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PREFACE
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CHAPTER I
INTRODUCTION

Some farm management decisions are made so infrequently that a
farmer's experience may prove to be of limited valuve. In such cases,
economlc analysis can be of real assisfance° Machinery management in-
cludes problems of this type. Much research has been focused on the
optimum level and mix of labor and capital, including machinery, for
selected farms. vBut there has been relatively little work on the eco-
nomically optimum time to trade machinery. The lack of such knowledge
is one of the bottlenecks in machinery asnalysis. The iHEEEFWQfmthiS
study is to develop criteria which farme;g»ggn“g§gbtp_make économical
yea?i&wéégiéééééﬁﬁMa;;iéiéﬂé;”wigcluded in the replacement analysis ére
maﬁ;M;;w¥£éuﬁégiéﬁiés”Which affect the optimal replacement interval.

*\ﬁuch factors as labor charges, land purchases, capital avallability,

and other factors that have a profound affect on replacement practices

are analyzed. )
p

s
o
e
e

Obgectives

This study is.confined to development of optimal replgcement,pro=
cedures for farm machinery, and does not determine what the actual
inventory of machinery should be., If the current level of machinery

1nveéﬁment 1s satisfactory and external factors do not change, the

problem is maintaining the existing level of machinery services by



using optimal replacement procedures. IIf external factors do change,
then the problem is one of adjustment to a new satisfactory level of
machinery inventory. Through proper planning, it 1s possible to deter=-
mine how and when to move from an existing to a new level of investment,

To formulate replacement procedures, it is first necessary to
develop a general theory of replacement. The theory developed should
provide genefal replacemeﬁt criteria which can be adapted and manipu~
lated for practical application to realistic conditions.

Successful machinery replacement procedures should be usable by
farmers. To be usable, the procedures musf be convenient to apply ;nd
give reliablevresults. This study includes efforts to condense complex
formulas and procedures into convenieﬁt tables, graphs, and other
easily ﬁastered commﬁnicétion methods.

Besides being useful to individual farmers making replacement
decisions, replacement analysis is also crucial for long—term‘farm
planning. The two situafions are different., 1In the short run, the
farmer asks the question: Glven my current situation and what I expect
for the future, should I or should I not replace the machine
immediately?

For long range planning, it is necessary to know the optimal ex~
pected replacement interval and resulting average cost so that future
farm costs and returns can be anticipated. This study is intended to
be useful for both short~ and long-run situations.

At this point i1t is necessary to emphasize the place of expectéd
costs in this study. If long-run or expected replacement intervals are
béing studied, it i1s obvious that expected costs will be used. When

making short-run replacement decisions, expected costs based on past



experience of a large number of farmers is used only as a point of

departure. The actual replacement decision requires an estimate of

future costs made on the basis of actual past costs, experience of

other farmers with similar machinery, and firsthand knowledge of the

particular machine,

The objective of thisvreplacement study is to assist farm managers

in reducing costs of maintaining machinéry capability. Toward this

end, procedures are developed to analyze the situations outlined in the

following paragraphs:

l.

The basic situation analyzed 1s that of a farmer
replacing his existing machine with an exact duplicate.
A procedure is developed whereby the trading_point can
be attained with the least possible average yearly
cost over time. Usage of the model is then extended
so that it i1s not necegsary that the proposed replace-
ment be an exact duplicate.

Costs of the currently owned machine may also vary,
thereby affecting the optimal replacement pattern.

The cost changes may be due to some chronic machine
deficiency or due tc one large repair bill, Proce~
dures are developed for handling each of these
situations,

Economists may advise ménagers who trade either before
or after the optimal point of the oppdrtunityvcosts of
such decisions. 8uch costs are calculated in this
study,

Specific external factofs which may be analyzed with



the modgl are land acquisitions, changes in labor
charges, and changes in Interest rates. An objective
of this study 1s to determine how each of these fac-
tors affects the optimal trading interval.

5. Another objective involves evaluation of used equipment
purchases, dJust as optimal trading points can be deter-
mined_for new equipment, the optimal trading points and
associlated costs can be‘determined for used equipment,
It is then possible to compare the relative merits of
purchasing used or new equipment.

6. Institutional arrangements which affect optimal replace-
'ment intervals include investment credit and taxes.
Investment credit is a direct saving. There is an in-
direct tax opportunity cost associated with an older
machine as opposed to a newer machine since yearly
depreclation can be deducted from taxable income. An
objective of the study is to evaluate these institu-
tional arrangements and determine their affect on
optimal replacement intervals,

Emphasized in this study are farm tractor replacement procedures,

Combine>and automoblle replacement are also analyzed using the modegl,
Previous Studies

Many studies have evaluated empirically the costs of owning énd
operating farm machinery. But few economists have made empirical stud-
ies of replacement procedures. Past replacement studies deal princi-

pally with theory,



Replacement models developed by industrial engineers deal primarily
with situatlions where numerous simlilar machines are belng operated
simultaneously. ‘Farm machinery replacement usually concerns the peri-
odic replacement of one item, for example, a tractor.

Mayer indicates; for an industrial situation, the basic problems
of implementing replacement theor‘les.l He points out that it is diffi-
cult to develop a realistic model which requires relatively simple math-
ematics and yet presents an accurate picture of the costs involved. It
is also difficult to develop accurate estimates of the company's future .
need for the machines in question. Developing a realistic replacement
model 1s hampered, not by whether or not machinery will be needed, but
by inability to anticipate accurately future costs and feturns.

In his study Mayer concluded that the primary value of replacement
theory 1is to acquaint industry management personnel with the factors
which must be taken into considerafion in an equipment replacement
decision., He points out that replacement decisions wlll continue to be
made by individuals without intensive economic analysis. This will also
hold true for agriculture. But, hopefully, in the future, Jjudgments
now based primarily on‘limited experience will be supplemented with more
vigorous economic analysis.

Burt developed a replacement model for a risk situation applicable
to both farm and industrial equipment.,2 In his model, equipment may be

replaced elther because of some random failure or because the minimum

lRaymond R. Mayer, "Problems in the Application of Replacement
Theory, " Management Science, VI (1959), Pp. 30%2-307,

QOScar R, Burt, '"Optimal Replacement Under Risk, " Journal of Farm
Economics, XLVII (1965), pp. 224=-246,




cost interval of ownership is reached.n The risk in his model deals
with‘the érobability of a random machine failure occurring in any given
year, not in the variability of repalir costs which may occur for a given
machine, To determine the optimal ownership interval, Burt maximizes
the present vaiue of the net revenue stream, or alternatively, finds the
interval which offers the highest rate of return,

Shaw developed a model which he confined to machinery replacemento3
After very carefully calculatihg the total amount of work done by a
tfactor, he attempts to develbp an accurate representation of repalrs
and other costs. Incorporated in his model are the deri?ations of
optimal repalr and maintenance policies. After determining the optimal
replacement interval of each pért on the machine, he uses the results to
find the optimal ownership interval for the entire machine, Shaw's
study is completely a priori; i.e., the optimal point is determined
before the machine is purchased, The model is not designed to assist
farmers in making yearly trading decisions. The economically optimum
replacement inferval is determined by fhe Intersection of the average
and mérginal cost curves of the machine; which implies the machine i1s
fb‘be réplaced by a similar machine., Thus, no allowance is made for
purchasing a iargér tfactor or for other changes which will occur in a
realistic situation.

Faris déveloped a feplacement model similar to Shaw's except that

he chose to maximize average net revenues rather than to minimize

3H. Russel Shaw, "A Model for Capital Costs,'" (unpub, manuscript
of the California Agricultural Experiment Station.



average COStS.4 1f, in Faris' model, cattle were kept in a feedlot
past the point when maximum average net revenue over time were reached,
the marginal additions to net revenue would be less than the average
net revenue anticipated by selling the current lot and buying a new lot,
The replacement rule developed is: '"The present lot should be carried
only to the point where marginal net revenue from it equals maximum
average ﬁet revenue anticipated from the subsequent lot."5

A graphic illustration of the application of the replacement rule
is given by Faris.6 It is possible by analyzing the replacement rule
with per-unit cost curves to obtain a more general graphic 1llustration.
The replacement rule requires that when marginal net revenue of the
current lqt first drops below the maximum average net revenue of the
next lot it is time to éhange lots. In Figure 1, MNR represents mar-
ginal net revenue of the current lot and ANR, equals the average net
revenue of the next lot. ANR; reaches a maximum at point "a'l Thus,
anytine MNRL drops below a horizontal line through point "a' i1t is time
to change lots. This occurs in Figﬁre 1 at point "b"whidh indicates
that lot 1 should be sold and lot 2 purchased after "e' units of time,

In addition to analyzing situatlons where no discounting is
required, Faris also analyzes a long term situation for a forestry
enterprise., Because of uncertainty and time preference, the replace-
ment rule is altered. "The optimum time to replace is when the mar-~

ginal net revenue from the‘present enterprise is equal to the highest

48. Edwin Faris, ""Analytical Techniques Used 1n Determining the

Optimum Replacement Pattern,' dJournal of Farm Economics, XLII (1960),

5Ibid., PP 757;758,
6Ib1d., pp. 757.
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Figure 1. Marginal Net Revenue Curve for Lot One and Average Net Revenue Curve for Lot Two, -
Feeder Cattle Illustration
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amortized present value of anticipated net revenues froﬁ the enterprise
immediately following.“? '

Farié' mddel'is-unique'in'that:it allows the manager -to make
.yearly_decisiénsfwhether td‘haryeét.the_timper. Thié type of decision
rule allows for reéeValuafion of curfent and expecfed future_conditions
each year. Thus, 1£ 1s‘ndt:necessary-fo rély on some decisioﬁ made 1ﬁ
the past which may or may-not be appiicéﬁle at the present time of in
the future, | . |

Faris did not develop a repladementvmodel which considered only
costs, But he did develop some very useful concepts-and replacement
procedures easily appliCable.to machinery problems,

Shaw's study was a thorough study of a particular tractor and
Burt's model would be very difficult to apply to dynamic farm situations.
The studies listed above did 1little toward developing usable machinery

replacement policies, This study 1s designed to develop general re-

placement policles using many of the concepts which Faris presented.
Outline of Following Chapters

The order- of presentatidn for the remainder of this dissertation
1s as follows. »
| Chapter II describes in.-detall the ﬁheory, analytical procedures,
and machinery cost bomponents-tb be used throughout the study. The |
theoretical effects of 1and purchase and abnormal costs on the optimal
replacement 1nterVals are analyzed. Time_preferencé and unCertainty

require discountingvof future coéts'and returns, Thé‘analytical

7Ib1d., pp. 761-762.
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procedures for discounting are discussed and the various fixed and v
variable cost components‘ére delineated. |

Chapter‘III deséribés the empiriéal cost eéuations fo be used.
Following the equations, the most elementary replacement situation,
replacemént with a similar machiﬁe, is discussed. The analysis then
proceeds to more complex problems including replacement with different
size machines and replacement if costs are not as expected.,

Chapter IV contains additional empiriéal applications of replace-
ment models developed in Ghapter II. Covered are: opportunity costs
of not trading at the optimal time, the effect of land acquisition on
the optimal replacement interval, purchasing used tractors, effects of
investment credit and taxes, and break-even labor charges.

Chapter V contains a simulation model for evaluating the effects
of stochastic repair costs on optimal replacement intervals. Because
the theoretical rule developed in Chapter IT fails to operate effec-
tively in a stochastic situation, alternative methods for implementing
the theoretical criteria are proposed and evaluated using simulatiomn,

Chapter VI illustrates the adaptability of the model with examples
of automobile and combine replacement. Also developed is a procedure
which delineates the linear subjective cost function required to make
trading in any particular year 5ptiﬁal,

Chapter VII summarizes the results of the study, presenté the con~-

clusions reached, and indicates the need for additional study.



CHAPTER II
THEORY AND PROCEDURE

The first portion of this chapter deals with simple replacement
theory. The topics developed are: 1)replacement with a similar machine,
2) replacement wheﬁ costs ére not as expected, %) replacement with a
different machine, and 4) the effeét of an abnormal cost on replacement.
| The second portion deals with time preference analysis. Machinery
replacement studles require that future costs be considered in making
decisions today. This'will require that appropriate discounting and
amortization procedures be used, |

The final section of the chapter is concerned with machinery cost
components, Many ltems, both fixed and variable, must be combined to

realistically develop an accurate representation of machinery cost,
Replacement Theory

Replacement With a Similar Machine

/.’/

The economic life of a machine is defined here as the period of
time during which that machine will reach its minimum average yearly
cost, Depending on the replacement being considered, the economic life
may or may not be the optimum ownership interval. At the point of
minimum average cost, marginal costs are equal to average costs., (See
point "a' in Figure 2.) By considering the horizontal axis to be time

in years, the marginal cost curve can be defined as the yearly costs of

11
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Figure 2, Theoretical Marginal and Average Cost Curves

$/Year

c b a Years

Figure 3. Replacement When Marginal Costs Not as
Expected and Proposed Replacement is
a Similar Machine
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owning and operating a machine. Marginal cost as,ﬁsed here includes all
fixed éosts. Average cosf for any year T is the accumulated total of
yearly costs up to and through year T divided by T. The average cost
curvé,rAC(3 in Figure 2, may be found by plotting average cost for each
year T, allowing T to range fromvl to n.

The yearly costs vary throughbut machine life, and the relative
importance of the yeafly costs at any point in time must be taken into
account using a discounting procedure,v A later section of this chapter &
outlines the procedures used to handle time preference. A timeless
environment is assumed for the remaining theory portions of this chapter.

Machinery and vehicles have variable repair costs, The fluctuating
outlays for repalrs cause less variation in average cost than in mar-
ginal coét, which deviates by the entire change occurring in repair
cosfs. Because of the number'of years invblved; average costs settle
‘ to a somewhat établé patfern, but marginalvcosts continue to fluctuate.
Thevvariébility of marginal costs makes replacement analysis for each
individual machine very crucial, but this same variability limits the
ability of a deterministic replacement model to tell an owner exactly
when to replace. ©Smooth marginal.and average cost curves will be as-
sumed in this section, leaving repalr cost variability to be considered
in a future chapter.

In Figure 2, point “'a" is the economic 1life of the machine, If
this machine i1s to be replaced bywa machine with duplicate cost and
technical capabilities, trading should occur every "a" years. Under
the assumptions outlined above, optimum replacement intervals are
easily found for machines with cost curves such as those 1llustrated

in Figure 2.
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Replacement When Costs Not as Expected

Actual circumsténces differ considerably from those depicted in
Figure 2, Yhen a tractor is ten years old, a comparable new model is
probably no longer available on the market, Also, costs for the older
tractor and its proposed replacement will not be the same. Therefore,
some kind of generalized feplacement éritérion is needed,

Replacement, according to Thuesen7 should occur under these
conditions:.

If thé costs associated with an asset continue to rise dur-

ing the balance of i1ts life, it should be replaced when

its costs for the next year will exceed the_ equivalent

annual cost of the prospective replacement;‘1
In other words, replacement should occur if the marginal cost of the
older machine is rising and it exceeds the minimum average cost of the
proposed replacement,

This‘criteria may be applied to the situation in Figure 2. Let
AC, be the average cost of the proposed replacement and MC, the mar-
ginal cost of the older machine., At "a', the optimum trading interval,
marginal cost is rising and is equal to the minimum average cost of.the
proposed replacement. Thus, the generalized replacement criterion
applies to the elementary situation illustrated in Figure 2.

The generalized criterion is next applied to a situation in which
costs are not as expected. Assume for this situation, illustrated in
Figure %, that marginal costs of the older machine are higher than ex-
pected, The high marginal cosfs may be caused by an unantiéipated

chronic machine deficiency that results in large repair costs., Also,

1

H, G, Thuesen, Engineering Economy (New York, 1950), pp. %35, 326,
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assume that a similar machine will be purchased to replace the.existing
machine, Point "c" represents the year in which marginal costs.first
rise above expected yearly cosfs. After year "c', the marginal cost
curve is MCO’.

The average cost curve of the proposed replacement, AG , will not
be altered by the increased marginal costs of the presently owned
machine, Therefore, the relevant cost curves for making the replacement
decision are MCJ and Aql. The replacement criterion requires trading
machines wh;n the relevant marginal cost first exceeds the minimum
average cost of the suggested replacement, The minimum point of AC&,
in Figure 3, occurs at point "y, Therefore, any time the relevant
marginal cost curve, MC; in this case, crosses the line "xyz' from
below and is expected to continue rising, it is time to trade machines.
The illustrated example indicates that machines should be traded in

year "b'",

Replacement With a Differént Machine

As mentioned above, a farmer's chances of pﬁrchasing an exact du-
~ plicate of his present machine are extremely slim. The farmer will
usually buy a larger, more efficient machine, In Figure L, AC0 and Mq3
are the average and marginal costs of the currently owned machine, A
more efficient machine having the average cost curve, AC,, is the pro-
posed replacement.

Determination of the optimum ownership interval is carried out
exactly as above., A line tangent to the minimum point of AQL is con-
structed. When the rising portion of the marginal cost curve, MC_,

crosses the constructed line ''xyz'", it is time to replace the
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Figure 4, Replacement When Costs Are as Expected But
: Proposed Replacement is a Machine of a
Different Size

$/Year

c b a Years

Figure 5. Replacement in a Land Purchase Situation -
’ ’ ‘Higher Marginal Costs and the Proposed
Replacement is a Machine of a Different
Size : :
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currently owned machine. This crossing occurs at”ﬁﬁ;;;ﬁhus "b" is the
optimum year in ghich to trade. o

. _Thé ownersh;b i@tefval offering minimum»averagéﬁcost, the economic
life, is "a" years for the currently owned machine. Due fo the avall-
ability of more éfficient eéuipment, the machine with éosts as shown in
Figure 4 1s traded béfore‘itS'economic 1ife_ex§ires. By the same token,
if the minimum average cost of the propoéed replacement 1s greater than
the minimum avéragé cost of the'existing machine, the currently owned
machine would be kept 1onger-than'its economic life, Only‘if the pro-
posed replacement and the existing machine have the same minimum aver-
age cost will the economic 1life and optimum ownership interval be the

same,

{Efféct of Land Purchase on Replacement

The above two sections deal with changes in the optimum ownership
interval caused by unexpected repair costs and by purchasing machines

of different sizes, Using‘a land ?urchase situation as an example,

%5” thié section will incorporate and generalize the circumstances depictéﬁla‘
invthe above.two sections. The basic premise of this section is that ‘ 
when land is purchased, marginal or yearly costs of the éurrently owned
machine will increase, and the proposed replacement will probably be a
larger tractor.

In Figure 5,_Aq) aﬁd MC0 aré the averége and marginal costs for
the exiéting machine before land purchase. The purchase of additional
land in year"c"wili cause variaﬁle costs per year to increase,
Therefore, éftef year "c" the increase in the relevant marginal cost 1is

MC/,
o]
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Because of the larger farm size after year "c'g'éptimum tractor
size 1s likely to increase. Therefore, the anticipatedbreplacement
will have a highér avefage cbét'curve,:ACI; than the currently owned
machine. | B |

The releﬁant ctrves>for_determining when to replace in a land pur-
chase situation are MCGJ andqur, - The 1line "xyz" is constructed tangent
to the minimum pointvat‘ACl. The optimum trading point, where MG/
crosses "xyz'", 1s "b" years, Without knowing actual costs, it 1s
| impossible to determine whether "B" is to‘the right or left of "a',
The‘location.df "b"ﬁili.depend-on fhe relative Changesvin marginal
andvaverége dosté. With aflarge land purchase; it may be optimum to
, trade duriﬁg the iand.purchase year. Or, with a small land purchase
~ the trading interval may be IOngef than "a" years, the optimum interval

if no land had been purchased.

