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ABSTRACT

AN ECONOMIC ANALYSIS OF USED FARM MACHINERY VALUES

by David L. Peacock

It 1s quite well known that common depreciation methods
are poor estimators of used machinery values. Yet they continue
to be used for this purpose due to a shortage of better inform-
ation. It was the lack of such information which prompted
this study.

The objectives of this study were to: (1) discover how
used farm machinery values change over time, and (2) learn
what factors affect these values.

Various models were developed involving variables which
were hypothesized to have an effect on the market value of
used farm machinery. Each model was tested by least squares

multiple regression methods using the Official Tractor and

Farm Equipment Guide "as-is" values to represent market

Values. Equations were computed for farm tractors, combines,
forage harvesters, balers, and cornpickers. These machines
were all studied over a ten year time span, 1953 through 1963,
using 1953 models and a five year time span, 1958 through 1963
using 1958 model equipment. Every equation based on the
"current" dollar value of the used machine was duplicated by
an equation using "real" dollar (deflated) values as the

dependent variable .



As might be anticlipated, age of the machine was the most
important variable. Alone, it was capable of explaining from
57% to 89% of the variation in used machinery values. Curvil-
inear models demonstrated that the rate of "loss-in-value"
assoclated with age declines as the machine becomes older.

Reallzed net farm income, lagged one year, seemed to have

little or no effect on the demand for used farm equipment.
This was also true of farm prices, as measured by the USDA

prices received by farmers index.

It was somewhat surprising to find that it was impossible
to obtalin a consistent 1-2-3---n ranking of the different
makes ©of machinery. Consequently the information provided by
these variables 1is of little general use in predicting used
values, even though it was extremely helpful in explaining them.
A variable designed to measure the effect of the introduct-

ion of new models on the used value of older models did not

produce any consistent results. The acreage of crops harvested

(combined acreage, and corn acreage)and livestock numbers

seemed to have no significant effect on the used values of
combines, cornpickers, forage harvesters, and balers.

There was a significant difference in the rates of "loss-
in-value" for gasoline and diesel tractors, and for pull type
and self propelled combines. Less important technical diff-

eérences, such as wire as opposed to twine-tie balers and pull



type as opposed to mounted cornpickers, had no recognizable
effect on used values.

A comparison of the equations based on "current" dollars
with those using "real" dollars indicated that inflation
had a considerable effect on used farm machinery values.

The estimated used values obtained from the regression
equations were, of course, quite different from those calculated
using common depreciation schemes. (1) The initial (first
year) drop in machinery values tended toward or exceeded the
maximum depreclaton allowed by the Internal Revenue Service.
(2) The so-called "salvage" value (at ten years of age)in
current dollars, was estimated to be considerably greater than
the traditional assumption of 10%. (3) Yearly "loss-in-value"
(with the exception of the first year) is usually less than

assumed by depreciation schemes.
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INTRODUCTION
CHAPTER I

THE PROBLEM

Current agricultural production 1s increasingly dependent
upon the services of farm machinery. In the past two decades
we have wiltnessed considerable growth in the use of farm
machinery, and a simultaneous decline in the size of the farm
labor force. From 1940 through 1960 the number of trucks
and tractors used by farmers more than doubled, grain combines
increased to more than five times their 1940 level, and corn
pickers (including picker shellers) expanded to greater than
seven times their earlier number.l/ In this same span of time
the size of the farm labor force fell from nearly eleven mill-
ion workers to slightly over seven million. (This trend
‘toward fewer farm workers is continuing in the 1960's.)g/
Further the total number of farms dropped from 6,350,000 in
1940 to 3,949,000 in 1960,3’ while total acreage devoted to

farm use was slightly larger in 1960.5/ The unavoidable

l-/U.S. Department of Agriculture, Farm Cost Situation,

FCS-35 November 1963, p. 15.
g/U.S. Department of Agriculture, Farm Cost Situation,
FCS-36, November 1964, p. 11.

3/1p14., FCS-35.

H/Land in farms increased from 1940 to 1950, 1,061
million acres to 1,159 million acres, and declined to 1,120
million acres by 1959; see U.S. Department of Agriculture,
Agricultural Statistics 1963, p. 435.

1
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conclusion is that fewer farmers are operating larger farms

and depending upon increased use of farm machinery to accomplish
the task.

Although the trend toward greater numbers of farm
machines has tended to level off since 1960 and in some cases
show slight reductions, the concurrent trend toward larger
capacityr and more complicated machilnery continues.

Another approach to indicating the importance of farm
machinery in modern agriculture is to illustrate how it fits
into tﬁe financial structure and operation of the individual
farm businesses. In 1963 the depreciated value of farm machinery
inventories averaged 12.7 percent of the total farm lnvest-
ment for cooperators of the Michigan Mail-In Record Project.
(The range by types of enterprises is from an 8.98 percent
average for beef-hog operations to a 17.82 percent average
for dalry and potato combinations.)i/ This same group of
farmers averaged annual farm machinery ownership costs, as
measured by the depreciation taken, of $2,682 or roughly
nine percent of thelr total farm expenses. When one adds the
average cost of operating the machinery (gas, oil and main-

tenance) amounting to $2,611 to the ownership costs, (as

é/Computed from information presented by Leonard R. Kyle

in Michigan Farm Business Report for 1953 ( Michigan State
University Experiment Station; Research Report No. 30)p.3.
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specified above--excluding any interest payments) their annual
machinery expense turns out to be $5,293, or nearly 17.5
percent of total farm expenses.é/

While the above figures are impressive, they undoubtedly
do not represent an accurate statement of either the average
value of the cooperators' farm machinery investment or their
machlinery ownership expenses. This 1is because the figures
reported were computed using common depreciation methods.
These methods tend to yield estimates of farm machinery values
which differ considerably from their market values. Table 1
i1llustrates the divergence between market values and those
computed by depreclation schemes. Despite the evident
inadequacies of depreciation schemes for this purpose, little
seems to have been done toward developing improved methods
of estimating used farm machinery values. It was the lack of
such information that prompted this study.

The study explores how used farm machinery values change
over time and considers certaln variables that were expected

to effect these values.

é-/Ibid., p. 8.



.
CONTRIBUTION OF THE STUDY
It would seem appropriate to establish the usefulness of
this study before progressing very far. The following, there-
fore, suggest some applications of improved information about
used farm machinery values.

Farm Planning.

The farmer could use this type of information to improve
his estimates of the cost of owning and operating farm
machinery. These improved cost estimates in. turn could be
used in a number of planning and budgeting situations. Where
machinery costs are important production expenses, more accurate
comparisons of alternative enterprises could be made.

Applied directly to farm machinery; improved decisions could

be made with respect to determining the profitability of owning
a given machine, the proper complement of machinery for a

given farm situatlon, whether to buy new or used equipment,

and when to trade.

Tax Purposes.

The income tax law has recently been changed to prevent

farmers from considering the excess of the disposal value of

farm machinery over their depreciated value as capital gains.l/

1/

=" For additional information see the Farmers Tax Guide,
U.S. Internal Revenue Service.
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Farmers may find improved estimates of farm machinery values

useful in planning the depreciation of these assets.

Farm Management Research

Researchers could use improved information about machinery
values where they are an important part of budgeting or programm-
ing studies. Such information would, of course, be particularly

applicable to studies of the economics of farm machinery use.

Agricultural Credit Agencies

Agencies supplying credit for farm machinery purchases
may well be interested in using this type of information to
design repayment plans and maturities that would better serve

their customers.

OBJECTIVES
The objectives of this study are as follows: (1) discover
how used farm machinery values change over time, (2) to learn

what factors affect these changes in value.

PROCEDURE
Briefly the procedure used in this study was to: (1)
locate a reliable source of market values for used farm mach-
inery, (2) obtain values for selected machines over five and
ten years time span, (1958-1963, 1953-1963 respectively,) (3)
develop a model relating the hypothesized factors to the market
values of the machines selected, (4) test the model (by least

squares multiple regression methods), and (5) analyze the result.



CHAPTER II

DATA AND METHOD OF ANALYSIS

Chapter I pointed out the inadequacy of current depreciation
schemes as estimators of the market value of used farm machinery.
In addition, the objectives of this study were listed. This
chapter discusses the source of data and the method employed

in analysis of this data.

Data

The objectives of thils study presuppose the need for a
sizeable quantity of reliable "market value" data for used
farm machinery. The possibility of obtaining these data from
primary sources was quickly dismissed. The cost of surveying
a sufficiently large number of farmers and farm machinery
dealers would have been prohibitive. It is also questionable
that accurate data could have been secured for years other
than the present.

Thus, locating a secondary source of data was necessary.

Two sources of such data were available: National Farm Tractor

and Implement Blue Book Valuation Guide published by National

Market Reports, Inc., and Official Tractor and Farm Equipment

Gulde compiled by National Farm and Power Equipment Dealers
Assoclation (hereafter referred to as Blue Book and Official
Guide).

However, the estimates of market value given by the above
sources are not comparable. The following table i1llustrates

the disparity between the two.
-7-
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TABLE 2.---1966 Market Values of selected used tractors taken
from Official Guide and Blue Book. (The "as-is" value is the
market value of the stated tractor in average condition.)

Official Guide Blue Book

Year Model "as-is" "as-is"
1947 Farmall "H" $ 333 $--=?
1953 Farmall "Super M" 9h47 _—
1954 Ford "NAA" 700 -——-
1955 John Deere "60" 1062 _——
1956 Allis Chalmérs "wDus" 1004 850
1957 Oliver "Super 77" 1036 875
1958 Case "300" 988 735
1959 Oliver "880" 1934 1500
1960 Massey-Ferguson "65" 1730 1650
1961 John Deere "3010" 2335 1615
1962 Massey-Ferguson "85" 2364 2410
1963 Farmall "504" 2156 2285
1964 Ford "6000" 2621 2700
1965 Minneapolis Moline "M-604" 4520 4900

8Blue Book does not give "as-is" values for Tractors

over 10 years of age.
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The publisher of Blue Book contends in the statement below,
that any disparity between thelr figures and those of another
reputable source 1s more apparent than real.

VALUATION COMPARISONS-~Valuation figures appear-
ing in the Blue Book are as a rule lower than the
valuations given 1in one of the leading reference
guides for dealers. This sometimes leads to the mis-
taken belief that Blue Book figures do not represent
a true picture of used tractor and farm equipment
values. A careful comparison of the two sets of
figures, however, reveals that the higher valuations
given in the reference guide are due to the additilon
of various special equipment items not included in
the regular Factory List Price. Such extras may, or
may not, actually be wanted by the individual who is
interested in the machine. They frequently result
in an increase of several hundred dollars, and in
the case of larger tractors, well over a thousand
dollars in the indicated 1list price with an attend-
ant 1ncrease in the valuation figures. Blue Book
valuations, on the other hand, are based wholly
upon the manufacturer's Factory List Price which
includes regular equipment only. This is a more
accurate and logical base price to use, since the
tractor component parts are always standard and
uniform for all sections of the country. Where
speclial equipment items are taken by the original
purchaser, the price of such extras should be
added to the Factory List Price and properly adjust-
ed in the valuation tables.8/

It is the author's observation that Blue Book normally
does use the most basic model, while Official Guides valuations

are for models including certain supplemental equipment.

Q/National Market Reports, Inc., National Farm Tractor and

Implement Blue Book Valuation Guide, (Chicago, Il1l., 1966),p.3.
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Official Guide states their case as follows: "Values published
herein for tractors and other machines include factory options
and extras normally sold by dealers, nationwide, as part of

original equipment."g/

Blue Book suggests that correction of
their values to include optional equipment can be made using
the following table.

TABLE 3.---Percentage figures, suggested by Blue Book, to

determine the depreciated value of optional equipment not
included in the model specifications--1966 edition.10/

1965 1964 1963 1962 1961 1960
Current 1 Year 2 Years 3 Years 4 Years 5 Years
Year 0ld 01ld 0ld 01ld 0Old
80% 70% 55% 457 35% 25%

a’This table was reproduced exactly as it was found in
the 1966 edition of Blue Book. The author finds this table
somewhat confusing. For example, does "current year" under
1965 refer to 1965 or 19662 1If, in fact, 1t refers to the
depreciated value of 1965 optional equipment in 1966 it should
be labeled 1 year old (and "five years old" then actually
refers to equipment six years old). However, if it refers to
the value of the equipment in the "current year" it should be
under 1966, not 1965. The author assumes that what 1is meant
by "current year™ is actually 1 year old and similarly for the
other labels.

Q/National Farm Power and Equipment Dealers Association,

Official Tractor and Farm Equipment Guide, (St. Louis, Missouri,
Spring 1966) p.3.

lg-/Blue Book, p.3.
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The method of correction is to multiply the original cost of

the "extra" equipment by the percentage of its value remaining,

as given in Table 3, and adjust the "as-is" value by this amount.
Although these corrections improve the comparability of

the two sources, disparity still exists (See Table 4.) Note

that the largest differences seem to be in the earlier models.

TABLE 4.--0fficial Guide market values and Blue Book market

values corrected to provide valuations for selected tractors
with given model specifications----1966 editions.

Official Guide Blue Book

Year Model "as=-is” Corrected Value
1956 Allis Chalmers "WD-45" $1004 $ 850
1957 Oliver "Super 77" 1036 916
1958 Case "300" 988 776
1959 Oliver "880" 1934 1759
1960 Massey-Ferguson "65" 1730 1650
1961 John Deere "3010" 2335 1918
1962 Massey-Ferguson "85" 2364 2410
1963 Farmall "504" 2156 2285
1964 Ford "6000" 2621 2700
1965 Minneapolis Moline "M-604" 4520 4900

An alternative method of testing the assertion that "extras"

are responsible for the differences in valuations given by the
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necessary to make
given by Official Guide.

was to divide the
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determine the new value of optional eguipment

Blue Book "as-is" values equal to those

The method used for this determination

difference between "as-is" values for a given

tractor by the appropriate percentage figure from Table 3.

This was done for two popular 1954 tractors and the results

appear in Table 5.

TABLE 5.--Market values for 1954 Farmall "Super M" and 1954
John Deere "60" from 1957, 1958, 1959 editions of Official
Guide and Blue Book, and the new value of optional equipment
necessary to equate used values from the two sources.

Official Value of Required
Year Guide Blue Book Extra Equipment
1954 Farmall "Super M"
1957 $1510 $1345 $ 300
1958 1475 1195 622
1959 1449 1040 1168
1954 John Deere "60"
1957 $1534 1270 $ 480
1958 1415 1160 566
1959 1368 965 1151
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Since the total possible value of optional equipment for the
1954 Farmall "Super M" was $486.00 and for the 1954 John Deere
"60" was $579.00££/ as contrasted to necessary options valued
in excess of $1100.00, differences in equipment does not seem
to provide an adequate reconciliation of the two sources.

Thus, the overall conclusion is that the data are differ-
ent and the immediate job is to select between them. The
choice for this study is the Official Guide. This is based
mainly upon conclusions about how the valuations were compiled,
while there are other minor considerations (to be discussed
later). The most pressing concern is that the data must be
reflective of "market values". The conclusion here is that the
valuations printed in the Official Guilde are derived empirically,
based on the reported experiences of farm machinery dealers,
and therefore should be a fairly accurate portrayal of the
"market values" desired. The Blue Book, however, is somewhat
nebulous about how their valuations are derived and it appears
that they may be based on a mathematical formula with adjust-
ments for the judgement of the publishers.

The Official Guilde receives reports from farm machinery
dealers semiannually and processes them to be used by the

industry in the following period.

il-/Compu'ced from information found in Spring 1965 Edition

of National Farm Power and Equipment Dealers Association,
Official Tractor and Farm Equipment Guide, pp. 113, 163.
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The values quoted herein...are based upon reports of
thousands of sales....These reports come from representative
dealers handling all makes of agricultural tractors and allied

equipment.

Since the values quoted herein are based upon prevailing
retall sales prices of used equipment, they are assumed to be
accurate and dependable. 12/

The method of processing these reports into published
"as-1is" values is given below:

1) Retaill prices for each make and model are averaged.

2) The average cost of reconditioning the equipment is
computed.

3) Average reconditioning cost 1s subtracted from the
average retall price.

4) Twenty percent is deducted from the remainder. (This
is to cover dealer overhead and profit.)

5) The resulting "as-is" figure represents what a
machine 1n average repair is worth to the dealer.

Example: Average resale $800
Average cost of reconditioning -55

745

Minus 20 percent of 745 -149

Average as-is

$596
If the farmer is able to perform the reselling services
of the dealer, the farm equipment in question may be worth
more than the Official Guide as-is value. For this study,
however, it 1s assumed that farmers as a whole do not make
a practice of reselling their own equipment or if they do, the

price obtalned is somewhere near the as-is value. This

12/4rr1c1al Guide, 1966, p. 1.
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assumption may bias the results downward slightly, but such

an error 1s believed to be more than offset by the advantages

of using this rather easily avallable market value. Unquestion-
ably the use of average retail prices would be unrealistic
(would assume that all machines on farms are in "good saleable
condition") and the resultant upward bilas would be considerably
more damaging to the study.

Blue Book makes no clear-cut explanation of how they arrive
at thelr valuations. 1In reply to my inquiry, J.F. Heffinger,
President of National Market reports, Inc., which publishes
Blue Book writes:

The manner in which we arrive at the "as-1s" value is
generally defined in our "Introductory Section." As is
true of all of our valuation guide books, the arrival at
valuations is not a sé¢ience, but an art. There are, of course,
basic criteria, such as production volume, general acceptance,
bank and insurance company experiences. They of course,
become a function of the ultimate values placed in our guide
book. 13/

As suggested, one might look to the "Introductory Section"
of Blue Book for clarification of their procedure. This is

not particularly fruitful, however, as the following statements

illustrate.

13/ Taken from a letter to the author from J.F. Heffinger,
president of National Market Reports, dated January 19, 1965.
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1956 Edition---

Careful planning, analysis and research are employed in
the preparation of the various guides we have published for
years, among others, the Red Book and Blue Book Used Car
Appraisal Guides. The same analytical approach and time
tested methods, together with a thorough study of thousands
of sales reports from farm implement dealers, have been used
in the preparation of the material for this edition.lﬂ/

1966 Edition---

Government figures show that the average 1life of a
tractor is approximately 12 years. The rate of yearly depreci-
ation used 1n computing Blue Book valuations corresponds to
this figure. It follows the accepted sliding-scale pattern
advocated in government publications and widely used in various
state assessment offices. Blue Book valuations are also
checked against average prices prevailing at regional auction
sales. 15/

The results of three simple linear regression equations
leads the author to conjecture that Blue Book used a formula
as the basis for some 6f its valuations (and therefore would
not provide useful data for this study). A regression of
"as-1is" tractor values (in percent of new cost) on tractor
age was calculated for two popular 1954 models for the years
1955 through 1959. Then a similar regression was calculated

for the combination of the two models. The results are given

in Table 6.

l-LL/Blue Book, 1956, p. 2.

15/81ue Book, 1966, p. 4.
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TABLE 6.--Linear Regression of the percentage values of select-
ed 1954 tractors--obtained from Blue Book--on tractor age.

Model Equation R2

1954 "Super M" Q = 69.97 - 5.81 X, .9922
1954 "60" % = 69.58 - 5.94 Xl .9918
Combination Q = 69.77 - 5.87 Xy .9892

A
where Y = Estimate of percentage value

Xl = Age, given by 1955=1, 1956=2,----1959-5

Note the very high R2's which mean that a straight

line 1s nearly a perfect fit to the data. The uniformity of
the equations suggest that the formula Y = 70.0 -6.0Xl could
be used to compute values,---for the given tractors--nearly
duplicating the "as-is" values from Blue Book.

In addition to evidence that Official Guilde is more
representative of "market values," it has the advantages
of (1) being more often recommended by individuals concerned
with the farm machinery business and (2) being more complete

and easler to use than Blue Book.

Method of Analysis

The first step toward analyzing the data was to convert
the "as-1is" values to percentages of the original value.
The original value was designated as equivalent to the new

cost to the farmers.
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Discussions with branch offices of the farm machinery
manufacturers and their local dealers revealed that the initial
bargaining price to the farmer was the factory f.o.b. price
(as reported in Official Guide) plus allowances for freight
charges and excise taxes. No effort was made to take into
consideration freight charges and exclise taxes as they vary
from area to area. It was assumed that the resultant upward
bias of the values does not warrant the effort necessary to
attach average freight and excise taxes to each f.o.b. prices.
Secondly, i1t was assumed that local dealers normally sold
machines below the f.o.b. price. The dealers interviewed
agreed that a 5 percent discount from f.o.b. price would be
typical in 1953, further than 5 percent to 7 percent would be
reasonable for 1958 and figures from 5 percent to 10 percent
were appropriate currently. The percentage values used in
this study were computed by reducing the f.o.b. price by 5
percent and dividing the resultant "new cost" into the value
given for each year.

Example: 1953 "Super M" Farmall

$2728 (f.o.b. 1953) x (5%) = $136

$2728 - $136 = $2592 (Assumed "New Cost" to the farmer)

(1954 $ value) $1794 :$2592

(1958 $ value) $1386 :$2592

Al

69.2% (of "New Cost")

53.5%

(1963 $ value) $1226 :$2592 47.3%
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It was readily apparent that a graphical analysis was
not sufficliently powerful to meet the objectives of the
study. From both the data and simple graphical presentation,
one observes differences between years, make of machinery and
models. (See Table 7 and Figure 1 on the following pages.)

It 1s evident that variables other than age should also
be considered. The method of analysis employed must then
accommodate multiple variables and have the capacity to test
thelr significance. Again, it must give some measurable
estimate of the effect of individual variables on the
percentage values. A model to which least squares multiple
regression could be applied seemed to meet these require-
ments.lé/ In addition, the results can be put in a form that
is reasonably easy to understand by farmers and others who may
wish to use them.

Not all of the equations computed are reported in the
text that follows. In general, the equations selected were
required to meet the following criteria: (1) The variable in
question (those unique to the specific equations) must make
a slgnificant contribution to the fit of one or more of the
equations including it as part of the model.

lééFor an understanding of multiple regression, one can

look to any of a number of standard statistic textbooks, includ-
ing: George W. Snedecor, Statistical Methods, (Ames, Iowa,

1957, Iowa State College Press.)
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(2) And the overall statistical results, related to the given
variable, must be explainable in theoretical terms. In other
words, they must be 1indicative of a reasonable economic

"cause and effect" relationship.

The inclusion of several equations involving new model
variables (explained in the Chapter III) is somewhat of an
exception to the second criterion. These equations were
included to indicate the likelihood of a relationship which
the variable in the particular form used, did not adequately
measure.

The used farm machinery values in this study were for the
periods 1953 through 1963 (1953 models) and 1958 through 1963
(involving 1958 models.) At the outset of the study, used
values for the year 1963 were the most recent data available.
The ten year span of 1953 through 1963 was then chosen to con-
form with length of time usually assocliated with depreciation,
(as used for income tax purposes) under the assumption that
the most recent experience would be most relevant. The
choice of the ten year span, as might be expected, was to make
comparisons of the statistical results and common depreciation
schemes as easy as possible. The shorter period of time, 1958
through 1963, was used to test the validity of the findings of
longer period, and to identify any trends or changes in used

Values that might be associated with later model equipment.
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Figure 1---The decline in percentage value (used value/new
cost) of selected 1953 model tractors.



Chapter III
ANALYSIS OF USED FARM TRACTOR VALUES
INTRODUCTION

This chapter 1is concerned with presenting and evaluating
selected variables which were expected to have an effect on
used tractor values. The tractors chosen for the study were
typical farm tractors, as opposed to industrial and track-
type tractors, and include models from all the major manufactur-
ers. The data consisted of two samples. One 1involved tractors
manufactured for sale in 1953 and analyzed over the period
1953 to 1963. The other was comprised of 1958 models, examined
from 1958 through 1963.

The tractors involved were subdivided into groups of
gasoline and dilesel powered units. The author hypothesized
that they were rega;ded as somewhat different entities by
farmers, ana it would therefore be appropriate to examine them
separately. .Further, the author chose to omit consideration
of liquified pertroleum (LPG) units, regarding them as a ninor
part of the market.

VARIABLES

The variables selected reflect the "demand side" of the
used farm machinery market. While demand conditions in the
new machinery market (oligopolistic in structure) may not

Play a very heroic part in new tractor price-setting, it would

-23-
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be unrealistic to discount the role of demand 1n establishing
the value of used farm machinery (a competitive market).

The "supply side" of the used farm machinery market was not
considered. Estimating the supply of used machines would be
a considerable undertaking; and it is doubtful that, given the
objectives of this study, such an effort could be justified
on the basis of any new knowledge obtained.

The followling variables were 1included in the analysis
of used tractor values.
Age

It seems reasonable that age should have an important
effect on the value of a used machine, as obsolescence and
deterioration are closely associated with it. Farmers and
farm machinery dealers undoubtably associate increasing age
with decreasing equipment values. This relationship could
be formalized in the following way. Farm machinery has a
certain useful life (before it becomes so obsolete or so worn
out that it 1is no longer serviceable), and the value of a
used machine should reflect the value of services which can
still be obtained from it.

The depreciation schedules used for tax purposes embody
these concepts, and, in fact, assume implicitly that age is
the only variable affecting used values. In this study, age

Was not expected to be the sole determinant of used values,
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but it was expected to be a variable of primary importance.

Realized Net Farm Income

Farmers probably do little separating of farm income
and family income. The net income realized from the farm,
plus limits on the amount of available credit (often self-
imposed), then serves as a constraint on the amount of product-
ion and consumption goods purchased by the farm family. (Let
us disregard the unnecessary complication of supplementary
non-farm income.) There is really no problem of noncompar-
ability of production and consumption goods,_as investments
in production goods may be thought of as deferred consumption.
In short, as realized net farm income increases, the budget
constraint permits consideration of new consumption possibilities.
Expansion of farm income may allow consideration of remodeling
the home, learning to play golf, a new hog waterer, an additional
tractor or any number of things not possible with the smaller
budget constraint. In the usual economic terminology the farm
family chooses the combination of consumption goods<and deferred
consumption, savings and investments in production goods,
which maximize their utility. Aggregating consumption plans
of farm families, if increased farm income means a greater

humber of farmers planning to purchase used machinery, it also
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means a greater demand for used tractors (combines, plows,

----, wagons) and higher used values given fixed supplies.

Realived net farm income was lagged one year, because it
was thought that the financial position the farmer found
himself in at the years end was most relevant to the following
year's machinery investments. It might also be hypothesized
that the farmer'gexpectation for this year's farm income 1is
strongly influenced by last year's net farm income. Thus he
might be expected to expand or contract his purchase of pro-
ductive inputs, including used farm machinery, as a result of
his past years experience. The outcome of this situation is
consistent with the rationale already hypothesized.

Prices Received by Farmers Index

In recognition of the importance of product price in
determining the level of input use, this index was 1ncluded
as a variable. If farmers operate on the basis of marginal
adjustments, an increase 1in the price of a farm product should
motivate an increase in the inputs acquired for its production.
Since farm machinery is one important input, a change in product
prices could change the demand for used machinery and consequently
their used values.

This price index is a combination of prices for various
groups of commodities welghted by the average quantitites of
individual goods sold during 1953 to 1957. It therefore,need

not be the same gs farm income.
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Make

Each of several manufacturers are competing for the
farmer's machinery dollar by offering a differentiated
product. Although each company has several alternative models,
there 1s a definite similarity within the "make". The hypothesis
here is that buyers of used machines attach different values
to the various makes. "Make" preferences are undoubtably
developed over time on the basis of the farmer's own experience
and information obtained from neighbors, dealers, and advertizing.

The make variable differs from those already discussed,
because 1t is qualitative, not quantitative in nature. As
a result, 1t requires a different system of including it in
the regression equations. Thus a set of dummy variables is
used to represent the makes. (This is also true of the horse-
power variable to follow.) Each make is represented by a
separate variable. When the observation in question is a given
make, say Oliver, a one 1is entered under the appropriate makevariable
(Oliver) and all other make varilables are assigned a zero.
One make must be omitted from the variables to serve as a comp-
arison for the others. 1In this case 1t was Minneapolis Moline
which, from examining the data, was expected to have the lowest
Used values. In essence, when a one is entered for a make,
the regression equation compares that particulér make's used

Values with those of Minneapolis Moline. This brief explan-
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ation of the functioning of dummy variables can be applied to
other variables using thils system.

Horsepower

The sample of tractors studied encompasses models with
widely differing horsepower ratings. It is conceivable that
models with certaln horsepower ratings could be in greater
or lesser demand than others. One might also reason that a
given range would include the models with the most popular
horsepower ratings. The existence of such a horsepower range
would depend upon an associated range of tractor sizes suited
to the greatest number of farming operations. The author
expected 30 to 40 horsepower and 30 to 50 horsepower to be the
most popular ranges for 1953 and 1958 models respectively.

Two dummy variables representing three horsepower ranges
were used to test the above propositdon. In essence, tractors
with less than 30 horsepower and more than either 40 horse-
power (1953 models), or 50 horsepower (1958 models), were
compared with those included 1n what was expected to be the
most popular horsepower range. (The measure of the individual
tractor's horsepower rating was maximum drawbar horsepower
given by the Nebraska test dated nearest to the given model

year.)
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New Models

The new models varlable was included to study the effect

of the introduction of a new model on the value of the model
it replaces. This is a particular type of obsolescence which
is unrelated to the age of the machine. To be more specific,
does the introduction the Allis Chalmers "D-14" model in 1957
affect how "up-to-date" the farmer regards a 1953 Allils
Chalmers "WD-45"? Does the farmer consider the 1953 John Deere
"70" now obsolete even though it has many of the same basic
technical features of the "3010" John Deere introduced in
1961? This type of obsolescence is not cumulative over time,
but occurs suddenly when a new model is introduced to which
an older one may be contrasted.
Labor

Machinery can be labor-saving, and thus a substitute for
farm labor., As the price of farm labor increases relative to
substitutable machinery inputs, marginal analysis suggests that
farmers would demand more machinery and less farm labor. Since
there 1s no reason to believe that farmers do not respond
to the "better buy" in farm inputs, increasing labor costs
could be expected to retard the rate of decrease in used mach-

inery values over time.
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Inflation

Inflation could also be expected to partially offset the
decline of used farm machinery values. For this study, the
Bureau of Labor Statistics wholesale price indices for farm
machinery (tractors, balers, combines, forage harvesters, and
cornpickers) were used to construct the variable. The logic
of this choiée of indices rests on a concept of equilibrium
between the new and used machinery markets. If new machinery
prices rise relative to used machinery prices (a substitute
for new machinery), used machinery becomes a "better buy"
and prices are bid up in the competitive used equipment market.
Consequently a 2% yearly increase in new farm machinery prices
should result in a 2% increase in used farm machinery values.

The variable inflation is examined in a somewhat indirect
way. The Y1 values (percentage of original value remaining)
were deflated by the appropriate wholesale price index creat-
ing a new dependent variable called Y2. This approach was
used because early experience indicated that the 1ndexes, if
used directly as a variable, would be highly intercorrelated
with the variable age. High intercorrelations between var-
lables makes it difficult for a meaningful analysis of the

variable in question.
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ESTIMATING EQUATIONS

In order to assess the contribution of age to tractor
value determination, four linear, least squares regression
equations were computed with age as the only independent
variable. Each of the subdivisions of data, 1953 gasoline
tractors, 1953 diesel tractors, 1958 gasoline tractors and
1958 diesel tractors are represented by equations given below.
1953 Gasoline Tractors;

Equation #1 § = 64.287 - 3.072Xl**

1

(0.955) (0.152)
2

R™ = 0.5743 S.E. = 7.5833
Equation #2 §2 = 65.648 - M.lOOXl**
(0.869) (0.139)
R2 = 0.7436 S.E. = 6.9027
1953 Diesel Tractors
Equation #3 §1 = 59.367 = 2.758X, **
(1.260) (0.192)
R = 0.6542 S.E. = 5.7302

Equation #U §2 = 60.320 - 3.669Xl**

(1.124) (0.171)

R 0.8080 S.E.

5.1114
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1958 Gasoline Tractors
Equation #5 Yl = 74,582 - M.33MX1**

(0.849) (0.250)

R = 0.5723 S.E. = 5.1693
Equation #6 §2 = 72.662 - 5.O7NX1**
(0.788) (0.232)
R® = 0.6805 S.E. = 4.7965
1958 Diesel Tractors
Equation #7 ;l = 76.100 - 5.398X1**
(0.852) (0.253)
R® = 0.8193 S.E. = 3.5636
Equation #8 §2 = 74.103 - 6.052X **
(0.783) (0.233)
R® = 0.8708 S.E. = 3.2774

Where: ¥. 1s the estimated value of the maching--in percent of
its orig}nal cost--based on current dollars. Y, is the estimated
value of the machine--in percent of its originai cost--based

on constant dollars (as adjusted by the Bureau of Labor Stat-
istics wholesale indices). X, 1is the age of the tractor in
years. R, 1s the coefficient of multiple determination. S.E.

is the standard error of estimate. *¥indicates the variable

was significant at .05 level, and ¥** indicates significance at
.01 level.

Judging from the R2S glven above, age makes a consider-
able contribution to describing the "loss-in-value" of used
farm tractors. ("Loss-in-value" will be used rather than

"depreciation" to avoid confusion with depreciation ag it is

used for income tax purposes.) Also noteworthy is the sign-
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ificance of the variable. In all cases the b value for age
was significantly different from zero at the .01 level.

It should be noted that the R2‘s and b's for Y2 equations

are larger than thelr Y, counterparts. This 1s exactly the

1
relationship that should be expected if inflation 1is important
to understanding "loss-in-value". The greater R2's indicate
that the removal of inflation permits age to explain a larger
portion of the variation in used values. The larger b's
support the proposition that without inflation the "loss-in-
value" over time would be more rapid.

