back-log would be dissolved, in part, by the in-
crease in the farm labor force with returning
veterans and from the reduction in demand for
agricultural products. However, many of the men
entering the military from the farm did not return

after the war or returned for only a short time.

2J. L. Stallings, "Indexes of the Influence

of Weather on Agricultural Output" (Unpublished Fh.D.
thesis, Dept. of Ag. Econ., Michigan State University,
East Lansing, 1958), Table 9, p. 91.
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In summary, there seems to have been a
change in structure over the two decades from the
late 1930's to the late 1950's. Conditions that
constitute structure, as used here, are the rela-
tions describing human behavior and institutions as
well as technological relations. The structure which
existed prior to the war was different from that
during the war years with the structure of the
postwar period differing from both of these earlier
periods. To utilize all the observations of these
three periods would necessitate the specification
of the structural relation over the period. But
since this could not be done, it was necessary to
take observations from a period over which the
structure did not change appreciably..

Estimating Models for Combines,
Pick-up Balers and Forage Harvesters

The statistical estimation of the hypoth-
esized models is done with a least squares esti-
mating procedure., The linear model was used be-
cause of the results of graphic analysis where the
dependent variables were plotted against various
independent variables., The underlying structure
appears to be more nearly represented by constant
absolute changes than by constant percentage changes

as would be represented by the logarithmic function.
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Power functions were not used because in none of
the models is there graphic evidence of a change in
the sign of the first derivative,

A limited explanation of how the equations
are to be interpreted follows. The regression
coefficients indicate the additional product that
would be shipped, on the average, other factors held
constant, if a particular independent variable is
increased by one unit.,

The standard deviation of the regression
coefficient (given in parenthesis below the coeffi-
cient in question) yields a measure of the error in
estimating the slopes.

The standard error of the residuals, fre-
quently referred to as the standard error of esti-
mate is a measure of the deviations about the re-
gression line., The standard error of the residuals
indicates how well the estimated values of the de-
pendent variable approximate the observed values.

The coefficient of multiple correlation (R2)
is an estimate of the correlation of the estimated
dependent variable explained by the independent
variables. In regressions where the number of
observations is small, R2 will be a biased estimate
of the true multiple correlation coefficient squared.

To reduce the amount of bias R2 can be adjusted for
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degrees of freedom; a sizeable adjustment in a small
sample such as the one in this analysis. The no-
tation for the adjusted R2 is Re.

Calculation of the statistics 1s not central

3

to this study and will not be discussed in detail,

Self-propelled Combine MNodel

Combines were divided into two groups,
self-propelled and pull-type. Originally it was
planned to work with combines as a group, but
examination of the data indicates a structural
change in the market., Starting with the period

about 1954 through 1958 self-propelled combines have

5Coefficient of multiple correlation:
Where x and y are deviations from their means

>
bl Z X xTk

2 i=1 k=1

R =
n
> 7
k=1 K

Squared standard error of residuals:

n P n
Yy - : b; : Xix Tk
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Adjusted coefficient of multiple correlation:

-1 - (1-8°) (%E%I)



52

been substituted at an increasing rate for pull-type
machines., Introduction of smaller self-propelled
machines better adapted to corn belt farming has
been a major reason. Concurrent with this trend has
been the increase in acreage of farms (and fields)
in the Midwest and elsewhere which intensifies this
change. The greater diversity with respect to crops
of the small self-propelled machines has also been
a contributing factor to this substitution rate.
Shipments of self-propelled combines were

estimated by:

A
1-1 Yl = =78622 + 1.88X5 + .526X8 + 12’7’7X15
(3.41) (16.97) (772)
ﬁ = .719
Standard error of residuals = 3365,8

Yl = Estimates of manufacturers' shipments
of self-propelled combines, in units.

X5 = Cash receipts from food grains lagged
one year, in millions of dollars.

X8 = Thousands of grain combines on farms,
January 1.

X15 = Averazge acres of crops per farm.

Cash receipts from food grains were used as
the representative of combine purchasers' income.
It was hypothesized that since a large share of the
self-propelled combines were used in the areas
producing food grains, net receipts of food grains

would more nearly approximate the income of these
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buyers. The instability of income in the food grains
areas may be an explanation for the limited signif-
icance of the coefficient. The increased importance
of self-propelled combines in the harvesting of
crops such as corn, soybeans, and sorghums may imply
that income from all farms is better than income
from food grains alone. For example, soybean
production increased from 186 million bushels in
1947 to 538 million bushels in 1959.%