Effect of an Abnorhal.Cost on Replécement

In any one year, an extremely high cost may be sufficient to make
trading economical.v The anﬁual cost necessary to justify trading is
illustrated in Eigure 6. MQ: and AC, are the relevant curves to deter-
ﬁine theloptimum conventional replacement interval, Yéar "c" is the
optimal replacement interval. Aésume the distance from "d" to "c"is
one year. - For year "d“'to be the dptimum interﬁal, the marginal cost
in &ear "d"muSt‘equal the minimum average cost of the proposed
replacement, which in turn 1s”équal to marginal cosf in year "'c'.,

Thus, the difference between marginal costs in years '"c¢" and "'"d" is the
additional cost reqﬁired to make trading in year "d" feasible, In the

case of the continuous cost curves, this cost is equivalent to the



$/Year ) - MGy

a Years

Figure 6. Costs of Not Trading at the Optimal Time.
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shaded area in Figure 6.

The shéded area remains the additioﬁal'cost_required to trade when
the distance from "c'" to "d'fbecomes two years. In the general contin-
uous case, the single'cost‘invany yeaf ﬂd‘Q'SCd, necessary tq Justify

trading 1is:

' - ¢ L
sgd = AC, min (c=d) - [/ MG, dt. (2=1)

One condition necessary for SCd to be. the cost in year "d" required to
justify trading is that_MC0 be rising throughout the distance from "d"

to "c'", A final condition required for Equation (2-1) to be true is:
MC, 2 min AG, for all values of T > C.
Time Preference Analysis

Most farmers will agree that a dollar currently in the bank 1is
worth more than a dollar to be received one year from today. Uncer-
tainty about receiving the dollar one year from todéy is one reason the
farmer may prefer the dollar now in the bank., One way of handling this
gncertainty is to assume soﬁe discount rate which adequatély reflects
the possibility of not receiving the dollar one year‘from now, A
second reason for prefer:ingmoneynpw rather than later is the pref-
erence of the éénsumer to buy goods today as opposed to spending a
dollar one year from now. The discount rate chosen shduld appropriately
reflect how-much the.farmer préfers to consume the dollar now,

A final reason for time preference is opportﬁnify cost. The con-
sumer has the opfion of speﬁding one dollar today or investing it to
obtain:one dollar plﬁs-interést at a later time. At six per cent

simple interesﬁ, an invested dollar will be worth $1.06 one year from
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today. By the same token a bost of $1.06 one year from today is equiv=
alent to a cost of one dollar today. One dollar used to pay today's
costé can be invested at six per cent interest and used to pay a $1.06
cost next year, Thus, it 1s necessary to discount future costs to make
them comparable to present costs, Opportunity costs are probably the
most relevant reasons for discounting in investment situations, since
the money 1s avallable and the decision is belng made on what to do
with 1t,

Selection of the discount rate is very crucilal., If the farmer had
extra cash lying around, the relevant interest rate is that rate at
which he could invest his cash in his own business or some outside
activity. On the other hand, if funds must be borrowed, the appropriate
discount rate is the interest rate he must pay. If his creditors would
allow him to borrow only a éertain amount each yeﬁr, then the appropri-
ate discount rate i1s that rate which his next best alternative invest-

ment will yield, 1f that rate is above the lending rate.

Present Value Criteria

Bierman and Smidt suggest two criteria, present valué and yleld,
for comparing alternative investment oppoftuhities,2 Yield 1s the per-
centage rate of return over costs and requires that revenues generated
be considered. Therefore, in this cost analysis, the yield criteria is
ignored and present value criteria are used,

Present values are discounted future values. The sums of present

values for two alternative five~year cost streams are directly

2Harold Bierman, Jr.. and Semore Smidt, The Capital Budgeting
Decision (New York, 1960), Chapter II.
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comparable while the sums of the undiscounted streams are not; unless
the two_streams are equal., When using present values to compare alter—
natives, each cost stream must supply the same stream of services. The
problém in this study is comparing alternative OWnership intervals.
Since seven and eight year old fractdrs‘do not supply the same services,
present values per se do not give satisfactory results. Understanding |
the simple present value formula is necessary however to comprehend the
extensioﬁs of présent value theory used.to compare tractors of differ~
ent ages.'

The present value formula gi#en in Equation (2-2) may be used to

compare cost streams. The resulting present value sum, PVT, is the
total present value of all costs in years 1 to T.
PV, = T 32, D, (2-2)
t=1
wnere D, = 1/(L+r)t,
r = discount rate,
t = any year between 1 and T,
'T = the final year of costs included,
Z, = actual dollar cost in any year t,
PV = present value of all costs between year 1 and T.

A simplified example of applylng Equation (2-2) to the four year cost
steam in Table I may be helpful. Assuming a discount rate of eight per

cent, the discount factor, D

, » becomes 1/1.08*, The discounting factor

appropriate for each year t, multiplied by the yearly cost, Zt, glves
the present value of Zt, Z, D, . All yearly costs are now evaluated in

discounted or present dollars.
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TABLE I

SYNTHETIC OPERATING AND OWNERSHIP COSTS
FOR A FOUR-YEAR INTERVAL

‘ . Z=year-old Loyear-old
Year Operating Depreciation Total Depreciation Total
Costs Costs Costs
(dollars) (dollars) (dollars) (dollars) (dollars)
1 oo Loo - 640 300 540
2 k 4Qo Loo 800 300 700
z 708 4oo © 1108 200 1008

4 1196 - - 300 1496
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Year (t) | 1 2 2 4
Yearly Costs (zt) = 540 700 1008 1496
Present Value (Z,D,) = 500 600 800 1100

By summing the present value, 4,D,, t = 1, L, the total present
value of incurring the four yearly costs can be found. For the
example, the total is $Z,000. If $%,000 were placed in an eight per
cent investment in year zero; the total undiscounted cost stream of
$2,744 could be purchaéed. At the end of year one, the $2,000 would be
worth an additional eight per cent or $3,240. In year one, $540
dollars in expenses were incurred leaving a balance of $2,700. At the
énd of year two, the $2,700 is worth $2,916. Costs in the second year
are $700 leaving a balance of §$2,216.37. The eight per cent interest
makes $2,216.%7 worth $2,293.28. Deducting the $1,008 expense in year
three gives $1,385.28 which 1s exactly enough to cover the $1,496 in
expenses at the end of year four. Thus, one could pay off the indicated
stream of costs with an income of $2,000 at the sfart of the period or
an 1ncome-1h-each Year equal to the indicated annual costs. The total
present value of a cost stream i1s the number of dollars now it would
take to puréhase the entire stream of benefits given the indicated
discount rate, It reduces future benefits or costs to present values
that can be compared and, hence, can be used to select the best eco-
nomic alternatives.

When comparing alternative cost streams, the intent of present
value analysis 1s to discover the stream with minimum total present
value, The alternative with lowest‘totai present value is preferred
since fewer of foday'sidollars Would be required to purchase the entire

stream. Also, in a perfect capital market, a cost stream with a lower
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present value can always be convertéd into the alternative cost stream
with a higher present value with séme residual savings remaining.

Discovering the optimal ownershlp Intervals for farm equipment re-
quires cost comparisons for tractors of different ages. For present
value analysis to be applicable, alternatives must supply the same
stream of service., Tractors.used seven years and eight years under the
same conditions do not provide the same services. Therefore, some
extension must be made in present value theory.

It 1s nof feasible to compare the tractors above by averaging total
present values., Present value analysls makes costs 1n later years much
less important than costs in current years. A total present-value for a
seven year cost stream 1s composed of seven yearly present value costs
each valued at a smaller>§ercentage of 1ts original value., If an addi=-
tional yearly cost were added to the seven-yeér cpst stream, the eighth
year cost addsvproportionafely less fo total present value than does
the seventh year's cost.

‘Because of‘the decreased valuation of each additional yearly cost,
a Seven—year average present value 1s not comparable to an elght-year
éverage‘present value., In fact, average present values may continue to
decrease even thoﬁgh the marginal increase in yearly costs are quite
large,

For average present value, APV, = PW; /T, to be a minimum, APVy,,
must be larger than APV;. The required increase in yearly cost, 2,, is
computed in Equation (2-3). The yearly cost in year T+ 1 must be
greater than or equal to average present value for year T compounded

T+1 years.
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APV, ., > APV, (2-3)

PV, Z,, D, PY,
1t TTe1 2T

ZT+1 DT+1 PVT PVT

T+1 2 T ~ T+l

(rs1) B PV

DT+1 T T+1]

T+1

(T+1)PV; - TPV,

T {I%+1

Z'|'+1

v

PV; - Dr:%

ZT-I-.1

v

Zpyy 2 APV - D

If D, is the discount factor, the compounding factor is Di'. For
ten years at eight pef cent 1nterest,'the compounding factor is 2.16.
For a minimﬁm averagé present value in year nine, the costs in year ten
musf equal 2.16 times the average present value cost for year
nine.

Another incorrect criteria often proposed in the comparison‘of 7/8
of an eight-year old tractor's present value with the present value
cost of a seven—yeér 0ld tractor. This method is 1n?orrect because
finding 7/8 of a presentvvalue sum implies each year 1s considered of
equal importance. But a presenf value total evaluates each succeeding
year with decreasing weight and if 1/8 of.the total present value were
compounded eight years it would be much larger than the actual cost in

year eight.
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Comparison Criteria for Cost Streams of

Different Lengths

Two accurate methods of analyzingbcost streams of various lengths
are presented-below. There are two concepts particularly helpful in
replacement studies:i the minimum cost ownershlp interval and an average
cost usable in replacemenf analjsis.' The first discounting procedure
considered will give the first of these concepts. The second procedure
will provide both concepts.

It 1s possible £o use present values directly in comparing cost
streams of different lengths. But the method requires comparing of,
for example, three fourdear 0ld tractors and four three-year old
tractors. Each of these alternatives provides the same stream of serv-
ices, twelve years, thus they are directly comparable. Table II gives
the total present value of the two twelve year streams computed from
data in Table I. The ownership interval preferred is the one offering
the lowest preéénf value cost for the twelve year period, The sum of
present’values for the service of three-year old machines is $6,310955,
while the present value total for sérvice of four-year old tractors is
$6,825.68. Thus, the preferred alternative is to purchase a new
tractor and then trade every‘three years, For future reférence, a
ratio of the two present values is 6825.68/6%10,55=1,08. The ratio
may be interpreted to mean that in the long run keeping tractors four
years 1s elght per cent more expensive than keeping tractors three
years.

Another correct Way of analyzing alternatives is the uniform
annual or amortized average cost criterion. Thié criterion is also an

extension of simple present value analysis. To understand this method
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TABLE II

COMPUTATIONS REQUIRED FOR FINDING TOTAL PRESENT VALUE
OF OWNING FOUR THREE-YEAR OLD OR
THREE FOUR-YEAR OLD TRACTORS

Year Discount Z-year old series Leyear old series
Factor Yearly Cost Present Value Yearly Cost Present Value

‘ (dollars) (dollars) (dollars) (dollars)

1 .9259 640 592,58 540 500.00
2 .8573 | 800 685,84 700 600,00
3 .7928 1108 879.52 1008 800,15
4 7350 640 470,40 1496 - 1099.56
5 .6806 800 Shh 48 540 267,52
6 .6302 1108 698.26 700 bk
7 4825 6ho ' 37344 1008 588,17
8 5403 800 Lzo, ok ' 1496 808.29
9 .5002 1108 554,22 540 270,11
10 4670 640 296,45 700. zoh ok
11 L4289 800 TR 1008 422,332
12 .3971 1108 3%%%f%% 1496 ggg%f%%
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it 1s first necessary to understand the concept of amortization°

Amortization can be explained with an example. Assume $2,000 1s
placed in the bank by a high schooi senior to be used for his cbllege
education. The student will pay for each year of education at the end
of the school year. The student wishes to divide the $3,000 in such a
manner that he willl have an equal amouﬁt to spend each yeaf. If the
$3,000 were incapable of earning interest, he could split the $3,000
into four equal amounts of $750. If the $3,000 is capable of drawing
Interest, the student can withdraw more than $750 each year. How much
more depends on the Interest rate,.

The process of finding the student's equal yearly allowances that
will exhaust his 33,000 plus interest in a given period of time 1is
called amortization. The formula for the amortization factor is:

_r(1 +r)t

AF = (A +r)f -1°

When the amortization factor, AF, is multiplied by the total sum to be
divided, the amortized average 1s determined. ‘The amortization factor
depends both on the interest rate, r, and the number of years, t, over
whiéh the sum 1s to be split.

For the example the interest rate 1s assumed to be eight per cent
and the number of yedrs involved, four, Inserting these values into
the amortization factor formula gives a factor of .3%302. When .302 1s
taken times $3,000 the product is $906. The student will be able to
spend a sum of $906 each year.

This may be checked. After one year, the $3,000 is worth $3,240,

The student then spends $906 and has left $2,32%4. After the second



year $2,%234 1s worth an additional eight per cen£ or $2,520.72, The
student spends another $906 1eav1ng_$l,614°72 In savings. The 31,614,72
1s worth $1,742.90 after another year. The third $906 is deducted
leaving $837.90 in savings. After the fourth year, the $837.90 1s
worth $906., Thus, the $2,000 1s capable of providing theicollege stu-
dent $906 during each of his four years of college.

It can be seen from the example that amortization is a procedure
whereby a sum of m§ney capable of earning interest can be divided into
a serles of uniform amounts over a given period of time. The uniform
serles may be called an average of the original sum corrected for time
preference or the earning power of money.

The principle of amortization can now be applied in replacement
studies. In the example, the sum of money invested and to be divided
into four equal sums héd a present value of $2,000, Just as the §32,000
return stream above can be converted to a uniform annual return serles,
a cost stream with a present value of $2,000 can be converted to a uni-
form annual cost series. At eight per cent interest the amortized
average cost fof the four year series is $906 as above.

The present value total cost of owning one three-year old tractor
is $2,157.95. The amortization factor for three years at eight per
cent interest 1s .3880%. Multiplying 2157.95 times .28802 gives
$827.25, the uniform annual cost of owning a tractor three years. The
uniform annual cost of owning the tractor traded each four years 1is
$#905.75; thus, the three-year réplacement pattern 1s most economical,

The ratio of the two uniform annual costs, 905.75/83%7.35=1.08, is
the same as that found using present values for a twelve year owneréhip

sequence., It is apparént that each of the two methods, total present
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value of a series of machines and uniform annual cost, gives the same
result when comparing alternatives.

The uniform annual cost criterion gives the annual average'cost
corrected for time preference, Also, the amortized averages are rela-
tively easy to éompute. If the amortized average cost 1is computed‘for
each year of tractor life, a time-preference corrected, average cost
curve cah be constructed. The feplacement procedures dlscussed earlier
in this chapter may be'readily applied to this average cost curve,

Earlier, replacement theory was explained using simple average
costs., Amortized averages alter the shape of the average cost curves
only slightly. But, more important, the theory applied to the simple
average cost curve is just as relevant for amortized average cost
curves,

Another criteria,; while not used in this analysis, can be employed
to make repiacement decisions. The series cost criterion reduires the
same information. as the present value and uniform annual cost criteriaf_
It 1s sometimes easier to use than the bresent value criterion. It
does not provide annual cost information.

To use the series cost criterion, it 1s necessary to first esti-
mate the present value of owning a given tractor for a certain number
of years, PV;. This is the same information that was required to
compute the uniform annual cost. The present value cost, PV, for any
year T is multiplied by a factor, SF;, (see Equation (2-5)). The
product found, TSCr, in (2-6) is the total present value of all future
costs for a series of machines each exactly alike and each used T
years, Total series costy, TSC:, may be defined as the sum of money a

farmer must set aside in a machinery fund today if the machinery fund



is to provide a new, duplicate machine every T years and pay all
normally expected costs for an infinite period of time. By examining
series costs for machines having different life expectations,

(1+r)

[EEu (2-5)

Series Factor (SF;)

il

H]

Series Cost (TSC ;) PV; - SE,

the alternative can be chosen which promises the lowest expected cost.
Machinery Cost Components

To this point procedures to be used in studying replacement have
been discussed, The remainder of this chapter will cover the cost
components to be included in the previously discussed models, Machinery
costs are usually divided into two portions, fixed and variable., Fixed
costs are those costs which occur whether or not usage of equipment is
taking place, Variable costs vary with the amount of machine usage per
unit of time. Normally, fixed costs are assoclated with ownership
while variable costs include operating expenses.,

A subgectively evaluated opportunity cost also will be discussed.
As machines age they become less dependable and break down more often
than in their earlier life. With each breakdown is associated an
opportunity cost, vVarious assumptions will be made regarding the size
and composition of the subjectively evaluated dependability and

prestige costs.
Fixed Costs

Components of fixed costs are depreclation, taxes, housing,
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Insurance, and interest on investment. The fixed cost most difficult
to evaluate is depreciation. Depreciation wlll be discussed first,
since, besldes being a cost itself, it is used in determining the other

fixed costs which depend on remaining machine value.

Depreciation.v Tractor services typlcally do not significantly

decline the first few years of tractor life. Thus, there 1s little
depreciation, viewed as the deciiné in ability of the tractor input to
contribute to output."Alternatively, depreciation may be defined as
the Investment required to maintain machine sefvices at their initial
‘level. This investment 1ncludes fhé cost of repailrs aﬁd preventive
maintenance practices so employed. -

A third concept of depreciation is measured by the change in mar-
ket vaiue of the machine, For least-cost ownership, it is the change
in market vélue which 1s relevant, thus, this concept of replacement is
used In the replacement models in this study. Depreciafion is deter-
mined by subtracting current machine value from its value the preceding
year, Of course, estimates of the yearly machine price must be
avallable,

Typically, market depreciation is large the first year and then
declines over time, If depreciation is plotted with time on the hori-
zontal axis, the characteristic shape of the market depreciation curve

1s downward and to the right.

Taxes, Housing, Insurance, and Interest on Investment. Costs

assoclated with investment, taxes, housing, and insurance all depend in
varying degrees upon depreéiation° All are treated as pércéntages of

the remaining value of the machine in this study. Interest on
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investment depends directly on the remaining farm value of the machine,
Interest on investment is included since it 1s a measure of'fhe oppor-
tunity cost of having capital tied up in machinery. ‘If depreciation 1s
Small, the portion of purchase price not deducted as a cdst is lérge,
thereby causing interest on investment to remain large.

Tgx rates on machinery are offen a stable percentage of remaining
farm value. Thus, a curve showing taxes éver time would also slope
- downward and to the right, providing the machine‘never depreclated from
one year to the next. Insurancé costs vary but they may also be fig-
ured as a constant percentage of remalning farm vélue°

Machinefy»which 15 nbt housed will have higher depreciation and
repair costs. Therefore, a cost for housing should be included whether
or not the machine is‘housed.g Costs for housing will be considered a
constant percentage of'remaining farm value.

Fixed costé can be divided into two portions, actual and account-
ing. Actual fixed costs are those which must be pald during the year.
Included are taxes and insurance. Interest on investment is also a real
fixed éost 1f the capital for purchasing the machine was borrowed, If
the capital was not borrowed, the interest on investment is an.opporm
tunity cosf. Accounting fixed costs are those which oécur in one lump
and must be apportioned over time., Included in accounting fixed cost
are housing, depreciation, and interest on investment if it was unnec-

essary to borrow éapital to buy the machine.