Finally, b values for 1958 equations exceed those for
comparable 1953 equations, and the diesel equations appear
to be somewhat different than theilr gasoline counterparts.
Conslideration of the questions raised by these relationships
will be deferred until later in the chapter.
Make

The following equations include, along with age, the

make of the tractor.
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1953 Gasoline Tractors

Equation #9 Y1

59,229 - 3.ou7xl** + 8.69ux2** - 1.513X

3
(1.106) (0.108) (1.348) (1.234)
+ 3.232Xu* + 13.632X5** + 8.742X6**
(1.336) (1.243) (1.925)
*
+ 18.80257** + 6.9M5X8** + 3.157X9 + 1.201X10
(1.925) (1.336) (1.243) (1.250)
R = 0.7931 S.E. = 5.3680
Equation #10 §2 = 61.255 = u.078X1** + 7.560X2** - 1.382X3
(1.045) (0.102) (1.274) (1.175)
+ 2.619Xu* + 11.917X5** + 7.6M6X6**
(1.263) (1.175) (1.819)
+ 16.411X7** + 6.061x8** + 2.836x9* + 1.023x10
(1.819) (1.263) (1.175) (1.181)
R = 0.8656 S.E. = 5.0729
X1 = Age Xu = Cockshutt X7 = Ford
X2 = Allis Chalmers X5 = John Deere X8 = International Harvester

kel
]

3 Case X6 Ferguson X Massey Harris

X = QOliver

10
(Minneapolis Moline is the base for make comparisons)
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1953 Diesel Tractors

Equation #11 § = 57.892 - 2.950Xl** + 1.911X, + 10.858X_ **

1 2 3
(1.353) (0.153) (1.497)  (2.502)
+ 10.9OUXM** + 1.625X5 + O.586X6
(1.582) (1.343) (1.315)
R® = 0.7981 S.E. = 4.4827
Equation #12 ?2 = 58.955 - 3.833X ** + 1.612X, + 9.382x3**
(1.233) (0.140) (1.364) (2.280)
+ 9'526XN** + 1.515X5 + O.670X6
(1.441) (1.223) (1.198)
R® = 0.8830 S.E. = 4.0850
Xl = Age X“ = International Harvester
X2 = Cockshutt X5 = Massey Harris
X3 = John Deere X6 = Oliver

(Minneapolis Moline is the base for make comparisons)
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1958 Gasoline Tractors

Equation #13 Y1 71.217 - M.588X1** + 1.696X2 + 10.028X_ %%

3
(0.994) (0.196) (1.133) (1.106)

+ 5.“73Xu** + 4.780X5** + 5.736X6* + 6.898X7**

(1.202) (1.085) (2.455) (1.286)
+ 4.585X8** + 6.MO8X9** - 0.832X10
(1.049) (1.202) (1.085)
R = 0.7535 S.E. = 4.0052
Equation #14 Y2 = 69.529 - 5‘306X1** + 1.596X2 + 9.23MX3**
(0.927) (0.183) (1.057) (1.032)
+ 5.158Xu** + H.U12X5** + 5.227xg + 6.316X7**
(1.121) (1.057) (2.291) (1.200)
+ u.214x8** + 6.023X9** - 0.732X10
(0.979) (1.121) (1.012)
R® = 0.8138 S.E. = 3.7368
Xl = Age X6 = Ferguson
X2 = Allis Chalmers X7 = Ford
X3 = (Case X8 = International Harvester
Xu = Cockshutt X9 = Massey Harris
X5 = John Deere Xlo= Cliver

(Minneapolis Moline is the base for make comparisons)
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1958 Diesel Tractors

Equation #15 Y, _ -y 759 _ 5.500X, ** + 1.470X, + 5.047X ¥*

(1.294) (0.187) (1.429) (1.391)

+ 3.107X), + 5.000X_** + 2.860X6 + 1.853X

5 7
(1.347) (1.650) (1.650) (1.347)

+ 3.68OX8 - 2.128X9

(1.429) (1.278)

R2 = 0.9110 S.E. = 2.6082 -

Equation #16 Y2 = 72.744 - 6.1H1X1** + 1.57OX2 + M.575X3**

(1.182) (0.171) (1.305) (1.271)
+ 2.987Xu + M.72OX5** + 2.72OX6 + 1.9OOX7
(1.230) (1.506) (1.506) (1.230)
+ 3.430X8* - 1.956X9
(1.305) (1.167)
R® = 0.9372 S.E. = 2.3820
Xl = Age X5 = John Deere
X2 = Allis Chalmers X6 = Ford
X3 = Case X7 = International Harvester
Xu = Cockshutt X8 = Massey Harris
X9 = Oliver

(Minneapolis Moline is the base for make comparisons)

The following list summarizes for both model years the

makes which were significantly different from zero, and can

generally be thought of as significantly different in value
from Minneapolis Moline.
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1953 Gasoline 1953 Diesel

Allis Chalmers¥*#¥ John Deere*#¥

Cockshutt® International Harvester#*#¥
John Deere*# Ford#*#

Ferguson## International Harvester*#*

Massey-Harris*#

1958 Gasoline 1958 Diesel
Casek#® Case¥*#
Cockshutt¥#¥ Cockshutt*

John Deere¥*#* John Deere#*#
Ferguson#¥ Massey Harris¥*#

International Harvester¥*#
Massey Harris#*¥

Ford#**

(As in the equation * indicates significance at .05 level and ¥*#¥

indicates significance at .01 level.)

Since several of the individual makes were not significant,
doubt may exist as to the contribution of the make variables
taken as a group. In order to determine if their overall

contribution was significant the following F-test was made.
. SSR with make variables-SSR without make variables
F(r-k,n-r-1)= r-k
‘ SSE_(n-r-1)
Jn-r-1
Where: n is the number of observations, k is the number of

variables for the equation without make variables, r 1is the
number of variables for the equation with make variables.
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The contribution of the make variables 1n aggregate
turns out to be significant at .01 level for 1953 gasoline,
1953 diesel, 1958 gasoline, and at the .05 level for 1958
diesel tractors.

Horsepower

With the following set of equations the effect of the
selected horsepower ranges was studled in conjunction with
age and make. Only the range of 0 to 30 horsepower (30-)
and 40 or more horsepower (40+) in 1953, or 50 or more horse-
power (50+) in 1958, appear as variables in the equations.
The mid-range of horsepower (30-40 or 30-50) serves as a basis

of comparison.
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1953 Gasoline Tractors

Equation #17 Yl

(1.158) (0.097)

+ 5.428Xu** + 14.865X

(1.270) (1.141)

+ 22.663X7

60.445 - 3.063X1** + ll.OO8X2** - 0.280X

3
(1.281) (1.141)

s** + 12.603X **

(1.800)

¥ 4 7.302Xg¥% + 3.141X **

9

(1.800) (1.214) (1.149)

+ 1.230X10 - 4.99“X11

% 4 0.5214)(12

(1.159) (0.690) (0.810)
R® = 0.8342 S.E. = 4.8212
Equation #18 ¥, = 62.427 - 4.092X ** + 9.522X,%* - 0.339X,
(1.114) (0.093) (1.232) (1.097)
+ BUHTTX, %% + 12.9605X %% + 10.982Xg**
(1.221) (1.097) (1.731)
+ 19.747X

7

¥+ 6.330Kg** + 2.771X**

(1.731) (1.167) (1.105)

+ 0.993X,, - M.H3NX11

LA 5 0.304)(12

(1.114) (0.663) (0.779)
R® = 0.8885 S.E. = 4.6367
Xl = age X5 = John Deere X9 = Massey Harris
X2 = Allis Chalmers X6 = Ferguson X10= Oliver
X3 = Case X7 = Ford X11= 30-h.p.
X, = Cockshutt Xq = International X,.= U40+h.p.
4 8 12
Harvester

(Minneapolis Moline is the base for make comparison, 30-40 h.p.

is the base for horsepower comparisons.)



1953 Diesel Tractors

Equation #19 Yl

=41~

57.931 - 2.928X1¥* + 3.629X2 + 10.797X3**

(2.371) (0.147) (2.428) (2.386)
+ 10.891Xu** + 1.578X5 + 1.954X6 - 4.586X7**
(1.508) (1.370)  (2.315)  (1.303)
- 0.166X8
(1.890)
R2 = 0.8200 S.E. = 4.2742
Equation #20 Y, = 58.447 - 3.809% ** + 3.683X, + 9.3L4X ¥
(2.163) (0.134) (2.215) (2.177)
+ 9‘511XM** + 1.606X5 + 2.&21X6 - 4.135X7**
(1.376) (1.250) (2.112) (1.189)
+ O.367X8
(1.724)
R® = 0.8796 S.E. = 14.1900
age X5 = Massey Harris
Cockshutt Xg = Oliver
John Deere X7 = 30-h.p.
International Harvester Xg = 4O+h.p.

(Minneapolis Moline is the base for comparison of makes,

30-40 h.p. is the base for horsepower comparison)
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1958 Gasoline Tractors

Equation #21 Y, = 71.119 - 4.5TUX ¥% + 2.821X %% + 10.8U0X *¥

1 2 3
(0.973) (0.190) (1.129) (1.090)
+ 6.127X, %% + 5.3T6X ** + 5.778X*
(1.177) (1.119) (2.377)
+ 6.947X7** + 5.28MX8** + 6.39MX9**
(1.252) (1.056) (1.162)
+ 0.067X,, - 2.671X,,*¥* + 0.280X,,
(1.072) (0.696) (0.740)
R® = 0.7718 S.E. = 3.8713
Equation #22 Y, = 69.452 - 5.293X *¥ + 2.627X, ** + 9.975X ¥
(0.909) (0.177) (1.054) (1.018)
+ 5'769Xu** + u.977x5** + 5.253X*
(1.099) (1.045) (2.220)
+ 6.348X *¥* + L. B79Xg¥* + 6.013X **
(1.169) (0.987) (1.085)
+ 0.101X,, - 2.482X, ** + 0.193X,,
(1.002) (0.650) (0.691)
R® = 0.8273 S.E.= 3.6157
x1 = age X5 = John Deere X9 = Massey Harris
X2 = Allis Chalmers X6 = Ferguson X10= Oliver
Xy = Case X, = Ford Xy1= 30-h.p.
X) = Cockshutt Xg = International = 50+h.p.

X
Harvester le

(Minneapolis Moline is the base for comparison of makes, 30-50
h.p. 1s the base for horsepower comparisons)



1958 Diesel Tractors

Equation #23 Yl

2

R® = 0.9149

Equation #24 Y

2

R”™ = 0.9403

age

2

Allis Chalmers

Case
Cockshutt

John Deere

—43=

73.978 - 5.500Xl** + 2.212X2 + 5.969X3**

(1.478) (0.185) (1.595) (1.461)
3.602xu** + 5.ooox5** + 3.602x6* + 2.3u8x7
(1.420) (1.630) (1.791) (1.420)
u.u22x8** - 1.021x9 - 1.282xlO + o.7u2x11
(1.595) (1.395) (0.921) (0.742)
S.E. = 2.5775
71.934 - 6.1u1x1** + 2.38ox2 + 5.490x3**
(1.347) (0.168) (1.453) (1.331
3.527X,** + u.720x5** + 3.530X* +2.uuox7
(1.294) (1.485) (1.632) (1.294)
4.240Xg** - o.858x9 - 1.12ux10 + o.81ox11
(1.453) (1.271) (0.839) (0.676)

S.E. = 2.3481
X6 = Ford
X7 = International Harvester
X8 = Massey Harris
X, = Oliver
X, ,= 30-h.p.

Xll = 50+h.p.

(Minneapolis Moline 1s the base for comparison of makes, 30-50

h.p. 1s the base for horsepower comparisons)
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The upper range of horsepower (40 + h.p.---1953 and 50+
h.p. --- 1958) was not significantly different from zero in
its effect on any of the models. The lower range (30-h.p.),
however, had a significant effect on 1953 gasoline, 1953
diesels, and 1958 gasoline tractors, but not 1958 diesel
units. Using an F-test equivalent to the one applied to makes,
the combilnation of horsepower variables was found to be sign-
ificant at the .01 level for 1953 gasoline, 1953 diesel,

1958 gasoline tractors; and at the .10 1level for 1958 diesel
tractors.

All of the make variables which were significantly d4iff-

erent from the base make at the .05 level before horsepower

was included, were again significant with its inclusion.

In addition, Allis Chalmers became significantly different
from zero (.Ol)for 1958 gasoline tractors and Ford for 1958
diesel tractors (.05). Although the b values are different,
as would be expected, for the Y=f (Age,Make, H.P.) and Y=f
(Age,Make) equations, the relationships between the individual

makes appear to be consistent.
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Curvilinear Function

Analysis of the linear equations and theilr residuals
indicated that a function which was curvilinear for age
might more nearly fit the data. The following equations
constitute an attempt to fit this type of curvilinear
equation to the samples. These equations differ from the
ones reported in the previous section only with respect to

2
age, which here consists of two variables Xl and Xl' Thus,

the equations 1n this section are of the form:

2 ’
+ by X] + b,X, + —---#bnXn

Y =a+ b.X 1 > X5

171
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1953 Gasoline Tractors

Equation #25 Y, = 65.293 - 5.426X ** + 0.217X5¥¥+ 11.123K **

(1.362) (0.411) (0.036) (1.211)
- * % * %

o.27ox3 + 5-”50Xu + 1u.875x5

(1.078) (1.200) (1.078)

+ 12.636X6** + 22.696X7** + 7.305X8**

(1.701) (1.701) (1.147)
+ 3.14“X9** + 1.301Xlo - 5.023Xll** + 0.551X12
(1.086) (1.095) (0.652) (0.766)
R = 0.8525 S.E. = 4.5558

Equation #26 §2 70.489 - 8.082X ** + o.361x§** + 9.T13K, **

(1.137) (0.344) (0.030) (1.011)

- 0.322X, + M.Sluxu** + 12.976X5**

3
(0.890) (1.002) (0.890)

+ 11.036X6** + 19.802X7** + 6.3U4X8**

(1.420) (1.420) (0.957)
+ 2.775Xg** + 1.112X 4 - L.uBoX,  ** + 0.349X,,
(0.907) (0.914) (0.544) (0.639)
R = 0.9252 S.E. = 3.8035
Xl = age X5 = John Deere X9 = Massey Harris
X2 = Allis Chalmers X6 = Ferguson X10= Oliver
X3 = Case X7 = Ford X{1= 30-h.p.
X, = Cockshutt Xq = International X.,= 40+h.p.
4 8 H 12
arvester

(Minneapolis Moline is the base for make comparisons, 30-40 h.p.
is the base for horsepower comparisons)



1953 Diesel Tractors

A

Equation #27 Yl =

R® = 0.8201

Equation #28 fé =

R

0.9065
Age
Cockshutt

John Deere

International Harvester
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58.297 - 3.083X ** + 0.01ux§ + 3.585X,

(2.816) (0.655) (0.057) (2.445)
10.77ox3** + 10.876X,** + 1.569x5
( 2.400 (1.516) (1.377)

1.912Xg - 4.587X,#* - 0.199Xg
(2.332)  (1.309) (1.904)
S.E. = 4.2940

62.924 - 5.712X ** + o.169x§** + 3.150X,

(2.430) (0.566) (0.048) (2.110)
8.988X3** + 9.334Xu** + l.L&89X5 + 1.907Xg
(2.071) (1.309) (1.188) (2.013)

u.lsux7** - 0.036Xg
(1.130) (1.643)

S.E. = 3.7059

X5 = Massey Harris
X6 = Oliver
X_ = 30-h.p.
7 3 p
X8 = uo+h-po

(Minneapolis Moline 1s the base for make comparisons, 30-40

h.p. 1s the base for horsepower comparisons.)



1958 Gasoline Tractors

Equation #29 Yl

2

R™ = 0.7841

Equation #30 Y2 =

+

+

+

R® = 0.8405
Xl = age X
X2 = Allis Chalmers X
x3 = (Case X
Xu = Cockshut X

(Minneapolis Moline 1is

30-50 h.p. 1s the base
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75.088 - 7.862X ** + o.535x§** + 2,834, %

(1.483) (0.962) (0.154) (1.101)

* ¥

5
(1.091)

11.156X3** + 6.131Xu**'+ 5.377X
(1.066) (1.147)
6.037X6** + 7.258X7** + 5.285X8**
(2.319)

6.393X9** + 0.075Xlo - 2.692X11** + 0.305)(12

(1.224) (1.030)

(1.133) (1.046) (0.679) (0.721)
S.E. = 3.7744

73.863 = B.OUTX *¥ + 0.595KT*¥ + 2.6L2X **

(1.368) (0.888) (0.142) (1.016)

10.326X3¥* + 5.773X,** + 4.978X **

(0.984) (1.059) (1.007)

5.541X6** + 6.693X7** + M.879X8**

(2.140) (1.129) (0.950)
6.012X9** + O.llOXlo - 2.505Xll** + 0.220X12
(1.045) (0.965) (0.627) (0.665)
S.E. = 3.4832
5 = John Deere X9 = Massey Harris
6 = Ferguson X10= Oliver
7 = Ford X11= 30-h.p
g = International X12= 50+h.p
Harvester

the base for comparison of makes,

for horsepower comparisons.)
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1958 Diesel Tractors

Equation #31 Y, = 73.946 - 5.474X ** - o.oouxi + 2.212X

2
(1.864) (0.963) (0.155) (1.604)
+ 5.967x3** + 3.6o2xu** + 5.ooox5**
(1.472) (1.428) (1.639)
+ 3.602x6* + 2.3u8x7 + u.u22x8** - 1.021x9
(1.801) (1.428) (1.604) (1.403)
- 1.282xlO + o.742xll
(0.926) (0.747)
RZ = 0.9149 S.E. = 2.5919
Equation #32 ¥, = 72.930 - 6.978X ** + 0.138X% + 2.380X,
(1.689) (0.873) (0.141) (1.453)
+ 5.56ux3** + 3‘527Xu** + 4.720x5**
(1.334) (1.394) (1.485)
+ 3.530X6* + 2.uuox7 + u.2uox8** - Q.858x9
(1.632) (1.294) (1.453) (1.272)
- 1.12ux10 + o.810xll
(0.839) (0.677)
RZ = 0.9409 S.E. = 2.3487
Xl = Age Xu = Cockshutt X7 = International Harvester
X2 = Allis Chalmers X5 = John Deere X8 = Massey Harris
X3 = (Case X6 = Ford X9 = Oliver
Xl0 = 30-h.p. Xll = 50+h.p.

(Minneapolis Moline is the base for comparison of makes, 30-
50 h.p. is the base for horsepower comparisons.)
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The b values for the variable age squared were sign-

ificantly different from zero for 1953 gasoline Y, and Y,

equations, 1958 gasoline Yl and Y2 equations, and the 1953
diesel Y2 equation. It was not significant, however, for the

1953 diesel Y, equation, or 1958 diesel Y1 and Y2 equations,

1
In general, the squared term was quite helpful in explaining
"loss-in-value" for the gasoline tractors, but not very
useful when applied to the diesel units. (This observation
will be examined later in the chapter.)

In no instance did the addition of the age squared

variable significantly change the b values for make and horse-
power from those given by the simpler equation, Y = f (Age,
Make, Horsepowel)

INTERPRETATION

Analysis of the Equations

To obtain the maximum amount of information from the
regression equations, it is necessary to go beyond examining
individual equations. The analysis to follow is the product
of comparisons of equations, and certain statistical tests.
Age

Age is a highly significant and important variable. The
significance level for the variable indicates that there is
less than one chance in a thousand that age could have had

no effect on the value of used farm tractors. More importantly,
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age seems to be capable of explaining from 57 percent to 87
percent of the variation in used value for the tractors
sampled. In addition, the b values for the age variable
are very consistent throughout the linear equations. The
table below lists the b values for age with each model and
equation.

TABLE 8---Summary of the b values for the age variable from
equations 1 through 24,

MODEL Y=f (Age) Y=f (Age,Make) Y=f (Age,Make,H.P)
1953 Gasoline--Y,  -3.072 -3.0U47 -3.063
1953 Gasoline--Y2 -4.100 -4.078 -4.092
1953 Diesel--Y, -2.684 -2.881 -2.858
1953 Diesel--Y, -3.669 -3.779 -3.753
1958 Gasoline--Y,  -4.334 -4.588 -4.,574
1958 Gasoline--Y2 -5.074 -5.306 -5.293
1958 Diesel--Yl -5.398 -5.500 -5.500
1958 Diesel-—Y2 -6.052 -6.141 -6.141

There are no significant differences between the b values
for the various equations of each model and dependent variable

formulation. This means that make and horsepower are comple-

mentary to age, rather than substitutes for it.



-52-

The author's contention that diesel and gasoline tractors
should be studied separately can be examined using the simple
Y = f (Age) equations. It is a minor task to show that the
equations for 1958 diesel and gasoline tractors are sign-
ificantly different. Using the first step of covariance
analysis, the slopes of the equations were found to be sign-
ificantly different at the .005 level.il/

A statistical argument for separating 1953 diesel and
gasoline models will not be attempted. The first step of
covariance analysis failed to indicate a significant difference
between the b values of their respective equations. And to
test the significance of the difference between the constant
terms would involve computation of a combined regression equa-
tion.

The calculation of separate equations did, however, bring
out an interesting point that would have otherwlse gone

unnoticed. Comparison of these equations seems to indicate

an lncreasing acceptance of used diesel tractors.

1
—l/See George Snedecor, Statistical Methods. (Iowa State

College Press, Ames, Iowa, 1956), pp. 394-398 for details
on this method.
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TABLE 9---Estimates of the percentage value(used value/ new
cost) for 1953 diesel and gasoline tractors computed
from equations 1 through 4.

Years of Age

MODEL 1 2 3 4 5 6 7 8 9 10
(Percent)
1953-D-Y, 56.4 53.7 51.0 48.3 45.7 43.0 40.3 37.6 34.9 32.2

1953-G—Y1 61.2 58.1 55.1 52.0 48.9 45.9 42.8 39.7 36.6 33.6

1953-D-Y, 56.7 53.0 49.3 45.6 42.0 38.3 34.6 31.0 27.3 23.6

2
1953-G-Y, 61.5 57.4 53.3 49.2 45,1 41.0 36.9 32.8 28.7 24.6

Yl represents percentage value based on current dollars,
Y2 is percentage value based on constant dollars.

Note that the magnitude of the differences between 1953
gasoline and diesel tractor values, as estimated by Y=f (Age),
lessens as the tractors grow older. Based on this observation,
it could be hypothesized that farmer's attitudes toward used
diesel tractors changed over the decade, 1953 to 1963. This
would be consistent with the increasing number of diesels
among farm tractors, as reported by the U.S.D.A.lﬁ/ A com-
parison of first year values (as estimated by equations

#1,3,5, and 7) for 1953 and 1958 diesel and gasoline tractors

gives some support to the hypothesis.
18/

—'  Diesel and LPG tractors were about one-half of tractor
population in 1963, as opposed to 5 percent in 1952. LPG
numbers have remained almost unchanged since 1958. U.S. Dep-
artment of Agriculture, Farm Cost Situation,FC-35, November
1963, P. 14.
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TABLE 10.---Percentage values (used value/new cost) for one
year old gasoline and diesel tractors, 1953 and
1958 models, as estimated by equations # 1,3,5,

and 7.
Model Year Gasoline Diesel
1953 61.2 percent 56.4 percent
1958 70.3 percent 70.7 percent

In 1954, the one year old diesel tractor was not as well
recelved as the gasoline models. By 1959 the one year old
diesel tractor seems to be as well accepted as 1ts gasoline
counterpart. This is probably due to farmers' increased
experience with diesel tractors during the period studied.

At thils point the discussion is directed toward
explaining the differences in constant terms and b values for
comparable 1953 and 1958 equations. At first glance it would
appear that 1958 models had a smaller initial drop in value
than 1953 models (approximately 30 percent and 40 percent
respectively) and a more rapid rate of decline thereafter
(4.3 percent as ovpposed to 3.0 percent for gasoline models.)
A closer examlnation reveals that the difference 1is probably
due to curvilinearity, rather than any important difference

in data.
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The average of the residuals (actual value minus the value
estimated by the regression equation) for each year of age
was computed for several equations. This was done by group-
ing all the residuals associated with a given year of age
(1,2,3,---, 10), and taking the arithmetic average of each
group . In general, these residuals vary from the regression
line in a systematic manner. Table 11 below illustrates the

pattern of variations.
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In examining Table 11, it is necessary to keep in mind
that a positive residual 1s an underestimation, while a nega-
tive residual represents an overestimation of the actual
value by the equation. Thus the general pattern of the re-
siduals given in the table is one of underestimating the average
values in the early part of the equation, overestimation for
the midrange of years, and underestimation again in the later
years. (1958 diesel is a exception, but one should note the
size of the residuals and remember the high R2 for this
equation.---0.8193). This pattern of variation from the linear
model may be clearer if it 1s presented in graphical form, as

in figures 2 and 3.

100
Percentage Value
90 Rregression Line

80 —==="Adjusted"
Regression Line
70

60
50
4o

30
20
10

1 2 3 4 5 6 7 8 9 10
Age in Years
Figure 2.---Linear regression line for 1953 gasoline tractors
(equation #1) and regression line "adjusted" by
adding the average residual for each year.
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100

Percentage Value Regression Line

-——="Adjusted"
Regression Line

90
80
70
60

50
4o
30
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10

1 2 3 4 5 6 7 8 9 10
Age In Years

Figure 3.---Linear regression line for 1958 gasoline tractors
(equation #5) and regression line "adjusted" by
adding the average residual for each year.

If one visually smooths out the "adjusted" curves given
in the above graphs, it would appear that "loss-in-value" is
a curvilinear function whose slope declines over time. There-
fore the greater b values should be for 1958 linear equations
which measure the steepest portion of the function. By the
same reasoning, the 1953 linear equations would have less
slope in order to provide the best "fit" for the longer period.
As a result of this smaller slope, 1953 equations underestimate

the first year's used value.
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There 1is no reason to believe that the addition of any

of the other variables, except age squared, would alter this

pattern of curvilinearity.

Realized Net Farm Income

Realized net farm income as a varlable was expected to be

a partial explanation of the discontinuities of decline in used
tractor values. (See Chapter 2, Table 6 for a rather impressive
illustration . of this situation.) Including this variable
produced very promising results with 1953 gasoline tractors.
It was significant in all the equations at .005 level. The
b values ranged from 1.436t01.5973 which meant that for every
billion dollar increase in realized net farm income, the per-
centage value of used tractors increased by about 1.5%.
However, since the farm income variation did not exceed three
billion dollars over the 1953-1963 period, the greatest
possible variation in used tractor values attributable to
changes in farm income was 4.5%.

Difficulties appeared when the variable was included in
the other tractor equations. Its effect was not significantly
different from zero for 1953 diesel, 1958 gasoline, and 1958
dlesel equations. Further, 1t took on a negative sign with
1958 diesel tractors which is inconsistent with the rationale
for its inclusion. Due to these problems and the relatively

small contribution made by the realized net farm income
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variable, it was omitted from the final equations.

Prices Received Index

Prices received index was not significant as a variable

with 1958 diesel tractors. It was significant for 1958 gas-
oline tractors, but the b value was negative. This infers
that as farm product prices rise, the demand for farm tractors
decreases. According to the rationale for this variable,

such a response would be unrealistic. The variable was also

highly intercorrelated with both age and reallzed net farm

income. In view of these problems, it was not included in
1953 equations.
Make

The purpose of this section is to go beyond simply 1listing
makes with significant b values, toward unraveling the complicated
relationships between makes and developing some generalizations
about thelr effect.

The following is a summary of what seems to be the relation-
ships between makes; (1) FORD was particularly important among
the 1953 gasoline models. According to equation #9 it was
valued significantlybhigher than all other makes. This may be
somewhat of a surprise since Ford manufactured only one model
in 1953, a relatively small, low slung, compact standard model.
This however, was probably the reason for its popularity.

The 1953 Ford seemed to be well adapted to mechanical loaders
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and other mounted equipment (backhoes, blades, cement mixers,)
and consequently was in demand for light industrial work.
These same features, coupled with its small size and maneuver-
ability, without doubt made the 1953 Ford particularly att-
ractive for small, part-time farm operations and as a second
tractor. The relative valuation of Ford in 1958 seems to
support these conclusions. (See equation #13). Ford tractors
for that year came in four models; two were standard models
comparable to the "NAA" (1953 Ford). The other two models
were tricycle-type with a higher ground clearance. Obser-
vation of the data indicates that 1958 standard Ford tractors
assumed higher valuations than the tricycle models. Ford's
tricycle design, more typical of contemporary farm tractors
of other makes, evidently did not possess the characteristics
desired by the purchasers of thelr small standard models.

It is incorrect to say that this aggregate of 1958 gas-
oline Ford tractors caused the Ford variable to decline
relative to other makes but it most assuredly did lose the
dominant position it had enjoyed among 1953 models.

The 1958 Ford diesel 1s quite another matter. It was an
import from Great Britian and could almost be considered
another make. This model was significantly different from only
Oliver. Therefore, it is difficult to assign it any relative

position.
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(2) CASE in 1953 was valued at significantly less than
all makes, except Oliver and Minneapolis Moline. 1In 1958
its position was nearly reversed. For gasoline tractors of
that year, Case was valued significantly higher than all makes
excepting Ferguson. For 1958 diesel tractors, where there is
very little difference between most of the makes, it was
significantly different from International Harvester, Allis
Chalmers, Oliver, and Minneapolis Moline. It is the author's
observation that the 1958 Case tractors differed markedly in
outward appearance from the 1953 models. This, perhaps,
contributed to the large change in the value of Case relative
to other makes.

(3) John Deere was exceeded only by the leading used makes

for their respective model years, (Ford was valued significantly
higher for 1953 and Case for 1958 models). However, John Deere
did not seem to be quite as valuaeble relative to other makes in
the 1958 equations as 1t was in the 1953 equations. For example,
with 1953 gasoline tractors, John Deere was valued significantly
higher than Allis Chalmers, Ferguson, International Harvester,
Massey Harris, Cockshutt, Oliver, Case and Minneapolis Moline.
Among 1958 models it was valued significantly higher than Allis
Chalmers, Oliver, and Minneapolis Moline.

(4) MINNEAPOLIS MOLINE AND OLIVER clearly were the lowest

valued makes for the equations as a whole. Oliver was never
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significantly different from Minneapolls Moline, and every

other make, was 1in one equation or another, valued significantly
higher than both of them.

(5) ALLIS CHALMERS was valued higher than Cockshutt,

Case, Massey Harris, Oliver and Minneapolis Moline as a 1953
gasoline model. But with 1958 models (both gasoline and diesel)
Allis Chalmers was not even significantly different from Oliver
and Minneapolis Moline. This seems to indicate a decline in
relative position of Allis Chalmers as a make. There also seems
to be a relatively good explanation for this decline. It has
to do with the manufacturer's curious practice of introducing
new models to part of the line and offering them for sale
concurrently with older models, (even those replaced by new
models.) Here is how it worked with Allis Chalmers in 1958.
Allis Chalmers offered models "B", "CA", "D-14", "WD-45",
and "D-17" in 1958. The "D=-14" and "D-17" were rather radically
different from the "B", "CA" and "WD-U45" which were first off-
ered in or before 1953. In 1959 Allis Chalmers offered the
"D-10" and "D-12" similar in design to the "D-14" and "D-1T7"
as replacements for the "B" and "CA". The full complement of
new models and complete phasing out of the older models did not
occur until 1960. Thus in 1958 the "obsolete" was sold con-
currently with the "modern" models. The table below contrasts

the valuation of the two groups of models.
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TABLE 12---Percentage values (used values/new cost) of selected
1958 Allis Chalmers gasoline tractors---"B", "CA",
"WD-45" models introduced in 1953 (obsolete) and
"D-17", "D-14" models introduced in 1958 (modern)---
over the period 1958 to 1963.

Percentage Values in Years

Model 1959 1960 1961 1962 1963
(OBSOLETE)

AC "B" 66.6 59.2 53.2 41.7 36.3

AC "ca" 65.5 60.4 53.3 45,5 4o.8

AC "WD-45"  67.9 68.1 59.9 60.1 55.2

(Average) 66.6 62.8 55.4 49,1 4o.7
(MODERN)

AC "D-14" 69.5 67.8 6u,7 61.0 57.1

AC "D-17"  68.6 5.4 65.6 64.8 60.5

(Average) 69.1 66.6 65.1 62.9 58.8

The disparity between the data for the "obsolete" and
"modern" models is clearly discernable. A sizeable constrast
remains even after adding 4%--- to adjust for less than

thirty horsepower---to the "CA" and "B" models.
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TABLE 13---Average values of 1958 Allis Chalmers "B", "CA"
and "WD-45" ("obsolete")---with "CA" and "B"
adjusted to compensate for lower value due to
smaller horsepower---contrasted with 1958 Allis
Chalmers "D-17" and "D-14" (™modern") models.

(Percentages Value In Year)

Models 1959 1960 1961 1962 1963
"Obsolete"

(Average) 69.1 65.8 58.1 55.1 6.8
"Modern"

(Average) 69.1 66.6 65.1 62.9 58.8

In short, the "obsolete" models, which make up more than

half of the 1958 Allis Chalmers line, were not competitive

in the used tractor market with the more "modern" models of
other makes. Therefore, the aggregate value of Allis Chalmers
declined relative to other makes.

(6) FERGUSON AND INTERNATIONAL HARVESTER were not sign-

1ficantly different in value as makes of gasoline tractors,
(Ferguson did not build a diesel model in either year) despite
their great technical dissimilarities. Both were valued
slgnificantly below Ford and John Deere in the 1953 equations
and Ford and Case in the 1958 equations. They were valued
significantly higher than Cockshutt, Case, Oliver, and Minn-
eapolis Moline in 1953. 1In no case were they significantly

different from Allis Chalmers.
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(7) COCKSHUTT AND MASSEY HARRIS are in exactly the

same position with respect to other makes. Both makes were
valued significantly lower as 1953 models than Ford, John Deere,
Allis Chalmers, Ferguson and International Harvester. In 1958
they were not significantly different from these same makes,
except for Allis Chalmers which they exceeded in value.