High correlation between combines on farms
and acres of crops per farm (.95) along with the
lack of significance of the inventory of combines
on farms led to the reformulation of the model in
which the number of combines on farms was dropped
as a variable. The number of grain combines on
farms includes both self-propelled and pull-type
so that the data tend to over-emphasize the import-
ance of pull-type machines, The life of the machines
is such that because the number of pull-type combines
sold recently is declining, the number still in use
over-estimates their current importance. The posi-
tive sign is expected considering many pull-type
units are being replaced by self-propelled machines,

The variable representing the average number

4U.S. Dept. of Agriculture, Agricultural
Statistics 1960 (Washington, D.C., U.S. Government
Printing Office), Table 195, p. 136.
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of acres of crops per farm was used to partially
account for the trend toward bigger specialized
machines, Self-propelled combines have become more
and more commonly used at the expense of pull-type
units. Since the size of the combine largely
depends upon the acreage to be harvested, it is
clear that the size of the farm will strongly in-
fluence what type of combine is purchased. A one
acre change in the average acres of crops per farm
results in a 1277 unit increase in the sales of
combines, This variable is more than a measure of
acreage. It accounts for other trends such as
increased mechanization of farms and improvements
in yields (through improved varieties.

The low Re and high intercorrelation be-
tween the stock of combines on farms and average
acres of crops per farm prompted a change in the
equation. The revised equation is:

A
1-2 Yl

[}

-68914 + 1.14X, + 591.OX6 + 325.4X1

1
(.2%36) (122.7) (410.2)

>

7

Standard error of the residuals = 1964.5

« 904

Yl = Estimates of manufacturers! shipments
of self-propelled combines, in units.

Xl = W,P.I. of self-propelled combines,
(1947-49 = 100).

X6 = Total net income of farm operators the
prior year, in millions of dollars.
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X15 = Acres of crops per farm.,

The results indicate that a change of 1 unit
in the wholesale price index for self-propelled
combines results in a l.14 unit change in the sales
of self-propelled combines. It must be pointed out
that the positive coefficient of the variable repre-
senting price is contrary to that which is normally
hypothesized in economic models. However, in the
period sampled for this study a factor which is
assumed constant in static economic theory is chang-
ing., Namely, the 1947 model self-propelled combine
was not the same machine as the self-propelled combine
of 1959. The capacity and efficiency of the machine
had increased at the same time price was increasing.
An analogy can be drawn between the self-propelled
combine and the general-purpose farm tractor.. Deere

>

amd Company distributed a brochure” tracing the
development of their Model "B" Tractor from its in-
troduction in 19%5 up to its modern present-day
counterpart (1961), the "2010" Row-Crop Tractor.

The changes in specifications, work output, features
and prices are indicative of the kinds of changes

which have taken place over the years in the many

tractors and machines produced by the farm equipment

5Deere and Company, "Facts About John Deere
Tractor Wholesale Prices in the United States 1935-
1961" (Moline, Illinois: Deere and Company, 1961).
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industry. Two different periods are involved but this
does not negate the validity of the analogy. The
total price of this general purpose tractor in-
creased 29 percent in constant dollars (using W.P.I.
for "Agricultural Machinery Including Tractors" as
the deflator) over the period 1935 through 1961.

The cost per maximum drawbar horsepower fell 59
percent; cost per maximum belt horsepower was down
52 percent; and cost per pound of shipping weight
dropped 31 percent over this same 1935 through 1961
period.

It is reasonable to assume that changes in
the price and productivity of self-propelled combines
and the other machines in this study would be in the
same direction as for the tractor, but possibly less
pronounced, Therefore, positive coefficients of
price should be expected where this argument applies.

The total net income of farm operators the
prior year was used as an indication of farmer's
purchasing power., Income from the prior year is not
generally indicative of total asset position but it
is important in such areas as down-payment on a
machine and the ability to cover variable costs
during the present year. The results show that an
average increase of approximately one million

dollars in income the prior year will cause a 3C1



57

unit change in self-propelled combine shipments in
the current year,

The average acres of crops per farm was used
in the reformulation to again account in part for

the trend toward larger and more specialized machines,

Pull-type Combine Model

Pull-type combines were treated separately
from self-propelled combines because of an apparent
change in structure in the period covered by this
study. In the early part of the sample, shipments
of pull-type combines are increasing, but the number
shipped by manufacturers in the latter part of the
sample is markedly lower. The original estimating

equation was:

2-1 ?}

154742 + 1.65X, - 668.61X, - 43.44X
(3.85)  (806) (83)

8

™ - .5%4

Standard error of residuals = 20085
The variables used were:

Y2 = Estimates of manufacturers! shipments
of pull-type combines, in units.

X6 = Total net income of farm operators
lagged one year, in millions of dollars.

X, = W.P.I. of pull-type combines, (1947-49 =
2 100).