2Wende11 Bowers, Costs of Owning and Operating Farm Machinery,
University of Illinois College of Agriculture, Cooperative Extension
work, Bulletin AENG-867 (Urbana, 1966), p. 3.
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Variable Costs

As opposed to fixed cosfs, variable costs are a fuﬁction of the
amount the machines are operated, If a machine is not used, variable
costs will not be incurred, It was mentioned earlier that a portion of
depreclation may be a variable cost attributed to use. Difficulties
arise, however, when one attempts to separate depreciation 1hto its'
components. One way of delineating the two portions would be to find
the market ﬁalue of a machlne which has never been used. The portion
attributable to variable cost Would.probably be small, Martin‘found
such thingS'as aécumulated hours, repaifs, and service time do not

significantly affect the trade-in value..3

Repairs. The largest and most unpredictable of the variable costs
is repalrs. Repair costs are thé primary stumbling blocks in replace-
ment interval determination. Repairs cannot accurately be predicted
for 1nd1§1dual tractofs, But they do have some distinctive group char-
acteristics, Aﬁ old tractor ﬁsed the same amount as a hew tractor will
usually have a largef repalr bill, Repalr costs vary direcﬁly'with
hours of use and size of tractor. But to a lesser degree, skill of
operator, climate and type of tractor also affect repair costs. Baéed
on these general charactériétics, 1t may be possible to compute average
repalr cost as a funcfion of machine age, use per year, gnd machine

size,

3W1111am E. Martin, Farm Machinery Costs In The Western States,
University of Arizona, Agricultural Experiment Station, College of
Agriculture, Technical Bulletin No, 154 (Tucson, 1964), p. 58.
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Functions depicting yearly repair costs are usually.aséumed to
slope upward and to the right, increasing at a decreasing rate. Ulti-
mately, a constant level of répairs would be reached which would keep
the machine in a steady level of serviceability. This amount of re-
pairs could be total replaéement of all parts in the extreme case, If
the constant yeérly repalr bill were twenty per cent of new cost, then
concepfually, one-fifth of the machine would be replaced each year to

maintain the machine's state of repéir in perpetuity.

FPuel, 011, Grease, énd Labor. Fuel, oll, grease, and labor depend
mostly on machiﬁe size and yearly hours‘of use. By assuming hours of
use per yeaf to be conétant, these costs will remain the same each yeéro
Machines, és thej become Qlder may require more gas, oil, andvgrease
per hour due to machine wear, but the marginal change in these costs is
50 smallkthat‘it 1s usually 1gnored. Increases in labor costs per year
could also be anticipated due to declining machine efficiency. Because
of the assumption fhat thé machine will be maintained in a constant
state of repair,‘changes in machine efficiency will be nil, Other fac-
tors affecting fuel and 1ubr1Can£'costs are machine load, speed, and
stafts and stops. The importance of these factors depend on the ma-
chine, A traétor will usually have varyling loads but operate at full
throttle and have éomparatiVely few starts and stops. Automobiles,on
the other hand, will usually.travel'at varying speeds and make many

starts and stops.

Subjectively Evaluated Costs

All actual out-of-pocket machine charges are included in fixed and

variable costs. One additional very important cost consideration is
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machine dependabiliﬁy.'iold ﬁaéhihes are not as depéndéble'éé'néW mé;u
chines and, theréfore; fequifé:a.COnsiderable améuht‘of-répair;time.b.
If machines are 1dle;-béing rééaired.duriné crucial.usevpéf16&$;.aﬁ
opportunity cost oqcﬁrs; ‘Théfgﬁfértunitj‘cost assoc;éted Withjdéwﬁ-time
is considered-fo be an_arbiffary gmounflin this sfudyg.sihcézmeésureﬁent
of 1ﬁcome lbst,dué to machine bréékdOwn would be very difficﬁlt;b

There aré two diSﬁinct.gharacferistics of a dépendébility function.'
First, if éharges per year are determiﬁed by machine age, the function
Slopes upward and to the right;v Second, since the cost 1s somewhat
subJeéfive, each farmer may have a unique dependability function suited
to his parficular circumstances. |

Several factors must be considered when selecting the dependabil-~
ity cost function, Machine breakdown is much more crucial for a fgfmer
with one tractof rather than»fwo. Also, for some crops, timeliness is
very important.- Thé loss of a tractor for several days during haying
or planting could be costly.

It has been argued‘fhét depeﬁdability charges should ﬁot,be éon-
sidered in econbhic studies_éince they are not out-of-pocket costs.
The costs are real, howévef; és épportunity'costs representing lost in-
come, The decrease'in hay réturné due to tractor fallure is an example
of a large opporfunity éost. Invsome-céses; the 6pportunity-costs_may
be small, Moisfure let'ﬁo weédé bécause of a one day delay 1n:Working‘
the wheat land maj’reduce wﬁeat yields, but not significaﬁtly°

There is also a'sﬁbJectively evaluated cost associated wifh pres-r
tige. Conspicuous consumption 1s not usuaily considered in.optimizing
formulae, but it may be_rational depending on the utlility géined from

prestige. Once the.individual has decided that the new car is worth
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the exfra costs, the role of the economic replacement model is altered.
The economiét must now use the mbdel tobtell thevnew car oWnér how much
he has paid for his luxury. C;nspicuous consumption is not confinedvto
car owners. Many farmers are willing to incur some extra costs to own

mach;nery they can be proud of.

There are various procedures for handling dependabilitj and. pres-
tige costs. A dependability cost.function coﬁld be chosen and optimum
replacement intervals determined based on it. Alfernatively, depend-
ability costs needed to justify a cost minimizing trade each year of
machine life could be found. The individual could then observe how

much he 1s paylng for dependability and prestige.
Summary

Three primary.areas rélevaht to analysis in this thesis have -been
presented. Initially, optimum replacement strategies were considered
for several situatipns. The "basic replacement rule revolved aroundvthe
marglinal cosf curve of the currently owned machine and the minimum‘aver-
age cost of the proposed replacement. Trading machines was dictated |
when the marginal cost of fhe current machine first exceeded the mini-
mum average cost of the proposed repiacemento

Since ﬁhe models as developed are determiﬁistic,'they are appli—
cable only to replacement decislons occurring in a short time period.
The models as developéd are applicable to replacement decisions
occurring in a short time period since they made no allowance for time
preference, To allow time preference 1n the models, it was nebeséary
to discuss discounting and amortization procedures which could be

incorporated into the models. The three discount criteria discussed



give the same results when making comparisons. But, the amortization
procedure allows the computétion of average costs which are useful for
planning purposes and making yearly decisions; This will become appar-
ent in the simulation model preéented later,

Finally, the machinéry‘cost components were discussed, In addi-
tion to the usual fixed and variable costs considered, an opportunity
cost due to decreased'machine‘dependability and prestige was added. As
machines age they become less depéndable and breakdown more often,
resulting in lost production. The value of production lost is an oppor-
tunity cost that must_be included in determining optimum machinery
replacement,

In the following chapters, the theory presented in this chapter 1is

empirically applied.



CHAPTER III
EMPIRICAL ANALYSIS

The first section of this chapter contalns empirical estimates of
cost equations for tractors that are later used to determine optimal
replacement patterns. Particﬁlar emphasis 1s placed on the sources and
characteristics of the cost meésures. The latter part of the chapter
contains empirical estimates of optimum replacement intervals for
tractors based on the cost equations in this chapter and the replace-

ment criteria presented in the previous chapter,
Empirical Cost Equations

The prediction of tractor operation and ownership costs depend on
many factors, including tractor size, use per year, and tractor age.
These latter factors are used as independent variables in equations
developed to predict tractor operation and ownershlp cost. Previously,
costs were Separated into fixed and variable with an added subjective
dependability cost. However, to express the empirical cost equation,
it is also useful to classify_éosts by their movement over time. By
assuming a constant hourly machine usage per year, costs may be sepa-
rated into decreasing, constant, and increasing components., Fixed
costs become decreasing costs., Variable costs which include labor,
fuel, and lubricants, are considered constant costs per year while

repalrs along with subjective dependability are increasing costs.
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Decreasing Costs

Ownership costs depend primarily on machine age and size. The
effects of use on changes in machine market value are difficult to
measure, but are believed to be small.v All decreasing costs are assumed
to be determined by age and machine size., Machine market values decline
at a decreasing rate over time, fhus, depreciation 1s less each year.
Since 1ntere$t, taxes, housing, and insurance are assumed to be a
constant peréentage of market value, they are less each year. While
age determinesbthe approprlate yearly percentages, machine size 1s the
base figure upon which the percentages are used to determine yearly
costs.

Empirically, two decreasing cost functions may be delineated:
depreciation In one function, and interest, taxes, housing, and in=-
surance in the other. Prediction of decreasing costs 1s based on three
elements: the tractor's list price, X ; the interest rate, r; and
machine age, t. Used for expressing machine market value in any year

is the equation:l
Wy = 675 X 933t (2-1)

where Wn = tractor market value after t years.,

The data used in finding Equation (3-1) was taken from the Official

Tractor and_Farm Equipment Guj,de.2 The gulde gives market prices for

1Wendell Bowers, University of Illihois College of Agriculture,
Cooperative Extension Work, Costs of Owning and Operatiqg Farm
Machinery, Bulletin AENG-867 (Urbana, 1966), 2

2National Farm and Power Equipment Dealers Association, Official
Tractor and Farm Equipment Guide (St. Louls: NRFEA Publication, Inc.,
1967 )
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tractors and farm equipment of all ages. Equation (2-1) depicts a
first year depreclation of thirty-seven per cent of machine list price,

Data from the Official Tractor and Farm Equipment Guide éorroborate the

large first year depreciation,
Given yearly market values from Equation (Z*-1), deprecilation may be
fdund. Depreciation 1s the decrease in market value from one year to

the next.

%, = 'wl(e_1) - W, (2-2)

where Yﬁ = depreciation during the year t.
The second decreasing cost function includes interest on invest-

ment, taxes, housing, and insurance., Empirically, this function is:

1, = (r+.045)W, (3-3)

where r = interest rate,
and Yﬁt = interest, housing, taxes, and insurance for year t.

These costs are all percentages of the remaining tractor value. For
computational purposes, the percentages are summed, and, in this case,
except for 1ntereét, the sum is four and one-half per cent. Taxes in
Oklahoma are approximateiy eqﬁal to twq per cent of machine value each
year.3 Housing charges should be made whether or not the machine is
housed because depreciation and maintenance will be’higher 1f machines

are not housed. The charge made for housing is approximately two

3Personal Property Schedule, Oklahoma 1964, prepared by Oklahoma
Tax Commission (Oklahoma, 1964).
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per cent of current machine value.l+ Insurance costs for any year are
assumed to be one-half of one per cent of the machine's remaining value.
The total of the above three cost components, the coefficient in

Equation (3-2), is four and one-half per cent,

Constant Costs

Three yeariy costs remain constant if the machine is used an equal
number of hours‘each year. Constant costs are for labor, fuel, and
lubricants. Primary information required for computation of constant
costs are: yearly use, X, ; labor Charge, Xé; and tractor cost, X .
Tractor age 1s not necessary for determining yearly labor and operating
costs. An exception would arise if as the machine aged 1t would no
longer be able to perform a given task with a given input of iabor,
fuel, and lubricant, If a deterlorating machine were used on a farm to
perform a given task, then more lébor, fuel, and lubricants would be
required each year. Higher requirements would mean higher costs, and
the constant costs would become increasing costs,

For computational purposes, the three constant cost components

could be combined., However, to allow cost comparisons, they are kept

separate, Labor cost per year is:

Y, = XX (z-4)

3t 2

where Y;, = labor cost in year t.

Labor costs equal machine use,. 1n hours per year, multiplied by the

hourly labor charge. The labor charge will be specified each time the

qBowers, P. 3,
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equation is used.
The second constant cost equation includes both fuel and lubri-

cants. Adequate estimates on tractor fuel and lubricant consumption

have been made.5 Fuel and lubricant eosts are:

¥, = .000158 X X, (3-5)

4t

where ¥, , = fuel and lubricant cost in year t.

Fuel and lubricant costs are the product of hourly usage per year,

" tractor list price, and a constant. The constant incorporates fuel .
cost and a fuel consumption multiplier. The multiplier for gas fféctors,
the one used in Equation (3-5), is .000158.6 Twenty cents per gallon
was the fuel price used, The basic fuel multiplier which was taken
times the fuel price is .00079. Multipliers for diesel and L,P.G.
tractors are ,00051 and .00087, respectively. The above multipliers

are fifteen per cent higher than actual fuel consumption multipliers to

include lubricant requirements,

Increasing Costs

Two costs vary directly with machine age, repairs, and subjective
charges. Increasing costs are. considered to be functions of: (1)
tractor age, t; (2) yearly use, X;; (3) 1list price, ¥ ; and (4) marginal
Increase in yearly dependability cost, X, . In a latter portion of this

study, replacement will be analyzed using a repair cost distribution.

Ibid., p. 3.

6The multiplier is an index of fuel and lubricant consumption per
hour. The values given by Bowers, Ibid., p. 4, are divided by 1000 to
obtain values per dollar of list price as opposed to $1000 of 1list price.
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For current analysis expected repair costs will be used. The estimated

cumulative repair cost function is:

W, = ,00000912 X (t«X N5 (2-6)

7

where hgt = total repair cost from year 1 to t.

Appendix I contains the éssumptions and conditions used to cénstruct

Equation (%2-6), Repair costs for any year may be found by substracting
cumulative repalr costs in year t-1 from those in year t as in Equation
2-7). Equation (%2-6) 1s specified such that the yearly fepair costs,

giveﬁ in Equation (2-7), will increase throughout the entire life span,

Yoy = W, - wﬁ(f,..i) | (z-7)

where Yz, = repair costs in year t.

The second increasing cost takes into account the subjective costs
of decreased dependability aﬁd prestige. Since the method of calcu-
" lating dependabillity and prestigé costs 1s arbiltrary, many alternative
procedures could be developed. It might be argued that a machine's
dependabllity varies directly with repairs. If this 1s the case, then
yeérly dependability costs may be computed as some percentage of yearly
repairs,

Alternatively, 1t may be argued that as machines get older more

decapacitating breakdowns occur. Also, parts may have to be ordered

7See Appendix I for the derivation of Equation (z-6), Equation
(2-6) 1s an altered form of an equation constructed in W, E. Larsen and
W, Bowers, "Engineering Analysis of Machinery Costs, ' Presented at 1965
meeting American Society of Agricultural Engineers (June, 1965),
Appendix p., 2.
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and more time required for their replacement, Yearly dependability
costs, under these circumétanceé,‘might be assumed to increase by a
constant amoﬁnt each year. In this study, dependability'cbsts are
assumed to lncrease linearly with no charge the first year. The most
often used dependability cost increment 15'$25.OO° However, other
alternative assumptions regarding X, are included later. The equation

used is:
T, = (t-1) X, t>1 | (2-8)
where Y;, = dependability or prestige cost.

The yearly cost increment, X , can be viewed as arbitrarily determined
by the'farmér or other user of the model., Alternatively, several dif-
ferent values could be assuméd, allowing the user to pick the yearly
cost increment relevant to his situation. The cumulative cost from
Equation (3~8) increases at an increasing rate, indicating that the

importance of dependability charges increase considerably over time.

Cost Function Summary

The six cost fuﬁctions used to predict yearly tractor costs are
présented above. The s1x functions depend on six parameters: X
through X,, r, and t. |
= tractor liét price

yearly use in hours

ol ol o
0

= labor charge per hour

o
i

yearly increment in dependability cost

= Interest rate

e }
1;

t = age of tractor.
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Based on these parameters, two prerequisite cumulative values can be

found:
Value of tractor in year t: W, = 675 X (.922)¢
Cumulative repairs to year t: W, = .0000091% X (tX, )15

Given the parameters and the two intermediate values, the relevant

costs for any year t are:

Depreciation: v : Yy = %4;_1) - Wy

Interest, taxes, housing, and insurance: Y, = (r+ .045) W,

Labor: , Yae= 5%

Fuel and lubricants: ' Y4y = 000158 X X,

Repalr cost: ' Yoo = Wy, - wa(t-l)
= (t-1) X,.

Dependability and/or prestige cost: Y, =

Determining Average and Marginal Costs

The total cost in year t is:

6
4y = % Y.u (z-9)
J=1 .
where %, = total cost in year t,
and 7 = index of the 6 costs listed above.

Actual expenses incurred in year t are 41 minus Y ,, the subjectively

charged dependability cost,
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The cumulative total cost for a life of T years is:

T 6
Gy = t%l 3?1 Y.n“ (2-10)

The cumulative total cost 1s the basis for the simple average cost

which 1s:

A, = Z,/T. (z-11)

As discussed previously, a simple average‘has relatively little use
since time affects the value of money.

Amortized averages, discussed In the previous chapter, are used to
take time into account. To compute average costs 1n this manner 1t is
first necessary to find the discounted present value of all costs as
1llustrated in Equation (2-2). Since Equation (2-9) 1s total cost in
any year, the>present value of costs occurring in year t 1is:

6
Gy, = I Y /(1+r), (2z-12)
J=1
The amortized average cost computation involves finding the total pres-
ent value of all costs from year 1 through T. The total present value

of all costs is:

¢ Y
LV e
ZBT = tEl (l+r)t =v tz=;l (1+I°)" ° (3"13)

Referring to Equations (2-5) and (2-6), amortized average cost may be

constructed as given in Equation (3-14).
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Ay = Za*r v(§(+lr+5:‘)jl' (z-14)
ABT is an average amortized cost for any length of T years. By
determining Abr’ T =1 to Ny an amortized average cost curve for N
years may be traced. The minimum point of this average cost curve is
the minimum cost interval of ownership. At the minimum average cost
point, average and marginal costs are equal. Marginal costs may be
compufed for N years‘by ploﬁting the yearly costs, Zu, allowing t to

range between 1 and N,
Empirtical Results

It is now possible to integrate the six equations of this chapter
into the replacement models developed in the previous chapter, There
are several applications of these models given in this and subsequent
chapters.

Co@puter techniques are useful to empirically implement the theory
presented in the previous chapters. The computer quickly estimates the
marginal and amortized average costs., Given the six‘previously dis-
cussed parameters for the present machine and the proposed replacement,

optimum replacement Intervals can be determined.

Replacement With a Similar'Machine

\\.
Managers replacing an existing machine with a similar machine need

only an average cost curve to determine the optimum ownership intervals.
Upon reaching the minimum point on the average cost curve, it is time ;

to trade machines., &8imilar machine replacement is illustrated in

FPigure 2.
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Cost curves associated with a 36,100, sixty horsepower tractor are
shown 1n Figures 7 and.8. Tabulated values used in these figures are
given in Table III. Also incdrporated 1n#o.the figures and table is a
dependability cost fuhction which has a cost Increment of twenty-five
dollars per year. The curve‘depicting amortized average cost flattens
cut quickly and then remains flat for a considerable period of time,

In the case of the sixty;horsepower tracfor, Figure 8, the amortized
average cost becomes relatively flat in ten years and stays flat for
an indefinite time, well over fhirty years. The minimum average cost
occurs 1h year seventeen, It 1s apparent, however, that a tradiné
‘interval of over 17 years would be about equally as profitable.