By way of generalizations, the followling seem applicable
to findings. (1) Although make is a very useful variable in
explaining used farm tractor values, it is probably not very
helpful in predicting them. Allis Chalmers and Case are
examples of the difficulties that might arise in predicting
the relative values of makes in the future. Another problem
is to determine the amount of value to assign each make. (2)
Related to this last problem 1s the likelihood that the
difference 1n value between makes is also a function of time.
It seems altogether reasonable that farmers are continuously
reassessing the various makes and changing their relative
evaluations. This could be regarded as "proving" the model
over time. The fact that a greater number of models are
significantly different from one another in the 1953 than i1n
the 1958 equation seems to support this assertion.

The standard errors of the estimated tractor values for
each year, calculated from the residuals, also seem to point

to this conclusion.
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Note that the standard errors for Y = f (Age, Make) tend
to be smaller, relative to Y = f (age), for the later years
of the time span.

One further bit of evidence is a graphlcal comparison of
the used values of two tractor models whose make variables
were significantly different---1953 John Deere "60" and 1953
Case "DC" (gasoline).

Percentage
Value 100

11} 1"
90 John Deere"60

80
70
60

50
ko
30
201 case "pc"
10

1953 1954 1955 19561957 1958 1959 1960 1961 1962 63
Years
(used value/new cost)

Figure 4---Percentage values of 1953 John Deere "60" and 1953
Case "DC" from 1953 to 1963.

Between these two models, the difference in value clearly

becomes greater with the advancing age of the tractors.
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Horsepoyer

The regression equations estimated that the percentage
value of used tractors rated under thirty horsepower were from
2.5 to 5.0 percentage points lower than larger models of the
same make. There was, however, no significant difference
between the midrange of horsepower (30-40 in 1953 and 30-50 in
1958) and still larger tractors. Had 50 horsepower been
chosen as the upper 1limit in 1953, tractors larger than this
might have been found to be worth significantly less than those
in the 30-50 horsepower range. Thils would probably be due to
the fact that each of the 1953 models exceeding 50 horse-
power were standard-type tractors (relatively low, four wheel
design,) which is not the case with 1958 models of this size.
(Three of the eight, 50 horsepower plus, models in 1958
could be purchased as tricycle units.) Perhaps the type of
design is also a varlable with these larger tractors.

Make and horsepower seem to be complementary variables.

In two equations (not reported) where horsepower and age were
the only variables, 30-horsepower was somewhat less sign-
ificant and exhibited a b value of a smaller magnitude than
when 1t was used in conjunctlon with makes.

Since some of the b values for make are altered sub-

stantially be the addition of horsepower, it may be difficult

to see a reasonable relationship between the equations with and
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without the horsepower variable. The followlng table was used

by the author to reconcile the results of the 1953 gasoline
equations.

TABLE 15---The percentage value (used value/new cost) of
five year old 1953 model tractors computed from
the estimating equations with and without the
horsepower effects.

Horsepower Range Without a
Make 0-29 30-40 40 + H.P. Variable

Allis Chalmers 51.2 56.7 ———— 52.7
Case 39.9 by, 9 4s. 4 42.8
Cockshutt 45,6 b5, 4 —_—— h7.2
John Deere 55.0 60.0 60.5 57.6
Ferguson 52.7 ———— —_——— 52.7
Ford 62.8 -—— -—— 62.8
International

Harvester 4.4 52.4 53.0 60.9
Massey-Harris 43.3 8.3 48.8 7.2
Oliver 41.4 46,4 46.9 45,2
Minneapolis

Moline 4o.1 45,1 us.7 by, o

Note that the upward adjustment of the b value for Ford
and Ferguson simply offset the negative value of being under

thirty horsepower.
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In summary, it seems reasonable to expect small tractors
(less than thirty horsepower) to have percentage values of
2.5 to 5.0 percentage points below larger tractors, but
horsepower differences among the larger tractors (thirty
horsepower and above) probably will not have any effect on
thelr used values.

New Models

The new models variable was tried with 1958 gasoline and

diesel tractors and in neither case was it significant. On
this basis it was not tried with 1953 models. The example

of the Allis Chalmers models in 1958 (as discussed under the
interpretation of the make variables) illustrates some of the
difficulties of determining when one model is replaced by
another. And at the same time 1t seems to represent reason
for continuing to believe that new models do have an effect
on the value of the older models. Perhaps the criterion of
determining when one model had superseded another---the first
year after the older model is discontinued---was incorrect,
or perhaps a new model in one make affects the value of older
models 1n all other makes. It might well be argued that the
lack of significance of this variable 1s more likely the result

of its construction than the hypothesis.
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Labor

The average hourly wage rate for farm workers, used as
the measure of labor costs, was highly intercorrelated with
the age variable (from .9892 to,9952). This alone would have
made the effect of farm labor costs difficult to interpret.
The variable was even less useful because it lacked significance
in all but the 1953 Yl gasoline equation. The combination of
intercorrelation and general lack of significance persuaded
the author to omit labor as a variable in the final equations.

Inflation

Since the variable inflation is embodied in the dependent
variable Y2, the process of analysis is somewhat indirect.
The effect of inflation on the rate of "loss-in'value" may be
obtained by subtracting Y

equations from comparable Y., equations.

2 1
The difference calculated for 1953 models (gasoline and diesel)
ranges from 0.898 to 1.168, averaging 1.023. The range for
1958 models is from 0.488 to 0.7#0, averaging 0.647. 1In short,
this means that the value of the farmer's tractor in "real"
dollars declines approximately 0.5% to 1.0% per year faster than
the decrease he observes in current dollars. By the time the
tractor is ten years of age, nearly 265.0% of its value may be
attributed to inflation.

One might ask 1f the change in b value is exactly equal

to the average percentage increase in prices. Clearly it is

not (average inflation amounted to roughly 3.7%), and for a very
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good reason. Deflation of a percentage value does not mean
decreasing 1t by the same number of percentage points as the
given increase in the index number. For example, deflation of
50.0% by an index number of 103 yields 48.5%, not 47.C%.

Another important problem is to decide if the effect of
inflation is significant. Such a decision must be made some-
what subjJectively, due to the lack of any statistical test to
use in this particular circumstance. With this in mind, it
seems reasonable to consider the effect of inflation to be
quité significant given the improved fit of the various equations
to the deflated dependent variable. With each given equation,

the R2 resulting from the use of Y_  1s substantially greater

2

than that for Yl. For the purposes of this study, the effect
of inflation on used tractor values will be considered sign-
ificant.

Curvilinear Functions

As noted earlier in the chapter, the addition of age
squared was a significant improvement in fit for gasoline
tractor equations, but not for the majority of the diesel
tractors. It 1s the author's conclusion that this situation
is more likeiy a matter of circumstance than any characteristic

difference between "loss-in-value" of diesel and gasoline

tractors. The reasoning behind this statement is as follows

(1) One could easily rationalize a situation where age sgquared
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was significant for all 1953 equations, but not significant

for any of the 1958 equations. Curvilinearity of the "loss-
in-value" function 1s more likely to be discovered by equations
over a long span of time than those covering a shorter period.
One unusual year included by the 1958-1963 equations could even

result in an age squared value with a negative sign (as is found

in the 1958 Y, diesel equation). (2) The possibility that 1953
diesel equations (with relatively low constants and b values
for age) indicate a growing acceptance of diesel tractors has
previously been discussed. The uniqueness of this equation,

in the Y, form, may be an explanation for its evident lack of

1
curvilinearity. (Note that while age squared was significant

for the 1953 diesel Y2 equation, 1t did not have a numerically
large effect on used values. A 1953 John Deere diesel at 5
years of age would be worth based om "real" dollars, U48.4% of
its original cost as estimated by the linear equation #20 and
47.6% by the curvilinear equation #28.)

Since curvilinear equations were a better "fit" to gasoline
tractor values, it would be well to record the yearly "loss-
in-value" as computed from one of these equations. (See Table
16).

Even the curvilinear model was not sufficient to eliminate
all traces of curvilinearity in the average residuals for each

year. Although the pattern 1s somewhat different than for the

linear model, it 1s no less evident. (See Table 17.)
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This was no doubt due to the mathematical restrictions of
the squared term.
Summary

As expected, age was the most important varlable for
explaining used tractor values. Alone it accounts for 57%
to 87% of the variation in these values. The other useful
variables seem to be complementary to age, not substitutes
for it.

Changes in realized net farm income seem to have little

or no effect on used tractor values. Farm prices, as measured
by the U.S.D.A. "prices received index," also seem to have
no effect on used tractor values. A high intercorrelation
between this variable and age,however, makes this finding
less concluslve than it might have otherwise been. Labor,
representing the effect of farm labor costs on used values, is
another variable which 1s highly intercorrelated with age and

lacks significance in most cases. The new model variables

were still another group which did not have any significant
effect on used tractor values.

Make, however, was very useful in explaining used tractor
values. The addition of make variables markedly improved the

fit of the regression equations. (For example, R2s for 1953
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gasoline models increased from 0.5743 to 0.7931 as a result of
including make.) On the other hand, make 1s not very helpful
for predicting used tractor values as no 1-2-3,-~-n ranking
of the various makes was possible.

There seems to be sufficient evidence to think of the
effect of make as being a function of time. This 1s consistent
with the idea that time 1s necessary to disseminate information
about numerous models of tractors.

Tractors with less than thirty horsepower, one might
label them as "small tractors,”" were worth an average 2.5%
to 5.0% of thelr original cost less in each year than the larger
models. Above this horsepower level, the size of the model
seems to have no significant effect on its used value.

Inflation represents an important part of used tractor
values based on current dollars. The "real" value of farm
tractors declines from 0.5 to 1.0 percentage points faster
than thelr current dollar values. The regression equations
for deflated values of farm tractors are capable of explaining
a considerably larger portion of the variation in used values
than those for current values with exactly the same variables.

The "loss-in-value" function 1is in general curvilinear.
Linear equations for the five-year span, therefore, record
larger constants and b values for age than comparable ones

representing the longer period.
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The following recapitulation of used values, in percent
of original costs, and rates of "loss-in-value," on the same
basis, should glive some 1dea of what to expect in the future.
(All the figures given below are for gasoline tractors;
diesels may be expected to lose value somewhat more rapidly.)
The simplest linear equations, Y = f (Age), for the 1953
models, indicates that at one year of age a tractor would be
worth 61.2% of its original cost. The average residuals
computed for this equation suggests that the value may be 5.7
percentage points too low. By contrast, the same equation for
1958 models gives a first year value of 70.25%, which is
expected to be underestimated by 0.6 percentage points.
These represent an overall estimate for all makes. The complete
curvilinear model estimated a first year value 59.8% of original
cost and was expected (based on average residuals) to be 3.2
percentage points too low. This estimate was based on the
lowest valued make (which was Minneapolis Moline) and a horse-
power rating in excess of thirty. The comparable linear model
yields an estimate of 57.4%. The same equations computed for
1958 models of a five-year period give estimates of 67.8%

and 66.6%, curvilinear and linear models respectively.
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Linear estimates of the yearly "loss-in-value" (from the
second year on) are about the same regardless the completeness
of the equations, 3.1% of original value over the ten-year
period and about 4.4% for the five-year span. The curvilinear
estimates range from 4.8% down to 1.3% as measured for 1953
to 1963, and 7.3% to 3.0% for 1958 models over the shorter
span.

Estimates of the so-called "salvage value" (value at the
end of ten years) range 29.8% (without adjustment for differ-
ential values for make)to 33.6% (average over all makées and

horsepower ratings.)



CHAPTER IV
ANALYSIS OF USED COMBINE VALUES

INTRODUCTION

The analysis of used combine values proceeds in much the
same way as Chapter III's examination of used tractor values.
Most of the variables that were hypothesized to effect tractor
values are also applicable to combines. Other variables, more
specific to combines, were of course added. Again, the
machines studied were manufactured in either 1953 or 1958, and
analyzed over the time periods 1953 to 1963 and 1958 to 1963
respectively.

The sample of comblnes was divided into subsamples
consisting of pull type and self propelled units. These sub-
samples were then analyzed using separate equations. Although
pull type and self propelled units are obviously interchange-
able for harvesting operations, they are quite different
technically. Such technical dissimilarities would be of 1little
consequence if both types displayed the same "loss-in-value"
characteristics. However, the author hypothesized that this
was not the case.

VARIABLES

The rationale for those variables common to both the

tractor and combine analysis will not be repeated here. (For

elaboration of the variables: age, realized net farm income,

-81-
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inflation, make, and new models see the varlables section of

chapter III.)
The variables introduced with this chapter are engine

driven, and combined acreage.

Engine Driven

The engine driven combine (engine used only to power the
threshing mechanism, not self propelled), as opposed to the
power take-off (PTO) models, can be thought of as consisting
of two separate components, threshing apparatus and engine.

In this sense it 1is necessary to consider what effect the engine
might have on "loss-in-value" of the total machine. Since

the original purchase cost of an engine driven combine is
substantially larger than a comparable PTO unit, it seemed
reasonable to introduce a variable to determine what this

effect might be.

Specification of whether the combine was PTO or engine
driven was done using a single dummy variable. (For explanation
of dummy variables see the dlscussion under make in the variables
section of Chapter III). A one was entered for each observation
of an engine driven unit and a zero for each PTO unit.

Combined Acreage

The number of acres of crops harvested by combines could
be expected to affect the used values of both pull-type and

self propelled combines. With changes in the level of production
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of these crops, one expects a change in the amount of prod-
uctive inputs used. Increased acreage would no doubt require
expanded use of fertilizer, seed, and sprays with these part-
icular crops. It would seem reasonable that greater harvest-
ing capacity would also be desired, thus strengthening the
demand for new and used combines. The logical consequence of
this would be higher values for used combines. As a result of

this reasoning the variable combined acreage was included.

Because wheat represents a large share of crop acreage
harvested by combines, 1t might have been sufficient to use
wheat acreage harvested as the variable. However, the author
thought it more realistic to use a consolidation of all the
crops normally harvested with combines. The crops included in
the composite were wheat, ocats, soybeans, rye, flaxseed, barley,
and dry edible beans.

Two assumptions were made regarding the design of this
variable. (1) There is no competing harvest technology for
these crops. (2) The amount of corn harvested by combines Wwas
not sufficient to be included. The first appears to be quite
realistic, but the second was made out of necessity. Information
about the number of acres of corn harvested by combines was

not available at the time of this study.
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The numerical sum of the harvested acreage for this

composite of crops was used as the combined acreage variable.

ESTIMATING EQUATIONS

Y = £ (Age)

The following are equations for the regresssion of the

dependent variables, Yl and Y2,

Note that again Yl is the percentage of the original purchase

on the single variable age.

price represented by the used value and Y2 is this same
percentage value deflated by the appropriate Bureau of Labor
Statistics wholesale price index.
1953 Pull Type Combine

Equation #33 Y1 = 61,883 - U.H39Xl**

(1.216) (0.210)
2

R° = 0.7865 S.E. = 6.1633
Equation #34 ?2 = 60.552 - 5.142X *¥
(1.227) (0.212)
R® = 0.8293 S.E. = 6.2180
1958 Pull Type Combines
Equation #35 §l = 73.847 - 7.328X ¥
(0.841) (0.277)
R® = 0.8339 S.E. = 4.4271
Equation #36 §2 = 71.546 - 7.809X ¥¥
(0.756) (0.250)
R® = 0.8756 S.E. = 3.9834



-85-
1953 Self Propelled Combines

Equation #37 Y. = 60.666 - 3.731X_ %%

) 1 (1.380) (0.221
R® = 0.7262 S.E. = 6.5961
Equation #38 §2 = 59.775 - 4.433X **¥
(1.268) (0.203)
R® = 0.8161 S.E. = 6.0597
1958 Self Propelled Combines
Equation #39 fl = 70.290 - 5.489X ¥*
(1.308) (0.389)
R® = 0.6884 S.E. = 5.2327
Equation #U40 §2 = 68.235 - 5.905Xl**
(1.211) (0.360)
R® = 0.7489 S.E. = 4.8463
(Where Xl equals age, ¥ means significant at .05, ¥¥ at .01)

In all cases the b values for the variable age are
significant, in fact they are all significant at the .00l
level. There remains little doubt as to the importance of age
as an explanatory variable,

There are certain other things to consider in the above
equations. First, note that b values for Y2 equations are

numerically larger than those for comparable Y. equations.

1

The corresponding R2 values indicate that the Y., equations fit

2

the data better than Y1 equations. The differences 1in these

statlstics, between Y, and Y2 equations, measure the effect

1
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and importance of inflation for this simple model. Expectations,
based on the tractor analysis, are for these conditions to be
present in the more complex equations.

Again, note the difference in b values between comparable
1953 and 1958 models. The amount of the difference for Yl
equations is 2.8891 percentage points for pull type and 2.1698
percentage points for self propelled machines. These differ-
ences are greater than half of their respective 1953 b values
for age. From the experience of Chapter III one might suspect
some curvilinearity in the actual "loss-in-value" function.

Finally, if the difference in b values between pull type
and self propelled equations (of same time span) could be
construed to mean that the estimating equations were sign-
ificantly different, it would validate the author'scontention
that they have dissimilar "loss-in-value" characteristics and
should therefore be separately studied.
Y = f (Age, Make)

The following are equations including dummy variables

representing the make of the combines.
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1953 Pull Type Combines

Equation #41 Y

60.529 - H.670Xl** + 9.526X2** - 4.188X

1 3
(1.822) (0.164) (2.303) (2.064)
+ 0.843){4 + 9.263X5** + O.867X6 + 1.781X7
(2.005) (1.997) (2.242) (2.041)
+ 3.037X8 + 1.7M3X9
(2.242) (2.005)
R® = 0.8834 S.E. = 4.7136
Equation #42 Y, = 59.232 - 5.357X ** + 8.18BX,** — 3.745X,
(2.006) (0.180) (2.536) (2.272)
+ 1.2MOXu + 8.&11X5** + 1.“02X6 + 1.0914}(7
(2.207) (2.198) (2.468) (2.247)
+ 3.322X8 + 1.8814)(9
5 (2.468) (2.207)
R® = 0.8890 S.E. = 5.1888
Xl = Age X5 = John Deere
X2 = Allis Chalmers X6 = Ford
X3 = Gleaner Baldwin X7 = International Harvester
Xu = Case X8 = Massey Harris

X9 = QOliver

(Minneapolis Moline is the base for make comparisons.)

*
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1958 Pull Type Combine

Equation #43 Yl

72.186 - 7'328Xl** + 3.415X2* + 0.108X

3

(1.404) (0.269) (1.682) (1.404)

+ ”'019Xu + 3.685x5*

(2.257) (1

+ 0.659X8 + 2.863X

+

3.326X6* + 1.651X7

.682) (1.601) (1.601)

9

(L.477) (1.927)

R = 0.8532

Equation #44 Y2

70.097 - 7.818Xl** + 3.&31X2* + 0.275X

S.E. = 4,2872

3

(1.272) (0.244) (1.524) (1.273)

+ 3‘918Xu + 3.315X5* 1.595X6 + 1.707X
(2.046) (1.

+

7
524) (1.452) (1.452)

+ o.71ux8 + 2.71MX9

(1.339) (1.
R® = 0.8884
Xl = age X5 =
X2 = Allis Chalmers X6 =
X3 = Case X7 =
Xu = Cockshutt X8 =
X9 = QOliver

(Minneapolis Moline is the base for

T4T)
S.E. 3.8867
John Deere
Ford
International Harvester

Massey-Ferguson

make comparisons)
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1953 Self Propelled Combines

Equation #45 Yl

R2 = 0.8533

Equation #U46 Y2

R = 0.8867

age

Allis Chalmers

= Gleaner Baldwin

Case

55.404 - 3.742X1** + 7.651X2**

(1.829) (0.168) (2.296)
0.305X), + 13.790X ** + L.230Xg
(1.934)  (2.233) (2.233)
4.550Xg*%

(2.233)

S.E. = 14,9940
55.614 - u.uu2xl** + 6.119x2**

(1.802) (0.165) (2.262)
0‘360XM + 11.350X5** + 2.93OX6
(1.906) (2.200) (2.200)
3-5OOX8

(2.200)

S.E. = 4.9201

>
1

John Deere

+

2.530X3

(2.233)

* %
8.897X,
(1.824)

1.58OX3

(2.200)

*#
7.267X7

(1.797)

X6 = International Harvester

= Massey-Harris

3
-~
I

= Oliver

ta
o
I

(Minneapolis Moline is the base for make comparison)
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1958 Self Propelled Combines

Equation #47 Y

1
+
+
R2 = 0.8005
Equation #U48 Y, =
+
+
R® = 0.8378
Xl = age
X2 = Allis Chalmers
X3 = Case

(Minneapolis Moline is
As 1in the tractor

b values significantly

66.012 - 5.577Xl** + l.l6OX2 + 10.040X_ %%

3
(1.689) (0.325) (1.689) (2.388)
3'380XM + 8.707X5** + 6.302X6**
(1.950) (1.836) (1.806)
5.627X7** + 5.080X8*
(1.780) (2.388)
S.E. = 4.3602

64.301 - 5.987Xl** + 1.135X2 + 9.“80X3**

(1.571) (0.302) (1.571) (2.222)
3’180X4 + 8.OM2X5** + 5.751X6**
(1.814) (1.707) (1.680)
M.967X7** + U.68OX8*
(1.656) (2.222)
S.E. = 4.0561
Xu = Cockshutt X7 = Massey-Ferguson
X5 = John Deere Xg = Oliver
X6 = International Harvester

the base for make comparisons.)
analysis, those makes which exhibit

different from zero can be thought of

as having significantly greater or smaller used values than the

Minneapolis Moline combines.

Examining the above equations one

will find the significant makes to be the ones listed below.



1953 Pull Type =Y

1
(+) Allis Chalmers¥#

(=) Gleaner Baldwin¥*

(+) John Deere#*

1953 Pull Type-Y,

(+) Allis Chalmers¥**¥

(+) John Degere

1953 Self Propelled-Y

1
(+) Allis Chalmers¥*#¥

(1) John Deere*#
(+) Massey Harris¥#*

(+) Oliver*

1953 Self Propelled-Y,
(+) Allis Chalmers¥*#
(+) John Deere¥*#

(+) Massey Harris¥*#¥

-91-

1958 Pull Type-Y,

(+)Allis Chalmers®*

(+) John Deere ¥

(+) Ford#*

1958 Pull Type-=Y

2
(+) Allis Chalmers¥*

(+) John Deere ¥

1958 Self Propelled-Y

1
(+) Case¥*#*

(+) John Deere#*
(+) International Harvester¥*#¥
(+) Massey-Ferguson¥*¥

(+) Oliver*

1958 Self Propelled-Y,

(+) Case¥*#*

(+) John Deere

(+) International Harvester¥*#¥
(+) Massey Ferguson¥*#¥

(+) Oliver#*

(A plus means the make was significantly different in a positive

direction, a negative means the reverse, ¥ means significance

at .05 level, while ¥¥ means significance at .01 level.)
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John Deere was the only make that was significantly
different from zero (Minneapolis-Moline) in all cases. Allis
Chalmers was significant in all the pull type equations, but
not in all the self propelled equations. The opposite was
true of Massey Harris. There is little more that can be
ascertained about makes from the equations themselves.
Even though addition of the make variables increases the
R2 values of the estimating equations (compare R2's for equations
38-U40 with those for U41-U8, there is room for reasonable doubt
about the significance of their contribution. Remember that
make is not one, but several variables added to the equation.
Therefore it is useful to test the significance of the make

variables in aggregate. The following F-test was used to do

this.
SSR with make variables-SSR without make
variables
F(d.f.=r-k and n-r-1)= (r=k)
[SSE (n-r-1)
(n-r-1)

Where: SSR=sum of squares regression, SSE=sum of squares error,
n-number of observation, r-number of variables in equation
including make, k-number of variables in equation without make.

The F-test indicated that the make varilables were sign-
ificant as a group, at the .01 level, for all but 1958 pull
type models. The aggregate of make variables was significant

at the .05 level for the Y, equation representing those models,

1

but was not significant (.10 level) for the Y., equation.

2
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Y = f (Age, Make, Engine Driven)

The following equations include the variable engine

driven. This, of course, applies only to the pull type combines.

o o

1953 Pull Type Combines

Equation #49 Yl 63.563 - M.?OMXl** + 6.696X2** - 5.718X_ ¥*

3
(2.050) (0.159) (2.434) (2.067)
- 0.739Xu + 7.9&1X5** - 1.979X6 + 0.3111)(7
(2.017) (1.897) (2.381) (2.038)
+ O.l91X8 + 0.161X9 - 2.881X10**
(2.382) (2.017) (0.991)
R® = 0.8916 S.E. = 4.5653
Equation #50 §2 = 62.348 - 5.392X1** + 5.285X2 - 5.317X3**
(2.268) (0.175) (2.693) (2.287)
- O.383Xu + 7.055X5** - 1.52OX6 - O.385X7
(2.231) (2.198) (2.635) (2.254)
+ O.MOlX8 + O.26lX9 - 2.957X10**
(2.635) (2.231) (1.096)
R = 0.8958 S.E. = 5.0504
Xl = age X6 = Ford
X2 = Allis Chalmers X7 = International Harvester
X3 = Gleaner Baldwin X8 = Massey Harris
XM = Case X9 = Oliver
X5 = John Deere X10= Engine Driven

(Minneapolis Moline is the base for make comparisons.)



1958 Pull Type Combines

Equation #51 Y1

R2 = 0.8542

Equation #52 Y2

R° = 0.8885

age

Allis Chalmers
Case

Cockshutt

John Deere

94—

72.860 - 7.404Xl** + 3.126X2 - 0.034X

3
(1.575) (0.281) (1.710) (1.413)
3.573X, + 3.685X5* + 3.13ux6 + 1.u59x7
(2.307) (1.682) (1.615) (1.615)

o.u67x8 + 2.671X9 - 0.753X,,
(1.491) (1.938) (0.797)
S.E. = 4,2890

70.357 - 7.848xl** + 3.319X,% + o.220x3

(1.432) (0.256) (1.555) (1.284)

3.746 X + 3.315x5* + 1.521X + 1.633X
7

(2.097) (1.529) (1.468) (1.468)

O.6UOX8 + 2.640X, - 0.291Xl

9
(1.356) (1.762) (0.725)

S.E. = 3.8992

0

X6 = Ford

X, = International Harvester
X8 = Massey-Ferguson

X, = Oliver

X, ~= Engine Driven

(Minneapolis Moline is the base for make comparisons)
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Engine Driven was significant variable in the 1953 equation,

but not in 1958. The 1953 engine driven combines appear to
have percentage values almost 3.00 points below their PTO

counterparts. The b value for engine driven was also negative

in 1958, but was numerically too small to be of consequence.
Comparing equations 49-52 and 41-4L,it 1s readily apparent

that dividing the combines into engine driven and PTO causes

some adjustment of the make variables. Note these shifts in

the 1list of significant makes given below.

Y = f (Age, Make) Y = f (Age, Make, E.D.)t
1953 Yl--- 1953 Yl---
(+) Allis Chalmers¥*# (+) Allis Chalmers¥*#*
(=) Gleaner Baldwin¥ (=) Gleaner Baldwin¥#¥
(+) John Deere¥*#¥ (+) John Deere*#*
1953 Y2-—- 1953 Y2——-
(+) Allis Chalmers¥*#¥ (=) Gleaner Bgldwin¥*
(+) John Deere¥*#* (+) John Deere*#*
1958 Y,--- 1958 Y, ---
(+) Allis Chalmers¥ (+) John Deere#

(+) John Deere#

(+) Ford*

1958 Y2-—-i 1958 Y2——-
(+) Allis Chalmers* (+) Allis Chalmers¥
(+) John Deere#* (+) John Deere#*

(+ED Engine Driven.)
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Y = £ (Age, Make, Engine Driven¥, New Models) ¥Applies to pull

type only.

The task of this new model varlable 1s to estimate the
effect of introducing a new model on the used value of 1its'
predecessor. The number of variables necessary 1s dependent
upon the number of comparable new models succeeding the combine
model studied. For example if the John Deere "55" self propelled
combine has four replacements between 1953 and 1963., four
variables will be needed. The equations, then, vary in the

number of new model variables used.
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1953 Pull Type Combines

Equation #53 Yl

66.052 - U.362Xl** + 5.112X, - 5.496X

2 3
(2.858) (0.203) (2.813) (2.870)

- l.lOlXu + 6.009X_** - 3.248X6 + 0.244X

5 7
(2.754) (2.311) (2.835) (2.467)

- 0.657X8 - 1.051X, - 4.340Xlo** - 3.325X11*

9
(2.616)  (2.598)  (1.733) (1.551)
- 0.981X,, + 0.410X;5 - 2.393X,,
(1.648) (4.795) (1.513)
2

R° = 0.8990 S.E. = 4.4881

Equation #54 §2 65.601 - 5.016X ** + 3.714X, - 5.165X

3
(3.142) (0.223) (3.093) (3.155)

- O.87OX“ + 5.125X_*% - 3.265X6 - 0.891X

5 7
(3.027) (2.540) (3.117) (2.712)

- 0.492X8 - 1.137X, - 5.139X10** - 4.432X11**

9
(2.876) (2.856) (1.904) (1.704)
+ 0.013X12 + O.939X13 - 2'392X1U

(1.811) (5.271) (1.663)
2

R = 0.9041 S.E. = 4,9335
X1 = age X5 = John Deere X9 = QOliver
X2 = Allis Chalmers X6 = Ford Xlo= Engine Driven
X3 = Gleaner Baldwin X7 = International Xyq= New Model #1
Harvester
Xq = Case X8 = Massey Harris X12= New Model #2
Xl3 = New Model #3

Xlu = Discontinuation of the line

“Winneapolis Moline 1is the base for make comparisons)



-98-

1958 Pull Type Combines

Equation #55 Yl

R® = 0.8901

Equation #56 Y,

RS = 0.9147

age
Allis Chalmers
Case

Cockshutt

= John Deere

72.379 - 6.422Xl** + O.9H3X2 + 3.03MX3*

(1.402) (0.300) (1.559) (1.343)

2.735X%), + 2.181X. + 2.587X6 + 1.134X

5 7
(2.065) (1.508) (1.423) (1.421)

O.363X8 + 0.665X, - 0.996XlO - 3.804X11**

9
(1.321) (1.748) (0.703) (0.845)
I.389X. %% _ L 068X %%

(151932 (1.22233

S.E. = 3.7667

69.976 - 6.974Xl** + 1.329X2 + 2.894X. %

3
(1.285) (0.275) (1.428) (1.230)
2'9”8xu + 1.9u8x5 - 1.018x6 + 1.3u5x7
(1.891) (1.382) (1.303) (1.302)
o.566x8 + o.806x9 - 0.502X, - 3.520x11**
(1.210) (1.601) (0.644) (0.774)
3.599x12** - 3.6o6x13**
(1.391) (1.119)
S.E. = 3.4503
X6 = Ford X11 = New Model #1

X7 = International X New Model #2
Harvester

X8 = Massey Ferguson X

12

13 Discontinuation
of the line
X, = Oliver

Xi0™ Engine Driven

(Minneapolis Moline is the base for make comparisons.
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1953 Self Propelled Combines

Equation #57 Y1

R2

Equation #58 Y,

R2

0.8906
age

Allis Chalmers
Gleaner Baldwin

Case

X =
X13= Discontinuation of %Ee

0.8541

Xg

Xg

X7

Xg

55.096 - 3.715X1** + 8.2HHX2** + 2.605X

3
(2.011) (0.285) (2.646) (2.472)
0.957Xu + 13.915X5** + u.279x6 + 8.956x7**
(2.803) (2.691) (2.360) (1.983)
u.609x8 + o.1oox9 + 0.131X;, - 1.562xll
(2.382) (1.646) (1.817) (3.613)
1.281x12 - 1.191x13
(4.507) (2.613)

S.E. = 5.1102

56.086 - 4.305X,** + 6.959X *¥% + 2.110X
(1.952) (2.569)
0.333X, + 10.779X ** + 3.160Xg + 7.276X *¥

3

(0.276) (2.400)

(2.702) (2.612) (2.291) (1.925)
2.510X8 - 2.200X9 + l.U99XlO - 2.022Xll
(2.312) (1.598) (1.764) (3.507)
1.864X12 - 0.96U,X13
(4.375) (2.536)
S.E. = 4,9603

= John Deere X9 = New Model #1
= International _

Harvester Xy0= New Model #2
= Massey Harris X11= New Model #3

Oliver New Model #U4

line

(Minneapolis Moline is the base for make comparisons.)
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1958 Self Propelled Combines

Equation #59 fl

65.993 - 4.973X1** + 1.337X2 + 12.050X %%

3
(1.682) (0.342) (1.863) (2.220)
+ 3.8M5Xu* + 7.878X5** + 7.011X6** + u.550x7**
(1.906) (1.724) (1.725) (1.744)
+ M.OOMX8 - 1.79MX9 - 10.049X10** - 3.40MX11*
(2.262) (1.115) (2.553) (1.512)
RS = 0.8426 S.E. = 3.9445
Equation #60 Y, = 64.44H - 5.385X %% + 1.104X, + 11.358% %+
(1.554) (0.316) (1.721) (2.051)
+ 3.506Xu + 7.15MX5** + 6.311x6** + 3.798X7*
(1.761) (1.593) (1.593) (1.611)
+ 3.511X8 - 1.9H8X9 - 9.391X10** - 3.2M9X11*
(2.089) (1.030) (2.359) (1.397)
R = 0.8738 S.E. = 3.6442
Xl = Age X7 = Massey Ferguson
X2 = Allis Chalmers X8 = Oliver
X3 = Case X9 = New Model #1
XN = Cockshutt X10= New Model #2
X5 = John Deere Xll= Discontinuation of the line
X6 = International Harvester

(Minneapolis Moline is the base for make comparisons.)
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The new models variable would be considered very satisfactory
if the results of all the equations were like those in 1958
pull type combines. In perfect accordance with the rationale
for the varibkble, each new model was significant and represented
a drop in the percentage value of the obsclete machine. By
contrast, the first model change apparently had no affect on
1958 self propelled models. Yet a second change and discontin-
uation of the line did have a significant effect. For the 1953
models, none of the new model variables were significant. To
eliminate the suspicion that the aggregate affect of the new
models may be different than impression received from examining
the individual variables,F-tests similar to those used with
makes were calculated. These statistics support the conclusion
that new model variables were significant as a group in 1958,
but not 1in 1953.