X8 = Thousands of grain combines on farms.,

The net income of farm operators was used
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because of the generally widespread use of this
machine. There is no one crop to which the demand
for the services of pull-type combines can be
attributed, Pull-type combines are used in all
geographical areas of the United States and are used
in harvesting a wide variety of crops. The positive
sign of the income coefficient is expected., It is
normally expected that increases in income will lead
to an increase in purchases,

The coefficient of the W.P.I. of pull-type
combines has a negative sign. Earlier in this
chapter it was argued that the price of machines had
been falling relative to the productive capacity;
therefore a positive sign of the coefficient of price
would be expected. Pull-type combines could be, and
apparently are, an exception to this argument. Pull-
type combines were well established from the be-
ginning of the sample period and no major changes
have taken place in the machine over the sample peri-
od. The major improvements in combines have been in
the self-propelled units.

The number of grain combines on farms
represents the inventory of machines farmers
currently own., It was hypothesized that a negative
coefficient would be expected. That is, as the

stock of machines on farms increases the demand
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for machines is satiated and the purchases of new
machines declines. This hypothesis was also pro-
posed by Parsons, Robinson and Strickler6. They
stated that it appeared the saturation level had been
reached for many machines and that only a replace-
ment market existed. This hypothesis is supported
by this equation for pull-type combines.

The usefulness of this equation is question-
able; the question arising because of the variable
representing inventories on farms., The number of
combines on farms may be misleading because of the
recent shift to self-propelled combines. The bias
of this variable will be more important each suc-
cessive year this model is used. ZEarly observations
of the sample have positive correlation with on-farm
inventories and later ones have negative correlation.
It was this weakness which led to a reformulation of
the equation.

The revised estimating equation is:

A
2-2 Y2

163382 + 289X, + 113.4X, - 250756X,,
(3.50) (782.5)  (154413)

™ - .628

Standard error of residuals = 17930

Xll = W.P.I. of pull-type combines divided
by prices received for all crops.

1 6Parsons, Robinson, and Strickler, op. cit.,
P. 1l
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The variables Q‘, X6 and X2 are the same as in the
original model,

The ratio of wholesale price index of pull-
type combines to the index of prices received for
all crops was used in lieu of the number of combines
on farms. The new variable was used to iadicate the
influence of the cost of the item relative to its
return in use. The coefficient conforms to the
inverse price-quantity relation held by static
economic theory. It is expected that if the W.P.I.
rises more rapidly than the prices received index,
the demand for machines will decline where it is
assumed that the total cost per unit of product
remains constant, rises, or falls by less than the

decline in prices received,

Pick-up Baler Models

Three different estimating equations were
used with pick-up balers: one linear in logarithms
and two linear single equation models. No one of
them yields a high adjusted coefficient of multiple
correlation.

The original estimating equation was:

o <
5=-1 Y5 = =427276 - 2.82X7 + 255515Xl3 + 262X

(3.61) (118636) (374)

5

+ 2578X12
(638)
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™ - .24

Standard error of residuals = 9222
The variables were:

0
Y5 = Estimates of manufacturers' shipments
of balers, in units.

X7 = Receipts from dairy and beef in the prior
period, in millions of dollars.,

Xl5 = WeP.I. of balers divided by W.P.I. of
harvesters.,

X3 = W,P.I. of balers, (1947-49 = 100).

X = Thousands of balers and harvesters
12 . - -
scrapped during the prior period.

The receipts from both dairy and beef were
used as the representative of income. This necessi-
tates making the assumption that farmers treat
enterprises separately when making decisions re-
garding the enterprise in question. For equipment
which is restricted to one or two enterprises, this
is probably a realistic assumption. It was hypoth-
esized that income and purchases move together, but
it is not illogical that as receipts fall, the
farmer is trapped into mechanizing his operation
7

or going out of business.

The use of the relative price of balers to

7'I'he production trap is presented by G. L.
Johnson, "An Evaluation of U.S. Agricultural
Policies and Programs, 1956 to 1960", A background
paper for the Committee on Economic Development,
Draft subject to revision before printing, 1960,
Chapter IiT.
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harvesters is a serendipitous result of another
model. By error the first regression used to de-
termine shipments of forage harvesters had the price
of balers as a variable rather than price of har-
vesters., The favorable results stimulated spec-
ulation about the substitutability of the two
machines., For haying operations the two are very
good substitutes, Which machine is bought depends
on such factors as the availability of labor and the
type of auxiliary equipment on hand., But, if silage
is to be used as roughage in lieu of hay, the ma-
chines become poorer substitutes.

The reasons for using the W.P.I. are the same
as was cited in prior models. Here again, the sign
of the coefficilent is positive, but is not unex-
pected considering the improvements in balers during
the sample period.