- Fhe mérginal cost curve is relevant only when it 1s rising.
Marginal and average costs are by definition the same for year one.
In year two, marginal or yearly costs are at a minimum for most trac-
‘tors., Thus, beginning in year two, marginal costs for the sixty horse-
power tractor are rélevant for use in the replacement models.

In Figﬁre 7 costs presented 1n Table I1I are combined into four
categories. These are decreasing costs, constant costs, and Increasing
costs divided into two portions, dependability charges and repalr
costs. Figure 7 is useful in illustrating the relationship of the
costs. For instance, not until sométime after thirty years are repalrs
1ncreésing more fhan fixéd,cpéts are decreasing. Therefére,.if ho
dependability costs are charged, the optimum replacement interval is
somewhat‘longer than thirty years. Constant yearly‘costs for fuel,
lubricants, and labor arerby far thé'largest cost component in yearly

charges.,



TABLE III

COST COMPONENTS, ANNUAL AND AMORTIZED AVERAGE COSTS FOR A $6100 TRACTOR. USE PER YEAR: 600 HOURS;
, LABOR: $1.50 PER HOUR; DEPENDABILITY INCREMENT: $25.00 PER YEAR;
' INTEREST RATE: 8 PER CENT
Year Amortized Total An- Repair Depreciation Dependability Taxes, Gas and Interest  Labor .
Average nual Cost Cost " Charge Charge Housing Lubricants
Insurance

1. 4o98,71  4298,71 81.85 2258.37 ' " 0.00 172.87 578,28 207.3%2  900.00
2 2265.85 2258,26 149,66 257.39 . 25.00 161,29 578.28 - 286.74  900.00
3 2062.,25 2280.2F 19%.80- 240,14 - 50.00 . 150,48 578.28 267.53 . 900.00
4 2914,58 2296.84 229,50 224,05 75.00 140,40 578,28 249,60 900,00
5 2828.82 2411.91  260.32 209.04 100.00 120.99 578.28 222,88 900,00
6 2772,87 24o5,65 287,84 195,04 125.00 122,02 578.28 217.28  900.00
7 2726.45 2429 .94 212,95 181,97 150.00 - 114,02 578,28 202,72 . 900,00
8 2709.96 = 2454.,76 236,18 169,78 175.00 106.29 578.28 189,14 900.00
9 2690.77 2470.Z21  257.90 158.40 200,00 - 99.26 578.28 176.46  900.00
10 2676.68 2486.70 278,28 147.79 225.00 92.61 578,28 164,64 900,00
11 2666.21  250%,99 297.81 127.89 250.00 86.41 578,28 1532.61 900,00
12 2658,72 2522.19 416,22 128.65 275.00 80.62 578.28 142,22 900,00
13 2652,25 2541,20 4zhk.06 120.0% - 200.00 75.22 578,28 122,72 900,00
14 o649 .46 2561.29 451,09 111.99 225.00 70.18 578,28 124,76 900,00
15 2646.98 2582,14 467,50 104,48 : 350,00 65.47 578,28 116.40 900,00
16 2645,55 260%.81 483,35 97.48 - %75.00 61,09 578,28 108,60 900.00
17 o644 ,98  2626,26 498,71 90.95 L00.00 56.99 578,28 101.32 900,00
18 2645,10 2649.,45 512,60 84,86 Lp5,00 52,18 578,28 94,54 900,00
19 o645,78 2672.zh 528,07 79.17 450.00 49,61 578.28 88.20  900.00
20 o646.92 2697.88 542,15 7%.87 495,00 46,29 578.28 82.29  900.00
21 2648.42  2722,05 555.89 68.92 500.00 bz,19 578.28 76.78  900.00
22 2650,24  2748.,79  569.28 64,20 525.00 Lo,29 578.28 71.6%2  900.00
23 2652.29 2775.07 = 582,27 59.99 . 550.00 27.59 578.28 66.82 900,00

6



TABLE III (Continued)

Year Amortized Total An- Repair Depreciation Dependability Taxes, Gas and Interest  Labor
Average nual Cost  Cost Charge Charge Housing, = Lubricants '
' Insurance
ok 2654,53 2801.86 595.17 55.97 575.00 25.08 578.28 62.36  900.00
25 2656.92 2829.12 607.71 52,22 600.00 22,72 578.28 58.18 900,00
26 2659 .42 2856.80 619.99 48,72 625.00 20.53 578.28 54.28  900.00
27 2662.00 2884,90 672,02 45,46 650.00 28.49 578.28 50.64 © 900.00
28 2664 ,64 291%,% 642.84 ho b1 675.00 26.58 '578.28 47,25 900.00
29 2667.31 2942,18 655,44 29.57 700.00 24,80 578,28 44,09  900.00
20 2971.21 666,84 26.92 725.00 23,14 578.28 41,12 900.00

2669.99
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Replacement if Costs Not as Expected

Table IIT and Figure 7 are developed assuming coéts will be
exactly as expected. Often costs are either greater or less than was
anticipated. The effects of greater than normal costs on replacemenﬁ
are shown in Figure 3. In Figure 3% because of high cbsts, MG, is
shifted up and to the left éf Mq;. The shift results in decreasing the
optimal replacement interval from 'a; to 'b', because the new marginal
cost curve crosses the minimum average cost line earlier.

bEmpirically, the'éffeCt of unexpected high costs on replacement is
illustrated by assuming repalr costs are‘fifteen per cent higher than
average. As in Figure 3%, the higher yearly costs move marginal cost up
and to the left, thus decreasing the optimum replaéement interval. For
a sixty horsepower tractor, minimum average cost is $2,644,98, (See
Table III;) As soon as marginal costé exceed this minimum, 1t is time
to replace the tractor.‘ Costs per year, with‘repair costs 1ncréased
fifteen per cent, afe given in Table IV, In yéar fifteen, marginal
cost exceeds $2,644,98; therefore, the tractor should be replacéd. The
effect of the "uneXpectedly"highvmarginal costs 1s to shift the re-
placement interval from seventeen to fifteen years.,

Deciding when to replace 1s a yearly decision. If in any year
marginal costs are expected to be above the minimum average cost of the
proposed replacement, trading should bevconsidered. At the time mar-
ginal cost first exceeds average cost, marginal cost should be rising

and be expected to continue to rise,

Replacement With g Different Machine

In the above illustration, a shift in the marginal cost curve



ANNUAL AND AMORTIZED AVERAGE COSTS FOR A $6100 TRACTOR.

TABLE IV
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USE PER YEAR:

600 HOURS; LABOR: $1.50 PER HOUR; DEPENDABILITY INCREMENT:

$25.00 PER YEAR; INTEREST RATE: = 8 PER CENT; REPAIR

COSTS ARE FIFTEEN PER CENT HIGHER THAN ANTICIPATED

Amortized

Cost 1in

Year
. Average Year

(dollars) (dollars)

1 4210.99 4=10,99
2 2282,02 2280.81
3 - 2082,08 2k09.71
i 2928,43 oLz1 .26
5 2855,27 2450,56
6 2802.,59 o468, 8%
7 2767.21 2486 ,89
8 2742 ,58 2505.19
9 . 2725,07 2524,00
10 2712,54 2542 46
11 270%.59 256%,66
12 2697 .32 2584 64
13 2692.,09 2606, 41
14 2690.44 2628,95
15 - 2689.,04 2652.26
16 2688 .62 2676, 321
17 2688,99 2701.06
18 2689.99 2726.49
19 2691.,50 2752 .55
20 2692.41 2779.21
21 2695,66 2806 .43
22 2698,15 2824 .19
232 2700,85 2862.43
ol 2702,70 2891.14
25 2706 .66 2920,27
26 2709,71 2949,80
27 '2712,80 2979.70
28 2715.91 2009 .94
29 2719,03% 2040, 50
20 o702, 14 2071 .24
3z Z133%,30 2728,27
0 Z165.%9 0721.27
2% 2197.17 272k 20
2zl 2229,14 2727,08
25 2261.28 2729.88
26 2292.57 o742 ,60
27 2226 ,01 2745 ,25
38 2258,57 2747.,82
29 2291 ,24 2750, 30
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altered the replacement pattern, Since in the following example the
propoéed machine is a different tractor, there will be a different |
average cost curve as shown in Figure 4 but the marginal cost curve
need not necessarily shift, |

A different tractor size may be chosen for several reasons. First,
the proposed replacement may be more efficient than the presently owned
machine., Second, the operator may have purchased more land, which may
necessitate a larger tractor to do the field work in the required time,
Third, the farmer ﬁay desire to do his fieldwork in fewer hours,
Arguments could also be made for a smaller tractdr as the proposed
replacement.

The ability to perform the same job in fewer hours is the reason
for the larger proposed feplaCemént in the example below, An Oklahoma
panhandle farm situation illuétrafes the model.8 Assume, as an example,
a 640 acre panhandle farm presently using a $6,100 tractor. If the
proposed replacement is a $7,200 tractor, the farmer should trade when
marginal costs of the presently owned machine equal or exceed the mini-
mum expected average costs of the proposed machine., Table V gives the
relevant marginal and average costs for the panhandle situation., The
$7,200 machine's minimum average cost i1s $3,086.94 in year eighteen.

In year twelve, marginal cosfs"of the older machine exceed this figure.
Therefore, the farmer should plan to keep the $6,100 tractor until it
1s twelve yeéars old and then trade for tﬁe $7 4,200 machine.‘ The
shortened trading interval 1s explalned mainly by the lower labor re-

quirement of the large tractor.

8See Appendix II for computations necessary to find the hours each
size tractor will requlre on the assumed farm,
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TABLE V

ANNUAL AND AMORTIZED AVERAGE COSTS FOR A $6100 TRACTOR AND AMORTIZED
AVERAGE COSTS FOR A $7200 TRACTOR ON A 640-ACRE FARM WITH THE
$6100 AND $7200 TRACTOR REQUIRING 645 AND 761 HOURS,
RESPECTIVELY., LABOR: $1.50 PER HOUR; DEPENDABILITY
INCREMENT: $25.00 PER YEAR; INTEREST RATE: 8 PER CENT

Year ~ Amortized Cost in Amortized

Average Year Average

$6100 Tractor $6100 Tractor $7200 Tractor
(dollars) (dollars) (dollars)
1 k29,72 : k29,72 %9.93
2 2810.80 2818,37 Z9L1,04
3 3517.65 2859,13 258%.85
b z378,59 2890.,99- 2410,20
5 2200,22 2918.85 2209, 20
6 2251.76 ' 2944 75 Zobl, 50
7 2020,16 © 2969.78 200,29
8 2198,95 2994 54 2168.85
9 2184,57 2019.38 z145,94
10 z174.90 : 204k 5% 2128,98
11 : 2168,61 2070,12 2116.35
12 z2164,79 2096.24 2106,96
13 _ 3162.85 3122.93 ' 3100,06
14 : z162,32 2150,20 %095.10
15 2162.90 2178,07 2091.68
16 2164, 24 2206 ,52 2089.50
17 Z166,45 z025,54 Z088.,31
18 . 2169.09 : 065,09 : z087.94
19 z172.1% 2295,16 2088,.23%
20 2175.,49 2205, 74 2089 .07
21 179,08 z256,78 2090, 24
22 2182,85 3288 ,25 - 2091.98
23 '2186,75 zh20,14 209%.90
ok 2190.73 z452,%9 2096.06
25 2194,75. 2485,01 2098.41
26 2198.80 : 2517,95 ' 2100,90
o7 2202,83 . 2551,19 2102.49
28 " 2006,84 : 2584 ,71 2106.16
29 - 2210.79 . 2618.49 2108.88
30 z214,69 2652.50 2111.64
21 _ 2218.52 2686,72 . 2114 ,40
20 2002,27 z2721,14 Z117.16
23 - 2225.92 ‘ 2755.72 2119.89
2L 2229 ,48 2790.48 2122 ,60

25 z2z2. 94 2825.%7 Z125.27
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The analysls 1s‘carried out using economic life for the proposed
replacement. This approach gives résults that may appear contradictory.
For the assumed panhandle situation, the larger machine has a lower
minimum average cost. Therefore, if a farmer is comparing machiﬁes
over their economic life, the larger machine is optimum. However, if
$6,100 and $7,200 machines are compared for a short ownership interval,
the smaller machine i1s more economical, For the panhandle situation,
the breakeven polnt occurs'inﬁyear seven., If the planning horizon is
less than seven years, the smaller machine incurs a lower average cost,

The converse is true for a longer interval.

Replacement of a Very Large Tractor.

During the last decade, very large tractors have ¢ome into use.
These tractors, some above one hundred horsepower, may cost more than
$10,000. The size of investment required makes a thorough study of
replacement practices much more important. Because large tractors have
been on the market a relatively short périod of time, vefy little ex
post cost information is available, The cost equations used in this
dissertation were computed for tractors with between thirty and seventy
horsepower. Therefore, any application of these equations to a 100
horéepower, $10,000 tractor is an extrapolation.

Table III indicates that the minimum cost interval for owning a
$6,100 tractor 1s seventeen years. The cost for 600 hours of operation
per year is $2,644.98. For a 310,000 tractor used 600 hours per year,
the minimum cost interval is 24 years and the average cost per year
$2,648.98, or about $#1,000 per year more. The larger tractor will do

much more work per hour, but the farmer must decide if the additional
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costlis worthwhile, The opportunity cost of labor becomes very impor-
tant. If labor charges are sufficiently high, the larger tractor may
provide a lower tractor cost for the whdle farm. Also, 1f labor i1s
scarce, the larger tractor may reduce tractor requirements from two
machines to‘one. Another disédvantage of the large tractor is that 1t
must be kept a longer period of time to reach 1ts minimum cost point.
If the farmer uses a planniﬁg horizon shorter than 24 years, the rela-
tive cost of the large tractor ihcreases. Therefore, farmers should

analyze their situation carefully before purchasing a large tractor,

Generalized Replacement Decision Tables

Replacemeht to.this'point has been consildered 1n‘a restricted
framework as only two tractor size and hourly use situations have been
discussed. However, 1t 1s possible to develop tables which could be
applicable to most replacement conditions, . Information, other than his
own records, that must be supplied to a farmer making a replacement
decision 1s the minimum-average cost of the proposed replacement. The
variables affecting costs in these tables include size, use per year,
interest rate, fuel type, énd dependability among others. Table VI is
an example of a minimum évérage cost table,

Information necéssary fof the presently owned machine may all be
found in the farmer's records and includes all operating and fixed
costs plus any subjective charge the farmer may wish to make for
dependability and prestige; Often, farmers have some notion of likely
repalir costs the following year. If such expectations have sufficient
reliability, they can reduce the machine's cost through more optimal

trading patterns.,



TABLE VI

MINIMUM AVERAGE ANNUAL COST AND YEAR IN WHICH IT OCCURS FOR A $6100 TRACTOR UNDER
ALTERNATIVE HOURS OF USE PER YEAR, DEPENDABILITY INCREMENTS
AND INTEREST RATES. LABOR CHARGE: $1.50 PER HOUR

Interest Dependability Hours Per Year
Rate Increment Loo 600 800 1000
(Per Cent) ($ Per Year) Cost Years Cost Years Cost | Years Cost Years
(Dollars) (Dollars) (Dollars) (Dollars)
L 10 1740.,10 2 - oLok.ok 20 2071.50 3 15 27324 46 11
25 1879.,78 18 2511,22 14 2151,83 11 2795.71 9
50 2022.97 11 2620,66 10 . Zohg 67 8 2876 .21 Vi
8 10 1875.82+ Lo+ . 2522,11 29 2001,2%8 20 2870.55 1z
o5 2011.92 o2 2644,98 17 2089,2%3% 1z 2937.45 10
50 2162.97 1z - 2772.20 11 2294,20 9 Looz 24 8
12 10 2041.9%+ Lo+ 1679.45 =8 3239.27 26 - Loo8.14 17
o5 2156.79 - 28 2785,3% o2 zhog9,06 16 L079.66 12
50 2206.16 = 15 12916.14 12 2529.60 11 5178.48 9
ol 10 2610, 74+ Lo+ 2010.72 Lo+ 2830.45 Lo L467,19 23
o5 267%.13 4o z0732,11 26 2892.65 o8 458,15 - o1
50 2776 ,27 oL 2275.02 oz 2990,81 16 4619,29 13

19
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The procedure for use of these tables might be as follows: Each
year after the farmer computes his machine cost for the year, he may
anticipate what costs'he,expecﬁs for the following year., - Armed with
the cost Information of his machine and replacement Table VI he must
now make his yearly decision whether to trade or not to trade. If his
yearly costs equal the'minimum'average‘cost of the proposed replace-
ment, and are expected to rise, he should consider trading. Assume his
costs are §2,500 this year and hevanticipétes costs of #2,800 for next
year. Also assume his'proposed replacement is a $6,100 tractor to be
used 600'hours‘per year and the interest rate is eight per cent. If he
uses a dependability increment of fifty dollars per year, should he or
should:he not trade? |

His decision is still somewhat subjective, If the farmer antici-
. pates increasing marginal costs,‘he should trade since his‘yearly costs
are above the'tabﬁlar valﬁé, $2,772.20. On the other hand, 1f he
anticipates a lowef repaif cost ﬁhe following year, perhaps he could
lower his tractor costs over time by keeping.the older machine. The
farmer must alsoc consider credit avallability and other intangibles

not considered in the model.



. CHAPTER IV
FURTHER EMPIRICAL APPLICATION

Additional uses and variations of the empirical replacement models
will be presented in this chapter., Initially, costs of not trading at
the optimal time will be discussed. Costs of trading too soon or too
late will be evaluated. The eecond'section deals with the effect of
land acquisition on replacement decisions. Due to financial considera-
tions, some fermers purchaee only used tractors. In the third section
an evaluation of pﬁrchasing used tractors and their effect on the optl-
mal replacement interval 1s‘mede. The final portibn‘of the chapter
dwells on the effect of Investment credit and taxes on the replacement
interval., Investment credit shorfens the optimal trading interval as
does a tax opportunityYOOSt assoclated wifh the small depreciation of

an old tractor,
Costs of Not Trading at the Optimal Time

Just as there are cests assoclated with buylng the wrong tractor
size, there are opportunity costs connected with not trading at the
optimal time, The difference between the minimum average cost of a
proposed replacement and the marginal cost of the present machine 1i1s
the costbof not trading at the optimal>t1me. If the optimal trading
peﬁiod were seventeen years, the cost of trading in the sixteenth year

is the difference between the proposed replacement's minimum average

63
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cost and marginal cost in fhe sixteenth year. Allow 'c' in Figure 6 to
be equivalent to year seventeen and 'd' equivalent to year sixteen, If
. the cost_equatibns wére‘contiﬁuous, the shaded area‘is the opportunity
cost (saviﬁgs foregone) of trading in year sixteen,

It is optimal to trade a $6100 tractor used 600 hours per year
after seventeen years if it is then replaced by a similaf‘machine. In
Table III the relevant marginal and average cost 1nforhation 1s gilven.
Thé minimum average-coét, occurring in year seventeen, is $2644,98,
Marg;nal costs in year sixteen are $260%2.81. The difference in the two
costs 1s 341.17. The sum $41.17 1s the additional cost incurred by
trading in year sixteen as opp§sed to year seventeen,

" The cost_of trading two years prematurely is the sum of the dif-
ferences for the two years. The cost of trading in year fifteen in
addition to that incﬁrred 1n‘year sixteen is $62.84, $2644 .98 - $2582,00,
To find in year fifteen the total cost of trading in year fifteen, 1t
is neCes$éry'to consider time preference. Time may be considered by
discounting one,year‘the trading cost Incurred if the machine were
traded in year sixteen. The discounted sixteenth year cost 1s then
added to the fifteenth year total. The total of the two costs is the
cbst»of trading in year fifteeﬁ. Table VII gives the costs of trading
before the optimalvtrading interval of seventeen years.