There seems to be no obvious explanation for the variable's
significance with 1958 models and lack of significance with
1953 models.

Y =f (Age + Agez, Make, Engine Driven*)---—-Curvilinear Model

*¥Applies to pull-type units only

As with tractors, there appeared to be sufficient reason

~.

for tryiﬁg a curvilinear model with used comblne values. For
both pull-type and self propelled combines the constant and

the b values for age in the 1958 equations exceeds those of
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the 1953 equations. An analysis of the residuals (actual
percentage value--estimated percentage value) for each year

of age indicated that thils was more likely due to a curvilinear
loss-in-value than any real differences in the data. (Elab-
oration of this statement 1s found later in the chapter.)

Thus, curvilinear equations of the form

S 2

Y =a+ bXy +Db_X; + DX + —=—m- b X, are given below.



1953 Pull Type Combines

Equation #61 Y1

2

R® = 0.9180

Equation #62 Y,

R® = 0.9464

age

age squared

Allis Chalmers
X

9
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70.212 - B.OTX ** + o.332x§** + 6.523X, %%

(2.108) (0.580) (0.054) (2.126)
5.&58x3** - 1.025X, + 7.&29x5** - 2.495x6
(1.806) (1.762) (1.738) (2.082)

0.491X, - 0.325Xg - 0.125X5 - 2.580X, **
(1.780)  (2.082)  (1.762)  (0.867)
S.E. = 3.9§78

72.735 - 10.657x1** + 0.503X§'* + 5.01ux2**

(1.922) (0.529) (0.049) (1.939)
4.909X ¥* - 0.831X) + 6.254X ** - 2.325X,
(1.647) (1.607)  (1.585) (1.899)
0.149X, - 0.405Xg - 0.186X, - 2.4B6X,  *¥

(1.624) (1.899) (1.607) (0.790)
S.E. = 3.6366

3 = Gleaner Baldwin X6 = Ford
Xu = Case X7 = International
Harvester
5 = John Deere X8 = Massey Harris
= QOliver Xlo= Engine Driven

(Minneapolis Moline 1is the base for make comparisons.)
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1958 Pull Type Combines

Equation #63 Y,

66.272 - 1.297X1 -

2
1.055X1** + 2.961X2

(1.891) (1.174) (0.198) (1.554)
- O.l9lX3 + 3.442Xu + 3.685X5* + 2.948X6*
(1.284) (2.096) (1.529) (1.468)
+ 1.273X7 + O.282X8 + 2.486}(9 - l.lSleO
(1.468) (1.356) (1.762) (0.729)
R® = 0.8805 S.E. = 3.8976
Equation #64 Y, = 65.046 - 2.92UX ** - 0.850X %% + 3.186X, ¥
(1.759) (1.092) (0.184) (1.446)
+ O.O9llx3 + 3.6MOXu + 3.315X5* + 1.371X6
(1.194) (1.950) (1.422) (1.365)
+ 1.M8MX7 + O.Ll9OX8 + 2.1490)(9 - O.636X10
(1.365) (1.261) (1.639) (0.678)
RZ = 0.9044 S.E. = 3.6258
Xl = age X5 = John Dee;e
X% = age squared X6 = Ford
X2 = Allis Chalmers X7 = International Harvester
X3 = Case X8 = Massey Ferguson
Xu = Cockshutt X9 = Oliver
XlO = Engine Driven

(Minneapolis Moline is the base for make comparisons.)
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1953 Self Propelled Combines

Equation #65 ¥, = 60.661 - 6.343X ¥* + 0.235Xo%¥ + 7.973X,*¥
(2.217) (0.709) (0.062) (2.160)
+ 2.53ox3 - 0.305X, + 13.790x5** + u.23ox6*
(2.100) (1.818) (2.100) (2.100)
+ 8.897X7** + u.550x8*
(1.714) (2.100)
R° = 0.8716 S.E. = 4.6952

Equation #66 Y. = 64.931 - 9.052X, ** + o.u16xf** + 6.688X,

2
(1.802) (0.577) (0.051) (1.756)

+ 1.580x3 - o.360xu + 11.350x5** + 2.930X,
(1.707) (1.478) (1.707) (1.707)

+ 7.267X7** + 3.500X8*

(1.393) (1.707)
R = 0.9325 S.E. = 3.8162
Xl = age Xu = Case
Xi = age squared X5 = John Deere
X2 = Allis Chalmers X6 = International Harvester
X3 = Gleaner Baldwin X7 = Massey Harris
X8 = Oliver

(Minneapolis Moline is the base for make comparisons.)
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1958 Self Propelled Combines

Equation #67 §1 62.082 - 2.244X, - o.sszxi* + 1.160X,
(2.523) (1.645)  (0.267) (1.656)

+ lO.OUOXB** + 3'380XU + B8.659X_ ¥*

5
(2.343) (1.913) (1.801)
+ 6.220x6** + 5.627x7** + 5.080xg*
(1.772) (1.746) (2.343)
R = 0.8104 S.E. = 4.2769

Equation #68 §2 61.120 - 3.290Xl* - O.UUGX% + 1.135X2

(2.362) (1.540) (0.250) (1.551)

+ 9.480X_#* + 3'180XN + 8.003X5**

3
(2.193) (1.790) (1.686)

+ 5.685X6** + 4.96T7X ** + 4.680X8*

7
(1.659) (1.634) (2.193)
R° = 0.8438 S.E. = 4.0036

Cockshutt

X, = age Xu

John Deere

1
Xi = age squared X

X2 = Allis Chalmers X6 = International Harvester

X3 = Case X7 Massey Ferguson

X8 = Oliver

(Minneapolis Moline is the base for make comparisons.)
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INTERPRETATION

The contribution of the regression equations is not
limited to what may be learned from examining them individually.
New and additional insights are obtained by comparing various
equatlions, and applyling certain relevant tests. This section
is dewoted ¢to further analysis of the equations computed.

Each variable is discussed in turn.
Age

The most notable characteristic of the age variable 1is
its consistency throughout the estimating equations. Table
18 on the next page gives the b values for age from each of the
linear equations. Recall that the age variable in all these
cases was highly significant.

By using the t-test below, one can determine if the b
values for any of the groups of equations given in Table 18

are significantly different.

le = in Where X, and X!

1 1 are age variables

t=

MSXl + ”?Xi from different equations.
The widest differences in b values were between the 1958
pull type equations Y = f (Age) and Y = f (Age, Make, E.D.,
N.M.). These differences were significant at the .025 level.
For all the other groups of equations the b values were not

significantly different. With the exception of new models,
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the variables indicated are clearly complimentary to age, rather
than substitutes for it. One should expect some "trade-off"

between age and new models as both of them are related to only

downward movements of used values. If part of the decline in
used values 1s due to the introduction of new models, the b
value for age,in conjunction with new model varlables, may not
need to be as large as when it was assigned all the downward
trend.

In chapter III it was found that the differences in b
values between 1953 and 1958 equations are likely to be the
result of a curvilinear "loss-in-value" function. In order
to determine 1f thils assumption is true for combines, certain
expdarations must be performed.

Our first concern 1s to determine if the equations for
1953 and 1958 are in fact significantly different. If the b
values for age in the simplest equation-- Y = f (Age,)--
are significantly different from 1953 and 1958, there is ample
reason to belleve that the more involved equations will also
be significantly different. The test applied to these b values
1s the first step in the analysis of covariance for regression
equations with one variable.l The F statistics computed

indicated that comparable 1953 and 1958 equations were sign-

1See George W. Snedecor, Statistical Methods, (Iowa State
College Press, Ames, Iowa, 1956) pp. 394 -399 for discussion of
this method.
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ificantly different at .005 level.

Having concluded that the 1953 and 1958 equations were
significantly different, the next step is to determine if this
difference is due to dissimilar data during the first five
years of use. In other words, did the value of 1958 combines
fall faster in this length of time than 1953 models? To answer
this question the average yearly value was calculated for the
first five years for both 1953 and 1958 models, and a t-test
was used to find out 1f these average yearly values were sign-
ificantly different. 1953 self propelled model averages were
compared with 1958 self propelled, 1953 PTO models with 1958
PTO models, and engine driven for 1953 with those in 1958.

In no case were the average yearly values significantly diff-
erent.

The final step was to average the residuals consistent
with each year of age and determine 1f a pattern of curvilinear-
1ty was present. (See Chapter III for explanation of this
procedure) Average yearly residuals were calculated for 1953

pull type Yl, 1958 pull type Y 1953 self propelled Yl’ and

l’
equations.

1958 self propelled Yl
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TABLE 19---Average residuals (actwal value-estimated value)
computed for each year of age from combine equations
#33, 35, 37, & 39.

Year of Age
Combine 1 2 3 Yy 5 6 7 8 9 10

(Percentage Points)
Equation #33-

1953 Pull Type 4.8 1.8 -1.6 -3.9 -3.1 -1.5 0.3 1.9 2.0 2.2

Equation #35--=-==-
1953 Self Propelled 4.4 1.5 -1.9 -3.0 -2.8 -3.9 2.9 3.3 1.5 1.5

Equation #37--
1958 Pull Type -1.7 1.3 2.0 -1.4 -.31

Equation #39-====--
1958 Self Propelled-1.9 0.9 2.7 =-1.1 -1.7

The pattern of the residuals for 1953 equations indicates
that the llinear equations underestimated the average value in
years one and two, overestimated the average value for years
three; through six, and underestimated them again for the last
four years. This 1ndicates that the first year value calculated
i1s lower than the average first year value, and that the slope
of the "loss-in-value" function is probably greater in the
first few years and less in the later years than given by the
linear regression equation. Although the 1958 equations do not
exhibit a pattern consistent with the 1953 equations, it does
not negate the hypothesis of curvilinearity over the leonger

span of time. The conclusion is that an appropriate.curvilinear
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model could be expected to fit the 1953 combine data somewhat
better than the linear models used here.

The simplest equatlons containing only age as a variable
can also be used to support the author's early contention
that pull type and self propelled combines should be examined
separately. Using the covariance method of determining
whether regression equations are significantly different (as
was doéne previously in comparing 1953 and 1958 equations)
the pull type and self propelled equations for both 1953
and 1958 were found to have significantly different b values--
at the .05 and .01 levels respectively.

Realized Net Farm Income (RNFI)

This variable was significant at .05 for 1953 pull type,
1958 pull type, and 1958 self propelled combines in both the Y1
and Y2 formualtions, it was significant for 1953 self propelled

combines 1n the Y2 form, but not with Y Even though it appears

1°
to be rather significant, the RNFI variable was dropped from
the equations recorded in this chapter. The reason for its
omission is that the variable takes on a negative sign in all
the 1958 equations. Theoretically the sign for RNFI should

be positive as 1t is in 1953. A negative sign is unacceptable
as it says that with more spendable income farmers pay less
for used combines.Some sort of a rationalization might be

developed to explain a negative RNFI variable if it were neg-

ative in both 1953 and 1958. However, there is no reasonable
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way to explain a positive sign in 1953 and a negative sign in
1958.
Make

As noted earlier in this chapter the aggregate of make
variables was usually significant. Also noted were those
makes which were significantly different from zero in their
effect on used combine values. In this section makes are
examined 1in greater detail by using a t-test to determine which
ones are significantly different from one another. The
summary and concluslons of these comparisons are presented here.

By way of a general comment, make seems to be a more
important consideration in the second five years than in the
first five years of machine 1life. This concept was first
suggested by the fact that the aggregate of make variables 1is
less significant for 1958 pull type combines than for 1953
pull type combines, as measured by an F-test.

A comparison of the standard error of estimates for each
year ( 1, 2, 3, ===, 10) from 1953 pull type combine equations
Y, =f (Age) and Y, =f (Age, Make) also seems to support this

suggestion. (See Table 20.)
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The table indicates the variables for make are more
effective in reducing standard errors for the later part of
the ten year span than the earlier part. This logically
could be thought of as evidence that make is more essential
for explaining the used value of older model than later model
combines. This makes good sense if one reasons that the char-
acteristics which may cause one make to be valued over another
are exposed with time. The makes are proven, so to speak,
over their useful 1life. In line with this type reasoning,
it might be speculated that the relationship between makes 1s
a function of time rather than a constant.

A thorough comparison of the individual make variables

lead to these conclusions. (1) John Deere seems to have the

strongest used value position. The make variable for John Deere
is significantly different (at .05 level) from zero in each

of the equations. If its b value was not the largest, it was
not significantly different from the make having the largest

b value. For 1953 pull type combines John Deere had signifi-
cantly larger percentage values than all but Allis Chalmers.

For self propelled combines of the same year, John Deere
exhibited the largest b value and was significantly different

from all other makes. (2) Allis Chalmers and John Deere

were not significantly different with respect to pull type

combines. The b value for Allis Chalmers was very slightly
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larger for 1953 models and somewhat lower with 1958 models.
These two makes were valued significantly above all other
1953 pull type models, and were significantly different from
Case and Minneapolis Moline for 1958 models. Allis Chalmers
was exceeded in value by only John Deere for 1953 self-propelled
combines, but was valued significantly below a number of the
1958 units. By 1958, Gleaner Baldwin was a part of the Allis
Chalmers line. The pull type combines were the Allils Chalmers
models only, while the sélf propelled combines were largely
Gleaner Baldwin models. For the 1953 self propelled combilnes
Allis Chalmers varlable was significant at .005 level. Gleaner
Baldwin, however, was not significantly different from Minn-
eapolis Moline (zero) in the same equation. The 1958 self
propelled equation gives the Allis Chalmers-Gleaner Baldwin
combination as one of the two makes not significantly different

from Minneapolis Moline (zero). (3) Massey-Harris (Massey-

Ferguson in 1958) was quite highly regarded as a self propelled
combine, but not as a pull type combine. Massey Harris was
significantly different from Minneapolis Moline (zero) as a
self propelled machine, yet not significant as a pull type.

In the 1953 self propelled equations i1t had the second highest
b value and a percentage value significantly higher than Case,

Gleaner Baldwin and Minneapolis Moline. In 1958, Massey- Ferguson
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was not significantly different from Case which had the largest

b value. (4) Oliver, International Harvester, and Massey Harris

were never significantly different. They all tend to be sign-
ificant makes with self propelled combines, but not with pull
type machines. (5) Case had the highest b value fora 1958

self propelled combine, a complete reversal of its position

in all other equations. Other equations, 1953 pull type, 1953
self propelled and 1958 pull type gave Case as not significantly
different from Minneapolis Moline (zero). Yet the 1958 Case
self propelled combine not only displayed the largest b value,
but was significantly different from Allis Chalmers, Cockshutt,
and Minneapolis Moline. (6) Ford (pull type only) was valued
slgnificantly above Gleaner Baldwin in the 1953 models, and Case
and Minneapolis Moline in the 1958 models. It was not sign-
ificantly different than most other makes. (7) 1953 Pull

type Gleaner Baldwin was the only case where a make was valued

at significantly less than the Minneapolis Moline. (8)

Cockshutt (1958 6nly) was not significantly different from

Minneapolis Moline.

Engine Driven

Earlier it was noted that the variable engine driven was

significant for 1953 pull type combines, but not for 1958

pull type combines. Examining the 1953 data it was found that
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all the engine driven models had twelve foot headers, while
all the PTO machines had six foot headers. By contrast twelve
foot combines were a minority of the engine driven machines
in 1958. At that juncture it was reasonable to ask if it was
the header size of the combline, rather than its source of
power (for threshing) which caused engine driven combines
to be valued at almost three percentage points less than the
smaller PTO machines. Thils could also be the reason that
the variable was not significant in 1958. A second inter-
pretation,which the author tentatively supports, it that the
engine deteriorates somewhat faster than the total machine, or
it becomes the object of greatest uncertainty to the purchaser
of an older comblne. This impllesthat the difference in per-
centage value between comparable engine driven and PTO combines
is a positive function of time. Two observations would tend
to support this conclusion.” (1) The engine driven variable in
1958, although small, 1is also negative. This is fairly weak
evidence as the varliable 1s not significantly different from
zero and thus it may have no effect for 1958 combines. (2)
Comparing the residuals for each year from equations Y, = f

1

(Age, Make) and Yl = f (Age, Make, Engine Driven), one observes
a tendency toward a smaller mean square and standard error
in the second five years than in the first. This again is not

very conclusive evidence. The question of what caused engilne
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driven to be significant in 1953, but not in 1958 will lack

a definitive answer until the effect of this variable on other
machines can be examined.

As should be expected, the addition of the engine driven

variable caused some changes in the b values for makes as they
were established in the simpler equations. Since the variable
was not significant in 1958, its effect on make variables is
small. In the Yl equation Allis Chalmers and Ford previously
significant at .05, were no longer significant at that level.

All other makes for both Y. & Y2 equations remained fairly

1
unchanged. The greatest differences were, of course, for 1953
models. In the Y1 equations all makes previously significant
remained significant, but b values showed considerable changes.
(Compare equations 9, 10 with 17,18). 1In the Y2 equation,
previously significant Allis Chalmers (at .0l1) was no longer
significant (at .06) and Gleaner Baldwin became significant

(at .02). These happenings were explainable because the base
model had only an engine driven entry, hence the constant of
the regression was adjusted upward in amount approximately

equal to the negative value of b for the engine driven variable.

Even with the shifts 1in b values, the essential differences
between makes in most cases remained the same. (This was

especially true of the Y. equations where none of the sign-

1



-120-
ificant differences between makes was alteyred by addition of
the engine driven variable.)
The author used Table 21 to help understand the relation-
ship between the b values for make variables from the 1953

pull type equations with and without the engine driven variable.

From examining the values in this table, one can conclude
that the information given by the equation including the

engine driven variable is not incompatible with the estimates

of the simpler equation. In general engine driven can be cons-

idered a useful variable.

Combined Acreage

Equations including the variable combined acreage were

not recorded in this chapter, because the variable was sign-
ificant in only one case--1958 pull type combines. In all

the equations 1t has a high negative intercorrelation with age
from -0.71722 to-0.90118. The total acreage of crops harvest-
ed by combines (except corn) fell, almost continuously, from
128,652,000 acres in 1954 to 110,0M8,000 acres in 1963. Accord-
ing to the rationale for this variable, part of the decline in
value of combines should be attributed to this decline in
acreage. It 1s difficult to judge reasonability of this hypo-

theslis because of the intercorrelation problem.
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New Models

There seems to be no complete explanation of why the new
models variable givef reasonable and significant results for
1958, but not for 1953 models. Perhaps the criterion for
deciding when one model was replaced by another (as discussed
under new models in chapter III) was not satisfactory. Or
perhaps a new model by one manufacturer has an effect on the
existing models of other makes. The significance of this
variable in 1958 does, however, reaffirm the author's contention
that this type of obsolescence could be demonstrated if an
adequate variable could be designed.

Inflation

Wholesale prices of new combines, according to the Bureau
of Labor Statistics estimates, increased by about three per-
cent per year between 1953 and 1963. It 1is reasonable to assume
that, during this same period, the downward movement of used
combines values was retarded by inflation. The Y2 equations
computed provide an opportunity to examine this assumption.
(Recall from Chapter III that it was necessary to use the ad-
Justed dependent variable Y2 because of the high intercorrelation
of age and whole sale prices index variables.) If inflation

has an important effect on used combine values, the deflation

of the dependent varlable should result in numerically larger b
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values for age and greater coefficlents of multiple determination
(R2's). Table 22 summarizes the numerical differences in b
values for age from comparable Yl and Y2 equations. As indicated
in the table, used combine values decline from 0.4% to 0.7%
faster in "real" terms than on a current dollar basis.

A comparison of the R2 statistlcs for Y1 and Y2 equations
is the only available method of judging the importance of the
effect of inflation on used combine values. With the exception
of 1953 pull typecomblne,the deflation of the dependent variable
results in a substantlally better fit with each equation. On
this basls inflation is assumed to have an important effect on

used combine values. (See Table 24)

Curvilinear Model

As noted earllier, the b values for age squared variable were

negative with 1958 equations. This should not be regarded as

a negation of the hypothesis that the rate of "loss-in-value'",
in general, declines over time. If a negatlive b value for age
squared had been present among the 1953 equations, the theory
would be the object of serious doubt. (Recall the b values for
this variable were both positive and significant at the .01
level for thé 1953 equations.) Even though the long run trend
is one of declining rates of "loss-in-value", it doesn't seem
unlikely that curvilinearity in the reverse order could occur

during some given five year period. An unaccounted for upward
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or downward shift in used combine values in one year out of
the five might be sufficlent to cause a negative coefficient

for the age squared.variable.

It might be instructive to compare the estimates of used
value and yearly "loss-in-value", both as a percehnt of original
cost, for the linear and curvilinear models. The table number
23 does this for 1953 pull type combines.

Even though the curvilinear model is a better fit to
the ten year data, a pattern is still evident in the residuals.
The mathematical restrictions of the squared terms do not
permit the model to meet the particular shape of the "loss-
in -value" function.

Summary

Age 1s capable of explaining 69% to 88% of the variation
in used combine values. It seems to be slightly more use-
ful in explaining used values of pull type combines than of
self propelled combines. This may be related to the fact
that pull type combines lose their value at a significantly
faster rate than self propelled units.

Realized net farm income 1s a significant variable

(.05 level) in all the equations except 1953 self propelled
models. However, the b value 1s negative for the 1958 equations.

This is unacceptable, as it would indicate that farmers would
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be willing to pay less for used combines when their incomes
were higher.
Make was a very useful variable for explaining used
combine values. Once again the effect of make seems to vary
as a function of time.

Engine driven combines had significantly lower used values

than their PTO counterparts, by 3.0 percentage points, as
measured over the ten year period. But, there was no sign-
ificant difference between 1958 engine driven and PTO combines
in the 1958 to 1963 period. It was then suggested that the
engine deteriorates more rapidly than the rest of the machine,
or it becomes the object of greater uncertainty to the buyer
of an older combine.

There seems to be no apparent rationale for the signi-
ficance of the new model variables in the 1958 equations,
but not in the 1953 equations.

The "real" value of used combines declines from 0.4
to 0.7 percentage points (value measured in percent of
original cost) faster than their nominal values. This was
indicated by the regression, equations computed from gdeflated
used value data. Removing inflation from the used values
results in a better regression fit using exactly the same

variables.
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The "loss-in-value" function in the long run seems to be
curvilinear with a decreasing slope. For the five year period,
1958 to 1963, the rate of "loss-in-value" appeared to be an
increasing function for 1958 models.
The following summary of used values and yearly rates
of decline should be some indication of what to expect for
other models. Estimates of first year value for pull type
combines ranged from 57.4% to 66.5% for the linear equations
and was 62.5% for the curvilinear equation (unadjusted for

make and engine driven.) Tenth year estimates of value for

pull type machines range from 17.5 to 22.2%. Assuming a
10.0% "salvage value" is therefore quite inappropriate. The
best linear estimates of yearly "loss-in-value" were
from 4.4% to 4.7% over the ten year span. The curvilinear
estimate ranged from 7.1% down to 1.8%.

First year estimates of self propelled combine values
ranged from 56.9% to 64.8% for linear equations, and was

54,6 for the curvilinear model (unadjusted for make). The
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linear estimate of yearly loss-in-value was in each case
3.7% over the ten year period. Estimates of the "salvage

value" were all very close to 22.0%.



ANALYSIS OF USED FORAGE HARVESTER VALUES
Chapter V

Introduction

The analysis of used forage harvester values follows
the same format as the work done wilth tractors and combines.
The models selected were again chosen from those man-
ufactured in 1953 and 1958. The period over which the used
values were studied--1953 to 1963 and 1958 to 1963--is un-
changed from the previous chapters.

There are, of course, new variables introduced whose
rationale need to be established, and the notable change
of the "base" make from Minneapolis Moline (who did not
manufacture forage harvesters for either year) to Massey
Harris. These aside, the chapter is unique only in the inform-

ation it provides.

Variables
The practice of describing only those variables which
are introduced with a given chapter is continued here. (To
review the rationale for variables common to this and earlier

chapters, one will need to examine the variables sections for

Chapters III and 1IV.)

_13]__
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Livestock Numbers

The forage harvester has little use outside of pre-
paration of roughage crops for consumption by livestock.
(Livestock as it is used here refers to all cattle and calves
on U.S. farms---- omits sheep, hogs, and horses.) Clearly,
not all technologies for providing roughage for livestock
involve the forage harvester. But 1t does seem reasonable
that a variation in livestock numbers would include farm
operations using forage harvester-oriented technologies, as
well as those using other technologies. Should livestock
numbers increase (or decrease), the demand for inputs of the
livestock business--including forage harvesters--would
also increase (decrease). Increases in the overall demand
for forage harvesters should result in higher values for the
used machines.

Livestock numbers, as a variable, was entered in the equations
1

as it is found in the 1965 Agricultural Statistics.~ The

statistics are in thousands of head.

Row Crop--Cutterbar--Bickup Units.

Row crop, cutterbar, and pickup are the alternative

attachments for forage harvesters. The row crop 1s essentially

1U.S. Department of Agriculture, Agricultural Statistics
--1965, (U.S. Government Printing Office, Washington: 1965)
p. 307, Table 453.
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a corn head, used for chppping corn (and possibly sorghum)
for ensilage. The cutterbar attachment 1s used for green
chopping grasses and legumes. The pickup attachment delivers

windrowed hay crops to chopping units.

The variables row crop, cutterbar, and pickup are used

mostly for statistical convenlence. (1) It is the complete
unit that is of interest in this study, not the base unit
without any attachment. Yet the data source gives the values
of the base units and attachments separately. Consequently,
it seemed reasonable to aggregate the used values of base
units and alternative attachments rather than to run separate
equations, and put them together later. The varlables above
permitted any significant difference between the values of
the alternative attachments to be ascerfained. (2) In 1953,
most manufacturers produced a row crop attachment, and either
a cutterbar or pickup unit. In order to gain a better under-
standing of used values for these machines 1t seemed reason-
able to include samples of the complete machines used for
hay crop harvesting, and allow for the different technologies
with a designative variable.

The variables were entered as dummy variables for cutter-
bar and pickup units, with row crop omitted as the basis‘of

comparison.
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Estimating Equations

Y = £ (age)

The following are regression equations with age as the
only variable. The Yl equations are estimates of the percentage
value of used forage harvesters based on current dollars. The
Y2 equations are equivalent estimates of percentage values 1n
constant dollars (current dollars deflated by the Bureau of
Labor . gtatistics wholesale indices.)
1953 Forage Harvesters

Equation #69 §l = 61.478 - u,27uxl**
(0.478) (0.083)

R® = 0.8933 S.E. = 3.9766
Equation #70 §2 = 59.993 - 4-818X1**
(0.486) (0.085)
R2 = 0.9116 S.E. = 4,0395
1958 Forage Harvesters
Equation #71 ¥, = 72.363 = 7.737X **
(0.597) (0.199)
R2 = 0.8131 S.E. = 4,8951
Equation #72 §2= 71.054 - B.319X ¥
. (0.571) (0.190)
R = 0.8459 S.E. = 4,683

Where: X, = age, ** indicates significance at the .01 level,
and # 1naicates signifieance at the .05 level.
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The patterns present in the age equation for tractors
and combines are evident here. The b's for 1958 are greater
(by approximately 3.5 percentage points) than those for 1953
equations. The Y, equations are a better "fit" and exhibit

larger b values than Y. equations. And of course, the variable

1
age 1s highly significant at the .001 level.

Y = f (Age, Make)

The following equations include age and make variables.

Bear in mind that Massey Harris is the base make (rather than

Minneapolis Moline) for these equations.
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1953 Forage Harvesters
Equation #73 Y = 59.446 - 4.281X ** + 1.978X ** + 0.736X,
(0.680) (6:072) (0.811) (0.811)
- 0.06MX4 + 3.O6MX5** + 5.866X6** + 4.914X7**
(0.811) (0.811) (0.867) (0.811)
- 0.275X8 + 2.253X9**

(0.811) (0.811)

R = 0.9221 S.E. = 3.4415
Equation #Th Y, = 57.826 - 4.824X ** + 2.781X ** + 1.283X,
(0.722) (0.077) (0.861) (0.861)
+ 0.614X4 + 3.150X5** + 5.#26X6** + u.886x7**
(0.861) (0.861) (0.921) (0.861)
+ 0.175X8 + 2.194X9**
(0.861) (0.861)
R2 = 0.9295 S.E. = 3.6539
X1 = age X6 = Gehl:
X2 = Allis Chalmers X7 = International Harvester
X3 = Case X8 = New Holland
X, = John Deere X9 = Papec
XS = Fox

(Massey Harris is the base for make comparisons.)



1958 Forage Harvester

Equation #75 §1

R® = 0.8968

Equation #76 Y,

R® = 0.9118

age
Allis Chalmers
Case

Cockshutt

+

X5

Xg
Xq

Xg

-137-

69.808 - 7.723Xl** + 3.578X2** - 0.679X

3

(0.998) (0.151) (1.307) (1.070
5.501X, ** + o.o78x5 + 6.328X %% + 2.866x7**
(1.193) (1.193) (1.193) (1.052)
u.ozux8** + 5.032x9** + 6.601x10**
(1.193) (1.193) (1.087)
6.862X,. %% + 2 652X %%
(1.492}1 (1.0763°

S.E. = 3.6955

68.570 - 8.301Xl** + 3.563X2** - 0.675X3

(0.973) (0.148) (1.273) (1.043)

5.044Xu** + 0.227X. + 5.877X6** + 2.826X. *#%

5 7
(1.162) (1.162) (1.162) (1.025)
3.8uux8** + u.852x9** + 6.139X10**
(1.162) (1.162) (1.059)
6.672X11** + 2.6u0xl2**

(1.453) (1.048)

S.E. = 3.6005

John Deere X9 Internatioﬁal Harvester

= Ford X10= New Holland
= Fox X11= Oliver
= Gehl X,,= Papec

(Massey Harris 1s the base for make comparison.)
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Since again certain makes were not significantly different
from zero, it was considered worthwhile to investigate the
significance of the make variables in aggregate. F-tests of
the type used 1in earlier chapters indicated that the total
contribution of make was significant at .005 level for both
1953 and 1958.

The following 1s a summary of makes whose effect on the

equations was significantly different from Massey-Harris.

1953 Forage Harvesters 1958 Forage Harvesters
(+) Allis Chalmers¥¥ (+) Allis Chalmers**
(+) Fox %% (=) Cockshutt¥*#

(+) Gehl¥# (+) Ford##

(+) International Harvester¥# (+) Fox¥#¥

(+) Papec¥*#* (+) Gehl#*#

(+) International Harvester*¥
(+) New Hollang**
(+) Oliver*®
(+) Papec¥#*

(Where (+) or (-) indicates in which direction the effect of

the make is significantly different from zero, #* indicates it

is significantly different at .01 level.)

One might note that three of the makes--Ford, Oliver,

Cockshutt-- listed under 1958 forage harvesters were not avail-

able in 1953.
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Setting these aside, the field of makes significantly different

from Massey-Harris (zero) were consistent, excepting New Holland,
for the two model years. Any further comparison of the makes
is reserved until later in the chapter.

Y = f (Age, Make, New Models.)

To avold confusion, a discussion of the reasons for three
new model variables in 1958 and only two in 1953 1s no doubt in
order. The explanation is fairly simple. Oliver and Cockshutt
did not produce forage harvesters as of spring 1953, but did
manufacture them later, only to discontinue production before
1963. Therefore, Oliver and Cockshutt were not included in
the 1953, but Wer€included in the 1958 equations. Dis-
continuation of these forage harvesters, plus one model
manufactured by Case from 1955 to 1960, reguired an additional
variable to take this into consideration. On the other hand,
none of the 1953 machines were without succeeding models.

The following are the estimating equations including the

new models variables as discussed above.




1953 Forage Harvesters

Equation #77 Yl

2

R™ = 0.9239

Equation #78 Y,

R 0.9312
age

Allis Chalmers
Case

John Deere

Fox

X
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58.854 - U.O3OX1** + 2.593X2** + 1.998X. %

3
(0.714) (0.119) (0.821) (0.932)
o.l468xLl + u.zgoxs** + 5.148X** + 5.005x7**
(0.839) (0.925) (0.919) (0.805)
o.586x8 + 2.455x9** - 1.320%,, - 1.6uux11*
(0.876) (0.818) (0.675) (0.741)

S.E. = 3.4124

57.614 - 4.609Xl** + 2.339X2** + 2.016X,*

3
(0.758) (0.126) (0.871) (0.990)
1'272X4 + M.081X5** + 4.518X6** + M.896X7**
(0.890) (0.982) (0.976) (0.855)
1.068X8 + 2.617X9** - 1.9M6X10** - 0.169Xll
(0.930) (0.868) (0.716) (0.786)
S.E. = 3.6215
X¢ = Gehl
X7 = International Harvester
X8 = New.Holland
X9 = Papec
X10= New Model #1
11° New Model #2

(Massey Harris is the base for make comparisons.)
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Equation #79 Y1

3
(1.133) (0.162) (1.353) (1.334)
- 5.103Xu** - 1.226X5 + M.638X6** + 1.742}(7
(1.701) (1.301) (1.374) (1.145)
+ 2.33MX8 + 5.138X9** + 5.316X10** + 6.783X11**
(1.374) (1.195) (1.203) (1.826)
+ l.l6lx12 - 1.545X13* - 1.002X1u - 2.088X15*
(1.233) (0.654) (1.510) (1.023)
R = 0.8997 S.E. = 3.6592
Equatfon #80 ¥, = 69.889 - B.148X ** + 2.639X,* - 1.826X,
(1.105) (0.158) (1.320) (1.301)
- 5.073Xu** - 1.09MX5 + 4.159X6** + 1.688X7*
(1.659) (1.269) (1.340) (1.117)
- 2.126X8 + M.9MHX9** + M.839X10** + 6.247X11**
(1.340) (1.166) (1.174) (1.781)
+ 1.128X12 - 1.589X13** - 0.883X14 - 1.689X15
(1.202) (0.638) (1.473) (0.998)
R® = 0.9142 S.E. = 3.5688
Xl = Age X6 = Ford Xll= Oliver
X2 = Allis Chalmers x7 = Fox Xl2= Papec
X3 = Case X8 = Gehl Xl3= New Model #1
X, = Cockshutt X, = International X,,= New Model #2
Y 9 " g 14
arvester
X5 = John Deere X10= New Holland X15= Discontinuation of

71.089 - 7.567Xl** + 2.66OX2 - 1.654X

the line

(Massey Harris is the base for make comparisons.)
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Although the total contribution of new models is statis-

tically significant (F-Test) at .05 level for both 1953 Yl and
1958 Y1 equations, the variable has certain disturbing complex-
ities. There seems to be no consistent pattern among the
individual new model variables which are significantly different
from zero in their effect. In the 1953 equations, new model
#2 was significant and new model #1 was not for Yl formulation;
while the reverse was true of the Y2 formulation. New model #1
and discontinuation were significantly different from zero in
their effect on the 1958 Yl equation, but only new model #1
was significant with Y2.
The largest possible effect could be no more than 4.56
percentage points--a combination of new model #1, new model #2,
and discontinuation of a 1958 model--and this did not occur

with any sample.