The number of balers and harvesters scrapped
in the prior period (Xl2) is used to represent two
factors; a measure of the length of life of the
machine and a measure of the possible remaining use
in the machine. . Cromarty8 used the scrapping rate
in a slightly different manner., He linked scrapping

rate to sales of a previous period to get an average

8Cromarty, The Demand for Farm Machinery and
Tractors, Ope. Cite., De <8
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length of life estimate. Neither the length of life
nor the proportion of useful machine life consumed
(or remaining) are variables which are easily
measured. Length of 1life may be extended if the
supplies are restricted or if the purchasing power
of the farmer falls. The proportion of the useful
machine life consumed depends on the cost of new
machines, the cost of repair parts and the degree
of obsolescence,

A revision of the original model in an
attempt to improve the coefficient of multiple

determination was unsuccessful. The revised equa-

tion is:
2\ =,
3-2 Y3 = =77635 - 4.O5X7 + 1’717.51(4 - 102.13){9

(5.68)  (1113) (92.51)
e

Standard error of residuals = 12491

« 312

Variables different from those used in the

previous model:

X, = W.P.I. of forage harvesters, (1947-49 =
100).
X9 = Balers on farms January 1, in thousands

of balers,
The sign of the coefficient for receipts
from beef and dairy is contrary to expectation as
in the previous model.

The W,P.I. of forage harvesters was used as
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the variable indicating the close relationship
(substitutes) between pick-up balers and forage
harvesters. If the substitute relation is valid
then a positive coefficient of the price of the
substitute would be expected. The positive co-
efficient of price of the substitute is also ex-
pected where the productivity of both machines is
Iincreasing at a comparable rate greater than the
price increase of the two machines., For example,
suppose that the price of forage harvesters in-
creases., Then the reduction in real price of har-
vesters is less than the reduction in real price of
the pick-up balers; hence, an increase in purchases
of balers is expected.

The inventory variable represents the stock
of machines on farms and gives some indication of
the age of the machines on farms. The negative
coefficient was expected as it was in the previous

models.

Forage Harvester Model

The development of an estimating equation
for forage harvesters is hampered by a basic change
in the machine, In addition to the continued im-
provement which has taken place in all the machines
in the study, forage harvesters have undergone a

radical change over a short period of time., Until
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1957, the shear-type machine was the only one
marketed in any quantity. In 1952 the flail-type
was introduced, but did not gain wide acceptance
until 1956-1957. The shipments of the flail-type
were not large enough to be published individually
in 1956 or 1957 and were included in a miscellaneous
category. Since then the flail-type machine has
increased rapidly in importance, In any models de-
veloped in the future the possibility of omitting
these two years (residuals, YJ?, for 1956 = -4217,
1957 = -6787) should be investigated. Consideration
should also be given to using only 1958 and later
data because of this change in the basic machine,

The estimating equation for forage harvesters
was:

103207.5 + 2.15%X, - 15168X

0
-1, 7 14

(1.55)  (66951)

+ 495.2}{4 + 015}(12
(261) (.16)

e

Standard error of residuals = 3961

U454

The variables were:

2
Y4 Estimates of manufacturers!'! shipments of

forage harvesters, in units.,.

]

Receipts from dairy and beef the prior
year, in millions of dollars.

%7
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X = Relative price of harvesters to balers.

e
1]

n W.P.I. of forage harvesters.

X12 = Thousands of balers and harvesters junked
last year.

The rationale for using beef and dairy re-
ceipts is the same as for the use of this variable
in the estimating equation for balers. In an earlier
model, only the receipts from dairy were used. Here
it was assumed that dairy farmers were the primary
sector of agriculture using the forage harvester,
Further inquiry into the amount of silage and chopped
hay fed to beef brought about a re-evaluation of the
importance of the beef producer's demand for forage
harvesters, The increases in purchases were expected
under the normal assumptions regarding income and
demand.

The relative price variable (Xl4) was used
for the same reason the W.P.I. of forage harvesters
was used in the estimation of the shipments of
balers. In this equation as in the baler equation,
there is a positive sign on the coefficient of the
price relative,

The number of balers and harvesters junked
last year (Xl2) is again used in an attempt to con-
sider both the age of machines being junked and some
measure of the proportion of the machine consumed.

The positive coefficient is expected,
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In another estimating equation for forage
harvesters the variables used were receipts from
dairy, W.P.I. of forage harvesters and shipments of
forage harvesters the average of fourth and fifth
prior years. The last variable was the only unique
one in the equation, It was an attempt to take into
consideration the life expectancy of the machine
estimated to be 8 to 10 years by persons working
closely with the dairy industry. Although forage
harvesters have been of importance only since the
late 1940's, observation of the volume of shipments
indicates the possibility of a cycle of this length.,
(However, no conclusions can be reached from this
short period). The reason for averaging the two
years, rather than taking either one, was to avoid
extreme values of the variable caused by some factor
not accounted for by the equation. In this way the
effect of an extreme observation on the independent
variable is much less marked. Prior to 1949 this
variable was included as a zero because of the very
limited numbers produced in 1941 through 1943,

These models were developed utilizing
secondary data and the calendar year as the period.
A sequence of years longer than 1947 through 19t59
would be desirable to increase the statistical

significance of the results, but limitations on
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available price data and structural changes of the
respective markets make it impossible. Use of
periods of less than one year is not an available
alternative because of the lack of homogeneity.