Table VII also may be used to determine whether to replace because
of an abnormally high cost. For example, if expected costs Qere $270
above tabulated '"typical® costs for year thirteen, it would be profit-
able to trade tractors in year thirteén. Trading is advantageous since
$270 1s larger thanvfhe preseht'value‘of all costs associated with

trading prematurely, $267.74. The fact that $270 is larger than the
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TABLE VII

COSTS OF TRADING PREMATURELY FOR A $6100 TRACTOR. INTEREST RATE:
- 8 PER CENT; DEPENDABILITY INCREMENT: $25.00 PER YEAR;
"USE: 600 HOURS PER YEAR; OPTIMUM INTERVAL: 17 YEARS

Tractor . Cost in Total Discounted

Age ’ Year Cost Total Cost
- " (Dollars) = (Dollars) (Dollars)
6 a7 | 41,17 | 41,17
15 o 62,84 104,02 100,97
14 83.60 1877 177.18
12 © 102.68 | | 291,29 267,74
12 - 122.79 414,18 ~ 270.70
o 1140.99 555,17 48,23
10 - 15828 B TR . 606.6k

9 T 888,12 726,72

8 190.22 _‘ 1078.34' . 872.0k
7 205,04 1283%,%7 101248
6 219,33 1502.70  1156.81
5 222,47 o 1736.17 | 1204.59
L 248,14 , 1984.31 1456,10
3 o6l 7k | 2249.05 1612.98

2 286.62  2525.68 | 1780.12
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$267,74 indicates that if marginal costs were as expected until year
seventeen, the average of marginal costs between years thirteen and
seventeen would be larger than the minimum average cost of the proposed
replacement, Therefo:e, the tractor should be traded in year thirteen.

There are also costs assgéiated with keeping a tractor longer than
" the optimal periocd of time; The procedure for computing the cost 1s
essentially the same ekcept the minimum average costvis now subtracted
from the higher marginal coéts. To find the total cost for year nine-
teen, 1t 1s necessary to compound the excess cost incurred in year
eighteen for one year and add the total to the excess cost in year
nineteen, Table VIII gives calculations for years eighteen through
twenty-five for a $6100 tractor used 600 hours per year. Results in
Figure 8 show that costs of trading one or two years after the optimal
are small, but_theﬁ begin increasing, |

| Another use of Téble ViIi wouid be t0’1ndicat¢ the out-of~-pocket
cost for keeping the money required for the purchase of a new tractor,
For example, in year twenty the cost of not having traded in year seven-
teen is $52.90. The additional investment required to buy a new $6100
tractor is $5071.34, the rest of the new tractor cost being covered by
the trade-in. The $52.90 1s slightly more than one per cent of
$5071.24, Thus, 1f the #5071.34 is earning over nine per cent in other
uses, 1t should not bé used to purchése a new tractor.

This section of the chapter has dealt with costs of not trading at
the optimal time, Tables VII and VIII are based on the assumption that
the proposed feplacément is a similar machine but tables could also be
constructed for situations where the proposed replacement is of a dif-

ferent size.
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COSTS OF TRADING LATE, $6100 TRACTOR; INTEREST RATE: 8 PER CENT;

DEPENDABILITY INCREMENT: $25.00; USE: 600 HOURS
PER YEAR; OPTIMUM INTERVAL: 17 YEARS
Tractor Cost in Total @~ Compounded Investment Per Cent
. Age Year Cost Total Cost Required* Return
(Years) (Dollars)  (Dollars)  (Dollars) (Dollars)  Required**
18 4 b7 47 4,47 4918,30 8.09
19 28,26 22.83 33.19 4997, 47 8.58
20 52.90 - 85.73 88,74 5071 .24 9.04
o1 78.07 162.80 172,90 5140.26 9,52
22 -102.81 267.61 291,62 5204 ,56 2.99
23 120.09 %97.70 - 445,00 5264 .55 10,47
ol 156,88 554,58 637.50 220,52 11.00
25 184,14 738,72 - 872,64 - z72.74 11.43
26 211.82 950.54 ©  1154,27 5k21,.46 11,91
27’ 229,92 1190.46 - . 1486,53 5466.92 12.39
28 268.329 1458,85 187384 550933 12.87
29 297.20 1756.05 2220.95 5548.90 12,36
20 206,22 2082,328 ' 5585, 82

2822.96

12,84

*Investment required to obtain a new $6100 tractor. This is equal
to: 6100 minus the total depreciation from year 1 to t.

**If money required to purchase new machine 1s earning at least the
given percentage return on investment in other uses, it is better to
not trade machines. ‘
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Effect of Land Acqulsition on Replacement

Land purchases placé‘édditional.burdens on ekisting farm'maqhinery°
The added work loaa will, in many casés, lead to replacement with more
efficient and larger équipment. ‘This discussion gives the optimal re-
placement decisions_under several land purchase situations, .The condi-
tions relevant to thé énalysis are i1llustrated in Figure 9.

The opfimal trading pattern.following land purchase depends among
other things on the resource situation and machinery requirements, The
panhandle farm situation diécussed earller 1s used.1 Even when re-
strioted‘to the panhandle resource situation; there are many possible
farm, present tractor, proposed:tractor, and land purchase sltuations
. which could be cons;defed. It 1s hoped that a sufficient number is
covered so that,general inferences can be drawn as to the effect of
changes in selected variables. |

The analysis prbcedufe 1nvol§es computing the costs of the present
tractor both before and after land purchase.‘ It 1s assumed that a new,
larger tractor.will not be purchased until after the land i1s bought.
Therefore, costs for the proposed repiacement will be computed assuming
the land has been purchased, Additional yearly machine usage changes
labor, fuel, and repalr costs.

To 1llustrate use of the model, assume current ownership of 480
‘acres of land and a %4800‘fractor; After a land purchase of 160 acres,
‘assume the optimum size tractor costs $6100., For a 640-acre panhandle

farm, the minimum average annual cost for a $6100 tractor is $2162.32,

1See Appendix IT fof-a discussion of the panhandle resource situ-
ation. The optimal slize tractor 1s determined independently of the
replacement decision, o :
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The marginal costs of owning a $4300 tractor both before and after land
pﬁrchase,are given in Table IX,

As soon as marginal costs equal or exceed the minimum average cost
.of the proposed replacement, $2162.22, it is time to trade.> Assume that
 land purchase occurs in year four, Therefore; for the $4800 tractor in
Table IX, the coluﬁn giving costs for 480 acres is relevant for years
one, two, and three, the columns giving costs for 640 aﬁres are relevant
for years four and after. In year four, the year of land purchase, mar-
ginal costs are $3110.89, Since $32110.89 does not exceed $2162.22,
tractors should ﬁot be traded in year four. As can be seen in Table IX,
not until yéarvsix.do the marginal costs exceed $#32162.22,

The margiﬁal cost stream for a 480-acre farm is relevant until the
land 1s purchased. The releﬁant marginal éost stream 1s then found in
the columh for a 640-acre farm. If the 160 acres is purchased before
. year six, the B4800 tractor is kept until year six and then traded, If
land purchase occurs after year six, the tractors are traded in the
land purchaée year. |

Table IX is applicable to'a 160-acre land purchase in any year,
but farm size must shift from 480 to 640 acres and tractor size from
$4800 to #6100, Figure 9 generalizes Table IX to additionalbfarm size
situations, The tractor size and land purchase assumptions are the
same as those in Table IX. There are two possible alternatives. The
tractor will be replaced 1p the year of land purchase or in some follow-
ing year. Consider first the solid line in Figure 9 which gives the
optimal replacemeﬁt years if bresent farm size 1s 480 acres and after
land purchase farm siée is 640 acres. To use Figure 9, find on the

vertical axis the land purchase year. For example, choose year four.
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TABLE IX

~ MARGINAL COSTS OF A $4800 TRACTOR ON 480 AND 640-ACRE
PANHANDLFE, FARMS, INTEREST RATE: & PER CENT;
DEPENDABILITY INCREMENT: $25.00 PER YEAR

Year | Cost for | | Cost for

: 480 Acres : 640 Acres
(Dollars) (Dollars)

1 - 2878,01 | 4470,01
2 | 2774 ,03 | 200,28
3 ‘ 2407.98 206%.14
L 2kz5,60 , %110.89
5 , | 2k60, bk 3153.11
6 - o48L,01 %192 ,20
7 | 2507.07 z029,43
8 2520,06 2265, 52

9 2553,322 %%00,96
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Go across from year four until the vertical, solid 480-640 acre line is
"reéched. The horizontal‘axis gives the optimal replacement year. If
land were purchased in year four, the present tractor shouid be kept
unti] year six and then traded for a larger tractor. When presently
owned tractors are felatively older, the vertical line 1s no longer
used for making replacemént decistons, If the land Qere purchased in
year sevén, Figure 9 indicates that trading for the larger tractor
‘should occur immeédiately. The solid line 1s for a farm size shift from
480 to 640 acres. The sample procedure can be used for other farﬁ size
shifts, In Figure 9, the dotted lines give optimal replacement points
for farm size shifts of 1120-1280 acres, 640-800 acres, and 300-480
acres, o

Table IX and Figure 9 illustrate only a few of the many decision |
guides that could be constructed., It would take a great number of
~tables to cover all possible farm size, land purchase, and tractor size
situations. Table X 1is anvexample,of one apprbach to the problemn,

The column headings are alternative tractor size shifts. For
example, the first heading 2900-4800 means that the tractor owned be-
fore land purchase cost $2900. The proposed replacement is a #4800
‘tractor., The row headings are the farm size before and after land
purchase, If, when land is purchased, the current tractor's age is
iess than the tabular amount, the smaller tractor should be kept until
‘it‘reaches the tabular age, then 1t should bé traded. In all cases,
the larger tractor 1s ultimately the mére economical, If land 1s pur-
chased and the smaller tfactor's age 1s greater fhan the tabular value,
trade Immediately.

For a farmer who currently owns a $6100 tractor and a 480-acre
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OPTIMUM TRADING AGE (YEARS) FOR VARIOUS TRACTOR SIZE
AND FARM SIZE SHIFTS

Acreage

Tractor Size Shift

Immediately

Shift 3390044809 $4800-6100 $6100-7200 $7200-8200
220-480 6 9 18 - ok
480-640 L 6 12 18
640-800 3 L 9 12
800~960 2 7 10




7k

farm, when should he trade tractors if he buys an additional_160 acres?
If he proposes buying a $7200 tractor as a replacement, the 6160—7200
column and the 480-640 row are appropriate. The number given in the
table 1s 12, If his $6100 tractor is less than 12 years old, he should
not tra&e tractors until 1t is twelve years of age. If; when the land
1s purchased, the tractcr‘is more than twelue years old; he should

trade immediately.
‘Purchasing Used Tractors

Many farmers conslider used equipment uutrustworthy. Their fears

. are often well-founded. Not many farmers trade every year, and place
"quality" one-year—old machinery on the market When one or two-year-
old equipment is traded it 1s often because of some inherent defi-
clency or unsatisfactory service the machine has given. v

If'relatively_gcod quality, adequatelyvguaranteed used machinery
is available, it is often a good buy, This_fact is borne out in the
followingvanalysis. Using cost equations presented earller and some
basic assumptions concerning costs of used equipment, optimum replace=-
ment patterns for used tractors may be illustrated.

The first major assumption concerns the purchase price of a used
tractor. In the model, a remaining farm value for each year of tractor
life can be found, This is not, however, the price at which this trac-
tor can be bought.' It is the price (wholesale) which the tractor will
_bring when sold. A'dealer would add some amount of markup (recondi-
tioning and marketing cost plus profit) to the wholesale price to ob-
tain the price farmers must pay. For purposes of this analysis,

marketing costs of twenty per cent of wholesale tractor value are
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assumed, As with a new tractdr,-the trading cost or markup is charged
to the machine as depreciation during its first year of use., This 1is
plausible since farmers cannot recover the trading cost once the trac-
tor has been purchased.

Repair costs are based on machine age'and new tractor cost.
Therefofe, when a tractor is two years old, the second owner of the
hachine has the same repalr cost that the first owner would have ex-
pected had he kept the machine. The assumption 1s made that the trac-
tor is used the same number of hours per year regardless of whether
the first or second oﬁner has possession,

Dependability charges are based on actual tractor age, while
taxes, housing, and insurance costs are based on the used tractor
- price. Interest charges are a constant, equal to labor charge per hour
timesbthe hours of use pef year.,

By computing tractor costs using the previogsly presented equa-
tions and the above assumptions, cost patterns of purchasing tractors
of varlous ages can be found. Optimal replacement intervals can then
be determined. Table XI contalns costs for a $6100 tractor purchased
when one—yéar—old. Table XI is typical of most tractor size, age, and
use conditions and méy be compared to Table III, a paraliel tabulation
of costs for a similar new machine.

Several cost comparisons can be made between purchasing a new and
one-year-old tractor. -The optimal ownership interval for a new tractor
1s seventeen years, whille a tractor purchased when one-year-old should
be kept eleven years and sold when twelve years old, The average cost
per year for the optimal ownefship interval decreases from $2644.98 to

$2528.64, a saving of about $115.00 per year. The savings are due to



-TABLE XI

YEARLY COST COMPONENTS FOR PURCHASING A ONE-YEAR-OLD TRACTOR. NEW TRACTOR COST: $6100;
ONE-YEAR-OLD COST: §4609.96; USE: 600 HOURS PER YEAR; LABOR CHARGE: $1.50
PER HOUR; DEPENDABILITY INCREMENT: $25.00 PER YEAR; INTEREST RATE: 8 PER CENT

Age Annual Marginal Repairs Depreciation Dependability Taxes, Housing Fuel Interest Labor
Average Cost Insurance Lubricants
(Year) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars)
1 2126,68 2126.,68 149,66 1025.71 25,00 161.29 578.28 286.74 900,00
2 2767.82 2280,24 197,80 240,14 50,00 150.48 578.28 267.53 900,00
2 2657 ,54 2296,84 229,50 22l ,05 75.00 140,40 578,28 249,60 900.00
L 2599,83 2411,51 260,22 209,04 100.00 120.99 578.28 272,88 900,00
5 2570.1k4 2524 65 287,84 195.04 125,00 122,22 578.28 217.28 900.00
6 2552.29 2429 ,94 212.95 181.97 150.00 114,07 578.28 202.72 900.00
2 2541 .45 2ksh,76 226,18 169,78 175.00 106.79 578.28 189,14 900.00
8 2524 ,76 2470,71 257.90 158,40 200,00 99.26 578,28 176.46 900.00
9 2520,91 2486,70 278,28 147,79 225,00 92,61 578.28 164,64 900,00
10 2529,06 2502.99 297.81 127.89 250,00 86,41 578,28 152,61 900,00
11 2528,64 2528.64 416,22 128,65 275.00 80.62 578.28 142,20 900,00
12 2529,06 2541 ,20 Lzl 06 120,02 200,00 75.22 578.28 122,72 900.00
13 2520,80 2561.29 451,09 111.99 325.00 70.18 578,28 124,76 900.00
14 2522,92 2582,14 467,50 104,48 250,00 65.47 578.28 116.40 900,00
15 2525.52 2607.81 482,z 97.48 275.00 61.09 578.28 108,60 900,00
16 2538,52 2626,26 498,71 90.95 400,00 56.99 578.28 101.22 900,00
17 2541 ,81 2649,45 512.60 84,86 425,00 53,18 578.28 94,54 900,00
18 2545, 2 267224 528,07 79.17 450,00 49,61 578.28 88.20 900,00
19  2549,00 2697.88 542,15 72.87 475,00 46,29 578.28 82.29 900,00
20 2552.80 2723,05 555.89 68.92 500.00 4z,19 578.28 76.78 900,00
21 2556.69 2748,79 569.28 64,20 525,00 40,29 578.28 71.62 900.00
22 2560,6%2 2775.07 582.27 59.99 550.00 27.59 578.28 66.82 900.00
23 2564 .59 2801.86 595.17 55,97 575.00 25,08 578.28 62.26 900,00
ol 2568.55 2829,12 607.71 52,22 600,00 2073 578.28 58.18 $00.00
25 _2572.50 2856.80 619.99 48,72 625.00 20.52 578.28 Sk,28 900.00
26 2576.40 2884,90 622,02 45,46 650,00 28.49 578.28 50,64 900,00
27 2580.26 2917,27 647,84 Lol 675.00 26,58 578,28 47,25 900,00
28 2584 .06 2942,18 655. L4 %9.57 700,00 24,80 578,28 bk, 09 900,00
29 2587.78 2971,%1 666.84 76.92 725.00 22,14 578,28 41,12 900,00
20 2591.,42 2000,74 678,05 zh b5 750.00 21.59 578.28 28.28 900.00
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TABLE XII

MINIMUM AVERAGE ANNUAL COSTS AND OPTIMAL OWNERSHIP INTERVALS FOR ALTERNATIVE PURCHASE AGES, SIZES, AND HOURS USED PER YEAR.
INTEREST RATE: B8 PER CENT; LABOR CHARGE: $1.50 PER HOUR; DEPENDABILITY INCREMENT: $25,00 PER YEAR

-Hours  New P%mn =
Used Cost New 1 2 . 2 7 8 . Y

k] [
Per “Cost Age _ Cost Age e — Cost Cost Cost Cost —Cost Co Co e
Year (Dollars) Cost in » Age in Years
Loo 4800  1748.80 18 1656.2% 12 1659. 11 166k.17 11, 1669.04 10 1674.89 9 1681.66 9 1689.25 8 1697.94 8 1707.26 7
6100 2011.92 22 1900.02 15 ﬁ% 18 190142 13 1902.87 12 n 190&.3 1 191335 10 1919.04 9 1925.77 9
7200 2220,08 25 2104.00 18 2100.91 17 A1 15 2097.15 14 17] 2097. 12 210248 11 2107.97 10
8400 2466, 28 2222.35 20 2715.98 19 2=0.6k 18 206,72 18 2207.22 15 2201.69 14 2302.43 12 2 ﬁ:
600 LBoo  2zo4.48 15 2207.27 9 2219.46 9 2271.17 8 232,97 B 2255.53 8 2268.21 7 2281.58 7 2296.35 6 c
6100 2644, 17 2528.64 11 2528.44 10 2547.67 10 2557. 9 9 257 7 2615.55
7200 2920,08 19 2797.89 12 2805.77 12 281z,12 11 2820.92 10 10 8 56
8400 2228,92 21 2089.48 14 2095,28 12 7100. 12 706.75 12 1 9
800 4800 .36 12 2766.27 7 2790, 7 282,47 7 2Bx:.6h 6 6 5
6100 £ o35 12 164,70 g 3-18-8.20 g %.?0 g 327:1.20 g 7
7200 2.72 14 2500.51 252445 3545.79 3566.21
8400 74 15 2865.25 9 288940 9 2910.82 9 W:1.11 8
1000 4800  Z28.m 9 ;™ 6 237015 6 3404,96 5 .23 5
6100 2927.45 10 Bok.51 6 B47,70 6 2885.3F 6 2920.26 6
7200 4258,60 11 L205.66 6 .78 6 bW291,69 6 482 6
800 4817.37 11 46k2.51 7 4691.79 7 42?455 7 A772.79 6 6 4955.%3

'hgunno:climduhmdlmhthaopult-mtobwuundhntwo!ng:mnumdth.nu-omtmhmuhanthcopm\nmlaothnrtm
one-year .