Y = £ (Age, + Age?, Make) --— Curvilinear Model

Even though the R2's were very high for the linear model
of forage .harvester values, as compared with tractors and
combines, curvilinear equations were also computed. The exper-
ience of previous chapters hasvindicated that a curvilinear
model may be useful when the résiduals (actual value-estimated
value) exhibit a definite pattern of variation from the reg-

ression line. The residuals for the linear models of forage
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harvester values exhibited a pattern which seemed to support
the usefulness of computing curvilinear equations.
In order to be consistent with the curvilinear models
used for combines and tractors and to avoid the problems

involved with new models, the equation Y = f (Age + Age2,

Make) was used. Below are the equations for forage harvesters.
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1953 Forage Harvester

Equation #81 § 62.163 - 5.695Xl** + 0.135X§** + 2.978X2**

1
(0.853) (0.293) (0.027) (0.781)
+ O.736X3 - 0.06”Xu + 3.O6MX5** + 5.811X6**
(0.781) (0.781) (0.781) (0.836)
+ M.914X7** - O.275X8 + 2.253X9**
(0.781) (0.781) (0.781)
R® = 0.9280 S.E. = 3.3155
Equation #82 §2 = 63.757 - 7.911X1** + 0.296X§** + 2.781X2**
(0.788) (0.267) (0.025) (0.713)
+ 1.283X3 + 0.614)(LI + 3.150X5** + 5.3O6X6**
(0.7139 (0.713) (0.713) (0.762)
%
+ 4.886}(7 + 0.175Xg + 2.19MX9
(0.713) (0.713) (0.713)
R2 = 0.9519 S.E. = 3.0249
Xl = age X5 = Fox
Xi = Age (squared) Xg = Gehl
X2 = Allie Chalmers X7 = International Harvester
X3 = Case X8 = New Holland
XH = John Deere X9 = Papec

(Massey Harris is the base for make comparisons.)



1958 Forage Harvester

Equation #83 Y,

R2 = 0.9122
Equation #84 Y,
R = 0.9304
X, = Age
Xf = Age (squared)
X2 = Allis Chalmers
X3 = Case

12
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75.683 - 12.651X ** + 0.845x§** + 3.3U9K %

(1.198) (0.656) (0.110) (1.207)
o.812x3 - 5.731X,** - o.151x5 + 6.099x6**
(0.989) (1.102) (1.102) (1.102)
* %

2.615X7** + 3.794X8** + u.803X9
(0.972) (1.102) (1.102)
6.595x10** + 6.u73xll** + 2.367X12*
(1.004) (1.379) (0.995)

S.E. = 3.4136

75.368 - 14.003K ** + o.978x§** +3.297K,**

(1.124) (0.616) (0.103) (1.133)
0.829X; - 5.309X,** - 0.038X; + 5.612X **
(0.928)  (1.035) (1.035) (1.035)

2.53“X7** + 3.579X8** + 4.587X9**

(0.912) (1.035) (1.035)

*# * %
6.132X10 + 6.222X11 + 2.311X15*
(0.942) (1.294) (0.933)

S.E. = 3.2038

= Cockshutt X8 = Gehl
= John Deere X9 = International Harvester
= Ford X10= New Holland
f Fox Xll= Oliver
= Papec

(Massey Harris is the base for make comparisons..
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In each case the b value associated with age squared was

highly significant (.005 level). The b values for make
obtained from the curvilinear equations differ very little
from those given by the comparablé linear- equations. Finally,
the R2's related to the curvilinear equations are somewhat

larger than those for the comparable linear equations.

INTERPRETATION

As in earlier chapters, all of the variables tried will
be discussed even though they are not among the equations
recorded. Inclusion of all the equations would make the study
excessively long and contribute little to our understanding

of used values.

Age

Age 1s again a very 1mportant and consistent variable.
Judging from the R2's of the Y = £ (Age) equations for forage
harvesters, comblines, and tractors; the used values of forage
harvesters were, in general, more closely related to age than

the other machines. (See Table 25 on the next page.)
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TABLE 25--Multiple determination coefficients (Rg) of the linear
regression equations Y = f (Age) for tractors, combines
and forage harvesters.2

Multiple Correlation Coeff.

Type of Machine and Model Y, To

1953 Gasoline Tractors 0.5743 0.7436
1953 Diesel Tractors 0.6508 0.8080
1958 Gasoline Tractors 0.5723 0.6805
1958 Diesel Tractors 0.8193 0.8708
1953 Pull-Type Combines 0.7865 0.8293
1958 Pull-Type Combines 0.8339 0.8756
1953 Self-Propelled Combines 0.7262 0.8161
1958 Self-Propelled Combines 0.6884 0.7489
1953 Forage Harvesters 0.8933 0.9116
1958 Forage Harvesters 0.8I31 0.8459

8Where Y 1s the percentage value (based on original cost)
of the machine (Y,) or this value deflated by the appropriate
wholesale price 1hdex (Y2).

Even though the simple linear regression equations for
age have relatively high R2's, there 1is evidence that a curvil-
inear model might give a better fit. (1) Using the covariance
method, the 1953 and 1958 equations are found to be significantly
different (at .005 level.) In the previous chapters, this

difference was often reconciled by assuming that the "loss-in-

value" function was, in general, curvilinear. Therefore one
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might expect this to be the case with forage harvester values.
(2) The average yearly residuals for a 1953 forage harvester
equation exhibit a pattern which seems to indicate curvilinear-
ity.

TABLE 26---Average yearly residuals (actual value-estimated
value) for forage harvester equation #73.a

Age In Years

Machine 1 2 3 4 5 6 7 8 9 10

1953 Forage
Harvester 2.03 1.15 -1.15 =-2.57 =-2.92 0.99 1.42 0.72 0.46 0.45

aAverage residuals were computed from the Y. = f (Age,Make)
equation, rather than the Y. = f (Age) equation a@s in previous
chapters. This of course, éoes not effect the outcome.
Thus the curvilinear equations, numbers 81-84, may be expected
to provide some additional insight into the behavior of used

forage harvester values.

Realized Net Farm Income

Forage harvester equations are the first case of the

realized net farm income variable being significant at .05

level and having a positive b value throughout. Nonetheless,
the variable was omitted from the equations reported in this
chapter. There are two reasons for its omission in the final

equations. (1) The author could see no valid reason for
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forage harvester's values being affected by the variable, when
it has questionable or no effect on tractors and combines.
(Its effect on cornpickers is also questionable, as will be found
in Chapter 7.) (2) Although the contribution of the variable
weighed against loss of one degree of freedom is significant
at .05 level, omitting the variable has little effect on the
numerical outcome of estimated values. With the 1953 equations,
it was necessary for realized net farm income to change by
$770 million to cause a 1.0 percent change in forage harvester
values. The greatest difference in the realized net farm income
data, for the period studied, was $3,004 million between years
1953 and 1957. This difference would have caused less than
four percentage points change in used forage harvester. values.
The greatest change in used values due to a variation 1n data
for adjacent years wag slightly more than 2.5 percentage
points. Thus, weighing the contribution of the variable
against the uncertanties about it; it was decided that realized

net farm income was not of sufficient importance to retain it

as a variable in the final equations.

Engine Driven

The results of the engine driven variable were a complete

reversal of findings 1n the combine chapter. Engine driven

was not significantly different from zero in its effect on 1953
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forage harvesters, but it was significant at .01 for 1958
models--with b values of -1.479 (Yl) and -1.415 (Y2). This
behavior of the variable casts a shadow on the hypothesis set
forth in Chapter IV that engines either deteriorated more rapidly
than the rest of the machine, or are an object of greater
undertainty as the machine becomes older. The author 1s faced
with the choice of either ignoring the variable, for the time
being, or attempting to explain its erratic behavior. The
decision was to set the variable aside, as evidenced by 1its
absence in the equations recorded, and examine 1t agaln as it
applies to balers in Chapter VI.
Make

The object of this section is a thorough examination of
the relationships between values of various makes of forage
harvesters. (1) Cockshutt (only in 1958 equations) was worth

significantly less than all other makes. (2) Case, John Deere,

and Massey-Harris were not significantly different (1953 or

1958) and were all valued at significantly less than the

majority of the other makes. (3) New Holland was the '"change-

able" make (like €Case for combines and tractors) being valued
at significantly less than other makes--excepting Case, John
Deere, and Massey-Harris--in the 1953 equations; but significantly

more than half the makes in 1958. (4) Gehl was valued sign-
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ificantly higher than all except International Harvester among
1953 models; and was significantly different from Case, John
Deere, Cockshutt, and Massey-Harris with 1958 models. (5)

International Harvester, Allis Chalmers, Fox and Papec are

roughly a group, with the first one being valued slightly above
the others. (6) Ford and Oliver (1958 models only) were
valued significantly above Fox, Papec, Case, Cockshutt, Allis
Chalmers, John Deere, and Massey-Harris; but not significantly
different from New Holland.

Again make seems to be very useful in explaining variation
in values, but 1s of considerably less value in predicting
used values into the future.

Livestock Numbers

Although livestock numbers was a significant variable,

(thepvalues were significantly different from zero at the .01
level and its contribution to the equation significant at the
.05 level), it was also omitted from the final equations.

For the 1953 models, the effect of the variable was reasonable,
but numerically rather small. The difference between the great-
est and smallest numbers of livestock, within the 1953-1963
period studied, had only a 2.7 percentage point effect on used

values.
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The effect of the variable on the 1958 models is extremely
difficult to interpret. A steady upward trend in livestock
numbers exists for the period 1958 through 1963. This results

in livestock numbers being highly intercorrelated with age---

0.9825. As a result, the constant ("a" value) becomes a
large negative number and the numerical size of the b value
for age 1s substantlally increased. With respect to the 1953
equation, the 1958 equation overemphasize:s the upward effect
of increases in livestock numbers and the downward effect of

age. The best that may be done 1s to conclude that livestock

numbers probably has a small effect on the value of used forage
harvesters.

New Models

New Models, as noted earlier were very erratic in their

pattern of effect on used forage harvester values. The out=-
come of the variable, as 1t stands, does not lend itself to

any underestandable generalization of the effect of new models
on the value of their predecessors. Discussion of some of

the problems with this variable can be found in earlier chapters
and will not be repeated here.

Row Crop--Cutterbar--Pickup

There was no significant difference between the values of

forage harvesters equlpped with the alternative attachments.
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Either the attachments had similar "loss-in-value" character-
istics or were an insignificant part of the machine's value.
Inflation

Déflation of the dependent variable (by Bureau of Labor
Statistics wholesale price index for forage harvesters--
indicating an average yearly increase in prices of 3.079)
resulted in an increase in the b value of age of from .54 to
.58 percentage points. Surprisingly, the increase was slightly
larger with 1958 models than with 1953 models, quite the reverse
of earlier experience. The improved fit of the equations using
the deflated (or eonstant dollar) values indicates that inflat-
ion has an 1mportant effect on used forage harvester values.

Curvilinear Model

The curvilinear model (age variable squared) made a sign-
ificant contribution to explaining used forage harvester
values. The b value for the variable age squared was significant
at .01 level.

Its significance established, it would be worthwhile to
contrast the linear and curvilinear findings. The outcome of
similar equations includingage and make variables 1s given

in Table 27.
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Even though the curvilinear model provided a considerable
improvement 1in fit, there remains evidence of unexplained
curvilinearity in the average residuals. This is no doubt due
to the mathematical restrictions of the squared term. (Table 28)

Note that along with the familiar pattern of variation,
there is a slight overestimation of the values for the last
two years.

In general, the particular curvilinear model used here
seems to be a closer approximation of the "loss-in-value"
function, but does not completely eliminate the pattern of
variation from the regression estimates found in the linear
models.

Summary

Used forage harvester valuess are closely related to the
age of the machine, even more cldosely than used tractor and
combine values. In fact, age was capable of explaining 81%
to 89% of the variation in used forage harvester values, as
given in current dollars, and 84% to 91%, as glven in constant
dollars.

The used values fOT forage harvesters were slightly

effected by both realized net farm income and numbers of liver

stock on farms. In both cases the relationship was significant
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and positive (for increases in the data), but numerically
rather small.

Once again, make was very useful in explaining used
values, but should not be expected to have much value for
predictive purposes.

Deflation of used values 1ndicates that forage harvesters
have 0.54 to 0.58 percentage points greater "loss=-in-value"
in real terms, than in dollar terms. Removal of inflation also
seems to substantially improve the explanatory ability of the
other variables.

The engine driven machines seemed to be valued at sign-

ificantly less among the 1958 models, but not with the 1953
models.

In general, the "loss-in-value" function appears to be
curvilinear. The estimating equations (both linear and
curvilinear) indicate that the first years "loss-in-value"
should be expected to be around 40.0% (+ 5.0% would include
all of the estimates in Table 27.) One should probably expect
ten year old forage harvesters to be worth about 18.0% of their
original value. Good linear approximations of yearly "loss-
in-values", due to age, seem to be about 4.3% from the second
through the tenth year. Curvilinear estimates of yearly decline
in value ranges from as high as 10.1% (second year for 1958

models) to as low as 3.1% (tenth year for 1953 models.)



ANALYSIS OF USED BALER VALUES
Chapter VI
INTRODUCTION
This analysis generally follows the, by now, familiar

form used with earlier chapters. 1953 and 1958 baler values
are examined over the periods 1953-1963, and 1958-1963 res-
pectively. Minneapolis Moline is again the "base-make" for
the make variables, and only one previously unexplained var-
iable will be defined in this chapter.

VARIABLE

Twine-Wire Tie

The argument for including the type of material used to
bind the bales is not unlike the argument for separating
pull-type and self-propelled combines, gasoline and diesel
tractors; and even more akin to the use of the row crop,
cutterbar, and pickup variables with forage harvesters.
Twine and wire-tie balers are technically different, despite
their obvious suﬁstitutability for field operations. It 1s
entirely possible that farmers prefer one over the other, and
that this would be reflected in théir comparative used values.

The structure of the variable covering this possibllity
is a single dummy variable labeled twine. If the machine is
a twine tile, a one is entered; a zero indicates a wire tie

baler. In general, the relevant regression equation measlres
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the value of used twine-tie balers against wire-tie balers.
ESTIMATING EQUATIONS

Y = £ (Age)

The following regression equations estimate used baler
values using the single variable age.
1953 Balers

Equation #85 §1 = 65.051 - 5.171x1**

(1.470) (0.244)
2

R® = 0.7992 S.E. = 7.3532
Equation #86 ¥, = 65.070 - 5.497X **
(1.386) (0.230)
R® = 0.8349 S.E. = 6.9344
1958 Balers
Equation #87 §1 = 73.380 - 8.271Xl**
(0.903)  (0.304)
R® = 0.8046 S.E. = 5.2956
Equation #88 Y, = 71.560 - 8.785X, **
(0.881) (0.297)
R® = 0.8297 S.E. = 5.1710

As with the other machines examined thus far, there is
no question of the significance and importance of age as a
variable (80% of the variation in baler values can be attributed

to age and the b value of the age variable is significant
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at .001).
At this point, 1t is no surprise to find that b values

for age are larger in the 1958 equations than in the 1953
equations; or that Y, formulations result in a better "fit"
of these simple linear equations.

Y = f (Age, Make)

The following equations include a make variable for each
of the companies manufacturing balers in 1953 and 1958, except

Minneapolils Moline, which 1s the basis of comparison.
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1953 Balers

Equation #89 Y,

(2.125)

+

(2.296)

1.930X8

(2.602)

R2 = 0.8821

Equation #90 Y2

(2.029)
+
(2.192)
- 1.350X8
(2.484)
R2 = 0.9007
Xl = Age X5
X2 = Allis Chalmers X6
X3 = Cgse X7
X), = John Deere Xg

(Minneapolis Moline is the base

62.026 - 5.139X1** + ll.823X2** - 6.036X

1.406X4 + 3.235X

61.950 - 5.&69Xl** + 11.210X2** - 5.297X

1'560XM + 3.245X

3

(0.193) (2.296) (2.674)
5 t 2.610Xg + 3.650X,

(2.253) (2.602) (2.253)

S.E. = 5.8176
3
(0.185) (2.192) (2.553)
+ 3.090X¢ + 3.850X

5 7
(2.151) (2.484) (2.151)

S.E. - 5.5536

International Harvester
= Massey Harris

New Holland

Oliver

for make comparisaons.)

*

¥
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1958 Balers

A

Equation #91 Y

T4.592 - 8.091Xl** + 2.096X2 - 6.312X3**

1
(2.281) (0.275) (2.713) (2.322)
- 1.050%, - 5.791x5* + 2.867x6 - 1.9u5x7
(2.340) (2.713) (2.569) (2.289)
- 1.55ux8 + 0.18ux9 - 2‘382X10
(2.439) (2.277) (2.421)
R® = 0.8503 S.E. = U4,7555

Equation #92 Y

5 = 72.805 - 8.615X,¥¥ + 1.8813X2 - 6.141X3**

(2.259) (0.272) (2.687) (2.300)
- 1.007X, - 5.353X5* + 2.095X6 - 1.8UMX7

(2.318) (2.687) (2.545) (2.267)
- 1.553X8 + O.O99X9 - 2.36HX10

(2.415) (2.254) (2.397)
2

R® = 0.8658 S.E. = 44,7099
Xl = age X6 = Ford
X2 = Allis Chalmers X7 = International Harvester
X3 = Case X8 = Massey Harris
X“ = John Deere X9 = New Holland
X5 = Ferguson XlO= Oliver

(Minneapolis Moline is the base for make comparison.)
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Since only the b values for two of the several makes in
each equation--Allis Chalmers and Case among 1953 models,
and Case and Ferguson among 1958 models--were significantly'
different from zero; there i1s considerable reason to question
the usefulness of the make variables as a group. Application
of an F-test on make (in aggregate) resolves this uncertainty
by indicating that the contribution of these variables was
significant at the .005 level for both 1953 and 1958 equations.

An examination of the comparative valuations of makes

will be undertaken later in the chapter.

Y = f (Age, Make, Engine Driven)

As part of the sample of balers was equipped with an inde-
pendent source of power (for operating the baling mechanism)

and others were dependent upon the tractor (PTO), engine driven

was 1included as a dummy variable. (The rationale for inclusion

of engine driven may be found in the variables section in

Chapter IV.)
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1953 Balers

Equation #93 §1 68.523 - 5.200X, ** + 8.371X2** - 6.060X %

1 3
(2.498) (0.180) (2.282) (2.483)

2.0U5Xu + 0.153X;. + 2.610X6 + 3.650X

5 7
(2.282) (2.215) (2.415) (2.092)

1.930X8 - 6.164X9**

(2.415) (1.454)
2

R = 0.8993 S.E. = 5.4012
Equation #94 §2 = 68.312 - 5.527X %% + 7.92TX,*% - 5.319X ¥
(2.386) (0.172) (2.180) (2.371)
- 1.723Xu + 0.313X5 + 3.O9OX6 + 3.850X7
(2.180) (2.115) (2.307) (1.998)
- 1.350X8 - 5.865X9**
(2.307) (1.389)
R® = 0.9151 S.E. = 5.1590
Xl = age X5 = International Harvester
X2 = Allls Chalmers X6 = Massey Harris
X3 = (Case X7 = New Holland
Xu = John Deere X8 = QOliver

X9 = Engine Driven

(Minneapolis Moline is the base for make comparison)



1958 Balers

Equation #95 Yl

2

R® = 0.8524

Equation #96 Y2

R® = 0.8679
Xl = age
X2 = Allls Chalmers
X3 = Case

Xu = John Deere
X5 = Ferguson

Ford

(Minneapolis Moline is the base for make comparisons.)
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75.108 - 8.263Xl** + 2.1486)(2 - 5.893X3**
(2.297) (0.296) (2.714) (2.329)
0.660Xu - 5.402X5* + 3.M3MX6 - 1.555X7
(2.345) (2.714) (2.586) (2.294)
1.16ux8 + 0.629X9 - 1.863x10 - 1.211Xy4
(2.442) (2.286) (2.345) (0.790)
S.E. = 4.7368
%3.350 - 8.797X1** + 2.296X2 - 5.698X3**
(2.273) (0.293) (2.686) (2.305)
0.596Xu - 4.9M2X5 + 2.69MX6 - 1.&32X7
(2.320) (2.686) (2.559) (2.270)
1.142X8 + O.569X9 - 1.816X10 - 1.279X11
(2.417) (2.262) (2.409) (0.781)
S.E. = 4,6869
X7 = International Harvester
X8 = Massey Harris
X9 = New Holland

Xlo= Oliver

11 Engine Driven
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The b values for engine driven were significantly diff-

erent from zero in the 1953 baler equations, but not with 1958

equations. This 1s exactly the result found when engine driven

was applied to pull-type combines, but contrary to the exper-
ience with forage harvesters.

It should be noted that the numerical value of both the
constant ("a" value")and b value were somewhat changed when

engine driven was added to the equations. A more thorough

examination of the effect of these numerical differences will

be undertaken later in the chapter.

Y = f (Age, Make, Englne Driven, New Model)

The following equations attempt to determine the effect
of new models on the value of the older models they replace.
Recall that the number of new model variables necessary is
equal to the largest number of replacement models for any

sample, plus a discontinuation varlable where it is applicable.



1953 Baler

Equation #97 ¥,

R2 = 0.9265
Equation #98 ?2
R2 = 0.9367
Xl = age
X2 = Allis Chalmers
X3 = Case
XH = John Deere
X13=
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62.822 - U.599Xl** + 9.409X2** + 2.559X

3
(2.411) (0.234) (2.192) (3.211)
1'282Xq + 7.101X5** + 2.MOOX6 + 10.071X7**
(2.104) (2.297) (2.121) (2.132)
O.909X8 - 2.504X9 - 2.105XlO - 3.994X11*
(2.386) (1.433) (1.628) (1.741)
7.541X12** + 0.589)(13 - 11.310X1u**
(2.862) (3.884) (2.133)
S.E. = 4,7295
63.038 - u.950Xl** + 8.562X2** + 2.280X3
(2.328) (0.226) (2.116) (3.100)
l.MOlXu + 6.808X5** + 2.831X6 + 9.788X7**
(2.031) (2.218) (2.048) (2.058)
1.&03X8 - 2.387X9 - 2.589X10 - 3.“36X11*
(2.304) (1.383) (1.572) (1.681)
6.557Xl2* + 1.071X13 - 10'981X1u**
(2.762) (3.740) (2.059)
S.E. = 4.5656
X5 = International X9 = Engine Driven -
Harvester
X6 = Massey Harris X10= New Model #1
X7 = New Holland Xll= New Model #2
X8 = Oliver X12= New Model #3
New Model #4 X,y = Discontinuation of

line

(Minneapolis Moline is the base for make comparisons.)
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1958 Balers

~

Equation #99 Y,= 75.656
(2.140)
O.7M4Xu
(2.151)
0.159X8

(2.285)

(0.869)

R2

0.8781

Equation #100 Y 74,17

2
(2.12

0.729

(2.131)

0.665

(2.26

.86

2

R 0.8906

age
Allis Chalmers
Case

John Deere

X13

(Minneapolis Moline is the

l.u59X12

1.22OX12 + 7. 739X 3

Model #2

- 8.&45Xl** + 2.402X, - 3.380X

2
(2.490)

3

(0.300) (2.256)

+ 0.208X5

(3.012)

+ 3.975X6 - l.l6lX7

(2.409) (2.219)

+ 0.245%X, - O.992Xlo - 1.170X

11
(0.726)

9

(2.227) (2.306)

+ 7.064X ¥ - 1'653X1M**

*
13

(1.607) (2.306)

S.E. h,3432

7 - 9.072Xl** + 2.163X2 - 3.716X

(2.466)

3
(0.297) (2.235)

X) - O.581X5 + 3.055X6 - 1.338X7
(2.984) (2.386)

0)

(2.198)

X8 - 0.258X, - l.lMSXlO - 1.199Xll

9

3) (2.206) (2.284) (0.719)

- u.uguxlu**
1) (1.637)

. 3022

(1.592)

S.E. b

X9 =

10

Ferguson New Holland

Ford X Oliver
International
Harvester

Massey Harris
X1y

11° Engine Driven

New Model #1
Blscontinuation of
the line

X
X

base for make comparison)
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New modeis, again with balers, yields mixed results.

The outcome of the variable for 1953 equations could certainly
be used to support the rationale for its inclusion, for the
1958 equations it could not. The results in 1953 are believeable
~--each succeeding model causes a greater decrease in value of
the original model, until another new model is no longer im-
portant--but the outcome of new models in 1958 equations is most
unrealistic.

If the b values (for new models) in the 1958 equations are
added, the sum is positive for the Y2 equations (2.025) and an
extremely small negatiave number (-0.089) for the Y, equation.
It is fairly clear that the large positive b values for new

model #2 were measuring some other effect.

Even in 1953 equations, where new models supports its

rationale, the addition of this variable caused a considerable
reshuffling of the t values for other variables, especially
make. This reshuffling of the make variables, however, should

be expected. In conjunction with new models, make explains

something entirely different than before. Conceptually, it

estimated the relative vyalue of the makes if new models had

not been introduced.
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Curvilinear Model--Y - f (Age + Agez, Make, Engine Driven)

Upon the expectation that a curvilinear model would"
more closely approximate the unknown "loss-in-value" function
than a linear model, the curvilinear equations below were
computed. Because of uncertainty about the new models variable
and the desire to conform to the curvilinear models reported
in earlier chapters, the simpler equation of Y = f (Age +

Agez, Make, Engine Driven) was used.
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1953 Balers

~

Equation #101 Yl

(2.793)

- 5.977X3* - 1.766X, + 0.265X

(2.433)

+ 3.650X%

7

(2.050)

2 =
R 0.9042

Equation #102 Y2

(2.596)
5.207X

3
(2.262)

+

3.850X7

(1.906)

R 0.9235
age

Age (squared)
Allis Chalmers

Case

John Deere

T1.624 - 6.927X ** + o.159x§* + B.651X **

(0.764) (0.069) (2.240)
5 + 2.610X6
(2.240) (2.171) (2.367)

- 1.930X8 - 5.9UOX9**

(2.367)

(1.428)

S.E. = 5.2931

72.351 - 7.863K ** + O.216Xi** + 8.307X, ¥

(0.711) (0.064) (2.082)
¥ - 1.343)(,4 + O.N65X5 + 3.090X6
(2.082) (2.018) (2.201)

*

1.350X8 - 5.561X9**

(2.201) (1.328)
S.E. = 4.9207
X5 = International Harvester
X6 = Massey Harris
X7 = New Holland
X8 = Oliver
X9 = Engine Driven

(Minneapolis Moline is the base for make comparison)



1958 Balers

~

Equation #103 Y1

2

R = 0.8720

Equation #10U ?2

R2 = 0.8956

Xl = age X“
2 _

X] age (squared) X5

X = Allis Chalmers X

2 6

X3 = Case x7

(Minneapolis Moline is

-172 -

81.515 - 1u.195xl** + 1.035X§** + 2.459)(2
(2.486) (1.196) (0.203) (2.534)
5.&97x3** - o.687xu - 5.u29x5* + 3.394X¢
(2.176) (2.189) (2.534) (2.414)
1.582x7 - 1.191Xg + o.598x9 - 1.682x1O
(2.142) (2.280) (2.135) (2.274)
0.513)(ll
(0.750)

S.E. = 4,4228

81.306 - 16.163X ** + 1.286x§** + 2.262X,

(2.348) (1.130) (0.192) (2.394)
(2.056) (2.068) (2.394) (2.281)
l.LI66X7 - 1.175X8 + 0.531X9 - 1.592X10
(2.024) (2.154) (2.017) (2.148)
O.LllZXll
(0.708)

S.E. = 4.1783
John Deere X8 = Massey Harris
Ferguson X9 = New Holland
Ford XlO= Oliver
International Xll= Engine Driven
Harvester

the base for make compariosns.)
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In each case the b value for age was significant at .01,

and the b value of age-squared at .02 or less. The coefficients

for age were, of course, numerically (significantly for all
but 1953 Yl) quite different from the comparable linear model,

while the other variables (Make, Engine Driven) were changed

very little.

The curvilinear model is a significant improvement over
the comparable linear models, as measured by the F-test. These
F-tests indicated that the contribution of the age-squared
variables was® significant at the .025 level for the 1953 Yl
equation and.005 level for the 1958 Y, equation.

INTERPRETATION

The following employs comparisons and statistical tests
in order to expand upon the information given in the equations
presented.
Age

There 1s no question of the importance or significance
of age 1n explalning used baler values. Further, the constancy
of b values for age, throughout each serles of llnear equations
(1953 Yl’ 1953 Y2, 1958Yl, and 1958 Y2,) indicates that other
variables were in general, complementary. The single qualification
was that the 1953 equations for Y=f (Age, Make, Engine Driven,

New Models) exhibited significantly different values for age
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from those in Y=f (Age, Make, Engine Driven); indicating that
new models may be a partial substitute for age.

1953 and 1958 equations for age were once again sign-
ificantly different, suggesting that a curvilinear model might
be useful. (There also seems to be some indication of a
trend toward more rapid "loss-in-value'" for balers in later
years.) Computation of the average yearly residuals uncovers
the familiar pattern of variation from the regression 1line,
supporting the assumption of curvilinearity (see Table 29
on the next page.)

Realized Net Farm Income

The RNFI variable was not included in the final set of
equations computed for used baler values. It was omitted
because of the erratic results obtained when the variable was
applied to the used values of tractors, combines,---and as
will be discovered in the next chapter,Acornpickers. Including
it would have involved devising an explanation of the variable's
behavior over all the machines studied. On the other hand
little 1is lost by omitting the variable. Although it's b
values were slgnificantly different from zero at the .01 level,
the effect of RNFI on used values was relatively small.

The total variation 1n used baler values attributable to RNFI,
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within the 1953-1963 time span, was approximately 5.41 percent-
age points. (This represents .00180 times #3004 million, which
is the average b value for RNFI times the difference between
the largest--1953 and smallest --1957--incomes during the
period.)
Make

The relationship between makes was reasonably simple, and

consistent, for balers. (1) International-Harvester, John Deere,

Minneaspolls Moline, New Holland and Massey Harris were not

significantly different from each other for either the 1953 or
1958 models. (2) Case and Ferguson (1958 only) were the lowest
valued makes. They were valued at significantly less than every
make except Oliver. (3) Oliver was valued at significantly
less than Allis Chalmers, New Holland, and International Har-
vester for 1953 models; and significantly less than Ford and
Allis Chalmers for 1958 models. (4) Ford (1958 only) and Allis
Chalmers (Roto Baler) appeared to have been more valuable than
other makes. The 1953 models of Allls Chalmers exceeded the
used values of all other makes by a significant amount. The
1958 equations gave Ford and Allis Chalmers as valued sign-
ificantly above Case, Ferguson, International Harvester, John

Deere, and Massey Harris.
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Comparison of baler equations with and without the make
variables--=Y = f (Age), and Y = f (Age, Make) -- provided
additional evidence that the effect of make might be
conceptualized as varying with time. That is, the difference
in value between a highly valued baler and a less-valued baler
will increase as the machines grow older. Specifically, the
evidence 1s a comparison of the standard error of estimate
related to each year of age for the equations in question.

As illustrated in the table below, the inclusion of
make variables was more effective in reducing the "error of
estimate" for years 1959 through 1963 than for 1954 through 1958.
This may loglcally be used to support the concept that the
effect of make varied as a function of time.

The formulation of the make variables does not permit
them to vary with age. Consequently, coefficients for make
variables represent the best estimate of the effect of given
makes throughout the period studied. If makes were of greater
importance in the later years, the reduction of the "error
of estimate" should be the greatest, in general, where an
estimate of the differentlal values of makes is most necessary
for the explanation of used values. In addition, there should
be a point in time where the coefficlents for make (constants

over time)are closest to the actual differences between makes.
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This seems to occur in 1960, but would not occur at all if the
differences in values for makes were really a constant over

time.

There seems to be a reasonable explanation for the effect
of make varying as a function of time. Certainly time would
be required for dissemination of information about the various
makes.

Engine Driven

The 1953 equations indicated that there was a significant
difference in value between engine driven and comparable PTO
balers. The engine driven units appear to be worth about 6.0
points less in percentage value than their PTO counterparts.
However,this does not seem to be the case with the 1958 models.

The significant effect of engine driven for 1953 equations

and lack of significance for 1958 seems to support the hypothesis

advanced to explain this same condition for pull-type combines.
The hypothesls was that engines either deteriorate more rapidly
than the rest of the used machines, or are the object of greater
uncertainty to the potential buyer as the machine becomes older.

Since the introduction of engine driven alters the b values for

make as glven in the equation without the variable, it may be

difflcult to see the relationship between the two equations.
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The author found the following table useful in examining the

relationship between engine driven and make variables.