Even considering these problems some of the
results appear quite useful in the prediction of
annual shipments. In the next chapter there will
be a more stringent evaluation and discussion of

the resultse.



CHAPTER IV

DISCUSSION AND EXPLANATION

Introduction

The purpose of this study is to predict
the shipments of combines, pick-up balers and
forage harvesters. This chapter is concerned with
the presentation of the results of the analysis.

A comparison of the results of the analysis
with the results using a particular naive model
follows an evaluation of the significance of each
of the independent variables used in the models. A
discussion of various problems confronted in this
analysis is presented in the latter part of the

chapter.,

Significance of Results

This section is divided into two main parts.
The first part evaluates the significance of the
independent variables, and the second part examines
the residuals.

The traditional method for testing signif-
icance in regression analysis is based on the stand-

ard error of the regression coefficient. Discussion

69
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of the significance of the regression coefficient
utilizes the t-ratiol, or ratio of a coefficient to
its standard error. The t distribution was used
because of the small number of observations in the
study. As the number of observations increases the
t distribution approximates the normal distribution
with zero mean and unit variance. It should be
noted that independence of the observations is
assumed in the derivation of the statistic t; an
assumption which may present difficulties when time
series data are used.

In this analysis ﬁi_is assumed equal to zero
under the null hypothesis, and each of the regression
coefficients of all equations are tested to determine

if they differ significantly from the assumed .

1In the case of a least-squares regression
with m independent variables the statistic t is
derived as follows:

y = a + blxl + b2x2 teoot bmxm + u

E(D; ) =ai (1 =1,000,m)

B

s - JeX  standard error of residuals

i sXVﬁ' (V@I) standard deviation of Xs
i

b - Ry R .
t = —— where i = hypothesized wvalue

by
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The probability of rejecting the null hypothesis2
when it is, in fact, true was set at 0.05. Table

4-1 presents the equations, the standard errors
attached to each coefficient, the estimated t values,
and a statement of the significance at the 0.05 level,
Below each regression coefficient is the respective
standard error followed by the ratio of each co-
efficient to its standard error (t). The coefficient
of the independent variable is regarded as signif-
icant if the ratio of the coefficient to its stand-
ard error falls outside the critical region; it

is not significant if the t-ratio falls within the
critical region. That is, if the t value is in the
critical region, we accept the hypothesis that theR
is equal to zero.

In this study each variable was rationalized
before it was used, and if, when the equations were
reformulated, the variables still seemed relevant and
not highly intercorrelated, they were not dropped
from the equation. This explains, in part, the large
number of variables which are judged insignificant
by the t test at the 5 percent significance level.

The limited number of degrees of freedom is another

2In symbols, the probability of a type one

error is: P{Itl >k|Ho } = .05 where k is the critical
value for the specified level of significance.

L. R. Klein, Econometrics (Evanston, Illinois: Row,
Peterson and Company, 1953), p. 139.
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TABLE 4-1
SIGNIFICANCE OF REGRESSION COEFFICIENTS

Equation

1-1 T, = -78622 + 188X, + .326%g + 1277%, ¢
Std. error of b's(3.41) (16.97) (772)
Statistic t «55 .019 1.65
0a 7 6 X X 25.4%

Std. error of b's(122) (.357) (410)

Statistic t 3,18*% 3.18% .79

2-1 ?E = 154742 + 1.65K, - 668.61X, - 43.44X,
Std. error of b's(3.85) (806) (83)
Statistic t U2 -.82 -e.52

b N\
2=2 Y2 = 163382 + .249X6 + 113.44X2 - 250756Xll
Std. error of b's(&50) (782.5) (15441%)
Statistic t .07 o 144 -1l.62

(¢}
3-1 ‘?3 = -427270 - 2.82X, 5

Std. error of b's (3.61) (11863%6) (.3747)

+ 255510%,; + +2626X

12
Statistic t 78 2.15* ,701

+ 2578}(3
Std. error of b's (638)

Statistic t 3.72*
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TABLE 4-1--Continued

Equation
VY
3=2 Y5 = =77635 - 4.05X7 + 1717.2X, - 102.13}(9
Std. error of b's(5.683) (1113) (92,51)
Statistic t -.71 1l.54 -1.10
419 %