Figures enclosed in circles denote used tractor age in which the yearly expected cost is first above that expected for a new tractor.
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the decrease in capifal required because of the significantly smaller
initial tractor cost. |

Table XII contains the minimum average annual costs of bwning used
tractors under 160 different purchase age, slze, and use situations,
Also given 1s the economic life of each tractor. Minimum average
annual cost is relevant if the machine 1s to be considered as a proposed
replacement. The economic life is the number of yeérs the tractor
should be kept 1f 1t is to be repléced by a similar machine.

.In many cases, the most econom1¢a1 time to purchase a machine 1is
when 1t is one year old. In Table XII, the most economical tractor of
each size and use group is enclosed In a square, ,Smaller tractors used
a large number of hours per year, purchased when relatively old, may be
more expensive than new machines. The circled costs in Table XIIlindi-'
cate the year in which costs of used tractors first exceed new tractor
costs for a particular size and use situation,

Analysis in this section has indicated quality used equipment, 1f
available, 1s an economigal purchase. The dependability increment used
is twenty-five dollars per year. Dependability charges are considered
a funcﬁion of maghine age, not purchase year. Other tables such as XII
could be constructed based on alternative dependability charges,

interest rates, and other factors. ®Since farmers may consider used
equipment untrustworthy, higher dependability increments may be appli-
cable. If larger dependability dharges were made, used machinery would

lose some of its appeal.
Effects of Investment Credit and Taxes

Investment credit is reputed to have a large affect on
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replacement. Investigation shows, however, that because of the long
optimum replacement intervals for tractors, ilnvestment credit has
little affect on either replacement intervals or costs, Investment
credit is a taxvconcession granted to those who make capital invest=-
ments, To qualify for investment credit, purchased capital eqﬁipment
must be kept lbnger than three years and meet other specific
requirements, |

For eligible equipment; Table XIII indicates the amount of invest-
ment credit allowed under various replacement 1ptervals, When the
average farmer purchasés a tractor, he usually does not know precisely
how long the machine will be kept. He may, nevertheless, take the
entire amount of investmeht credit allowed. If he trades before the
planned time period has elapsed, he must return a portion of the
clalmed 1nvestmen£ credit, IEven i1f some money must be returned, the
farmer has gotten the use of interest free money for a conslderable
period of fime. In the model used here, trading intervals are known,
therefore, exact determination of investment credit can be made.
Perfect knowledge of replacement intervals eliminates computation of
the adJusted balances actualiy required when tractors are traded before
the end of the planned time period.

Table XIV contains the average cost, marginal cost, and investment
credit for a $6100 tractor. Thé table shows fifteen years to be the
optimal replacemenf interval when a similar machine 1s the proposed
replacement, Average and marginal costs in Table XIV can be compared
with those in Tabie IT1I where no investment credit is considered. The
optimal replacement interval 1s two years less when investment credit

is taken. Investment credit léwers the minimum average annual cost
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PORTIONS AND PERCENTAGES OF ELIGIBLE INVESTMENTS THAT MAY BE USED

IN CALCULATING INVESTMENT CREDIT

Planned

Portion Percentage
Replacement Eligible for of Portion
Interval Credit Deductable
(Years) (Per Cent)
1l to 3 0 0
-4 and 5 1/3 7
6 and 7 2/3 7
8 or more A1l 7

‘lU.S. Treasury Department, Internal Revenue Service, Farmer's Tax

Guide 1967 Edition, Publication No. 225, p. 14,
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TABLE XIV

AMORTIZED AVERAGE AND MARGINAL COSTS CORRECTED FOR
INVESTMENT CREDIT, TRACTOR SIZE: $6100;
USE: 600 HOURS PER YEAR; INTEREST RATE:
8 PER CENT; LABOR CHARGE: $1.50 PER HOUR;
DEPENDABILITY INCREMENT: $25.00

PER YEAR
Year Amortized Marginal Investment
Average Cost Credit
(Dollars) (Dollars) (Dollars)
1 498,71 498,71 0.00
2 2265,85 2258,26 0.00
3 23062.25 2280,24 0.00
N 2874,832 2%96.84 142,19
5 . 2795.85 o411,51 142,19
6 2716 .82 2425,65 284,81
7 2685.79 24z9,94 - 284,81
8 2641,16 245k 76 427,00
9 2627 .48 o470,21 427,00
10 2617.76 . 2486,70 427,00
11 2610,93 : 2502,99 Lp7,00
12 2606.25 252,19 4o7,00
13 260%,2% 2541 ,20 Lo7,00
14 2601,50 2561 ,29 Lo7.,00
15 " 2600,79 582,14 427,00
16 2600.88 2607%,81 Lp7,00
17 2601 .64 2626.,26 427,00
18 2602.91 2649 ,45 Lo ,00
19 2604 ,61 2677 .34 , Lo7,00
20 2606,65 2697.,88 Lo7.,00
21 2608.,96 272%,05 427,00
22 - 2611,48 2748 .79 427,00
23 2614,17 2775.07 Lo7,00
ol 2616,98 2801.86 Lp7,00
25 2619,88 2809.12 L27.00
26 2622 ,84 2856,80 427,00
27 2625,84 2884 ,90 27,00
28 2628.86 291%,%27 , 427,00
29 2621.87 2942 ,18 Lo7.,00

20 . 2624 ,87 2971.7%1 Lp7.00
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from 32644.98 to $2600.79. The actual out-of-pocket costs occurring in
any year are‘the same; whether or not investment credit i1s considered
since the investment credit 1s taken only in the first yeaf.

In Table XIV, there is no investment credit allowed for replace-
ment intervals of one, two, and three years, The §142.,19 in year four
1s equlvalent to seven per cent of 6ne-th1rd the eligible investment.
Eligible investment is the purchase price, $6100. The large jumps in
investment credlt between the five and six year replacement intervals
and the seven and eight year replacement intervals are caused by the
increases in eligible investment. Eligible investment increases from
one-third to two~thirds between years five and six and from two-thirds
to the entire amount between.yeérs seven and eight., After year eight,
investment credit is a constant $427.

As stated above; the primary effects of investment credit are a
$44 .19 per year reduction in costs and a reduction in the optimal re-
placement interval frpm seventeen to fifteen years., If a farmer were
to trade machines every eight years, the»savings beééuse of investment
credit average $68.80 per year. Because year eight is the first year
of maximum eligible investmept, it 1s also the year when investment
credit gives the maximum reduction In amortized average cost.

In addition to investment credit, another tax concession‘is avail-
able to purchasers of eligible investments., Depreciation may be
deducted from taxable income. If a tractor is kept a great number of
years, depreciation will average only a small amount each year. But if
tractors are traded frequently, average depreciation will be larger and

the relative decrease in taxes also large. This being the case, there
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is an opportunity cost‘associaféd with not tréding tractoré every few
Yyears.

In thié study, market deﬁreciation has beén used for replacement
analysis. However, depreciation‘for tax purposes 1s usually computed
by using either a straightvline, Sum-of;digits, or declining balance
méthod. Because 1t alléws the'fastest depreciafion, the déclining
balance method is used, Depreciation 1s-éssumed at a rate of twenty
ber cent per year., An additibnal_twenfy per.cent depreciation 1s
allowed the first year and 1s included. It is assumed for the purposes
of this study that the farmer is in a sixteen per cent tax bracket.

The higher the tax bracket, fhe.more important are the savings from
trading relativély ofteﬁ. |

There are various alfernatives when considering the opportunity
cost assoclated with taies. it was decided that since investment credit
savings Were a_maximum in year eight, the opportﬁnity costs associated
with taxes would also be computed from year eight. The ﬁrocedure used
was to compute thevtax Savings each &ear for thé first eight years,
These tax savings were discounted and summed to year one., The total
of tax savings, discounted and'Summed, were then amortized for the
eight year-peridd. Résulting was the avérage saving 1in ta#es for the
first eightvyears of.tractor 6wnersﬁip. For all years past eight, the
bopportunity costs can bevcomputed for not.attaining the>level of tax
savings averaged the first elght years. This was done by subtracting
the tax savings in year niﬁe and each subsequent yearifrom the first
elght year average. It i1s not necessary to use the eight year time

period; any interval could be chosen. The maximum opportunity costs
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would occur if the base interval were tréding every year rather than
every eight years.

Table XV gives the marginal and ambrtized average. cost curves that
result when the tax opportunity cqst is considered.. The optimum owner-
ship interval is fourteen years with an amortized aﬁerage'cost of
$2680.60 per jear. Tax opportunity costs reduce the optimum replace-
ment interval three years. If, instead of an eightvyear base interval,
a one-year 1ntefval had been used, the optimuﬁ replacement interval 1is
st111 fourteen years but the amortized average cost Ilncreases to
32912;26'per year. | |

To this point investment credit and a tax opportunity cost have
been considered independently. By consildering both, the optimum re-
placement intefval is thirteén years and the amortized average cost
$2620,9%2. It should be pointed but that the avefage cost 1s only
decreased about ¥14,00, The.émall change results because the tax
opportunity cost 1s added to the cost stream while investmert credit is

deducted from the first year's cost.
Breakeven Labor Charges

A small tractor being used on a 640-acre farm has relatively low
fixed costs and high operating cdsts, whereas a large tractor has large
fixed costs and relatively low dperatiﬁg costs per year. Because of
the cost relationships betweéﬁ‘small and large tractors, it is possible
to find breakeven yearly cqsts for sméll and large tractors on avgiven
farm, |

Assume for a given farm size that costs other than labor for a

small and large farm are C and G, respectively. Also, assume hours
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AMORTIZED AVERAGE AND MARGINAL COSTS CORRECTED FOR THE TAX SAVINGS

GIVEN UP UNDER ILONG OWNERSHIP INTERVALS,

8 YEARS; NEW TRACTOR COST:

$6100,00; USE:

600 HOURS PER YEAR; INTEREST RATE: 8 PER CENT;
LABOR CHARGE: $1,50 PER HOUR; DERENDABILITY
INCREMENT: §25.00 PER YEAR. (COSTS THE
SAME AS IN TABLE II] THE FIRST EIGHT YEARS.)

BASE INTERVAL:

Replacement

Amortized

Tax Savings

Marginal
Interval Average Cost Given Up
(Years) (Dollars) (Dollars) (Dollars)

9 2698.26 256%,82 - 9Z.51
10 269047 2585.45 98,75
11 2685,45 2606.,92 102,94
12 - 2682.45 2628, ,48 106.29
13 2680.95 2650.27 108.97
14 2680.60 2672.41 111.12
15 2681,1% 2694 ,97 112,84
16 2682.25 2718.02 114,21
17 2684,10 o741.,57 115.31
18 2686 .28 2765,64 116.19
19 2688.79 2790,23 116.89
20 2691.55 2815,3%4 117.45

- 21 2694 ,52 2840,96 117.90
22 2697.63 2867.06 118.26
23 2700.85 2892.,63 118,55
oL 2704, 1k 2920 ,64 118,78
25 2707 47 2948 ,08 118,97
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'of labor required are H and H, for the small and large farm,
respectively. If one wishes to find a labor charge, LC, such that the
average yearly costs, AYC, for the two tractors is the same, then one

has a system of two equatlons with two unknowns, IC and AYC.

G +HIC

G, + HLLC

AYC

H

AYC,

Since these two equaﬁions are both equal to AYC, they are equal to
each other. The resulting labor charge which will make the two average
yearly costs equal 1s LC ='§?—f~%§,.

Table XVI gives breakeven labor charges for an Oklahoma panhandle
farm situation. The column headings give the tractor sizes being com-
“pared ahd the row heédings give the size of farm being considered.
Alternat;ve planning horizons are also given. The-tractors are kept
the 6ptimum‘length of time or to the end of the planning horilzon,
whichever is shorter, The optimal ownership interval 1s enclosed in
éarenthesis when it 15 shorter than thé planning horizon,

The tgble may be used as follows., If the planning horizon i1s ten
years, and the farm size 480 acres, what size of tractor should the
farmer buy if he purchases labor (or values his own time) at $1.50 per
hour. The table indicates that between labor charges $1.01 and $1.58
per hour, the optimal tractor size is $6100. Therefore, the farmer
should buy a #6100 tractor. If oh the other hand, the farmer values
labor at more than $2.18 per hour, he should buy #8200 tractor.

Table XVI clearly indicates the relationship between labor costs
and optimal tractor size, A relatively small change in the labor

charge can make a big difference in the optimal tractor size.



BREAKEVEN LABOR CHARGES BETWEEN ALTERNATIVE TRACTOR SIZES.FOR A GIVEN

TABLE XVI

OKLAHOMA PANHANDLE RESOURCE SITUATION,
8 PER CENT; DEPENDABILITY INCREMENT:

INTEREST RATE:
$25,00 PER YEAR

Tractor size (Dollars)

Planning Farm
Horizon* Size 2900 4800 6100 7200 8200
(Dollars) (Dollars) (Dollars) (Dollars)
25 years 220 .66 1.12 1.76 2.43
480 (24) o3k .63 1.05 1.48
640 (12) .27 (20) .28 67 .99
800 ( 8) .26 (12) .3k {21) .45 ‘ .68
960 ( 6) .25 (8 .23 (12) Ja1 (20) .49 (25)
15 years 220 .83 1,37 2.13 2.91
48c 47 .82 1,31 1.83
640 (12) .29 e53 .89 1.27
800 (8) .26 (12) .36 62 .92
960 ( 6) .25 ( 8) .33 (12) . b5 .68
10 years 220 1.01 1,64 2.51 242
480 .60 1.01 1.58 2.18
640 .38 .68 1.10 1.55
800 ( 8) 27 W48 .81 1.16
960 ( 6) .25 ( 8 035 .61 .89
8 years 320 1.12 1.80 2,76 2.75
480 .68 1.1% 1.75 2,41
640 45 .78 1.24 1,732
800 .30 .56 .92 1.%31
960 ( 5 .25 i1 .71 1,02

8



TABLE XVI {Continued)

Planning Farm Tractor size (Dollars)
Horizon* = Size 2900 4800 6100 7200 8200
’ - (Dollars) (Dollars) (Dollars) (Dollars)
5 years 220 1.2 2,22 2,328 4,57
480 87 1.k42 2,18 2.98
640 .61 1.01 ~1.58 2.17
800 ik .76 1.21 1,67
960 .23 .59 .96 1,24

*If optimal interval less

than planning horizon, optimum interval used and enclosed in parenthesis,

88
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Therefore, 1t is imperative that any farmer seriously ccnsider the

current and anticipated labor charges before he purchases a tractor.
Summary

The current chapter and part of the previous chapter have been
devoted to developing empirical applications of the replacement models,
If a machihe ieutovhe replaced by a similar machine, the year in which
the minimum amortized average cost occurs indicates the economic life
and cptimum ownership 1nterval for the tractor.

JmmThe generalized replacement criteria is: The current machine's
marginal cost must equal the proposed replacement's minimum average
cost for it to be economical to trade. If either the marginal
(current) cost of the currently owned machine or the minimum average
cost of the proposed replacement are altered, the optimal ownership
interval will shift, Reasons why farmers may purchase larger machines
are: Larger machines are more efficient, additional land has been
purchased, or labor has become more expensive, Farmers purchasing
large tractors should be aware that they have longer optimal ownership
intervals, have higher yearly costs, but require substantially lesa
labor for a glven farm size,

Tables which contain the economic life and minimum amortized aver=-
age cost for a number of tractors can be valuable replacement alds.
With appropriate tables and adequate records plus a working knowledge
of thelr tractors, farmers can make a cost minimizing replacement
decision each year.

Often, farmers wish to trade machines.at other than the optimal

time. The opportunity costs (savings foregone) associated with this
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practice were shown in thils chapter, Alternatively, a large anticipated
repair cost may make It economical tq-trade earlier than the bptimal
interval found a priori, by methods used in this study. If a farmer

had a table of minimum average costs for proposed replacements and a
table of expected yearly costs for his present machine, he could decide
-3f trading were feasible because of a large repalr cost,

Land acquisition hgs a profound éffe;t on the optimal ownership
interval. I£ greatly increases costs and alters the optimal machine
size., For a farmer to decide whether to trade, it would be necessary
to consider the size of land purchase, the value of his labor, and the
other relevant variables. Again, tables applicable to an individual
farmer's situation would he helpfﬁl. |

The analysils showed thét, i1f avallable, quality used tractors are
a good buy. If the farm size is large and thé chosen tractor size rel-
atively small, the wisdom of purchasing used tractors is questionable,
Relatively large tractors, one year old, may be a good buy becéuse dur-
ing the first year the machine depreciatéd considerably, thereby allow-
ing the second cowner to get by on a smaller fixed cost per year.

Taxes are also important in replacementbdecisionsa Tax conces-
slons avallable include investment credit and the deduction of depreci-
ation from faxable income, Since the influence of these two
concessions occurs primarily during the first few years of fractor
ownership, they reduce the opfimal ownership interval, Of the two
concessions, depreclation deductions from taxable income shorten the
optimal interval the most. This occurs primarily because.investment
credit 1s deducted in only the first year of ownership.

The final portion of this chapter was devoted to 1llustrating the
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profound importance of labor costs, If farmers use relatively long
planning horizons and labor charges are above a dollar per hour,
farmers are Justified in purchasing large tractors. If a farmer's time
has a sméll opportunity cost, he should pprchase a relatively small
tractor apd take longer to farm his~land.v The farmer should not,
however, buy so small a tractor that the opportunity cost of not getting
Jobs done at thevcorrect time 1s prohibitive. |

Relating the results of this chapter to a $6100 tractor allows
several conclusions to be drawn., The optimum trading interval is 17
years, but if trading occurs anytime between years 14 and 21, the total
additional cost will be less than $200. If a one-year old $6100 trac-
tor is purchased, the expected minimum average cost is $2528.64 rather
than the $2644,78 for a new tractor. Consideration of investment
¢redit shortens the optimal replacement interval from 17 to 15 years
and decreases amortized average cost§‘$44.98 per year. The tax savings
of trading every 8‘yeérs rather than periods longer than 8 years is
about $100., For a 640O-acre farm with an 8-year planning horizon, the
breakeven labor charge between é $6100 and $7200 tractor is 89 cents.,
If the farmer's 1ébor i1s worth more than 89 cents per hour, he should

purchase the larger tractor.



CHAPTER V
SELECTION OF A REPLACEMENT PROCEDURE USING SIMULATION

In an earlier chapter, an optimal replacement criterion was devel-
oped. The theoretical criterion, as developed, requires yearly costs
to Behave in an orderly manner. However, in the real world costs fluc-
tuate making the-theoretical model of limited value. The purpose of
this chapter 1s to select from among several alternative rules of thumb
the best method of implementing the replacement criterion. Simulation
wlll be used ﬁo evaluate the alternative rules and select the one
offering the lowest average cost over time. Of particular interest is
the 1ﬁpact of é stochastic repalr distribution on the optimal replace-
ment interval,

Theoretical expectations may be used to determine optimal tractor
size, observe expected repair cosfs, and determine single valued opti=-
mal replacement intervals. But, developing a usable replacement proce-
dure for year-to-year decisions requires that actual conditions and
short run expectations be used.