TABLE 31---Estimated percentage values (used value/new cost)
for each make of 1953 balers at six years of age
(1959), as estimated by regression equations for
Y = f (Age, Make) and Y = f (Age, Make, Engine

Driven.)

y=f (Age,MakélEngine Driven) Y=f (Age,Make)
Make Engine Driven PTO
Allis Chalmers 39.53% 45.69% 43.21%
Case 25.10 =ee—- 25.35
John Deere 29.11 35.27 32.28
International
Harvester 31.31 37.45 34.63
Massey Harris 33.77 mm——- 34.00
New Holland 34,81 —eeee 35.04
Oliver 29.23 =m=——- 29.46
Minneapolis
Moline 31.16 —m——— 31.39

Livestock Numbers

Since balers, like forage harvesters, are tied to the
livestock industry; 1t seemed only reasonable to try live-

stock numbers as a variable. It was not significant in 1953

model baler equations. With 1958 models it was significantly

different from zero at .01 level, but its use caused the constant
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("a" value) to become a very large negative number. In addition,
the b value for age is nearly doubled. This situation is
undoubtedly the result of a very high intercorrelation between
age and the 1959-1963 data for livestock numbers, 0.98608.

There is probably good reason to believe that used baler
(and forage harvester) values are little affected by marginal
changes in livestock numbers.

New Models

The results of the new models variable for 1953 equations
are believable---each succeeding model causes a greater
decrease in value of the original model, until another new
model is no longer important---but the outcome of the variable
was unrealistic for the 1958 equations. For the 1958 Y,
equation the sum of b values for new models was positive
(2.025) and only slightly negative (-0.089) for the Yl equation.
(See Chapter III and IV for discussions of the possible problems
involved with this variable.)

Twine, Wire-Tie

The variable twine, used to measure difference in value
between wire and twine-tie balers, was not included in the final
equations. The b values were significant and positive for all
the 1958 equations. The b values for the 1953 equations were

not significant unless new models was also a variable , Then
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it was significant and negative. Apparently, some of the
influence of this variable was associated with new models.
In general, the variable seems to give no clear-cut answer
regarding any difference between the values of twine-tie
and wire-tie balers.

Inflation

Inflation of new baler prices (Bureau of Labor Statistics
wholesale price indices) was approximately 1.7% per year from
1953 to 1963 and approximately 2.5% per year for 1958 to 1963.
Quite logically, the effect of inflation on the b values for
age was greater for 1958 equations than for 1953 equations--
an average numerical increase of 0.55 and 0.33 percentage
points respectively. A yearly change in b value of 0.33 seems
relatively small, but at ten years of age inflatlion accounted
for about 25% of the machines's value.

The only method of measuring the contribution of inflation
~-—-—an F-test is not applicable as two separate equations are
involved--is to observe the amount of variance which is
explained by the variables in the Y2 equations as compared to
those same variables for Yl equations. As before, compareble
R2's indicate that a substantially better "fit" is obtained from
equations computed for the Y2---"constant dollar" -- formulation
than for the Yl-ﬂcurrent dollar"--formulation of the dependent

variables. On this basis, one can assume that inflation makes
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a worthwhile contribution toward understanding used baler

values.

Curvilinear Model

The curvilinear model was a significant improvement in
fit over the linear model, at the .05 level, as measyred by
F-tests. A comparison of the used value estimates of the
two models, Y = f (Age, Make, Engine Driven) and Y = f (Age
+ Agez, Make, Engine Driven)--linear and curvilinear respect-
ively--is given in the table on the following page.

As compared to the better estimates provided by the
curvilinear model, the linear model is shown to have over-
estimated the initial drop in value, underestimated the next
few years "loss-in-value" and overestimated the later years.
Even with improvement offered by the curvilinear model, a patt-
ern of variance from the regression curve still seems to exist.

The average residuals in Table 33 illustrate this point.
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The information in the table indicates that the residuals
of the model tend to have a pattern similiar to the linear
model, except the last two years values were overestimated.
Summary

As expected, age was the most important variable. Alone
it could explain 80% or more of the variation in used baler
values.

Realized Net Farm Income seemed to have a small, but

significant, effect on baler values. The new models variable
was not very useful as its results were quite erratic when
applied to the 1958 models. The sum of the new models var-
iables in one case was even positive. This result, of course,
was unacceptable in terms of the variables's rationale.

Make was very helpful 1n explaining used baler values.
The addition of make, with the linear model, increases Res
from 0.7992 to 0.8821 and 0.8046 to 0.8503 for 1953 and 1958
models respectively. Once again, the effect of make seems
to vary as a function of time.

As with combines, engine driven seemed to be a sign-

ificant variable over the ten year period, but not for the

shorter span. The average effect of engine driven over the

longer period was for these balers to be worth 6.0 points less

in percentage value than the PTO models.
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Inflation seemed to play an important part in used
baler values. The "loss-in-value" in "real" terms
appears to have been about .33 to .55 percentage points
(in terms of the original value) per year faster than in terms
of "current dollars."

The "loss-in-value" was in general curvilinear. A
curvilinear model (using both linear and sguaredterms to re-
present the effect of age) provided a somewhat better "fit"
than the linear models.

The followlng are estimates of what might be expected for
balers in terms of first year value, tenth year value, and
rate of "loss-in-walue". (These figures are all based on
"current dollar" values.) Estimates of first year values
from the simplest equations were 59.9% (1953 models) and 65.1%
(1958 models). Recall that the linear model tends to under-
estimate the first year's used values. (The average residual
indicates that this underestimation for the 1953 equation was
about 5.4%). The most complete linear model without involving

the effect of makes or engine driven, gives the value of a one

year old baler as 63.3% for 1953 models and 66.9% for 1958.
(This would in essence be the expected value of a Minneapolis
Moline PTO baler at one year of age.) The curvilinear model

for the same variables gives 64.9% in 1953 equations and 68.4%
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in 1958 equations. These estimates for 1953 models also appear
to be somewhat low (see residuals in Table 33.)

The best linear estimate of yearly "loss-in-value" seems
to be 5.2% over the ten year period. The curvilinear equations
for the same time span indicate yearly declines in value of from
6.44% down to 3.89%. Comparable values are higher for both
linear and curvilinear equations for the 1958 models.

The simplest linear equation assigns a value of 13.3% to
a ten year old baler. The most complete curvilinear equation
gives 18.8%. Examination of the average residuals of each
indicates that the simple linear equation probably underestimates
value in the tenth year, while the curvilinear equation doubt-

less overestimates it.



ANALYSIS OF USED CORNPICKER VALUES

Chapter VII
INTRODUCTION

The examination of used cornpicker values is the last of
the analyses done in this study. As before, the samples of
used values are for 1953 and 1958 models, studied from 1953
through 1963 and 1958 through 1963 respectively. The format
of the analysis remains unchanged from earlier chapters.

VARIABLES
Three new variables are introduced with the analysis of

used cornpicker values, corn acreage, pull-type, and one-row.

While these variables are specific to cornpickers, they do
have analogies among the variables studied with other used
machines.

Corn Acreage

This variable is conceptually the same for cornpickers

as combined acreage was for combines, or livestock numbers for

balers and forage harvesters. Cornpickers can perform only

one field operation, that of harvesting corn. So long as the
cornpicker remains an important harvesting met hod, (corn
combining 1is emerging as a competitive technology), an increase
in acreage should be expected to increase the demand for new
and used cornpickers. An increase (decrease) in demand, of

course, presumes an increase (decrease) in used values. Thus

-189-.
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the numerical acreage of corn harvested was entered to examine

1/

this proposition.=
Pull-type

This variable is analogous to the Sé€paration of combines
into subpopulations of self-propelled and pull-type units.
Cornpickers may be divided into pull-type units and tractor-
mounted units. Although they perform the same function, the
advantages of one over the other may result in a greater demand
for one of these technically different types of cornpickers.
The dummy variable pull-type was used to measure any difference
in used values attributable to this technical variation.
One-row

This variable is somewhat analogous to the cutterbar-

cornhead-pickup variables used with forage harvesters. Here

again, with cornpickers, the header unit could become one crit-
erion for evaluating used machines. The dummy variable one-
row is used to determine if farmers' preferences for either the
one or two row used cornpickers result in any significant diff-
erence in the rate of decline of thelr respective used values.
ESTIMATING EQUATIONS

Y=f (Age)

The following are the equations computed for a linear re-

gression of used cornpicker values on age.

1/
— U.5.D.A., Agricultural Statistics-1965, (U.S. Govern-

ment Printing Office, Washington, 1965), p. 449.
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1953 Cornpickers
Equation #105 §l = 57.580 - 4.09uX, **¥
(1.198) (0.193)

R® = 0.7163 S.E. = 7.4417
Equation #106 Y, = 57.282 - 4.6U3X *¥
(1.097) (0.177)
R® = 0.7947 S.E. = 6.8159
1958 Cornpickers
Equation #107 ¥, = 71.183 - 6.917X **
(1.322) (0.395)
R® = 0.6862 S.E. = 6.6245
Equation #108 Y, = 68.676 - 7.254X **
(1.202) (0.359)
RS = 0.744Y S.E. = 6.0203

Where X, = age, R2 is the coefficient of multiple deter-
mination, S.%. is the standard error of the estimating equation,
¥¥%¥ indicates significance at the .01 level, and ¥ indicates
significance at the .05 1lével.

The above equations fit the pattern that we have learned
to expect from previous chapters. Specifically, the b values
for age are greater for the 1958 than for the 1953 models
indicating curvilinearity, and deflation of the dependent var-

iable results in an improved "fit" for linear equations.



Y - £ (Age, Make)
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The equations to follow include variables for both the

age and make of the cornpicker.

1953 Cornpickers

X =

Equation #109 Yl

2

R = 0.8081
Equation #110 Y2
R® = 0.8502

Age
Allis Chalmers

Case

= Ford

Ferguson

61.460 - M.O9UX1** + 2.2L¥OX2 - 9.4U5X3**

(1.666) (0.163) (1.986) (1.986)
0.525X, - 7.u75X5** - 10.650x6**

(2.432) (2.432) (1.986)

6.025x7** - 4.295x8 - 2.770x9 - 1.885xlO
(1.986) (2.432) (1.986) (1.813)

S.E. = 6.2802

60.426 - u.6u3xl** + 1.835X2 - 8.OOOX3**

(1.585) (0.155) (1.890) (1.890)
0.840%) - 5.890x5** - 8.925X *¥ - 4.805X *¥
(2.314) (2.314) (1.890) (1.890)

3.370X8 - 2.005X 1.u6oxlo

9
(2.314) (1.890) (1.725)
S.E. = 5.9757

X6 = John Deere

>
]

7 International Harvester

X8 = Nassey Harris

)
|

= New Idea

X, .= 0Oliver

(Minneapolis Moline is the base for make comparisons.)
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1958 Cornpickers

Equation #111 Y

71.899 - 6.949Xl** + 1.718X2 + 1.678X3

(1.691) (0.321) (2.000) (1.859)

1

+ 3.997X, + 4.620X;* - 1.088Xg - 11.B814X **

(2.197) (1.965) (1.859) (2.197)

- 4.0U3X8* - 1.683X9

(1.838) (1.838)

R® = 0.8048 S.E.

5.3812

Equation #112 § 69.758 - 7.281Xl** + 1.255X2 + 0.916X

2 3

(1.534) (0.291) (1.814) (1.686)

+ 3'236X4 + 3.793X5* - 1.730X6 - 11.133X7**

(1.992) (1.782) (1.686) (1.992)

- u.ll8X8 - 1.978X9

(1.667) (1.667)

R2 = 0.8417 S.E. = 4.8801
Xl = age Xu = John Deere X7 = Massey Ferguson
X2 = Allis Chalmers X5 = Ford X8 = New Idea
X3 = Case X6 = International X9 = Oliver

Harvester
(Minneapolis Moline is the base for make comparison.)

In contrast to the equations in previous chapters, most of
the b values for makes which were significantly different from

zero were also negative. Generalizing somewhat, this indicates
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that Minneapolis Moline was not (as assumed when 1t was chosen
as base model) one of the lowest valued makes. Below is a
list of the makes which exhibited b values significantly diff-

erent from Minneapolis Moline.

1953 Y, 1953 ¥,

(=) Case** (=) Case¥**

(=) Ferguson¥** (=) Ferguson¥#¥

(=) John Deere¥*# (=) John Deere¥*#

(-) International Harvester¥*#* (-) International Harvester*¥
1958 Yy 1958 Y,

(+) Ford* (+) Ford*

(-) Massey-Ferguson¥#¥ (=) Massey-Ferguson¥*#¥

(=) New Idea¥ (=) New Ideak*

Where *¥ indicates significance at the .01 level, ¥ at
the .05 level and (+) or (-) indicates the sign of the b
value.

The contribution of the make variables taken together
was significant at the .01 level for both 1953 and 1958

equations.

Y=f (Age, Make, New Models)

The following equations include variables for new models.
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1953 Cornpickers

1]

58.950 - 3.637X ** + 2.1420}{2 - M.M68X3*

(1.603) (0.171) (1.834) (2.071)

Equation #113 Y,

+ 0.525Xu + 0.669X. - 2.815X6 + 3.117X

5 7
(2.247) (2.743) (2.364) (2.452)

+ 1.13MX8 + 1.939X, - 1.132X10 - 7.526X11**

9
(2.480) (2.084) (1.684) (1.782)
- 5.700X,, - 9.ou9xl3**
(2.968) (1.749)
2

R® = 0.8392 S.E. = 5.8011

Equation #114 § 58.335 - “.263Xl** - 1.835X2 - 3.551X

2 3

(1.552) (0.166) (1.775) (2.004)
+ o.8uoxu + 1.39ox5 - 1.915X¢ + 3.053X7
(2.174) (2.654) (2.288) (2.373)

+ 1.u83x8 + 1.998X, - O.786Xlo - 6.741Xl **

9 1

(2.399) (2.017) (1.630) (1.725)

- 2.955Xl2 - 8.089Xl3**

(2.872) (1.692)

R = 0.8710 S.E. = 5.6134
Xl = age X5 = Ferguson X9 = New_Idea
X2 = Allis Chalmers X6 = John Deere X10= Oliver
X3 = Case X7 = International Xll= New Model #1
Harvester
Xu = Ford X8 = Massey Harris X12= New Model #2
Xl3= Discontinuation of the line.

(Minneapolis Moline 1s the base for make comparisons.)



1958 Cornpickers

Equation #115 Yl

R2

0.8491

Equation #116 Y,

R® = 0.8718
Xl = age
X2 = Allis Chalmers
X3 = Case
XM = John Deere

(Minneapolis Moline

1]
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71.076 - 6.239Xl** + 1.2U3X2 + 2.998X

3
(1.533) (0.312) (1.781) (1.683)
3.62&)(u + 3.31UX5 - O.663X6 - 5.188X7*
(1.983) (1.765) (1.667) (2.265)
O.823X8 - 1.1&03)(9 - 6.531X10**
(1.735) (1.660) (1.224)
6.078Xll - u.667X12**
(3.649) (1.435)
S.E. = 4,7862
69.023 = 6.683X1** + O.867X2 + 2.OM7X3
(1.424) (0.290) (1.653) (1.562)
2.991Xu + 2.732X5 - 1.3M1X6 - 5.665X7**
(1.841) (1.638) (1.548) (2.103)
l.H67X8 - 1.693){9 - 5.3O6X10**
(1.610) (1.541) (1.137)
5.285Xll - M.O78Xl2**
(3.388) (1.332)
S.E. = 4.4430
X5 = Ford X9 = Oliver
X6 = International X10= New Model #1
Harvester
X7 = Massey-Ferguson Xll= New Model #2
= New Idea Xl2= Discontinuation

of the line

is the base for make comparisons.)
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The b values for new models in the above equations seem
to support the rationale for including them. Each b value is
negative, indicating a negative effect on the value of the
original model as new models are introduced. Despite its
numerical size, new model #2 was not significantly different
from zero in its effect on used values. The b values for make
are, in most cases, quite different from those of preceding
equations. It should be remembered that coefficients for make
measure something different in these equations than they did
in the ones without new model variables. Before they measured
the average relationship between a specific make and the base
make over the time span. Here they measure the relationship
between a specific make and the base make when the estimated
effect of any new models introduced in the interim have been
removed from the overall evaluation of the make.

The contribution of the new models variable was significant

at the .01 level in each equation.

Y = f (Age, Make)---Curvilinear Model

The following equationsuse Xl + Xi to represent age,thus

fitting a curvilinear equation to the data.



1953 Cornpickers

Equation #117 Y

1
R = 0.8205
Equation #118 Y,
R = 0.8816
X1 = age
2 _ 2
Xl = Age
X2 = Allis Chalmers
X3 = Case
Xu = Ford
X0
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66.130 - 6.429X ** + o.212x§** + 2.420%,¥

(2.122) (0.705) (0.063) (1.927)
9.uu5x3** - 0'525XN - 7.475X5** - 10.650X6**

(1.927) (2.360) (2.360) (1.927)
6.025X7** - u.295x8 - 2.77ox9 - 1.885xlO
(1.927) (2.360) (1.927) (1.759)

S.E. = 6.0931

68.460 - B.660X ** + o.365x§** + 1.835X,

(1.885) (0.617) (0.055) (1.685)
8.ooox3** + 0.840}(u - 5.890x5** - 8.925x6**
(1.685) (2.063) (2.063) (1.685)
u.805x7** - 3.370Xg - 2.005x9 - 1.u6oxlO
(1.685) (2.063) (1.685) (1.538)

S.E. = 5.3271

<
I

5 Ferguson

X6 = John Deere
X7 = International Harvester
X8 = Massey Harris
X9 = New Idea
= Oliver

(Minneapolis Moline is the base for make comparisons.)
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1958 Cornpickers

Equation 119§l 69.710 - 5.085X1** - O.309X§ + 1.673X2

(2.551) (1.659) (0.270) (1.998)

+ 1.645X, + 3’997X4 + 4.620X % - 1.072X6

3 5
- (1.857) (2.194) (1.963) (1.857)

- 11.813X7** - U.043X8“ - 1.683X

9
(2.1904) (1.836) (1.836)
R = 0.8067 S.E. = 5.3749

"

Equation #120 Y. = 69.148 - 6.763X ** - 0.086X5 + 1.243X,

2
(2.324) (1.511) (0.246) (1.820)

+

0.907X3 + 3.237X, + 3.793X;* - 1.726X¢
(1.692) (1.999) (1.788) (1.691)

- *% _ * -
11.133X7 14.118X8 1.978X9
(1.999) (1.672) (1.672)

R® = 0.8418 S.E. = 4.8964

Xl = age X5 = Ford

Xi = age2 X6 = Internatlonal Harvester

X2 = Allis Chalmers X7 = Massey Ferguson

X3 = Case X8 = New Idea

Xu = John Deere X9 = Oliver

(Minneapolis Moline 1s the base for make comparisons.)
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In explaining used values for the 1953 models (ten-year
span), the curvilinear model above was a significant improve-
ment over comparable linear models; but this was not so for
the 1958 models (five-year span). In the 1953 equations, the
b values for the age squared term were positive and significantly
different from zero. The b values for this variable in the 1958
equations were exactly opposite on both counts--negative and
not significantly different from zero. In either case, the b

values for make remain relatively unchanged.

INTERPREATATION

As in all the previous chapters, every effort has been
made to obtain information about the variables which is not
readily apparent from the regression equations. Each of the
variables will be discussed in turn regardless of whether it
was included in the regression equations presented.
Age

The b values for age were significantly different from
zero at the .01 level for all the equations recorded. These
b values were also very consistent throughout the 1953 and 1958
equations. According to t-tests, only the b values for equations

#108---Y2=f (Age)--and #116---Y_ =f (Age, Make, New Models)---

2
for 1958 models were significantly different. As before, this
consistency is evidence that the other variables complement age

rather than displace 1it.
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It is interesting to note that age was not capable of
explaining as much of the variation in used values of corn-
pickers as it did for the other pull-type machines. Age alone
explained 80% of the variation in nominal value for balers,
81% to 89% for forage harvesters, 79%to 83% for pull-type
combines, but only 69% to 72% for cornpickers.

The average yearly residuals for the 1953 equations
point toward the usefulness of a curvilinear model. Thils does
not appear to be the case with 1958 models. (See Table 34.)

Realized Net Farm Income

The realized net farm income variable was significant (at

.01 level) for all the 1953 cornpicker equations and has a
relatively large effect (total variation in used value due to
RNFI was 3.6%). This was not true for the 1958 eguations.

Here the variable was significant for the Y. equations at the

1

.05 level, but not usually significant for Y, equations. 1In

2
both instances, the b values for the 1958 equations are neg-
ative. This, of course, is an unacceptable finding. As a
result, RNFI was once agaln not included in the equations

given in the chapter.
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Makes

With cornpickers, the strongest case yet may be made
considering the effect of make as varying as a function of
time. In thils instance, the best linear estimates of the
effect of make actually increase the standard error of estimates
for the first two years of the ten-year span. The information
in Table 35 indicates that while a linear estimate of the
effect of makes was very helpful in explaining used values for
older cornpickers, it was actually detrimental to the explan-
ation of used values of cornpickers under two years old.

As a group, the make variables were significant at the
.01 level for both 1953 and 1958 models. Those individual
makes which were significant usually had negative b values.

In other words, they were worth significantly less than the
base make, Minneapolis Moline.

It is difficult to describe the make relationships for
cornpickers because there were very few which were consistent
between the 1953 and 1958 equations. Not only this, but the
makes seemed to be grouped along a continuum. The best that
can be done 1s to report these groupings for each equations.
The following is a short-cut method of doing this, yet prob-
ably more understandable than any other method. The makes are

listed in order of declining b values and dashed lines are
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drawn under those which were not significantly different
from each other.

Highest b Value- _Lowest b Value-
1953 AC, FD, MM, OL, NI, MH, INT. FERG, CA, JD.

Example: MH was not significantly different from MH or
FERG, but 1t was significantly different fr.om CA and JD. Thus,
MH had a significantly larger percentage value than either
CA or JD.

1958 FD, JD, AC, CA, MM, IH, OL, NI, MF.

Example: IH, OL, NI were not significantly different,
but each one of them had significantly larger percentage value
than MF. MF was worth significantly less in percentage terms,

than all other-makes.
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AC = Allls Chalmers

MM = Minneapolis Moline
FD = Ford
OL = Oliver

NI = New Idea
MH = Massey Harris
FERG = Ferguson
MF = Massey Ferguson (Massey Harris and Ferguson merged)
IH = International Harvester
CA = Case
JD = John Deere
One-Row

Consistent results were not obtained for this variable.
In the 1953 equations the b value for one-row was positive
and significant. For the 1958 equations the b value was nearly
the same numerically, but negative and lacked significance.
The variable was simply omitted as unimportant in calculating
the final equations.
Pull-Type

Thils variable was also omitted from the later equations.
It was significant and negative for 1953, but positive and

lacked significance in 1958. This pattern of results might
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indicate that farmers wishing to find mounted cornpickers to
fit thelr older model tractors were willing to pay a slight
premium for them. Such a conclusion rests upon the inability
to acquire new cornpickers that can be mounted on the earlier
model tractors. A check on this proposition indicated that a
new mounted cornpicker could be purchased for "60" model
John Deere tractor, one of the 1953 models used in this study.
Thus, i1t may be assumed that little real difference exists
between percentage value for pull type and mounted cornpickers.

Corn Acreage

Although the corn acreage was significant at the .05

level for 1953 Yl and 1958 Y2 equations, it is clearly poss=
ible that the variable was not measuring the effect of changes
in corn acreage harvested on used cornpicker values. The data

for corn acreage is negatively intercorrelated with age

(-0.6027 for 1953 and -0.7872 for 1958). It could be presumed

that corn acreage measures a part of the decline in value

previously accounted for by age. The decrease in the size of

the b value for age with the addition of corn acreage in the

above equations, seems to be consistent with this possibility.

For the 1953 Y, and 1958 Y, equations, cora acreage

was not significant. Had these results been significant, one
would be much less dubious about the importance of the corn

acreage variable.
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New Models

The new models variable was significant at the .01 level
for all the cornpickers. These results were the first to be
reasonable for all the equations of a given machine. For 1953,
with the introduction of one new model the value of the exist-
ing model would decrease by 7.5 percentage points. The second
new model resulted in an additional decline of 5.7 percentage
points. Finally discontinuation of the line resulted 1in
one more drop of 9.0 percentage points. The total cummulative
effect of all these variables 1s a 22.2 percentage point decline
in used values. A similar effect is obtalned with the co~-
efficients from the 1958 equations.

Inflation

Cornpickers also decrease in "real" value more rapidly
than in "nominal" value. The difference in b values for age
between Yl equations and comparable Y2
their relative rates of decline. This difference ranges from

equations contrast

0.54 to 0.63 percentage points for 1953 equations and 0.33

to 0.44 for the 1958 equations. One would expect the difference
to be less for the shorter time span of the 1958 equations
provided the rate of inflation during this period did not

exceed the average over the longer span.
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Deflation of the used values again improves the fit of
the equations. This improvement in fit may be thought of as
the contribution of inflation to understanding used cornpickers
values. Once agaln inflation appears to have an important
effect on used values.

Curvilinear Model

The curvililinear model used here is based upon the addition

of age squaréd variable to the existing model. Age squared

was significant for the 1953 equations, but not for the 1958
equations. Thils 1is not a surprising result, as discussed in

previous chapters.

The followling table illustrates the curvilinear model for

cornpickers.



-210-

*SoNTBA 9S3Ygq UT pPSpnIoul 30U ST a)BW JO

109338 aul

T°h T'h T°h T'h T°h T°h T°h T°h T°h 92k TODPON JBBUTT
---60T# -ubjg
h*c 6°¢C 2°¢ L€ T°f S f 0°6G £°G 8°6G T°0% TSPON JBIUTTTAJIND
---LTT# -ubjg

LWONTBA-UT-SSOT,
G*0¢ 9°tc L°gc g°ct 6°9¢ 0°'TH T° G4 2 6 £ €6 h° LS TOPOW JaEeaUuTlT]
--- 60T# -ubdg
0°€2 °G2 €°ge G'TE  2'GE €68  g'€h 8'gh T°HG  6°6G  TSPOW JBSUTTTAIND
---LTT# °ubg
sanTeA mmeCmonmm v
0T 6 - 8 L 9 S i ¢ 2 T uotienby

sSaeax utr 83y

e LTT# @cm 60T# suoTaenbs woaJ psjndwod ‘snieA TBUTITJIO
Jo jqusdoaad B SB ,,9NnTBA-UI-SSOT, AT4eaL puk sanieA a3ejusdasd pejewTlsyg---9¢ FTIVL



-211-

Once again the curvilinear equation is an improvement
over the linear models (for the ten year span), but exhibits
a pattern in its yearly residuals.
Summary

Age was once more the most important variable, accounting
for 69% to 72% of the variation in used cornpicker values. It
does not, however, account for as much of the variation as it
did with the other pull type machines.

With the notable exception of corn acreage, the variables

seem to be complements of the age variable.

Realized Net Farm Income was a significant variable, with

a larger than typical effect, for 1953 models. But, for the
1958 models it was negative and lacked significance.

A very persuasive case for the effect of make varying
as a function of time was made using 1953 cornpickers. The
inclusion of make, while useful for most of the 1953-1962
period, was deterimental to the accuracy of value estimates
for one and two year old cornpickers.

Makes were once again useful for explaining used corn-
picker values, but would not be very helpful for predicting
values outside the data. No consistent ranking of makes for
1953 and 1958 models was obtainable.

There are probably no important differences in percentage
values between one and two row cornpickers, or pull type and

mounted cornpilckers.
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The amount of corn acreage harvested does not seem to
have an effect on used values of cornpickers, at least with
the variation of data within the period of this study.

Cornpickers were the only machines studied where the
effect of the new model variables was reasonable for all
equations.

The "real" values of used cornpickers declined from 0.33
to 0.44 percentage points faster than "nominal" values for the
1958-1963 period, and 0.54 to 0.63 faster for the 1953-1963
span. Deflation of the used values improved the "fit" of both
1953 and 1958 equations.

The curvilinear model was useful with the 1953 equations,

but not with 1958 equations.

To follow 1is a summary of estimated first year values,
tenth year values, and rates of "loss-in-value" which should
be some guide to expected used cornpicker values for models
other than 1953 and 1958. First year value estimates ranged
from 53.5% to 65.0% (of original value). Tenth year values
varied from 16.6% to 23.0%. .Linea¥ estimates of yearly "loss-
in value" for the ten year peried were from 3.6% to 4.1%.

The curvilinear model indicated that yearly loss-in-value
declined from 5.8% (second year, omitting initial value drop)

to 2.4% over the same period.



APPLICATION OF THE RESEARCH RESULTS AND GENERAL CONCLUSIONS
CHAPTER VIII

There are two parts to this concluding chapter. The
first deals with the application of the research findings,
and the second gives some general conclusions of the study.

APPLICATION OF THE RESEARCH RESULTS

This section deals with the application of the research
findings, and with the implications of their use in manage-
ment situations.

An Argument For Applying the Research Results

The inadequacy of common depreciation schemes as
estimators of used farm machinery values was well illustrated
in Chapter I. The usefulness of applying the findings of
this study rests with their capacity to provide more accurate
used value estimates (and resultant cost estimates) than the
traditional depreciation methods. Any comparison of accuracy
must be made using data other than that which the regression
equations were based upon. Consequently the equations are
applied to a randomly selected sample of 1956 model machines.
Table 38 provides an indication of the usefulness of the estim-
ating equations. Both the simple linear model and the more
complex curvilinear model seem to offer a sizable reduction

of the amount of error in used value estimates.
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Choice of Estimating Equations

Some consideration must be given to choosing the most
appropriate equation for a given application. To a great
extent the choice consists of selecting between simple Y = f
(Age) and more complex models; and equations for either the
five year or the ten year span.

While the complex equations reported in this study were
very useful in explaining "loss-in-value", they may be less
satisfactory for predicting used values than their simpler
counterparts. This 1s illustrated by the evidence that the
relative adjustments for make, as given by the equatlons for
1953 models, were not at all applicable to 1958 models. 1In
view of this experience, they could hardly be expected to apply
to other model years. Suppose that the curvilinear model 1is
chosen as the basis of used machinery value estimates, but
the effect of make is simply ignored. (This was exactly the
method used to derive the results given under "curvilinear
model" in Table 38.) Since the "loss-in-value" related to age
seems to be best fit with a curvililinear function, such an
approach would appear to have some merit. Used values
estimated by this method, however, tend to be rather conserva-
tive. This is, without doubt, the result of a deliberate
choice of the "base" make such that all or most of the make

variable coefficients would be positive.
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Circumstantially the varicus makes do noc average out as they
do with the Y=f (Age) equations. This is illustrated in Table
38. One might conclude, therefore, that the simplest equations
---Y=f (age)---are as useful as any of those derived in this
study for approximating used machinery values (of other than
1953 and 1958 models).

The choice between the five and ten year estimating equat-
ions is probably rather obvious. If the machine in question
1s less than five years old, the five year span equations should
give the best estimates. If one 1is concerned with applications
involving periods longer than five years, some of the accuracy
of the first five years must be compromised to obtain the better
overall estimates from the 1953-1963 equations. Extension of
the 1958-1963 equations beyond the five year limit results in
too rapid a "loss-in-value" in the later years.

It would have been most convenient if the coefficients of
the Y=f (Age) equations for balers, forage harvesters, corn-
pickers, and pull type combines had not been significantly
different. In such a case, one equation could have been devel-
oped for estimating the used values of all these machines.
(This would have involved pooling the data and computing a
single regression equation for each model =--- 1953 and 1958.)

Such a proposition was tested using covariance analysis.
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Equations for 1953 pull type combines and cornpickers were

not significantly different at the .05 level. This was also
true of 1958 model cornpickers and pull type combines. The
1953 equations for forage harvesters and cornpickers also were
not significantly different. But here the procession toward

a single estimating equation came to halt. The 1958 equations
for cornpickers and forage harvesters were significantly d4diff-
erent at the .05 level. Both 1953 and 1958 baler equations
were found to be significantly different from the respective
1953 and 1958 equations for all the other machines. Con-
sequently, the possibility of a single estimating equation

for pull type machinery, for either 1953 or 1958 models,

must be ruled out.

Application of the Research Results to Farm Management

The following discusses the application of the research
findings to certain farm management problems and some result-
ant conclusions. This discussion assumes that machinery
cost estimates are typically made using common depreciation
methods.

One might be especially interested in the comparisons
with straight line depreciation methods, since at least one
well known farm management guide recommends this method for

computing farm machinery costs.lgﬁ

lODoane Farm Management Guide (Doane Agricultural Ser-
vice, Inc., St. Louis 8, Missouri) p. 341.
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The analyses on the next few pages suggest these con-

clusions: (1) Used farm machinery may be a better alternative

than is assumed from calculations based on common depreciation

methods. (2) Long run ownership costs of farm machinery are

less than would have been assumed from depreciation schemes.

(3) Farm machinery used for only a few years is relatively

more expensive, and machinery used several years is relatively

less expensive, in terms of average annual ownership costs,

than would be assumed using common depreciation methods.

Examination of Table 39 and Table 40 direct one toward
the first conclusion. Here it is illustrated that the first
year's"loss-in-value'", as computed from the estimating equ-
ations, greatly exceeds the depreciation given by commonly
used methods. In fact, the equations indicate that more than
half of the ownership costs (defined here as either estimated
"loss-in-value" or depreciation) of ten years of forage
harvester use were borne during first year. (A similar
situation was found for the other machines examined.) This
extremely large first year cost would, of course, be avoided
by purchasing a used machine.