4
Std. error of b's(1l.55) (66951)

Statistic t 1.38 25

* 1549,
Std. error of b's(.16)

Statistic t .926

= 103234 + 2.15X7 - 154168X14 + 495X4

(261)
1.88

*Significant at 5 percent level.

aEquation used for predicting shipments

self-propelled combines,

quuation used for predicting shipments

pull-type combines,

cEquation used for predicting shipments

pick-up balers.

quuation used for predicting shipments

forage harvesters,
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reason for the large number of insignificant vari-
ables, As the degrees of freedom decrease, a greater
value for the statistic t is necessary to include the
same probability of a type one error,

Only two equations were estimated for each
machine in this study. Using a series of equations
for each machine may have yielded a "better fit";
however, a series of equations were not run because
of the small sample size., With small samples the
number of degrees of freedom is an important
consideration and each equation using the same
sample, in an intuitive sense, costs a degree of
freedon.

The price elasticities of demand and the
income elasticities of demand calculated from the
regression were very erratic. Because of their very
erratic nature, they can not be used with any con-
fidence in explaining the sensitivity of purchases
to price or to income,

The erratic nature of the elasticities is
brought about, at least in part, by the problem of
multicollinearity.5 The independent variables are
theoretically independent, but they move together
in the samples examined in this study. The nulti-

collinearity problem also offers an explanation as

5H. Wold and L, Jureen, Demand Analysis
(New York: John Wiley and Sons, 1353), ppe. 4o-G47.
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to why some of the independent variables are
significant in one equation and not in the next,
even though only one variable is changed.

To exemplify the problem of intercorrelation,
take the case of a regression with two independent
variables, say: Y = bO + blxl + boX5 + u. The method
of least squares yields estimates of the coefficients

b, and b2. Now, assuming that the two independent

1

variables are linearly related, say: c, + C. X, + CoXy

0 171

= O, then the equation becomes indeterminate in that
an arbitrarily large number of combinations of bl
and b2 are solutions., If some arbitrary value is
assigned to either bl or b2, the equation would be
Just identified and regression would give a unique
solution. But, unless there is some prior way of
choosing one of the b's no unique solution is avail-
able, In this study there are some cases where the
intercorrelation between independent variables 1is
greater than .90 which yields a relation between the

independent variables that is not narrowly restricted.,

This can best be demonstrated by examination of this

calculation:
S - .550125000111
byl 2.e.m \| ns® (1 - r°
eTeee 1 loaaooom)
Wnere Sb is the standard error of a net

yl.2...m
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regression coefficient,

52

y01230 eolll
the regression line,

is the unexplained variance about

n is number of observations,
s7; 1s the variance of Xy

2
1
r2
1

is the intercorrelation between the in-
dependent variable Xy and the other inde-
pendent variables.
This formula can be used to calculate the standard
error of the b's. Intercorrelation between the
independent variables adversely affects the standard
deviations of the coefficients of the independent
variables., That is, as the intercorrelation
approaches one, the denominator of the right hand
side of the equation approaches zero resulting in
a very large standard error of the b's. As the
standard error increases the ratio of the coeffi-
cient to its standard error decreases making it less
likely the coefficient will be significant.

Where multicollinearity is present (and it
is not a problem in all the models) the importance
of the individual regression coefficients is reduced,
but the residuals will not be changed by the changes
in the level at which either of the b's is speci-
fied, It should also be noted that the dependent

variable may be the "best" linear unbiased estimate
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even if two independent variables are highly

intercorrelated.

The Regression Models
Compared with Naive lNodels

A criterion for evaluating the usefulness
of the models is the size of the residuals over the
period of study. The residuals are the difference
between the estimate of the dependent variable and

the observed value. To further facilitate evalu-
n

>

ation, the mean residual (=L

Y. - Y.
i i
n

) was also

calculated for both the naive and regression models.
The mean residuals from each of the models is used
as an estimate of the scattering of the observa-
tions, The mean residual is smaller than the stand-
ard deviation because the squaring of the deviations
from the arithmetic means and taking the square root
of the total lends greater emphasis to the large
deviations than does merely averaging the residuals,
These two statistics, the standard deviation and the
mean residual, provide a basis for comparing the
two models,

Table 4-2 is a comparison of the regression
models and the naive models. The final prediction
model is used for comparison in each case., The

standard deviation (Sy) is given for each model as
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>

is the mean absolute residual (l=l

TABLE 4-2
REGRESSION MODELS VERSUS NAIVE MODELS

Prediction Standard Mean

Machines Equation Deviation Deviation
Self-propelled 1.2 1,964 1,300
Combines naive 5,802 3,242
Pull-type Combines 2.2 17,930 11,390
naive 25,640 11,968

Pick-up Balers %6l 9,222 5,701
naive 20,018 10,261

Forage Harvesters 4.1 3,962 2,598
naive 6,525 4,635

The single-equation model appears to be
much better than the naive model in terms of a
predictive model, with one exception. That is,
the mean residual of pull-type combines 1is some-
what greater using the naive model than using the
regression model. If the period of the analysis for
pull-type combines were changed to include only the
years 1951 through 1959 the regression model might

prove to be much better than the naive model. This
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is because there appears to have been a structural
change in the combine market; through 1950 the
shipments of pull-type combines increased annually,
but since that time annual shipments have fallen

steadily.