Several alternative rules of thumb may be suggested. First, the
machine can be repiaced at the theoretical optimum replacement interval,
Second, the farmer may replace wheﬁ some average of marginal costs
exceeds the minimum average coét of the proposed replacement, Third,
replacement may occur when marginal costs 1n‘any year are sufficiently

high, The size of repair cost required will be discussed later,

92



93
Distribution of Repailr Costs

The most unpredictable farm tfactor cost 1s repalr and before
simulation can take place a distribution must be constructed from which
yearly repalr costs éan be drawn at random. Because repair costs fluc-
tuate widely, collection of a large number of observatlons 1s necessary
to determine with some degree of confidence the distribution's shape.
Data collection poses a problem since it is difficult to obtailn data
from a large number of tractors which are the same aée, size, and which
are used the same ampunt. This problem was overcome by constructing a
generalizea distribution. Repair cost data were collected on tractors
of various sizes, ages, and use levels. Given the size, age, and use,
the repailr cost equation presented in Chapter III can be used to deter-
mine egpecteq repalr costs for the tractor. Kach repalr cost observa-
tion was divided by the repalr cost expected for the machine. The
ratios found were fhen tabulated giving a frequency distribution of
actual repalrs as a per cent of expected repairs, The expected value
of the frequency distribution should be one.

| The data used to find a distribution using the above procedure are
the same data used to construct Equation (5—6).1 Since the tractors
surveyed varied in age and there has been a large amount of inflation
since many of them had been purchased, 1t 1s necessary to inflate the
tractor prices to a 1966 equivalent.v The index of prices pald by

farmers was used to inflate the tractor prices. The data used in

lThe data was collected in Illinoils and Indlana and is analyzed in
William E. Larsen, and Wendell Bowers, '"Engineering Analysis of Ma=-
chinery Costs' for presentation at the 1965 annual meeting of the
American Society of Agricultural Engineers,
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finding the repair cost distribution was collected on tractors between
two and twenty-six years old with at least a $Z000 inflated purchase
price and used a minimum of 400 hours per year, Tractors one year old
were excluded because of the large amount of warranty work. Also, many
of the one-year-old tractors were probably used only part of a year and
at the time of the survey were yet to be repaired. By eliminating
first year data, the expected value of‘the repalir cost distribution was
increased. Before elimination of the first year data, the distribution
was more skewed than the one shown in Figure 10.

Observations on 475 tractors wefe used in the construction of the
repair cost distributiop presentéd in Table XVII and #llustrated in
Figure 10, The frequency distribution shown in Figure 10 was adjusted
for two reasons., First, to facilitate the simulation procedure, a dis-
tribution with a more regular shape than provided by the raw data was
desired. Second, the distribution was adjusted so that 1ts expected
value would be one, To accomplish these objectives, several components
of the distribution were arbitrarily increased or decreased, The ex-
pected value of the raw frequency distribution was ,875. After adjust-
ment, the expectgd value was .996. The adjustments altered the
distribution towards a normal curve, but it is still significantly
skewed. Because repalr costs tend to occur in lumps every several
years, the mode of the distribution is considerably less than the
expected value. The distribution allows repalr costs to vary from five
to 495 per cent of the expected value. If expected repalr costs for a
year were $100, then the possible range of repair costs would be from
$5 to 8495, As expected costs increase, the possible range of repair

costs increase also. If expected repair costs were $200, then the
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TABLE XVII

PROBABILITY AND CUMULATIVE DISTRIBUTION OF TRACTOR REPAIR COSTS AS
A PER CENT OF EXPECTED REPAIR COSTS

. Proportion Probability Cumulative Proportion Probability Cumulative
of Expected of the Proportion Distribution of Expected of the Proportion Distribution
Repair Cost Occurring Repair Cost Occurring :
05 .09895 .09895 2.55 .00622 .91160
.15 .11268 21263 2.65 .0067%2 .91792
25 .09263 . 20526 2.75 - ,006322 L9242k
«35 06726 : 27262 2.85 : .00632 .93056
A5 : .06315 Lz577 2.95 .00632 .9%688
«55 ,05263 48840 2.05 LO0421 94109
.65 .0L622 .53472 z.15 00421 94530
.75 .0l000 57472 z,25 .00421 94951
.85 .02368 .60840 3.35 .00k21 95372
.95 .02158 .62998 3,45 .00421 .95793
1,05 02947 66945 3.55 ,00421 96214
1.15 02737 .69682 z.65 00421 .96635
1.25 .02526 .72208 z.75 00421 97056
1.3 ,02316 L7450k 2,85 .00421 97477
1,45 .02105 . 76629 .95 00421 .97898
1.55 .01895 .78524 4,05 .00211 .98109
1.65 .01895 .80419 4,15 ,00211 .982z20
1.75 .01687 .82106 4,25 .00211 .98521
1.85 ,01684 .82780 L,z .00211 98742
1.95 LO1h474 85264 4,45 .00211 .98953%
2,05 L01474 .86738 4,55 .00211 ' .99164
2.15 01263 .88001 4,65 .00211 .99375
2.25 .0105% .89054 4,75 .00211 .99586
2.35 00842 .89896 4,85 ,00211 .99797
2,45 . 00632 .90528 4,95 .00203 1,00000
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possible range of vepasir costs would be from 810 to $990. In Table IIX
the expscted repair cost for a thiriy year old tractor is above $600

9,

Using the repair cost distribution, the highest possible repair cost in
year thirty is abo#e $3000, Clearly, repalr costs of this magnitude
are not concelvable 1n npormal everyday operations and availlable data do
not indicate that they would ever be that high., Since the distribution
glves unsatisfactory results vhen expecied repalr costs are high, an
arbitrary limit of $1200 is placed on the repair cost size which could
occur iIn any year,

The high percentage of low cosis indicate to what extent the dis=-
tribution is skewed., Over fifty per cent of the time, simulated repalxr
costs will be less than sixty-five per cent of the sxpected repailr
cost, About sixty-four per csnt of the tims simulated repair costs
will be less than thelr expechted value. On the other end of the dis-

tribution, only ten per cent of the repalr costs will be more than 2,45
9 o

times the sexpected cost,
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In the simulation procedure, the repair cos
used to determine yearly repailr costs. Random numbers are used fo
select from the cumulative distribution given in Tablie XVII the pro-
portion of expected repair costs to be ysed for the year. The repair
cost proportion obtained is then multiplied times the expscted repair
cost te procure the simulated repailr charge. By securing thirty ran-
dom numbers, finding the correspounding proporiion of expected repair
cost 1n Table AVII, and multiplying the preportion by the appropriate

thirty expected repalr costs, thirty years of tractor repalr costs can

be simulated.
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The Simulation Procedure

The simulation procedure used for replacement criteria evaluation
is as follows: First, the minimum amortized average cost of the pro-
posed replacement is found., The replacement's minimum average cost is
the pivotal variable in trading decisions. Bxcept for the repair por-
tion, marginal costs are computed for the existing machine exactly as
they were in the theoretic¢al model. A sample simulation procedure is
given in Table XVIII., A random number and the cumulative distribution
are used to select a repair cqst proportion in Table XVII. Simulated
repair costs are found by multiplying expected repair cost by the
appropriate portion of expected costs. Yearly simulated costs are
equal to expected costs plus the difference between simulated and
expected repairs,

Once the simulated yearly cost is obtained, the procedure used to
implement the replacement criterion 1s applied. For expositional pur-
poses, the replacement procedure used in Table XVIII is a three-year
average of marginal (annual actual) costs. An average of marginal
costs 1s used fo implement the replacement criterion because of margin-
al cost variability. By using an average of marginal costs, it is
hoped that premature replacement due to one large repair cost can be
prevented, When the three-year average of marginal costs exceed the
minimum expected average cost of the proposed replacement, it is time
to trade. Other replacement procedures will be considered and evalu-
ated later but the analytic procedure is the same as for the three-year
average. It was previously pointed out that only when marginal costs
are rising is the replacement model relevant. In Table XVIII, expected

yearly costs begln rising in year two., Thus, not until year four is it



TABLE XVIII

ILLUSTRATION OF SIMULATION PROCEDURE USING THREE-YEAR-AVERAGE CRITERION ON A $6100
TRACTOR WHICH HAS A MINIMUM AVERAGE COST OF $264k4,98

Tractor Random  Repalr  Expected Simulated  Expected Simulated 3 Yr, Avg. Is Replacement

Age Number Cost Repair Repair Yearly Yearly of Simulated Criteria
Factor . Cost Cost Cost Met?
(Years) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars)

1 Loz65 A5 81.85 26.82 498,71 L4252,69

2 92667 2.85 149,66 426,62 2258,26 2625,%

3 22746 .25 192,80 48,45 2250.24 o2z 89 : :

L 29222 45 229,50 102,27 . 2296.84 2270.61 2280.27 No
5 98762 4 45 . 260,22 1158, 42 2411,51 2209.61 2605.0% No
6 20159 .15 287,84 4=z .18 2425,65 2180.99 2588,90 No
7 o5497 2,45 212.92 1079.57 2Lzg,94 2206.59 2899.06 Yes
1 88460 2.25 81.85 184,16 Lo98,71 Lhol,02

2 47195 .55 149,66 82.21 2258, 26 2291,01

3 5296% .75 192,80 145,25 2280.24 . 2221.79 '

L4 68422 1.15 229,50 262,97 2296 .84 o421 ,07 2251 .2 No
5 4z590 <55 260,22 142,18 2411.51 2294 .2 2252 47 No
6 29020 45 287,84 129.5% 2L25,65 2267.34 2370.99 No
7 20866 .35 212.95 109.5% 2429,94 2226,52 2266.07 No
8 188132 .15 226,18 50,42 oLsh, 76 2169.01 2224 ,29 No
9 29888 <25 257.90 89,48 oh70,21 2201.89 2202.,47 No
10 19141 .15 278,22 56.76 2486.70 2165.08 2178.66 No
11 67205 1.15 297.81 L5748 250%,99 2562 .66 2210.21 No
12 74720 1.45 416,22 60%,68 2522,19 2709.54 2479 42 No
13 2695 .75 Lz4 06 225,55 2541,20 ohoo,79 2568.66 No
14 15578 .15 451,09 67.66 2561.29 2177 .86 2440,06 No
15 56420 .75 467,50 250,62 2582.14 2L465,21 2528 ,6% No
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TABLE XVIII (Continued)

Tractor - Random  Repalr  Expected  Simulated  Expected  Simulated % Yr. Avg. Is Replacement
Age Number Cost Repair Repair Yearly . Yearly of Simulated Criteria
Factor Cost Cost Cost Met?
(Years) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars)
16 15578 45 48z ,35 217.51 2602, 81 2237.97 - 2227.03 No
17 56422 .85 498.71 422,90 2626.26 2551.45 2451,56 No
18 80571 1.75 51%.60 898.80 2649 45 2024 .65 2642,12 No
19 91216 2.65 528,07 1300.,00 2672, 34 2445,07 4010.45 Yes

00T
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possible to have a three year average which can be.tested against the
minimum average cost of the proposed replacement.

In Table XVIII, all that is done for the first three years of
tractor 1life is to find the simulated yearly cost. In year four, a
three~year average of marginal costs is found, This average i1s checked
against the_minimum amortlzed average cost of fhe proposed replacement.
If the three-year average is larger, the tractor is traded. Otherwise,
the tractor is kept and the simulation of year five begun.

The procedure outlined above continues until the tractor is
replaced. In Table XVIII, two tractor lives are simulated. One machine
1s kept seven years; the next is kept nineteen., The way 1in which the
simulation procedure is used to evaluate various replacement criteria

1s the topic of the followlng section,
Evaluation of Replacement Procedures

The purpoée of simulating tractor ownership intervals is to have
some means of evaluating alternative replacement procedures. In theory,
thére 1s‘no problem -~ as soon as marginal cost exceeds the minimum
average cost of the proposed replacemeﬁt, it 1s time to trade., Also
when marginal cost exceeds minimum average cost, it is necessary that
1t remain above average cost. This condition will not be met in real
life as yearly costs fluctuate considerably, especlally the repairs
component, When largé repair costs occur early in machine 1ife, the
farmer may either trade or keep the machine., If he follows the theory
directly, he will trade. If he trades, he may forego the subsequent
low marginal costs expected on the current machine for the relatively

high average yearly cost of the proposed replacement.
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The objective of effective tractor management is the minimization
of long=-run costs, Minimum average cost is the norm chosen to compare
alternative replacement strategies. The replacement procedure which
proﬁides for minimum average costvover time is preferred.

The simulatlon procedure presented provides a means of determining,
wlth a reasonable degree of accuracy, the average costs associated with
each procedure, A large number of tractor lives are simulated using a
given rule of thumb for determining when to replace. The total costs
assoclated with each tractor can then be summed and divided by the
number of years to glve an average cost over time., The replacement
procedure offering the lowest average cost over time is the most eco~-
nomlical cholce,

In this simulation of tractor lives, it is assumed that the farmer
can correctly anticipate costs for the following year. Using a three-
year average rule of thumb, the simulation results presented in Table
XVIII imply that the first tractor would actually be traded in six
years., The high repalr cost in year seven would have been anticilpated
and the farmer would have traded machines before the cost occurred.

As mentioned earlier, procedures proposed for implementing the
replacement criteria fall into three gfoups. The first requires keep=-
ing each tractor its economic life and then trading. For a $6100
machine, the expected minimum amortized average cost is $2644,98 and
the corresponding economic life, 17 years. This is based on single=
valued expected annual costs with no provision for cost variability.

The second rule of thumb involves averages of marginal cost. Two,
three, four, five, seven, nine, and twelve year averages are consld-

ered, If a twelve year average of marginal costs is used, it means
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that no machine could be replaced before year thirteen., Therefore, an
alteration is made in the average cost criteria. In year four, a
three-~year marginal cost average is tested against the minimum average
cost of the proposed replaceﬁent, In year five, a four-year average 1s
used. The averaging process is continued until a maximum twelve-year
average 1s found, Thus, replacement based on (say) twelve year aver-
ages can ogcur as early as year four, |

The third rule of thumb is based on the occurrence of a very large
repair cost. Required tgo cause replacement 1s a repalr cost which,
when added to the sum of marginal costs between the large cost year and
the expected optimal year, would yield an average of marginal costs
greater than the minimum average cost of the proposed replacement.,
Also considered in the simulation analysls were combinatlions of the
large cost replacement rule and theraverage of marginal costs rule.

Table XIX gives the simylation results., The procedures marked
with asterisks offer the lowest average costs over time, The large
coat criterion, averaged over 1000 trials offers an average cost over
time twenty dollars per year less than other methods tested. The aver-
age replacement interval using the large cost method is 13.7 years,
whereas the economic life of the machine is seventeen years, The
expected simple average cost of owning a $6100 tractor seventeen years
is $2592. The averages in Table XIX and $2592 are comparable figures.
Several of the procedures have average costs above $2592, which indi-
cates that trading in a set paftern of every seventeen years would be
preferred %o using such methods,

The large cost procedure provides a saving of about fifty dollars

per year over the arbitrary decision rule of trading every seventeen



EXPECTED VALUE OF REPLACEMENT INTERVALS AND AVERAGE COSTS FOR

TABLE XIX

ALTERNATIVE REPLACEMENT CRITERIA,
SIMULATED USING EACH CRITERIA**

1000 TRACTOR LIVES

104

Average

Expected Replacement

Criteria
Cost Interval
(Dollars) " (Years)
Large Cost *2540,96 12.7
P~year-average 2620.63 11.3
Z-year-average 2591, 54 14,7
S5-year-average 2607, 54% 17.3
Q-year-average - 2617.75 21,3
12-year~average 2614 ,50 24.0
P-year-avg. + Large Cost 2595 ,69 10.6
Z-year-avg. + Large Cost 2572 42 12,0
Lkeyear-avg., + Large Cost *2562,59 12,8
5-year avg. + Large Cost 256,79 12.9
7-year avg., + Large Cost 2567.97 1z.2
9~year avg. + Large Cost 2566 .96 13.4
12-year avg. + Large Cost 1z.8

2568,99

**The minimum amortized average cost of the proposed replacement,
$0644 .98, 1s equal to a simple average cost in year seventeen of $2592,
The difference between $2592 and the average costs above are measures

of the savings per year.
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years., The large ¢ost method used in conjunction with the average of
marginal costs provide lower costs than the average of marginal costs
criterion used alone,

The simulation results indicate that over a long period of time,
the various replacement procedures tested offer only very small cost
reductions compared to trading every seventeen years. However, a long
period of time is many times the farmer's age. Therefore, it maj be
argued‘that dﬁring a farmer's lifespan utilization of rules fwo and
three may be very important. If the rule of trading every seventeen
years were followed for a $6100 tractor, the typical farmer would own
no more fhan three tractors during his life. Using rules two and three
may not always save much, but, if a "lemon'fwere purchased, savings

could be considerable.
Distribution of Replacement Intervals

Once the optimum replacement procedure 1s selected, it is possible
to construct a replacement interval distribution based on the chosen
method, The density distribution of replacement intervals for the
large cost procedure is given in Figure 11 and the final column of
Table XX. The data used for construction of this distribution were ob-
tained from the simulation results. Each time a tractor life was
simulated, the replacement year was recorded. Figure 11 is based on
the results of 1000 simulated tractor lives. The expected value of the
distribution is 1%.,74. In the simulation, no machines were replaced
before year eight because the cost equations used made 1t impossible
to have a sufficiently large cost.

For the large cost procedure, it 1s possible to construct a
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TABLE XX

A PRIORI DISTRIBUTION OF REPLACEMENTS USING LARGE COST CRITERIA., EXPECTED VALUE: 12,74 YEARS

Replacement High Cost? % of ExpectedB Probabilityc Density % of Dist. Simulated.
Year Required . Repair Cost . of Getting Distribution Remaining Density
) ~ Required % ' % % Distr;bution

4 1456 728 0 100,00

5 1205 601 0 100.00

6 1157 502 0 g 100,00

7 1012 Loz . .016 1.60 1 98.40 0

8 872 59 o .038 2.73 94,67 2.3

9 26 206 .061 5.77 88.90 L.,7
10 607 260 - L0888 7.82 81,08 7.8
11 L8k o002 - 2117 9,49 71.59 9.2
12 371 189 164 11.74 59.85 10.9
13 268 162 211 12,63 k7,02 12,5
14 177 139 .257 12.14 25,08 13.9
15 101 122 .202 10,62 oL 46 11,3
16 L1 108 2331 8.10 C16.%6 9.5
17 0 100 260 5.89 10.47 6.4
18 0 100 360 2.77 6.70 3,2
19 0 100 .260 2,41 4,29 2.8
20 0 100 360 1.54 2.75 1.2
21 0 100 _ 360 .99 1.76 1.6
22 0 100 360 .63 1.13 .9
232 0 100 « 360 1 .72 o2
ok 0 100 «260 .26 46 .2
25 0 100 360 .17 .29 .1
26 0 100 360 .10 .19 0

L0T



TABLE XX (Continued)

% of Expectedb Probabilyty® Density % of Dist.