Even when a farm machinery dealer's profit is included
in the used machine's purchase price, resulting in a price

that 1s somewhat higher than the "as-is" market value, the
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first proposition still seems to hold. For the purpose of
illustration, the following example contrasts the owner-
ship costs of a new forage harvester with a one-year-old
model. The computations are based on straight line deprec-
iation with 20% additional first year allowance and equation
#69. (Straight Line depreciation is not used as it should
be recognized that first year's"loss-in-value" is greater
than 10%.) Let us assume that the dealers' price is 25%
higher than the "as-1is" value of the machine. (This is the
same as assuming a 20% profit on gross sales as is done by
the Official Guide. See Chapter II.) The example involves

total ownership costs for nine years of use:
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With this example, the equation estimated the difference
in total ownership costs, between a new and a one-year-old
machine (each used nine years), as $542 more than was cal-
culated by the depreciation method.

It was no doubt observed in Table 40 that total forage
harvester ownership costs, for the ten year period, were small-
er if the computations were based on the estimating equations,
rather than depreciation schemes. Table 41 illustrates that
accumulative ownership costs computed by this method were less
than those given by depreciation schemes for even shorter
periods of time. Note that total ownership costs for a
1956 tractor, baler, and self propelled combine as measured
by the estimating equations---were less than those given by
"sum of digits" and "declining balance" methods by the end
of the fourth year, less than "straight line + 25%" by the
sixth year, and smaller than"straight line" method by the
eighth year. (Examples from pull-type combines and corn-
pickers could have been used equally as well to illustrate
this phenomenon.) This application of the research find-
ings leads directly to the second conclusion.

If one looks at the average yearly ownership costs for
different periods of use, (Tables 42 and 43) it is discover-

ed that estimates based on the research findings are higher
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for short periods of use and lower for longer periods of use
than those computed from depreciation schemes. This should
be expected, considering the high initial "loss-in-value"
and the lower long-run ownership costs previously observed.
The third conclusion follwos directly from this analysis.

Considering conclusions 1,2, and 3; there are three
apparent economic adjustments that alert farm managers
might find useful. (1) Other things being equal, used mach-
inery could be purchased instead of new equipment, thereby
reducing total ownership costs over a given period of time.
(2) The use of additional or larger machinery may be just-
ified by lower than previously expected long-run ownership
costs. (3) Farm machinery may possibly be used for longer
periods of time in order to take advantage of the lower
average ownership costs.

The farm manager who 1s examining the relative merits of
diesel and gasoline tractors will be interested in what might
be termed the "hidden cost" of owning a diesel. While deprec-
iation schemes do not differentiate between gasoline and diesel
tractors, the research findings indicate that "loss-in-value"
was more rapid for diesel units. (This may cease to be the
case in the furture, as an increased portion of the farm tractor

population becomes diesel powered.) This faster rate of decline
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is, in effect, an additional cost to the diesel owner. The
following example illustrates this "hidden cost". Suppose
a 1958 "D-17" Allis Chalmers tractor that could be purchased
as gasoline unit for $3200 is compared with a diesel unit
priced at $4000. According to equations #5 and 7, they
would have been worth $1695 and $1970, gasoline and diesel
respectively in 1963. The total ownership costs for five
year's use would have been $1505 for the gasoline tractor
and $525 more, or $2030, for diesel tractor. Had gasoline
and diesel tractors "loss-in-value" been at the same rate
(gasoline tractor rate); total ownership costs for the
diesel would have been estimated at $1877, or $153 dollars
less than they probably were. Since the additional costs of
owning a diesel model should be covered by savings in fuel
costs; the diesel tractor must operate at $105 a year less
than comparable, gasoline models. The "hidden costs", de-
scribed above, account for $30.60 of this needed fuel savings.

The farmer is often concerned with developing some
measure of his net worth. Accurate estimates of the current
value of his assets are essentlal to calculating a net worth
Statement. Table 44 contrasts the use of depreciation
methods and estimating equations for this purpose. One will

immediately notice that the only difference between Statement
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#1 and Statement #2 is the choice of combines. Yet, the
depreciation methods giving the best "total value" estimates,
compared to the Official Guide column, are not the same for
both statements. A closer inspection reveals that even the
best "total value" estimates obtained with debreciation
methods result from errors of overestimation and underestim-
ation cancelling each other out. In short, the use of a
combination of the five year estimating equations (for
machinery less than five years old) and ten years equations
is a better technique for deriving the used farm machinery
values for inclusion in net worth statements.

Still another application of the research findings
might be useful. The tax laws have recently been changed
to prevent farmers from considering the excess of the sales
value of farm machinery over its depreciated value (as shown
on the tax forms) as capital gains. Since this excess 1s now
taxable as regular income, the farmer may wish to know how
the market value of his farm machinery compares to depreciated
values ovef time. With this knowledge he would be in a
better position to balance the gains from rapid "write-offs"
against future tax liabilities, and choose a depreciation
method that best fits his tax strategy. Table 45 contrasts
estimated market values from linear equations with deprec-

iated values computed by different methods. The negative
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"taxable income" indicates the amount of additional deprec-
iation that could have been taken up to that particular point
without the depreciated value falling below the market value
of the machine. The positive "taxable income" indicates the
amount of taxable income if the machine were sold at its market

value.11

Note that the linear model could reasonably be sub-
stituted for unknown values in this type of analysis.

Application of the Research Results to Farm Machinery Credit

Table 46 considers a large number of combinations of
maturities and downpayments for a baler loan with payments due
once a year. To the unpaid balance of these various loans 1is
matched the used value of a baler in percent of its original
costs. In addition, the table gives the annual payment as a
percent of the cost of machine. (The payments in this example
are a bit unique, as they involve equal payments on the
principle). The underlined figures are where the value of the
baler first equals the unpaid balance of the loan. When this
occurs the loan will be considered "safely secured".

llThis statement 1s not entirely true since the new law

applies to depreciation taken after 1960. But for purposes of
illustration this complication was thought unnecessary.
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Checking over the table we find the follcwing:

1) No loan is "safely secured" the first year.

2) The year a loan is '"safely secured" is not necessarily
a function of i1ts length of maturity.

3) The amount of the down payment has a large effect on
when the loan is "safely secured".

4) The larger the down payment and the longer the repay-
ment period, the easier the loan payments should be
to meet.

Although not at all surprising individually, the inter-
relation of these factors yields some interesting results. For
example, a five-year-20% down payment loan is "safely secured"
the same year as a three-year-10% down payment loan, and the
payments are nearly halved. A six-year-30% down payment loan
is "safely secured" at the same time as a two-year-30% down
payment loan, and the payments are only one-third of those for
the latter. In light of this information, lenders should
re—-examine their present practices for extending credit for
f'arm machinery. Perhaps it would be possible for lending
agencies to improve their agricultural credit services if
better information about used machinery values were provided

them.
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GENERAL CONCLUSIONS

This section is intended to cover only the more general
conclusions of this study. More specific information on the
effect of each variable is given in the summary section at
the end of every analysis chapter.

Age

Age, as had been anticipated, was the most important of
the variables hypothesized to have an effect on used machinery
values. It alone was capable of explaining from 57% to 89% of
the variation in used value for the machines in this study.
The consideration of additional variables, in general, does
not seem to alter the effect of égg. Most of these additional
variables provide information which supplements that already
obtained from age.

The rate of "loss-in-value" associated with age tends to
decline as the machine gets older. This point was illustrated
quite conclusively, by the improved fit of the curvilinear
models for all the machines studied over the ten year span,
1953 through 1963.

Realized Net Farm Income

The RNFI variable was expected to help explain the upward
and downward shifts of used machinery values (as found in Table
6, Chapter II), but the results of its use ranged from a small
effect to the completely unacceptable response of negative

coefficients.
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Make

It was somewhat of a surprise to find that it would be
impossible to give a consistent 1-2-3----n ranking of the
different makes. Consequently the information provided by the
make variables is not very useful for predicting used values of
machinery outside of the data. Nonetheless, the make variables
were very helpful for explaining used values within the data.

This suggests that no one manufacturer consistently pro-
duces what farmers consider the "best" machine. Instead diff-

erent makes at different times seem to attract the farmer's

fancy.

It is interesting to note that the differences between
makes increase as a function of time. This is, no doubt,
consistent with the need for time to disseminate information
about the various makes and models of machinery.

New Models

In only one case, cornpickers, did the effect of new
models (as the variable was constructed for this study) appear
to be reasonable for all the equations related to a given
machine. 1In certain other cases the introduction of each new
model depresses used value of the original model during one

of the time spans (1953-1963 or 1958-1963), but not the other.
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In one particular case, 1958 model talers, the introduction
of several models was reported to slightly increase the value
of the original model. All that may be concluded about new
models 1s that refinement of this variable is doubtless a
necessity if consistent estimates of the effect of this type
cf obsolescence are ever to be obtained.
Inflation

The "real" values of farm machinery declined more rapidly,
from 0.33% to 1.00% annually of the original value of the
machine than their "nominal" values. For example, the "nominal"
value of a 1953 forage harvester in 1963 might equal 18.7%
of i1ts original cost. The "real" value of this same machine
could well be only 11.8%, or 36.8% smaller than the "nominal"
value.

Other Variables

Changes in the acreage of crops to be harvested by combines,
the amount of corn that might be picked with cornpickers,
and the number of livestock to consume chopped or baled forage
seemed to have little or no effect on the used values of these

machines. (Combined acreage, livestock numbers, and corn acreage

were all intercorrelated with age). There also seemed to be
no recognizable effect on used values for such technical var-
iations as different attachments for forage harvesters, one-row

or two-row cornpickers, wire and twine-tie balers, and pull type
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as opposed to mounted cornpickers. There were, however,

significant differences in "loss-in-value" between pull type

and self propelled combines, and gasoline and diesel tractors.
Used tractors of less than thirty horsepower were worth

a smaller percentage of their original cost than larger models

of the same age. And engine driven machines were often valued

at less of their original cost than their PTO counterparts
(measured over the ten year period of 1953-1963.)

Estimated Values of Used Farm Machinery

Our previous concepts of machinery "loss-in-value",
based on depreciation methods, will need to be revised in 1line
with the information provided by this study. (1) The initial
(first year) drop in machinery value tended toward or exceeded
the maximum first year depreciation allowed by the Internal
Revenue Service. Loss-in-value the first year, depending
upon make and machine is apt to be 30% and greater. One est-
imate, for 1953 cornpicker models, was as high as U47%. (2)
Yearly "loss-in-value" (with the exception of the first
year) is usually less than assumed with depreciation schedules.
(See Table 39, Chapter VIII). (3) The so-called "salvage"
value (at ten years of age in "current dollars") was estimated

to be roughly two and three times the traditional 10% for self
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propelled combines and tractors respectively. Estimates of
the tenth year value for pull type machines also exceeded
the 10% figure, by approximately 5% to 8%. In "constant
dollars", a salvage value of 10% is still too small for tractors
and self propelled combines, bﬁt is a reasonable estimate
for pull type harvest machinery. Apparently power units have

a longer useful 1life than the pull type harvesting units.



-241-

£€°€9 G°6G9 #°LS £€°09 6°¢G 8°T9 8°09 0°G9 0°L9 L°EL Ge wWVVN, paoyg
8'Th L'Th 2°Sk L'9% G°Lh 0°0G 9°T1G6 2°8S L°8S L°0L he w0E-0L, uosn3asyg
6°TS 6°09 0°6S @g°29 8°Lfg ©°09 T°84 €°%9., 8°99 =2°0. ch w0l
h*6fh €°€S L'9G 0°09 972G 6°GS9 {09 L'H9 w€9 Gt LL G¢ w094,
L€ htlt Rté6h 2°G6G 0°GG L°2S 4©°8S G°€9 ¢°'€9 6°2.L L2 w0G,
L*Th 0'Lh 0°8h E°wh 979k L'9n 205 L°8S 2°LS 699 22 wOh < 91990 uyop
L°2E €°3¢ @8'¢h 9Lt 6°0G €' Gl €°09 805 0°29 8¢ wOtu
G'TE 9°LE €°Th T'9h €°16 G°Th K'0G T'6% 2Lt 8°19 Le w0Eu
L*Lle 6'€E L°LE 0°eh T°64 L°Sh 9w 6°wh L°2S L'h9 Ge w02u 334NYsSHo0)
T°G62 G'62 G'62 T°€E€ B8-9¢ mfmm h'gh 8°0G §°0G G°'€9 91 WOVAL
0°92 (°'0f 2°'2& T'LE L'6E T°'tq Ly €°G65 €°G65 €°€9 €g w0
T°we €°Ll2 6°G2 @8'0& 6°9€ L°EE H#°GE Tk T°Lhg 26§ 8¢ wOSu
1€ €°LE x°lE Gt 9°TIf €°hh 9°9% G°G6G £°GG 2709 2s uVIn 9s®e)
€9 L'#G €725 L°6G 8°hG I°GS 2§85 9°T19 829 @ -- g€ W Gh=aM,
R*2€ 2°9€ €'2n 9°Gh 8'6% 2°hrS €°gh L°EG 2°§G% €£°T. €2 WYou
T°'g2 L'€E 9°QgE €°hh 6°6h 0°ES h'lh 2°€S 9785 L°G9 02 w€y  SJauTleYy) STTTY
- LSOO MAN 40 FDVINAOHAL INITOSYD
€96T <296T T196T 0961 6G6T 8G6T LG6T 9G6T GG6T hG6T “d°H TAAON ANV
dvdax
(%6 -
mo.w.HQ .Q.O..HV 31800 MsU JT9yl JO Pﬂmohwnm UT SJd030®BJd] Tapou mmmH JO sonTeA pos-=-=T1-V HIIVIL XIANHJdV



-242-

208 9°g2 6°€E€ G GE G'gE KTk B8°BE <2'6f hH'HG  -- 25 w664

c'Th L°6E 2°QE 0°2h 9°Th T hh 'Lk 0°ES §°6G L°89 LE u88u

0°8E h'6& 6°9¢ T'O0f 6°0% kvt H©°8h 6°25 w89 T°69 93 allu

T°.2 6°Tc G'he ©°8E G'Th 0°QE 670 2 Lt €TSS €49 12 w99u JI9ATTO

26T 2°'22 G'he @§'hHE H'6E -- -- -- -- -- 43 wlZ4

G'6t E£°&n 6°9n G'TIh L°Gh GThh E£°gh T°SG 0°8G T°0L En w0y

9°Lc €°2¢ 2'9€ @8°6E 2°th 9°0K O°Th 6°Gh H'€ES T°29 0§ W8I0,

€€2 0°gec L'TE 9°9€ T'6E 8°SE S'ww 2'e¢h gc0g T°T19 he addy, SUTTONW
stT10dRaUuUT}

€€ 6°0E T"HE 9°Gh 9°Lf 8°6E B8°0G £'GS {95 £€°T19 4] wGSu

R€E T°hE T'QE K'9€ G°T1G 8°0h 225 G°9G {'09 L'0L of ulhfiu

9'0¢ T'wE K°gE Tl L°0S k'eh 9°2G% €706 69§ 6°GL 9t wEEu

h*G62 HK°82 H©°2€ G'Oofh g'Eh €°9E 0°0h T Ll 2°LGS £°G9 £e wcly  STaaeH Ksssel

h*eh 6°2h 9°85 6Lk -- == -- -- -- -- Zh wdV I,

T°gE€ €°8€ G°€G G°0G T'#S 2'wh G°0G 9°€S T°8S 6°L9 ch u@y

£€°G6E €°GE G'6E 2'0Oh O'wh 2°Gh 0°6h 2°GS K09 K69 1€ wHu

€Ly w°9% Q°6h 9°0G <2°TG K'€EG 6°T19 2°89 T1°849 <2°69 ch ully

L'gE€ 2°GE 8'9€ £°€h <2°Lh 0°0§ O0°TIS G°'T19 8'6G €£°€9 12 wOu TTRWIEd

€96T <2961 196T 096T 6G6T 8G6T LG6T 996T GG6T h&6T *d'H TAAOW AAVIN

(*DP,3U0D) T-V

A7dVL XIANZdAV



_2143_

2'GE 2'9¢ G°9f Ll*egh 6°TIh Tt T'lh 9°29 2°84 669G gt u88u

9'ct L'EE @g8°9¢ L*6E O°TIh €°¢h T°SH H°0S§ 2°2S K09 1€ wllau

0'Te @8°22 T°G¢ Q8'LE Kot n'oOf L°TE e°6ff €°0§ £°09 cc w99 d9ATTO

'TE 6°9¢ @g°6& L*LE G'Th €°0f 8'c2h €76 LG L°€G ch wadn,,

922 @8°'T¢ 9°hE Hw'QE Hf°Th 0°0f 9°th O0°SH G°29 -= 6h wddLoy, SUTTON
sTT0dBOUUTH

6'6c €°T1¢ t'w€ L°Ge T1'6h L'Of L°'8h w6 €°4G L°29 2s wGGy

9°Gg G°1¢ T°GE Q'TIh 6°8h 9°¢h H#'9h 0°2% 9°G6S T°66 tih ufttiu

6°€2 G'TE 0°GE ¢&€°qf 6°Lh €°2h 2°8% --= - -- LE wEEu sTaaey Kassep

€°6E f°Th €°9n f°'lhy - - -- -- -- - G4 w0l ad99(d uyor

6°92 G°hE K°'g8E Hw'6E  Twh T8 -- -- -- LGy Le w0E

0°82 HK°wE 9°8E ST 6°'th 8°0% 66K G056 0°ESG 0°09 8¢ uOhu 33nYysyo0n

TISHId
£€96T 96T T96T 096T 6G6T 8G6T LG6T 9G6T GGH6T HG6T ‘d"H THAON HAVIN

(*P,3uo)) T-Y ATdVI XIANZJJY



- - 9'he €°ge G'E€E€ T'EE €°LE €°¢€y g'6n T°09 21-ad w0€ 4
F*GT 9°6T 2°0€ 2°Lf @g°'#E §@°9€ 6°TIh 0°0S 6°185 T°G9 .,9-01d wWGTu I3ATTO
-- - 9'¢e 2°le G'2E€ n'lE 6°0% €°Gx €29 6°9§ ,21-ad at=9Du SUTTON
STTOodeaUUTN
€°GT 9°QT <2'€2 2°9f€ T'6f£ T'LE w°'Th 8'Lh L'vS £°G9 9-0Ld ,292ddITD, staaey Kassel
- - 9'he L°L2 G'2E€ n'hE L°9E €°'€th nw'9% T'G9 ,2T1-ad LA
-- -- G*lz H°TE G'hE Kw'LE 9°6E GG S°69 9°K9 1 9-0Ld w29 TeuotiR83A48E
-- -- 6°LT f°T2 €°G2 0°9€ T°0h O0°9f - L'GS .2T1-ad Mc
- - G*le €°L2 9°'92 2'62 O0°wE T°'6E g8y €°Lly .9-01d uwSu UTMpTeg asueald
0°02 €°02 0'92 9°62 T1'62 6'hE 2°QE @8'Gh G096 L'29 .9-01d WlE-9T, paod
il g'22 6°92 2'9¢ L°0Of g'ew 2Ly LSt 0'25 T1°6S L°2l 2T-ad uSG9u
.w T°he f°KE€ L'2E @°2€ 2:°g¢ 2°'g¢ 6°wh 815 §°0L - 1 9-01d wG2u aasaQ uyor
-- -- h'@T 0°€2 9°g2 G'€€ G°*9¢ 9°'gy G664 w°LS .e2r-ad" we=du
26T E£°¢€2 T°'0E g°Lc L'TIE O0°wHE 6°0f 225 T1°€9 6°L9 ,9-01d WV 9s®e)
0°0€ 2°GE 6°6E 0°9€ 2°LE 90 T°9n €£°€S 0°09 - 1 9-01d w99,  J3WIBYUD STTITVY
LS00 MAN A0 IHVINHOHHAJ ddXL 1I0d
€96T <296T T96T O096T 6G6T Q96T LG6T 996T GG6T 1661 dd AL THAON IMVIN
Uvax
(4G-9°Tad *Q°0*J) 3S00 MaU JTaUj3 Jo quadaad UT SaUTqWODd £GAT JO sanfeA pasN--II-Y ITAVI XIANAIJY



=245~

"U3pTM J9peay 83BOTPUT hT=---=-,6 °,9 pue “JJo oieq JoMmod ST QLd ‘USATJIp SuUT3Ua ST QH :9Jd9Um
h*L2 0°L2 9°9¢ 9°gE @'tE 2'8E 8'8E 9°wh LTS O0°LG i1 ct uE €y I9ATTO
L*9T 02 8°'S2¢ {62 O0°LTI 8°9¢ T°'Th T°'8h HK'SG G°LS i1cT uSu SUTTON

sTTodBaUUTH
9°6¢ 6°2¢ Q°Th th'hh <2°QE T'0h 8°nS 6°8% 9°6S 8°19 1cl w06y
h*GE 6°62 g8°Th @8't€n L°gE €°Th 0°SKH 0°05 G°LS L°09 10T w08u
G°Geg 9°0¢£ @8°LE @8'6f€ H°2f 0°9€ O0°Tw H°'8gh 9°GG <2°29 1948 w0l staaey Kassel
L°€2 G'E2 6°0f €°6L L°TE 2'g¢ E£€°If 6°Llp G°E€EG S°09 10T uwdS.L2CT ﬁmcomwmmmwmmm
0°€T 6°GT HK'Le @62 L°wE L°6E 6°Eh <2°6h H°SS G°x9 T wh Ty UTMPpTEY J8UBSTH
¢'6E 6°6£ 2°9% 0°8h G"ch 6°€Eh 9wt L'gh G°09 9°2l 1cl wGSu aJd89( uyor
€°LT 06T 6°Gc g°Leg 02 0°LE T°6€ L'E€n 0°0S <2°86G 1cl wCI=dS,
h*yT G'9T 6°wec €°ge G°c€ 0°GE 6°LE G°€h L'6% 0°8S 16 wb=dsu 9s®)
L*Te 4*9% 0°9¢ <e'eh 9'wh G°Gn €'en €°09 ©°9G - 9.6 w00T, SJ9UWTBYD STITV

d4TTdd04d 4T4dS
£€96T <2961 T96T 096T 6G6T 8G6T LG6T 9G6T GSG6T 1661 ddAL THAON AAVIN
SAVACON

(*P,3uod) II-VY

qTdVL XIANIddV



-246-

L6z n'CE g-9¢ 0°gt €3k 2'lw 6°15 L'19 ou-ad

2'0f 2°€E€ T°LE 6°LE €ven L'TG SIS 6°6G  Q0-Qd

2'0& 9'2f 0°LE ©°8E 0°Eh 6°Lh 9°GS €£€°29 OH-0Id

G'0€ g'cE €°LE @°LE Gteh G'ES €8S T'6S A0-OLd  L9S 3 #SGu xo0d
862 9°62 G'62 £°g¢ hren T'Ly 2'eS 0709 o¥-Qd

0'Gz 6°82 k'82 T°8E 9°eh £°Lyh §°TG T°09 nd-ad

9'hz 8'62 6762 0°E T°2h 8'9%h G°2G T°09 O¥-0Ld

2'€2 2'82 °82 8°LE 2'en 6°9n 6°TS €709 nd-0Ld L 3 2lu 21987 uyop
T°l2 L'lz §°LE T'8E 9°C€h €°6h 0°LS 809 q0-Qd

L*Gz L*Gz L°TE 6°GE 0°Tn h'9h 9°2S 2°LG  o¥-ad

g'he 2'€E ®'GE €°8E 6°2h 8'6h S°LG L°'T9 Q0-0Id

L'22 6°'62 262 6°hE T'6f H°Gh 6°0S 2°9G Od-0Ld w20 3 Ou a5®)
€62 8°GE 9°0n v'LE 0'Th €°9n €25 {09 o¥-qd

€62 6'GE  6°0h S°LE G°'TH S'9% 9°29 G609 nd-ad

L'62 €°9€ S°Th T'LE g'of L'Th L°TS 2709 OH-OLd

908 L'LE T'tn T'wE G'2y 2'Lh 0°€S 6°T19 Nd-0Id sasuTeyu) STITY

LS00 MAN 40 HHVINZO¥AJ
T96T 0961 6G6T 8G6T LG6T 9G6T GG6T hG6T  HdAl DAV
UVEL
ANMI .Q.O.hv 3S00

JOo jusoaad

UT SJd93SaAdey o3vJ0J Topow §GET JO0J SanIBA pasn--III-V

d1dVL XIANHddY



-247-

- - h'€ec 2°8e L°EE 6°GE O0°Th 0Ly <2°9G L°19 qo-ad

-- - ¢'€e L*le L*E€E 0°9E €Ty e'gh £€°95 €°719 o¥-ad

G*¢€T T1'8T 0°¢ec &'lc L°TE 6°GE LTt <¢'Lly G°7S 8°9% 4Ad-0Ld

0°€T 9°LT 9°'T1¢ 8°9¢ L°TE€ 0°'9¢ T'c2h 9°6K LG 2°9G ©OY-OLd OT930094. PUBTTOH MaN

== - 8°9¢ ¢°2¢ 1°9f€ 0°9¢ ¢2°6f& ¢2°'4n L°@y 9°2S LO-04d

-= == 892 G°2E 0°LE 9'9¢ 6°'6E 0'9% <2°8% B°TSG LH=-Td

H*9T G°Tc €°'92 9°TE 1°'9¢€ 9°9¢ 6°Ih 2Ly €°19 <2°8% LO-0XLd

G°SGT L°0C <¢°'92 @8'1&¢ 9°GE 1'9¢ L°6E O0°Lh tH°6r 6°9S5 IH-0Ld u0cCu staaey Kessel

- -- 0°0¢€ 0°2¢ €76 8°9¢ H'E€h T°6f 6°TS G°09 oy-Qd

- - T°T1E T°€E 9°0f €°8E 9t 2g'6 T°2S T°09 nd-ad

2'2Z2 8°Geg O0°TE ¢c°Ef o0°0f €°GE 9°Etn E£°6 6°EL 6°29 ©OY-0Ld

h*€c T°le 6°2¢ 2S¢ €t¢gnp L°LE 6°€x 9@ 6°GL G°29 nd-0i1d wd = 0Cu d91S3AJdEH
TeUOT3BUISUT

-- -- 2'€¢ G°0h 8o €0 G'Eh 0'6% H°ES 0°09 qQ0-ad

-- -- L'62 €°0h 20O w'Of 6°€x <2C°6f O0°€ES 0°6S oY-Qd

€92 8°82 8'9€ Z°'wh 9°Ly T°OK 2ty G°8y LTS L°09 QAD-OLd

6°Ge £€°82 L°TE 2w 2Ly 2ot L'En @°gn 6°05 <2°6G OH-0Ld == TU=H

€96T <296T T96T 0961 6S6T 8496T LG6T 9S6T GG6T (66T ddAL THAON HAVIN

("P,3u0d) III-V HTAVLI XIANIJJY



uwoTAae3 h.mﬂ:
S29BOTPUT Q)

*ATuo staaey ALsssel 103 49TQqe3 uJ09, pue

04 J9Jad LD Pue I H----jusuydoej3je doJaomod S93BOTPUT OY 3JUSUYOBJ3B JIBQI933ND

fquaWyorila®e

dnjot1d sa3®OoTpPUT nd “JJosaneq asmod ST QLd ‘USATJIP SUT3uUus STQH :O©J9UM

-= - g*0f 0°gE E£°1f €°9¢€ 0°0Of 6°GK T°'T1S €°869 ad-dd

== == T°6c L°w€ 0°GE€ 2°9¢€ 10O T°9% 21§ €°8S oH-ad

G*¢ce T°92 0°0f T°gE L*6E £€°9E 9°6fE g'wh n'LS 6°65 QAD-0Ld

€61 f°ce nw'l2 6°¢cE L'wE T°9€ L'6E T°Gy 9°LS 0°09 °Y-0Ld WISty oadeq
£96T ¢96T T96T 096T 6G6T 8G6T LG6T 9G6T GG6T hG61 ddAL THAOW IAVI

(*P,3u0d) III-V dTdVL XIANZIIY



-2h49-

*9T3 ©JdTM ST M pu®B “oT3 SUTM] ST I “JJO a3e3 gaamod ST OLd ‘USATJp duUTdua ST (d : oJd9Um
6 9°9 G*02 6°0C 0'62 G'€E 9°LE HK'E€h Hw'6h 0°89 M-dd u8u d3ATTO
8°TT L'9T 9°€2 T'lec G'2E 9°LE L*2w 0°6f 269 9°2l M-ad u08u
9'TT G'2T €£€°9¢ T'0€ G6°w€ 6°QE ec'fw T°16 T°6G T°T. L=d4d wlla PUBTTOH MaN
2'€T 29T L'Se 0'62 9°'w€ Kp°9¢ €°1Iw e°9% L°0of €°16 M-dd ,oT3BWOSTEYd,, SUTTON
sTT1odRaUUT)
G°9T €°6T L'62 G'E€E G'GE @'€h 9°9x 0°Gf 2°gE L°GS L—ad wlu sTaaeH Kassel
G*TT 9°'yT T°0C €°€c @'L2 9'2¢ 4°'GE €°0f @8'2E 6°9§ L—-a4d wl=0Gy,
h*€2 T'SC ¢<2'62 G°wE L'On 6°2h 9°9% @8°TS {°'9L O0°hl L=0Ld wl=Ghu Jd331S3AdBH
TBUOT3BUJAD3UT
8°TIT TI*'wT 6°02 £'92¢ E£€°T€ 2°gE¢ E€°Th T°Gh e°8h H°99 M=-0d WMOTTRHTTa
0°ST 6°LT 0°€2 €£°G2 T1°0€ 9°GE ¢€°0f 6°Lf €49 0°L9 M-0Ld wMOTTRHTTu 8Jd83( uyor
Ll -- B2l w41 9°LT €°2¢ T'9¢ 9°Ty T°gh €°LS L—add wl—IWON 9seD
G°LT L'22 2'wE€ nw'€th 8°8h G°€h L9 G'ES 9°09 69 L—dd wOLOYH
L*ne TrecE G'EE QT €°8F 9°Gh 9°'Qh €°4G K29 <2°0L L=0Ld wOL0Y,, SJa3UWTBY) STTTV
LSOO MAN 40 dADVINHOHHL
€96T <C96T T96T 096T 6G6T 8S6T LG6T 9G6T GS6T HG61 Hd AL THAONW HAVIR
HYdX

1S00 M3U JTayj3 Jo qusouaad ut

A&m - cQ.oOo»Hv

sasTeq Key Tepow §GET J0J SanTBA pasN--AI-Y

dTdVL XIANHddV



-250-

€02 L'LT e°¢€e2 T'g2 €°€€ L'GE 90K Gl (2§ 8°69 T - 3d ulu
6°GT €*22 O0O°'wKE T1°62 G'hE 9°2E€ L'GE 2'e2h 6°9% L°19 ¢ - 3d w9u BapPI MaN
h'62 @862 €°GE G'0of L'gE 0°QE T'TIw Hw'wh nw'2hw §°LG 2 - 3ad adaysny,,
6°2¢ 0°92 9°'0&£ 9°GE 9°LE w°LE L*eh 0°'GSH T'2h 9°'T9 T - 3ad adaysny,, SUTTON
: sTTodReaUuUT)H

2'0T 2'#T G'he 6°62 2°'hE 6°GE 6°6E L'Ih tw°'gn E£°€G 2 - P3N atii=0€u sTaaey KLsssely

. G 61 ‘G L'0E 6 . g 0°0 6° 2°69 1T - 13d

.wa 9°8 m.MH ¢"9¢ m.wm m.mm H.mm m.mm o.mw :.ﬁm Z = PIN wheu J99SaAJdrY
R*LT G'6T T1°G2 L'0E 6°9€ g°g2 G'E€EE o0°0of 6°8h 2°99 1-3d wd=fTu TBUOT3BUJIS]UT
2° L T°2T 8°9T 0°l2 0°0f£ 0°Leg L'62 G'wE T°6E 2°'GS 2 - PaNW w9224
6 L€T L'LT 2°T1e 2°'€e 1°G62 L°'0E 2'9€ Hw°'1h L'n9 2 - ad w0024, ad99(q uyop
2°q 0°8 9'02 G'h2 0°0f T°€€ 0°QE Gyt 0°T1G g6 T - 3d WH-Hd, uosn3asyg
2*22 0'Ge @g°ge 2°'Lf 0°LE 0*LE 9°TI 0°ShH H°'29 G°g9 T - ad wh=9T, paod
822 6'he L'he 6°2E T°hE €°EE K'6E 2°€Eh 9°6E T'O0L T - 34 wddu
T°9 £€°G 2°¢€T 9°GT 6°'9T £€'€2 2°'92 €'0f 6°€€ 2'hG ¢ - ad WdIu 8s®)
0°Te G°'G2 O0°T1E€ G°QE 6°2h w°LE @°'wE 21y 6°05 §°29 T - 3ad ,°dAr-TInd,
6°62 G'9¢ €°Th Gl L°6h €I 0°0f @8°Gh §°25 2°G9 2 - P3INW wdM, SJauUTBUD STTIV

LS00 MAN 40 HHVINTOHAI
€96T <296T T96T 096T 6G6T 8G6T LG6T 9G6T GG6T HG6T AdXL TAAON MY
IEAVACO
(36 - *Q°0°7)

1800 Mau JTays Jo jusodgad ur sas®oT1d uJoo Tapou

£G6T J0J senTeBA PasN--A-V FTHVL XIANIILV



-251-

*PO93S8AJBY SMOJ JO Jaqunu ayjg $834BOTPUT g J0 T pur ‘adfy 1ind ST 34 ‘pajunowl ST PIW :oJd9UM

0°92 €°62 L*le ¢2'2¢ @8°GE 0'0f G°gE €°G6n 2°'T1S 8°79 T - 3ad uGu

c'€E 2°TE 9'wE @'QE 02w Lt6E E€°Th 2°Sh L'hk €8S Z2-'PIW ultu

0°9 ¢'9T T°¢eg 0°Lc @8'TE €°9¢ @8'gE €' L'2w 85 ¢ - 3d uCu I9ATTO
€96T <2961 T96T 096T 6G6T 896T LS6T 996T GG6T H#S6T ddAL TIdONW AV

(*P,3uU0d) A-V ATAVI XIANAJIAVY



-252-

g 6h 6°L6G G*€9 9°0. £°6lL 4] w0Gu

964 G* LG G*€9 L 0L 8°G. of uOtu

L°0S 6°LG 6 19 9°0.L G LL -- uSGEu

€ Gh L° 16 09 G*L9 g LL Le w02u 33NYSH00)
€°99 666 L°G9 €69 -- 0§ uOT3BW-0-3S®) TTI8u

8°66 €19 2°€9 889 == gt wTTlu

0°8S §*29 8°L9 9°G.L == g€ uoT3ew-0-3s®e) dIT19,

£€°09 L*G9 L°69 0°9. -= T wdTT1Gs,

L LS c'c9 0°69 L TL -= TE ,.O9T3ew-0-9s®) 00f1,

1°9% 19 659 AR - T¢ wd00E 4

169 8°'h9 ¢ Tl 8 LL -= 9¢ wdTTcCu 9SED
2°46g 1°09 6°66 T°89 6°L9 Ot wGh=aMy

G°09 8°h9 9°69 1G9 9°89 gh WA

1°L6G 0°19 L*t9 8°L9 G*'69 A3 uh 0=y

8°0h GGy £ €9 09 49 he wVou

£°9¢ LT g°'€§ 2°'6S 9°99 ¢ wldu SJaWTey) STTTV

LSOO MAN 40 dADVINHOHHd INITOSVYD
£96T 296T T961 0961 6G6T ‘d"H THAONW HAVR
S0 ACON

(%G = @oTad *q*0*'J)

3S00 MdU JaT8Yyj JO jusdasd ul SJ0j30eI} T[9pouwl gGHT JO sanTea pasn--T-d ITEVI XIANIAdV



-253-

086 h°8S 9°%9 2'0l 9°GlL 09 wGGGy,

266G T°9S 619 h* L9 9tk Sh ahifiti

9°64 €864 L°€9 9°69 8°9. 6¢ wEEEL

6°2G 0°09 h°€9 t1*99 T°69 ce uw0Gy STaaey Kosse|
AN g8°LG 2°€9 L°89 8°9. 86 w0869,

G*G¢g 6°€S 6°8G Z2'h9 g el TS uw0Sh=My,

6°€S L°29 9°19 1°89 2'cl Th w0SGE

1786 8°96 9°66 6°99 £°8. TS uw0Gtu

h*16 0°¢€4 €°1LG £€°89 9°9. 6¢ w0GE

€96 2 €S €96 T°T9 1°.9 9¢ w0E2Cu

865 LS 609 1°¢9 €'99 Tc wWOET, J93SdAJBH TBUOT3BUJISJUIL
0°LS h*Gg £°09 0°49 -- h ulS6u

T°T9 T1°29 9°€9 L 19 - ch wlh8u

h*GS 8'6G 6°€9 T°99 - 62 wThla

866 2'€9 G*G9 0°.L9 - 1€ wlh9a pJaog
T°66G L°66G 0°19 -- -- 43 uWGE uosngdasyg
G°8S 9'€9 2'.L9 §°69 Ltk €S u02ly

T1°6S T°L6 8°c9 £°0L 9°2l ch w0294

1°€G 0'€S 2 86 8°€9 £€°0. X3 w02Sy

k09 S 19 L°49 2° €9 €19 92 u0Ctru

T°9% 8°06 9°GS T°¢9 €99 - w02y ; 92d993(J uyor
£96T 296T T96T 096T 6661 ‘d"H TIAON HAVI

(*P,3u0d) I-g A79VI XIANAIJY



=254~

2°€G 0°96 f°09 8°L9 -- €6 ,OT3ew-o0-8se) T08.