Discussion of Problems
Conironted 1n the Analysis

In studying the demand for durables, many
complications arise. Some of the problems con-
fronted in this study could be dealt with in the
analysis; others could only be considered by re-

maining aware of the problem in drawing conclusions.

Specialization of Machines

All the machines in this study are generally
considered to be specialized machines. Each machine
is used primarily for only one purpose: the combines,
especially the self-propelled units, being somewhat
more diverse, The use of self-propelled combines
in the harvesting of corn is presently in the accept-
ance or adoption s’cagel‘L and was not taken into
consideration in this study. A representative of a

5

leading manufacturer” of combines pointed out that

4Adoption stage is that period in the cycle
of a machine after the new invention or use has been
established as practical and before the machine has
reached the period when it is commonly used by a
wide segment of the industry in question.

5Dr..Sartorius, Deere and Co., Personal
communication, August, 1960,
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at this stage of adoption, the prediction of future
demand is particularly difficult, for the sales
depend heavily on the rate of adoption into the new
use as well as the level of demand maintained in the
established use. This expanded use also affects the
demand for related durable goods such as corn pick-
ers, pull-type combines and tractors.

Specialization is evident in other machines
in the study also. Forage harvesters are used only
for the harvesting of silage, chopped hay and for
green-chopped hay operations. The latter has not
been widely accepted to date; therefore is not of
great importance in total demand. Balers are used
only for baling field-cured hay and straw, Pull-
type combines are used for a variety of small grains,
but only small grains., Pull-type combines are at an
increasing disadvantage because of the increasing
size of fields and farms where self-propelled com-
bines tend to be more efficient.

This limited latitude in use greatly re-
stricts the number of factors affecting the demand
for the unit, but also increases the importance of
random shocks. Fluctuation in the price and yield
of any of the crops harvested by these machines will
have a marked effect on the demand for the machines.

Weather, as it affects yield, will also be an
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important factor in determining demand. Since the
demand for these machines is a derived demand, the
fluctuation of the price of the products they
produce (that is, forage and grain) will effect the
demand for the machines,

The degree of substitutability referred to
above, and supported by the sign of the coefficient
of the price of balers and harvesters, also enters
in, Where there exists a high degree of substitut-
ability between machines, the sensitivity to price
will be increased as will the sensitivity to other
factors such as slight changes in technology or
machine repair service, In the United States most
commercial farms are of sufficient size to warrant
a forage harvesting machine and a small grain har-
vesting machine, However, most of these farms are
not of sufficient size to warrant two of each. In
an attempt to take into consideration the high
degree of substitutability between balers and
harvesters, both the actual price and the price
relative were used.

Not taken into consideration in this study
is the substitution between the machines of various
sizes, This is of special importance with combines
where size varies from a cutting bar of less than six

feet to those of over fifteen feet., The non-
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availability of consistent data over the period of
study is one reason it was not considered. The data
by the commerce department are published in summary
tables grouping several sizes together. Over the
period of study the categories were changed making
it impossible to follow the changes in purchases
with any precision. Some consideration was given

to the difficult problem of accounting for the

trend to larger machines in the equations for self-
propelled combines. Average acres of tilled crops
per farm was used as an independent variable; the
trend to larger farms is closely related to in-
creases in machine size. Cromarty, in his tractor
study, did some experimenting with the use of
horsepower ratings as a guide to increased size of
tractor, but was unsuccessful in developing a method
of taking the change into consideration. Increased
horsepower ratings for tractors may aid in explain-
ing the shift from forage harvesters, pick-up balers
and pull-type combines with mounted engines, to
power-take-off machines more prevalent now,

Another possible means of taking trend intc
consideration is to use time as a variable. Time
might be used where it is believed that there are
continuous systematic variations for which there are

no data available., However, it is preferable to use
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some other variable because time itself does not

really explain,

Income as a Variable

What is the proper variable to use as a
representative of income? In static economics
there is no problem of defining income. Here, a
person's income can be taken without qualification
as equal to his receipts. On a dynamic level this
simplification is not available. Income does not
arrive in an even flow, nor is there a definite
time period. In this analysis net income of the
past year including government subsidy payments was
used in two equations. In some of the models the
cash receipts of the product directly related to
the machine being studied was used. The rationale
being that farmers study the enterprise in which the
machine will be used to collect information for
purchase decisions, ignoring the situation of the
other enterprises. The government subsidy is not
included in this case; an apparent inconsistency.
It is not included because it is questionable whether
a farmer regards the subsidy for a particular crop
as income from that crop. It is more plausible
that he considers it only as general income Jjust
as he regards income from off-farm employment when

purchase decisions are made.,
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The farm business and farm household share
the same income. However, farm records often do not
separate the part of income which is allocated to
the household and that part allocated to the busi-
ness precisely enough to be of value in demand
studies, The possibility of shifting receipts
between the two as the situation demands is also
present. In addition, production expenditures,
beyond a given level of variable expenditures, are
readily changed over a short period as are con-
sumption expenditures above the subsistence level,

Effects of Federal
Acricultural Follcy

Price supports are also important as a part
of farm income in two ways. They are a subsidy and
also contribute to the removal of price uncertainty.
The subsidized price encourages production on land
which under unsupported price conditions would be
considered sub-marginal. It is, of course, imposs-
ible to determine the exact reaction of farmers to
this subsidy. Throughout the period of the analy-
sis, price support programs have been in effect,
This eliminates the problem of dealing with the
market under conditions of support and non-support,
but an awareness of the possible increased stabil-

ity of the market must be maintained. In this
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study there was no attempt to take this into con-
sideration. Although there were changes in farm
policy in this thirteen year period, the policies
did not entail a revamping of the general policy
making it doubtful that much change in the attitude
of farmers toward the expected prices developed.

The emphasis has been on price supports as
a form of government agricultural programs, but
there have also been acreage controls employed.
Acreage controls may be more important than price
supports for the haying machines., The acreage
control programs reduce the production of the
controlled commodities leaving the land available
for lower economic uses resulting in increases in
the production of hay and other related crops with
a consequent increase in demand for forage har-
vesters and balers,

Purchaser's Liquid
Asset and REquity Position

Liquid asset position of farmers is related
to the income variable, As the general liquidity
improves expenditures on new equipment is likely to
increase, with possibly some lag occurring when
farmers expect the economic climate to become less
favorable toward themselves in the future. In this

case an attempt may be made to increase liquidity
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until there is a change in expectations. When a
higher liquidity position is achieved expectations
are likely to rise and investment in capital goods
will again increase. There is no variable in the
analysis which takes liquidity position into con-
sideration. Savings deposits in rural banks might
possibly be used to approximate liquidity position
of farmers., This would be only an approximation
because of the many implicit assumptions. It assumes
that farmers hold a given proportion of their assets
in savings accountsj; that they hold the more liquid
part of their assets as savings; and that the level
of the savings deposits fluctuates by some function
of the actual level of liquidity.

Proprietors' equity is closely related to
the liquid asset position of farmers, but was not
used as a variable primarily because of lack of
observations. Theoretically one would expect this
variable to be important in estimating demand,
but Z. Griliches® in his tractor study found that
his "equity" variable contributed nothing beyond
what was already contributed by the previously
included variables. ("real price", rate of interest

and the stock of tractors) Cromarty7 used the asset

OGriliches, op. cits, p. 4.
7Cromarty, Op. cit., pp. 38-39.
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position of farmers deflated by W.F.I. for all
commodities, 1947-1949 = 100. In the equation for
all farm machinery this variable was found to be
significant. However, when asset position of
farmers deflated by W.P.I. was used in the limited
information procedure for all farm machinery the
variable was not significant.

Specification of
Behavioral KRelations

In demand studies or any other studies
using econometric models, the specification of the
behavioral relations is the most difficult. Farmers!
income and its relation to the quantity demanded is
one behavioral relation; another is the planning
horizon of farmers. ®Specification of the planning
horizon is important because it facilitates the
determination of the period that variables should
be lagged if they should be lagged at all. It is
possible that rather than lag income one year as
was done in this study, a weighted average of the
two prior years, or some other combination, should
be used, A study comparing intended and actual
tractor purchases by NMichigan farmers in 1959 was
nade by K. T. Wright and W. H. Vincent® at Nichigan

State University. The general objectives of the

8wright and Vincent, op. cit., p. 354.
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study were to determine the number of farmers intend-
ing to make major capital investments in the coming
year, the quarter of the year of the intended invest-
ment, the amount of the intended investment, and

the strength of the intention to make the invest-
ment, Although this 1s not directly concerned

with the length of planning horizons, some observa-
tions can be made from their data. Contrary to

9

intuition and Friedman's”’ estimation of two and one
half years, there seems to be evidence that for the
purchase of a tractor--a machine of generally
greater importance<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>