81§ 8°66 0'h9 2'L9 -- Lt wl0lu

G'09 665 2° €9 869 -- 62 wd00E ase)
T°8h h°9G LA L*€9 9°99 Of Gh=AMu

2°25 9°6G 9°T9 819 8°99 Lt wlT=Qy SI8uTBY) STITIY

TASHIA

6°8h L°T6G 2°'96 0°8S G*L9 -- ubbu

2°06 L°26G 0°86 T°79 h°89 0§ w88y Jedng

8°9t £2s 6°LG G'€9 L°89 Oh wlly a9dng

T°€6 894 €°LS L*t9 6°99 0¢ 199, Jadng

6°Th 9° Lt h2s 9°'TG 0't9 €e w0GSG,

£°8h 6 9% 6°16 €86 G'h9 T€ uGG, Jedng

2° 15 L gh 8 €S G'gg 829 -- whtru a2dng JIBATTO
-- - - - £°65 St uch 09ds dny,

926§ €°17§ 866G L°19 LG9 29 wdDy

LTS 95 T°¢9 9'.L9 h°89 -- u05Gu

9°6Hh L° 06 9°Gg§ G'6S 9°2l h uStittu

L° 06 88t 8'2s 6°LG 8°0. 62 WNGEE L

9Ly 6" Gh 9°6h b h§ G°99 1€ WGEE L SUTTOW SsTTodesuuty
£96T 296T 1961 096T 6G6T TAAOW ANV

‘d"H

(*P,3uod) I-g HATIIYI XIANAIAV



-255-

- @.Nm M.N.m == == N.N_ :EO@@:

6°Gh h°€g 2°'LS h*c9 T°.9 19 uwb6u

8° Ly 6°TS 696G G°29 8°L9 0S u88u

L*2n A h*LG T°€9 G*L9 Of ullu

9°8h T°¢S LS 2°'¢9 9°99 Lc w99 JI9ATTO
- - == == ¢'09 == wdlly

T°Lh 92§ £°66G 0°99 199 86 wGG=4d9, SUTTON sTTOdesuuty
9°'81 T°96 ¢'19 £°99 h €L th AT

T°96 G*GS T1°T9 L°99 04l £e wEEEL STJdaeH Lessel
T°'Sh 29§ 9°'19 6°G69 h hl - w089,

9'2§ G°TS €86 9°29 T4l 9% uw0SGh

€64 T°T6 6°99G 6°99 9'ql LE w0GE, Jd93s3AdeH TBUOT3BUJISJUT
26 h°€G L°29 8°99 L'EL 9¢ wCT—aNd n pJaoyg
L°€S £G5S G*79 L°L9 6°tl 2§ w02l 9ds8s( uyop
€°€tn 8 1 8°09 0°L9 2’2l Lt w0Gu

L°06 2'86 6°€9 L°69 9'ql - woT3ed uspTOY,

9 th G°96 1°€9 kL9 hoEL of wOtry 33NYSH00)
£€96T 296T 1961 096T 6G66T ‘d*H THAON HAVIN

(*P,4u0d) I-g AT9dVI XIANAIJY



0°6¢ L't h°T9 €19 L*T9 0ld .. uwTOT 3 66-9Tu

-= == L° €S @oOO LE"6S ad .N w00T 3 wmlmﬁz
9°6¢ ¢ 9% 0°09 9°T9 T1°99 OLd 9 wbtt 3 Li=9T1.,
-- - €86 6°09 669 dad .9 uBh 3 9h=9Tu paoyq
== == N_.mm @.Ow @.:m as .N. :Om:
9°hh 8°'8Y 2'96 2'19 6'G9  0Id .. w04 8d88(Qq uyor
€°0g 9°Lf t°9gG §°29 £°r9 OLd .9 uclhiu 3INYS®o0)
8°62 0% 826G 2 LS T°99 ag .6 wOTTu
-- - G°8¢% 2°€9 L°L9 ad .. wlla
62t G*06 £°g8¢ 1°G9 6°19 OLd .. wlla
- == m.zm N..N.m N.@@ ad .N. . :mm_:
€°le - n°geE 0°06 0°664 -- OLd .. wGlu
A.u - - 0°'8h 8°G¢G 919 ag .9 S99,
%w T1°6¢ L0 L°€G 9°09 L°L9 OLd 9 wG9au
_ €12 L g€ 9°15 €95 €99  0Id 1§ WSS as®)
£°6¢ 0° 91 LS 6°t9 ¢'¢9 0Id 2/1T L w06,
-- -- 0°8S 6°29 0°49 ag .9 utd 319 ,994
T1°9¢ G 94 1°1.6 G*'29 H;mw OLd.9 utd 31d ,99. SJasutTey) STTTV
LSOO MIN 40 dDHVINIOHAA ddAL T17I0d
€96T 296T T96T1 0961 6S6T ddAL "THAOW AV
HVHX

(% G-
OOHLQ.Q.O.%V 3800 M3Uu JTayjl Jo jusoaad ug SaUTqWOd Tapouw mmmH JO sonTeA pPas IT-d HAT9VIL XIANA4LY



-257-

2 €h 9° 94 G 66§ T°19 L*'29:hT=42T~.0T aVu

G2t T°6¢ L 6y T°6S 6°€9 ubi6 wE=Lu

g et T°0f 6°06G 95 h*G9 L uc—Lu

2°G¢E 62t TG 0°66 1°29 6 w001 aadng, SaauTeY) STITY

qd773d0dd ATIS

-- -- 0°96G G LG 1°29 ag .. uBTu

LG L gt L'hS L*8S 1°€9 0Ld L w8Tu I9ATTO

-= - ' hG 7°09 t° 4G9 Pd. L u88u

L LE h €y g°2G h°09 0°99 0Id .. u88u

h he 0°et 0'4§ °09 £°€9 ad.2z1 Wi T=D4 SUTTOW STTodesuuti

-- -- L LS 8°19 G'89 asgd .. w42ddITd 06,

2 he b€t 6° 4G €°€9 6°€9 0ILd .. WwJI9ddTTO 06,

-- -- h* 0§ 0°86G 0°G9 ag.9 W JI2ddTTD 06,

6°G¢ h°Gh 0°€G 809 T°69 0Ld.9 W JI9ddTTO 06,

T°€€ £ LE 9°64 L°4§ h 9 OLd, 8 wld09,

- - e ly €°€¢g G'h9 asg.g wLd09, uosndasg Asssep

L*TS 6° L L°4§ R°T9 L*h9 0Ld.6 N a

- - 2°hS T°09 T°%9 adg.6 wOhTu

2 ' he £ Q¢ £°€gq G°66 0°19 OLd..L w9lu

-- -- 816G 0°LS L°6G ad. . w9lu J393S9AJCH
Teuofjeuaajur

€961 2961 1961 096T 6661 HdAL TIAONW ANV

(p,3u0)) II-g ATdVI XIANAIJV



*J9peay ayj

JO UY3PTM ayj 03 sasaJad ,gI----,9,G pue Jjosyes aamod ST QLd ‘USATJIP aujlus ST QF :odaUm
T°9% 2Ly 2 LS G*66G 8 19 10T wGEu IIATTO
h*he 6°8¢ 961 h°Gg €°G6G W ET w89T-HdS,

2 8¢ AR T°6G6 h°T9 €19 1CT u89T-dS.u SUTTON
sTTOodBaUUTH
K0S 6°06G 6°LS 9°'k9 ¢'19 1T uwcbu
€°09 '8t £€°L9 9°'19 G°'19 0T uC8u
G gt €°9g €° TS 0°84 929 0T w094 uosn3dasg Aassel
he6h L°06 L°96G 0°¢c9 - 16T wIGTu
8 6¢ ¢ hh 8° 1S L' 66 h'€9 0T wlhTu
1°06 h°€g QG £€°29 1°29 0T wlOTy d931S3aAJdBH
TRUOTJBUJISQUT
9°¢g 8°TS 266 -- -- 18T=u T wGbu
L9 LG ¢'T9 h°€9 9°¢29 WHT=a 2T M
8°8h L 9% L°09 8°19 2'€9 +0T-48 uwGtu 9493 uyopr
L*9n €06 2°09 £ €9 2' €9 2T w82t
g 9€ I G Gh 146 829 2T wl2h 330USH0D
6 " he 1°19 ¢°99 269 2° Gl 10T w0STa as®e)
£96T 296T 1961 0961 6G6T1 HddAL THAONW ‘ HAVNN

(*P,3uod) II-g FI9VL XIANZIJAY



-259-

-- - L hE T hh 9'z9  ap-ad WG22u

- -- € 1e L € L'29  ou-ad wG22u

- -- 0°hE € €h g'29  nd-ag wG22u

T°hE 6°6€ L* 9k 866 G'29  a0-01d 20224

8 e 0°Th G Ly 0°19 G'29  od-0Id w0224

9°hE 6°0t L* Ly 1°19 L'29 na-oid 20224

LU€€ 9° L€ 2 En 6°8h --  q070Id w22

2" e 6° L€ 8"t £ g --  oy-oxd w2lu

G ¢€¢ 9°LE 0°2h €Ly -- nd-0ud AT

G0 o 99t L°2S -—-  a0-0d WTT2u

2 LE 2 Th L*gh 26 --  o4-0Id WTT2u

' 9€ 0" Tn 8 Gh 9° 16 --  ng-oud WTT2u os®)
- - 6° G 1°29 6*l9  ou-ad -

- - G hh 0°09 1°89 nd3q9-ad --

2* L€ b Th 6t L*19 G'69  oH-0Id --

€6 he6€ T°€h 6°85 €0,  ny390-01d - sasuTeY) STTITV

1S00 MAN J0 FDVINAOHEL
€961 2961 T96T 0961 6561 TAT, TAAON IV
HVHL

(46 -"q*0°J) 3S00 MaUu

79Uy Jo jusdaad UT SJ03sSaAdey o3eJOJ Tapow gGET JO sanTBA pesA--III-d FIAVI XIANAIdY



-260-

-- -- T°06S G'€9 469 qo-ad WwlET-HTa

-- -- 226 7 H9 969 oy-ad WlET-HTa

-- -- T°06 9°29 69 ng-qa wlET-HTa

0°GE 2t £°99 £°99 R*,9  Q0-0Id wlET=HTu

€6 2°'Sh 0°1S G* 69 h°G9  oU-0lLd wlET-4Ta

€€ 6°2h TS G'€9 9°69  nd-old wlET-HT, paod
== == €°1h 1S 9°89 ad-ad uBu

- -- €' Th T° 1S 0°69 oy-ad uBu

-- -- T 2y T°4$ 9°89 nd-aa uBu

2 €€ 8" LE G Th g8° GG 0°€9  Q0-0ld w8

L*2¢€ heLE T'Th 6°hS T1°€9  o4-01d wBu

e rE 6° g€ 9°2h 9°6G 2°'S9 nd-old w8 aa99q uyop
-- -- T €Y 8°9t £°09 oy-ad wTThu

-- -- L 2 € 9 1°09  90-ad wTThu

-- -- 2 e 0° 91 G'09 ng-ad wTTha

LL2 9°2€ 6°0k 9° kit R°6S  Q0-0Id wIThu

G e L°62 g Tt 9° 8°65  oU-0Id wITha

6 G2 L°0¢€ L1y h°Gh 6°65 nd-0ld wITha 39NYSyH20)
€961 2961 1961 0961 6561 AdAL THAON AV

(p,3u0)) IIT-d ATdVIL XIANIJAV



-261-

- -- -- G LS 2°G9 .L-q0-ad wIhGI T,

-- -- 0°th €°9G 2°59 .9-90-ad w9hGI T,

-- -- TG4 6° LS 2°G69 ¢g-°Y-ad w9hGIT,

-- -- 2 th h*LS 2°G69 T-°9-ad wOhGIT

-- -- 8"t 8° LG 2° 499 nd-qd LT

-- -- -- h°8S €°69,/£-90-01d NLETa

T°L€ £ on L Eh h°8S £°69,9-90-01d wOhGdTw

heLE -- h°Gh T°66 €°G9 2-°4-01d wOhGITy

b LE 2°'0f 2 Gh G°8S €°G9 T-°4-0Id LT

2°LE 0°0h 0°Gh 265 €69 nd-oxd wOhGI T,

-- -- €64 €64 L°G9 q0-qd ufihGu

-- -- 06t 8°86G L°G9 oU-Qd utiiGu

-- - 0° 64 0°6S L° 49 nd-ad whitiGu

T°6¢ g 0H L 64 8°66G G469 qQ0-05d uhhGu

2° G 6°6€ € 6h T1°65 h°G9  °Y-0Id whtGu

8 he T°0k €°6h G 66 F°S9 nd-0lLd whtiGa xo4q
€961 2961 1961 0961 6561 HdAL TIAONW AV

(P,3u0o) III-9 ATIYL XIANIIIVY



== == T Ly T°LS 9°G9 °¥-a4 uwOcCu

-- -- U9 L°SS  9°n9 A03nd-qd w02

L'0¢€ 6 0% G 9% T°96 h*h9 o4-0.1d uw0cCu

€°6¢ 9°6¢ 8 9% 2965 0°T9 Aqd3Nd-O0Ld uwlcu uosn3asag Lassep

== == 9°6% 6°LG €499 ad-ad uwd=02u

== -= h*6h 2°86¢ 2'49 oY¥-ad uO=0cu

- == L°06§ 9°66 T°L9 nd-ad wO=02u

c'g¢ AR b 0S 0°66G €99 Q0-0.d ud0=0cu

gt Gy 2°06§ 9°66 £€°69 o4-0d1d wo=0¢u

1°0% 0Lt £es 0°¢9 ¢'89 H=0Ld uwO=0cu d93S3AJdBH
TBUOT3BUJISQUT

e = £k 9183 28 O -

9°09 ¢ ao-am

- -= 8 LY 685 9°09 oy-ad ==

T°0% L En T°26S A 6°L9 Q0-0Ld -=

T°8¢ 8°TH 0°6% 6°66 G649 °4-01d -=

6°6¢ g8 Eh € 8h £°09 L*499 nd-0Ld -= TYad

£96T1 2961 1961 0961 6661 HdAL THAON AV

(*P,3uod) III-9 XIANZJIAV



-263-

- == ¢ hh - 9°69 q0-ad uctu

-= -= €t == LS9 oy-ad ucu

== -= ¢ hh == 9°499 nd-ayd 4

hcg G 6¢ L tn G*64 L*'99  ad-01d uctau

T°€E L6t TGt €66 ¢°L9  °Y-01d witu

9-ct b 6€ 9"t 2’65 9°99 nd-0aLd 4 oaded
€°6¢ T 9% T°€S 669 8'6L. nd-01d w0024y

£ ne L*0o L 9 6°19 2 L9 od-01d w0024 I9ATTO
-- -- E€°6h G'€9 -- ad-ad uw008u

- - 2 6t €9 == oH-ad w008u

== - 2 6 €°€9 -= nd-ayg u008u

W Th €9 AN §'h9 -= q0-04d w008u

€°TIh € 9y g 6 0"%9 -= 9d-0.Ld w008u

W'k € 9 AN €°%9 -= nd-0Ld w008u

-- == G 6h L €9 0°'T. qQ0-ad wl094

-- -= g6 €9 6°0. oy-dd w1094

- - G 6h 2'49 9°cl nd-ad wl094

6°G¢ 8°'ch £°6h 629 L*69 Q0-0Ld wlT9a

T°9¢ 8'ch c 6 h°c9 L'69 oH¥-0dd w194

0°9¢€ 6°ch £°6n 679 0°¢l nd-0dLd w194 PUBTTOH MSN
€961 96T T96T 0961 6661 d4dXL TAJON AV

(pP,3u0d) TIII-d ATAYI XIANAJILV



*qUSWYORBY3B . JBQIS34ND S93BOFPUT q) pur ‘jquswyoezie doao Mod

S94BOTPUT oY ‘ausawyoeriqe dnyoTd s93BOTPUT nd ‘JJooxeqd asmod ST OLd “USATJIP SUTBua ST dd :3J9UM

-- -- T°64 8- LG 1G9 Q0-Qad ucbu

-- -- 6 tih b LS h°G9 o¥-ad ucbu

-- -= G'Eh 866G £°€9 nd-qd ucbu

G'on 0°9% 9°Gy 266G h°G9 q0-01d ucbu

G 2h 0°8f h*Gh 6°85 1*'G9  OY-0ld ucbu

L 1x hlh h°Gh £°65 h*G9  nd-01d uwibu oaderg
€961 2961 T96T 0961 6G6T AdXL TAAOW IAVI

(p,3u0d) III-g A19YI XIANAJIIY



-- -- L°Eq 8°G¢§ £°L9 M-a3d aM=hTCu
T°4€ 9°€€ 6°Eh 2'9% 0°.9 M-0Ld aM= T2
- -- 9°64 2'96 6°99 L-ad wI= T2
G 2n 9°0f 0°05 2°'0§ h°99 L-01d ul=fT2u
- - 8 64 0°96 6°29 1-dd wl=hTu
6°94 L€y 8°1G 896 h'€9 I-0Ld wl=1 Ty aasaq uyop
G'92 L-2¢ T°G¢ hhs -- M-01d wGETu
-- -- 0°G¢ 1°96 -- M-ad wGETu
862 ARA L€y £°86 - M-01Ld wMO9T.
-— - 0°€H 8" LG -- Mm-ad wM09T,,
9°62 6°1¢€ 2 en 9°96 - I-0Ld wL09Ty
- -- 6°1Th 0°96 - I-ad wL09T.
2°92 L*L2 1°0€ 0°19 -- M-0Ld WMON Ty
\ - - 9° 1€ L*09 -- M-ad WMOR T,
mw 9° 1€ 9°LE T°€h €66 9°89 I-01d WEETu
! -- -- G g€ 966 6°99 I-ad WwEETY 8s®e)
- -- 0" 64 6°19 G*69 1-a3 wOLO"4
g LE T° Ly 0°64 8°09 G*89 I-01d wOLOYH,, saawTBY) STITV
LS00 MIN 40 IDVINIOHHA
€961 2961 1961 0961 6G6T AdAL TAAOW ANV
yvax
(%G = 9oTad

*qr0°J) 3800

M3U JTaya JO jusodgsd UT SJIa9TBQ Tapou

8G6T JO sanTea pasN--AI-d FTAVI XIANAILY



AR 0°8¢ £°06G L°6G h° 0L L-01d w2df3 1Ing, SUTTON sTTodeauuty
G*0f G 1t ¢*'ch 19 T°69 L=-0dd wEau
- -- e hh ¢'09 269 L= wu
02t L LE 0°9% G*2g 0°99 L=04d wlu
-- -- 89t 626G °99 L-qad ulu staaey Kassey
- - 6°¢th 8°06G G99 M-d4d wM=GG,,
N.wm N.mm @.M: m.m: w.wm M-0d1d :3lmm=
-= == :.m: O.mm N.N@ L=04 :Blmm:
6°GE 2" G¢ 0°Sy €'hs 0'.9 L=04d wl=GGy,
- - G 9y €46 9°49 L-a4d wl=9tu
6°Eh L'Eh £°2s 6°85 ¢ 89 L=0Ld wdli=9fu
A_u - - £°'8h 21§ L9 L=dd wl=Shu
o C¢'Et 9°G¢ 064 0°Gg h°L9 I-01d wL=-Gty J93Sa9AJeH TBUOTJBUISIUT
|
9°0f :.m: 809 m.mw N_.N.o L=-0Ld w08=tTu :OmN:
- -= @.Nm :.H@ m.\kw L=0dd :HNI:H: :OMN:
- == 2Ly 996 T°.L9 L—=dd Wbh=hTu paoyq
- == N.N.: @.:m w.m.w L—=dd :NHl.m:
6°'LT £€°92 A 2'4s 1°99 L—-0Ld ucl—dy, uosn3dasyg
096T 6G6T HdAL TAAONW HAVNN

€961 2961 T96T1

(P,3u0d) ATI-d FT1dYL XIANIIAY



*9T3 SJdTM JOJ ST M Pu®B f8T3 SUTM3 JOJ ST I “JJoaye] gaamod ST OLd ‘UusATJap auflus ST gF :9J9UM
£°6¢c 9°g¢ T°6h T°LS -= M-01d uM=09.4
-- -= 6°Gh L*86S -- M-d3 wuM=09,
-- -- 6° 9% T°€6G 8°49 M-dd w00Tu
-- -- Tt L°8§ L°t9 L-dd w094
h°6¢ G 0f ¢ hh 8°86G G°19 L=0dd w094 I3ATTO
- - 9 Gy 9°66 6°99 M-d4d wB86u
S 0°6ce L € T°8h 8°1hS 2° L9 M=0d4d ul8u
< -= -- g8 6h 0°96 6°TL M-ad ul8u
'o1rce 0 G €06 2 LG 9'99  1-01d Ll asdng,
-- -- Y L*G6 29 L-a¥ wll aedng,
L° 06 6°06G £°8h 6° LG 9°99 L-0Ld u89%u
-- - S 64 h°99 699 L=dd u89%a
-= -- G 06 0°.LS 6°99 L-ad w99 aadng,
g6 6° 9% L 64 G°*9§ 9°L9 L-0Ld w99 Jadng, PUBTTOH MaN
€961 2961 T96T1 0961 6661 ddAL THAONW . AV

(pP,3u0d) AT-g ATEYI XIANAJIAV



-268-

9°0¢ 9°Lc 6°Gh R 1€ L°29 ¢="PIN atithih 3 EEE,

T°8T b G2 €°LE 8GN "B 11 T - 34 uTu uosn3as Lassel

G'62 G*2h €Ly h°86s 9°19 ¢= P3N w0C~-WH hEu

8 he 6°he 0" ft == 8°h9 T= P3N w0T=0¢cu

O.m: m.m: N.Nm m.NO :.mw ¢ = 3d :mmlN:

£°6¢t ¢ hh :.m: °T9 m.:o T - 3d wdd-Tu Jd93SoAdBH
TeuoOTjleUuUaIZ8j3UT

L°9% 6°64 L*t9 6°89 9°€9 2 - PIN w99-9Tu

S hh £°06 h° €S ¢'89 9°¢€9 T - P3N wG9-9T,

h° 8¢ ¢ hh G064 h°h9 8 €9 T = 3d uli=9Tu pI0o4q

N.m# H.Nm N.Nm N.NO m.mo Z - PIN :NNN:

G°g¢ 6°2h 8°1S T°69 0°€9 T = PIW wllTu aJd99(J uyorp

¢'Th ¢ "8t G696 8°69 -- ¢ = PIN T4

0'T¢ G*62 8 "th 2'9§ 1°09 ¢ - PIN uw0Chiu

®-$: N.Om w.m3 m.mw O.mm T - 3d :m&:

A €16 9°06 0°69 G*'H9 T - 3d udu 98®)

:.mm 9° 9% N.:m m.:@ -= ¢ — PIN wlTu

2°6G¢ 8 0h T°8% G*09 0°99 T - 3d wSEu

6°1Hx £ 8n G* €6 9°19 h*th9 ¢ = °"PIN wEEu SaauWTeyYD STTTIV

LS00 MAN 40 HDVINHOHHC
€961 2961 T961 096T 6561 ddAL THAON HAVIN
1SAACHN

(3G = 9otad *q*0°J)

3S00 Mau JTayj3 Jo jusadoasad ul sasio1d ugoo Tapow gGET JO sanyeA pasA--A-d JTAYI XIANIILY



-269-

*P93S8AJIBY SMOJ JO J3aquNU ayj S93BOTPUT ¢ 40 T pur ‘adhkg Trnd sT 3g ‘pajunouw 03 SJddJad PIN :9Jd9UM
G*le L°G¢ 2° 06 L*LS 9°29 T - P3N w9u
'€y S'hy T°8h 2 LS G*29 T - 3d uwGu
L' 9% G*9y £ 16 L LS 8°T9 ¢ - PINW nm
2Lz 9°6¢ th°8h 8°LS £€°19 ¢ - 3 e JI3ATTO
G*'¢€e 92t f°Gh h*'hwG 6°T9 2 - PIN w0Cu
€°0% 9°th L°6h L°Gh G*09 ¢ — 3d w00E 4,
0'LE 0°8f 2’9t £°09 1°29 T - 3d wO0Tu
62 T°0f G 9t T°TG 6°09 ¢ — 3 wuV9 B 9, BapPI MaN
VA 1°0% 9°8h L* 8¢S h*6G 2 - PIN --
0°8t G Ly h°GG T1°86 6°09 ¢ = 1d -
h6¢ T°th 216 G'66G A T - 3d - SUTTON
stTodResUuuTi
£96T 296T 1961 0961 6661 HdAL THAONW IV

(P,3uo0d) A-d

d7dVL XIANHddV



=270~

--  L'Te €*y2 2°le 0°2¢ 9°GE g0 8°Lh 0°'9% 2'€G I-0Id L., aa2dng, PUBTTIOH MaN
L*LT 0°22 §°he 0°'82 O0°0f L*'gE €°€h 1'€S g°'2S% 6°'8S I-0Ld wl=Ghu J193SoAJIRY
Teuofjeuasjul
6°8 h*hT 2°9T 8°8T 0°€2 G°0fE 6°€E g°0f T°0S5 9°LG M-0ld aM=1TTu aaas(q uyopr
SYAIvVd
8°8c @8°2¢ 0°9¢ S'o 6°Eh 9°¢ 679 T'TIS S'€ES L-2l 12T w064 STaaey Koassep
L'TE @g°GE g LE L°9¢ G°6E L6 G°KG 0°GG g°GS -- At wVa UTMpTBYg J3UuBSTH
aaT173d04d AT4dS
6'T¢ 0°gz L'0E §'hE G'9€ T'TS €°9r L'LS 6'2L 0°G9 . L-01d w9l d99SSAJEH
TeUOT3BUJID3UT
£°22 6°t2 G°lg @g°et T°gE E£°6h 6°1HG £°Q8G {°TI9 Q°6G ,2T-0Id uwG9u 8ass( uyop
(4dXL) SANIFGWOD AdAL T1I0d
9°L¢ €°9€ 8'qh w'6hK 6°TS T°LS L°29 6°L9 9°89 8°L9 Ly .88 aadng, JI9ATTO
g'Gn €06 Kreg €1 €°9% 0°09 G°w9 T°€9 0°79 ¢e-2¢l Sh w0ly 8d98Q uyor
SHOLOVHI THASHIA
T'€S 0°gh 2°16 8°9G% 6°GS 2°09 0°29 9°€9 0°69 8°L9 6€ w0684 paod
F'gE €°2h 0°Lh 6°0S% K'0G €°€G g8°G¢4 g'gS T°€9 -- hh wITha ase)
0'9y g'6f T°HS 2°€S 6°6S L°8S 6°99 9°v9 T°L9 L'69 g€ WG =AMy sasutey) STTTVY
SHOLOVYL ANITOSYD
INIOHAd
9961 G961 (96T €£96T <296T T96T 096T 6S6T 8G6T LG6T HYHIHILO TAAONW TV
HVAX
(%6 = sotad
*q*0°*J) 2S00 MaU JT9aY3l JO gusdoaad UT SaUTYOoBW 9GAT Po309Tas JO sanTea pasn--I-0 HIVIL XIANIILY



juawyoeri3qe dnyofd Ja0J ST

*Pa3SaAdRBY SMOJ JO Jaqunu
8U3 S93BOTPUT 2 J0 T pur ‘pejunow sa3eoTpufl pal ‘odL3 Tind s8380TPUT 3d--SJI8NOTJd UJIO)

nd €‘juswyoeijze doaomMod J0J ST OY ‘jusauwyorille Jeqda33nd S33BOTPUT Qq)--SJ93S38AJRH o3BJIOJ
8T9 ©JdTM JOJ ST M Pu®B S8T3 SUTM3 J0J ST J--SJaaTed
UJPTM J9DPBIY 03 SJ9J9d | {h=-=-==)==S9UTqUWO)
:J0J pue JJoaje3 Jamod S83BOTPUT QL :9Jd9UM
-- G*0€ G'hE S°TH G Iy €78 6°GS5 S'€S 6°KS 879G ¢2-3d wd®NSNH,, SUTTON
stTodRSaUuUT)N
-= S'hE 6°€E 0'¢2h 2°Gy G99 8°'C9 B8°LG 865 T°LS C-PIN w99-9Tu paoyg
-= T°he 6°L2 Q€€ 9°LE {°0§ E£°67 G'6f T°6h 6°'1rS T-1d wddy 9s®)
SHHYOId NHOD
T°Tec 9'€2 G°9¢ L*'62 0°GE 0°0f 9°Lf 0°2% +H°9n 1°9§ od wo—0cu I931S9AJdRYH
TBUOTjBUID3UT
6°Te €°¢€c L*lcz 2°T€ T'9¢ 9°th 9°hG 6°G6S -- -- nd ahtG=d, Xo4q
T°G62 L'82 ¢2¢°0& ¢2'wE G°LE E°0h H°GS T°09 -= 6§ oY -- Tus9
0°Ge €£€°'ge L*cE E£€°9¢ 9'Tw L°ch L°S9S G°09 L°09 -- ad ucbu oaded
SHHLSHAHVH HDVHO4
g€l 0°92 €62 O0°hE L°GE E£€°0f 9°SH 0°6K 6725 £°09 L-0Id w0Gy I9ATTO
9961 G961 "H96T €961 <2961 T96T 096T 6G6T Q96T LG6T YHHIO THAONW AAVIN

(P,3u0d) I-0 JTdVL XIANAIJV



BIBLIOGRAPHY

Public Documents

[1] U.S. Department of Agriculture. Farm Cost Situation,
FCS-35, November 1963.

[2] U.S. Department of Agriculture. Farm Cost Situation,
FCS-36, November 1964. T

(3] U.S Department of Agriculture. _Agricultural Statistics,
1963. ' -

(4] U.S. Department of Agriculture. Agricultural Statistics,
1965. '

(5] U.S. Internal Revenue Service. Farmers Tax Guide, 1965.

Books

[6] Doane Farm Management Guide, (Doane Agricultural Service,
Inc., St. Louis 8, Missouri).

[7] George W. Snedecor. 3tatistical Methods, (Ames, Iowa,
State College Press).

Periodicals and Articles

[8] Leonard R. Kyle. Michigan Farm Business Report, (Michigan
State University Experiment Station; Research Report,
No. 30, 1963).

[9] National Farm Power and Equipment Dealers Association.
Official Tractor and Farm Equipment Guide, (St. Louis,
Missouri, Spring, Eds. 1953-1966).

[10] National Market Reports, Inc. National Farm Tractor and
Implement Blue Book Valuation Guide, (St. Louis,
Missouri, Spring, Eds. 1953-1966).

-272-



(i