Replacement High Costh Simulated
Year Required Repair Cost of Getting ‘Distribution Remaining Density
$ Required % % % Distribution
%
27 0 100 360 .07 012 .1
28 0 100 .360 LOb .08 0
29 0 100 . 360 03 .05 0
z0 0 .1

100 ‘ . 360 .05 0.00

ATaken from Table VII,

BHigh cost required, divided by expected repairs givemn in Table III,

CTaken from Table XVII,

20T
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density distribution without resorting to simulation as is done in
Table XX, From Table VII the large repair cost required to make
trading economical can be found for each year of tractor life. Table
IIT gives the expected repair cost for each year. The hlgh cost
divided by expected repalr cost gives the size of cost required. The
required cost 1s given as a per cent of expected cost. The probability
of getting a sufficient or larger cost can be found in Table XVII,
Given the probability of getting the required cost in any year, a
density distribution of replacement intervals can be found,

Through six years no tractors are replaced. In year seven, the
probability of getting a sufficient cost is .016. Therefore, over a
numbef of years 1.6 per cent of the tractors will be replaced in year
seven, If 1.6 per cent are replaced in year seven, 98,4 per cent
(100~ 1.6) are not replaced, In year eight, the probability of getting
a sufficiently large cost is .028, Therefore, over a number of years,
.038 of the eight year old tractors composing 98.4 per cent of the
original number of tractors will be replaced. The percentage of the
original number of tractors replaced in year eight is ,038 x 98.4 =
3.7% per cent. If 2.7Z per cent of the original tractors are replaced
in year eight, after year eight there are 94.67 per cent (98,4 ~2.73)
of the tractors to be replaced. By continuing the procedure, a density
distribution of replacement intervals can be found, Also, included in
Table XX 1s fhe simulated density distribution which can be compared
with the constructed distribution. The two distributiens are almost
identical.

It is also possible to derive dehsity functions using the other

replacement criteria but some restricting assumptions must be made.
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For any of the criteria requiring averaging, it must be assumed that
all components of the average except for the final value must equal
their expected values. While calculations for finding the derived
density functions may be tedious, they do lend credence to the distri-

butions found using simulations.
Summary

In this chapter, a simulation routine was devised for evaluating
alternative rules of thumb which could be used to implement the theo-
retical replacement criterion. The replacement criterion is the
equating of current machine ﬁarginal cost and the proposed replace=~
ment's minimum amortized average cost. In a real world situation,
costs do not behave in an orderly manner, causing application of the
theoretical model to lead to costly replacement decislons,

Rules of thumb tested using simulation were: First, trading only
when expected economic life expires. Second, trading when a selected
average of marginal costs 1s greater than the minimum average cost of
the proposed replacement. Third, trading when a sufficiently large
cost occurs.

Simulation results indicate that over the lives of a number of
tractors, use of economic life as the replacement procedure offers
nearly as low an average cost as any other rule of thumb. However,
other replacement rules offer advantage to farmers who own few tractors
in a lifetime,

Other replacement procedures might be proposed and evaluated

using simulation. Although a $6100 tractor was used in the simulation
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analysis, any tractor size could be used. In addition, it is not nec-
essary that the proposed replacement be a duplicate of the existing

machine,



CHAPTER VI
OPTIMAL REPLACEMENT INTERVALS FOR AUTOMOBILES AND COMBINES

The empirical applications so far have dealt only with farm trac-
tors. However, the theory developed is applicable to most farm ma=-
chinery, trucks, and automobiles. In this chapter, the model 1is

applied to cars and combines.
Automobile Replacement

Cost Components

Efficient use of replacement models in a dynamic situation
requires much information, As with tractors, repalrs comprise the most
unpredictable cost and have a major part in determining optimum auto-
mobile ownership intervals. Because of data limitations, only a
deterministic replacement model using discreet cost data for a specific
automobile will be considered,

The situation chosen for analysis i1s a #2000 automobile being
driven 12,000 miles per year. Since a specific automobile is being
considered, only the discreet data given in Table XXI are required. As
with machinery, automobile costs are divided into fixed and variable
portions. The primary component of fixed cost is depreciation., The

depreciation schedule given in Table XXI varied only slightly from a
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TABLE XXI

YEARLY COST COMPONENTS FOR A $32000.00 AUTOMOBILE DRIVEN 1000 MILES PER MONTH

Age Automobile Depreciation Repair Interest Tag Insurance Housing,

Value Fuel
After Yr, 1
(Dollars) (Doilars) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars)
1 1999.,00 lOOl,OGl 117.59 159.92 55.50 181,00 429,80
2 1410.00 589,00 172,26 112.80 50,00 170,00 49,80
3 990.00 420,00 256.46 79.20 45,05 162,50 429,80
4 71C.,00 280,00 204,60 56.80 40,60 157,00 429,80
5 480,00 220,00 4oil,21 38.40 36,59 150,50 429,80
& 210,00 170,00 420,00 24,80 E2.98 116 .00 429,80
7 180.00 120.00 4hs 00 14.40 29.7% 116.00 L4o9,80
8 90.00 90.00 460,00 7,20 26,81 116,00 Log 80
9 40,00 50.00 495,00 2,20 24,18 116.00 429,80
1 20,00 20.00 485,00 1.60 21,81 116,00 L2g,80
11 0.00 20,00 495,00 0.00 21,24 116.00 k29,80
12 0.00 0,00 500.00 0,00 21,24 116,00 429,80
13 0,00 0,00 505.00 0.00 21,24 116,00 o9 ,80
1k 0.00 0.00 510,00 0.00 21,24 116,00 L4o9,80
15 0.00 0,00 515.00 0,00 21,24 116,00 429,80
16 0.00 0.00 520,00 0.00 21,24 116,00 Log9,80
17 0,0 0.00 525,00 0.00 o124 116,00 k29,80
18 3,00 C.,00 520,00 0.00 21.24 116.00 429,80
1 0.00 0.00 525,00 0,00 21,24 116,00 429,80
20 0.00 0,00 540.00 0.00 21.24 116.00 Lo2g,80

lFirst year depreciation includes an excise tax of $159.00.

1T



schedule presented in a Department of Transportation publicationol
Although taken from a different source, little difference was found
when the depreciation data in Table XXI was compared with a deprecia-
tion schedule constructed of information taken from the N,A,.D.A.

Official Used Car Guide.2 The depreciation schedule approached an

average of market deprecilation schedules using wholesale and retail
prices,

The deprecilation schedule has both direct and indirect effects on
autombbile costs. Deprecilation charges directly affecf yearly costs.
Interest on investment is charged on undeprecilated investment and fast
depreclation leaves a smaller undepreclated balance upon which to charge
interest. By year eleven the car was depreciated out, indicating that
after year eleven there were no depreciation or Interest charges in-
cluded in yearly costs,

Also consldered as fixed costs are tags, taxes, housing, and in-
surance. Of these costs, housing charges are assumed constant each
year, the tax 1s a one-time cdst, and tags and insurance are decreasing
costs. .Housing costs Include indirect charges for the owner's garage,
parking fees, and toll charges, In Table XXI, housing costs comprise
$124 of the $429,80 charged for fuel and housing. The tax 1s a one=-
time Federal Manufacturer's exéise tax paid when the car is purchased.
For computational ease, the $#159 tax charge 1s included as a component

of first year depreciation., Actual depreciation the first year is $842,

lU.S. Department of Transportation, Federal Highway Commission,
Cost of Operating an Automobile, by E. M. Cope and L. L. Liston
(Washington: 1968), D. 9.

°N,A.D.A. Offfcial Used Car Guide. (Washington: National Auto-
mobile Dealers Used Car Guide Co., 1967).
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(lOOl=-159). Tag charges are taken from an Oklahoma tax rate sheet f@r
automobiles.3 The first ﬁag costs $55 and in year eleven the minimum
charge of $21.24 is reached. Insurance coverage includes a $50,000
combined public liability, property damage, and comprehensive for the
entire car 1ife, In addition, $50 deductible collison insurance is
included for the first five years.

Variable costs, in contrast to the fixed costs discussed above,
are a function of the amount of use. Included as variable costs are
repairs, fuel, and lubricants. The repair cost schedule was extrapo-
lated from information obtained from the U. S. Department of
Transportation,

Usually,‘older'automobiles are relegated to use as second cars
and second cars are ushwally not used for long trips requiring an
extremely dependable automobile, Therefore, it is usually not neces=
sary to maintain the car at an exceedingly high level. However, for
the purposes of this analysis, it 1s assumed that the car 1s to provide
an ildentical service each year throughout its life, Maintaining an
older car at a high level requires large malntenance and repair expen-
ditures., Also, because of the inclusion of a $40 annual charge for
tire replacement and accessories, repalr costs may appear to be
excessive,

Fuel and lubricant costs vary with the number of miles driven.
However, it 1s assumed in this study that the agtomobile is driven the

same number of miles each year. Therefore, fuel and lubricant costs

3Oklahoma Tax Commission Rate Sheet for Automobiles,

4U,S, Department of Transportation, p. 9.
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are constant each year., The car is assumed to require a gallon of gas
for each 14,2 miles, with each gallon of gas costing 31,9 cents. Each
year $28.15 1s spent on oill and grease, pushing the yearly total cost
for fuel and lubricants to $295.80. The addition of the $13%4 housing
charge enlarges the total fuel, lubricant, and housing charge recorded
in Table XXI to $429.80.

Of costs discussed to this point, only repalrs increase over time
and repairs have a marginal increase of only five dollars per year
after year ten, The small increase i1s nearly equivalent to saying that
repalr costs have reached a steady state. Therefore, for 1t to be
possible to have a minimum marginal cost, the combined total of other
yearly costs must at some point decrease by less than five dollars per
year, It is 1mbossible for average cost to reach a minimum untlil mar-
ginal cost starts rising. It i1s apparent that if dependability and
prestige considerations are ignored, the economic optimum interval of
ownershilp 1s a considerable period of time, In addition, if repailr
costs reached a certain level and became constant, the optimum ownership
interval consldering only out-of-pocket costs, would be infinite.

There are, however, some non-quantifiable increasing costs which
should be considered. As with tractors, there are dependability and
prestige factors., It may be argued that dependability is a real cost
subjectively evaluated while prestige is a subJective cost, subjec-
tively evaluated. Dependability charges may be considered real in the
sense that old cars are more likely to break down, causing tlime and
monetary loss. Future gutomobiles may contain more intricate working
parts, allowing fewer operators to have the mechanical knowledge to

handle breakdowns. Therefore, car'owners of the future may place higher
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values on dependability.

Prestige 1s defined as a reputation based on high achievement.
Some car owners feel new high-powered automobiles 1lluminate their
level of economic attainment, Therefore, those 1ndividuals desiring to
conspicuously consume, Incur larger than necessary costs in order to
frequently purchase a new car. Prestige 1s a non-economic considera=-
tion and it 1s impossible to determine an exact function evaluating
prestige for any or all individuals, If, however, an individual car
owner is willing to specify a particular prestige function which he 1s
careful to follow, then 1t is possible to determine an optimum replace~-
ment interval for that individual,

Figure 12 illustrates cost components for automobiles. Along with
the real costs, six linear subjectlve cost functions are 1llustrated.
Beginning with A which is a $25 increment, the functions progress to F
which 1s a $150 increment per year. From Figure 12 some perspective
may be galned as to the size relationship between the subjective and
all other costs. After several years, the subjective cost becomes
dominant regardless of the yearly increment used, therefore, selection
of a yearly cost increment 1s crucial for determining optimum replace=
ment Intervals,

It is possible to determine a bYreakeven yearly prestige or
dependability cost increment associated with optimally trading any age
of car, if the general form of the prestige or dependability function
1s known or assumed. Coefficients for the function can be determined
such that in any year the amortized average cost will be a minimum,

The procedure canvbe used to détermine how much car owners who trade in

any glven year are implicitly paying for dependability and prestige.
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Since prestige and dependability are not actual costs, these costs
may be excluded and alternative intervals compared by using amortized
average annual out~-of-pocket costs. The minimum amortized average cost
for-a $2000 automobile is $#1250.15 in year forty-one. The amortized
average cost of trading cars every ten years is shown in Table XXII as
$1259.60., The difference between $1259.60 and $1250,15, $109.45, is
the cost per year of trading every ten years as opposed to every forty-
one years, Over a perliod of ten years, the additional cost of trading
in year ten as opposed to the economic optimum is $1094,50. Trading
every five years, as opposed to the forty-one year optimum, causes the

car owner to incur an extra $258.21, (1508.46 - 1250,15) per year.

Optimal Ownership Intervals

The analytical procedures used for finding marginal costs and
time corrected average costs were outlined in Chapter II and are again
used 1n constructing Table XXII, Table XXII includes the simple aver=
age, marginal, and amortized average costs for years one through
twenty. No subjective costs are included in the table, therefore, the
cost figures presented may be considered out-of-pocket costs.,

Repalrs, the only increasing cost, increase so slightly after the
first several years that there is no minimum average or amortized aver-
age cost 1n the twenty year span considered in Table XXII. If only
quantifiable costs are consldered, the results suggest extremely long
ownership intervals., Where subjective costs do not play an important
part, such as for second cars, Table XXII may provide usable results.

Also 1llustrated in Table XXII is the computational difference be-

tween simple and amortized averages. Amortized averages are determined
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TABLE XXII

SIMPLE.AVERAGE, MARGINAL, AND AMORTIZED AVERAGE COSTS FOR YEARS
ONE THROUGH TWENTY FOR A $2000 AUTOMOBILE
DRIVEN 1000 MILES PER MONTH

Automobile - Simple Cost Amortized
Age Average Cost in Year Average
(Years) (Dollars) (Dollars) Cost
- (Dollars)
1 1944 ,81 1944,81 194k, 81
2 1724.83 1524,86 174291
3 1621.23 1294,01 ‘ 1625, 44
L 1522.12 1268.80 1554 ,07
5 148z.80 1286.50 1508,46
6 1427.09 120%,58 1466.90
7 1298,21 1164,.93 1422,06
8 1264 ,66 1129,81 1404 ,55
9 1225,05 1098.18 1280,02
10 1209.97 108421 1259.60
1 1289,25 1082,04 1342,92
12 1270.73 1067 ,04 1328,38
13 125545 1072.04 1216.46
14 1242,70 1077 .0k 1206.57
15 1221.99 1082,04 1298,.30
16 1222,93 : 1087,04 1291, 34
17 1215,23 1092.04 128543
18 1208,67 10970k 1280.40
19 1203,06 1102 .04 1276,10

20 1198.25 1107.0k 1272, 40




121

by the discount rate, whereas simple averages are in no way affected
by the diécount rate, An amortized average is a series of equal yearly
costs having a cumulative present value equal to the the total present
value of the series of marginal costs. When finding the cumulative
present value of a marginal cost series, costs for early jears have a
much larger effect on the total than do later costs., Since the cumula-
tive present value of the marginal cost series is required to determine
the amortized average cost, the large first year marginal’cost is very
important. Large marginal COSvtS in the early years cause the amortized
average cost to be larger than the simple average, whereas 1f early
marginal costs had been small, the simple average would tend to lie
above the amortized average.

As stated above, the optimum replacement interval is well over
twenty years if no subJective cost is considered. Table XXIII contains
optimal replacément Intervals under various alternative linear subjec=
tive cost functions. (To clearly understand Table XXIII in its proper
perspective, fefer to Figure 12 which 1llustrates the relationship of
alternative subjective costs to the other costs.) Table XXIII also
includes amortized average out-of-pocket costs corresponding to the
optimal replacement interval year. The difference between amortized
costs of including and excluding subjective costs may be considered the
average yearly cost of the linear subjective cost. Only 1f an individ-
ual is willing to accept a particular linear subJective cost function
aﬁd the other costs are as predictéd may the optimal replacement inter=

vals in Table XXIII indicate when the car should be traded.
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TABLE XXIII

OPTIMUM AUTOMOBILE REPLACEMENT INTERVALS UNDER
VARIOUS LINEAR SUBJECTIVE COST ASSUMPTION

Subjective Optimum Amortized Cost Amortized Cost

Cost Ownership Including With No
Per Year Interval Subjective Cost . Subjective Cost
(Dollars) (Years) (Dollars) (Dollars)

00 1 1250,15

25 15 - 1428,16 , 1298,30
50 10 © 15532.16 1359.60
75 7 1635.09 14232.06

100 5 1697.11 1508.46

125 L 1729.57 1554 .07

150 L 1764 .67 1554,07
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Subjective‘Costs of Trading in Any Year

By successive approximation, 1t is possible to determine for any
year the subjective cost function which is sufficient to make that
year the optimal replacement point., Table XXIV contains the yearly
cost AIncrements for a linear subjective cost function along with other
transformations of the costs. A non-linear function could be used and
would only make computations more difficult.

The amortized average cost in year one is $1944.81, Therefore,
for year one to be the optimal trading interval, it is necessary that
amortized average cost in year two be greater than $1944.81., A subjec-
tive cost of $420 in year two causes the amortized average in year two
to be $1944.87, making one year the optimal ownership interval. If in
year two the appropriate subjective cost were $420 or more, then it
would be optimel to trade every year. How the subjective cost is split
between dependability and prestige is not important unless there is a
different functional form for each.

In year one the subjective cost 1s zero by definition. In year
two the subjective cost is (t=1)x or 1x. It 1s relatively easy to
determine x such that the amortized average in year two 1s greater than
the average for year one. However, to make year two the optimal inter=-
val it is necessary to take subjective costs in years two and three
into account. If ten dollars is added to marginal costs in year two,
twenty dollars must be added in year three. Therefore, determination
of the subjective cost Increment in year three sufficlent to make year
two the optimal ownership interval requires successive approximations.

The subjective cost increment which makes it optimal to trade

every two years is'$250. If $220 were added to marginal costs in year



TABLE XXIV

AUTOMCBILE SUBJECTIVE COST INCREMENTS AND RESULTING COSTS WHICH WOULD BE
SUFFICIENT FOR TRADING IN ANY YEAR

Car Amortized Subgective Amortized Amortized Marginal Cost/Mile Cost/Mile
Age Average Cost Cost. Cost Cost Including Without

Without Increment In Year in Previous Subjgective Subgective

Dependability Year Cost Cost

(Years) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars) {Dollars)
2 1742,91 420,00 1944,83 1944 ,81 1524 .86 0.1621 0.1452
3 1675, 44 220,00 1852.65 1852 .49 1294.21 0.1545 0.1363
b4 1554.07 179.00 1805.28 1805.26 1268,80 0.1504 0.1295
5 1508,46 104.00 1700.00 1700.09 1286.50 0.1417 0.1257
6 1466.,90 97.00 1687.71 1687.,57 120%,58 0.1406 0.1222
7 142%,06 82.00 1652 .94 1652,56 1164.9% 0.1%278 0,1194
8 1404 ,55 71.00 1624 ,55 1624 ,21 1129.81 0.1354 0.1170
9 1280,02 62,00 1599.95 - 1599.76 1098,18 0.12322 0.1150
10 1259.60 54,00 1568.,65 1568.5% 1084,21 0.13207 0.11323
11 1z42,92 46,00 1527.94 1527.68 1082.04 0.1282 0.1119
12 1228,38 41.00 1516.81 1516.74 1067.04 0.1264 0.1107
13 121646 25,00 1489.2 1489 .24 1072.04 0.1241 0.1097
14 1306.57 20,00 1464 ,76 1464 67 1077.0k 0.1221 0,1089
15 1298.30 26,00 144376 1442 ,67 1082.,04 0.1203 0.1082
16 1291,34 23,00 427,14 1426,98 1087.04 0.1189 0.1076
17 1285.43 20,00 1409,51 140942 1092.04 0.1175 0.1071
18 1280.40 18,00 1297.26 1297.10 1097.04 0.1164 0.1067
19 1276.10 16,00 1284 ,41 1284 ,27 110204 0,1154 0.1063
20 127240 14,00 1270,92 1270,87 1107.04 0,1142 0.1060

HaT



125

two the amortized cost for year two i1s $1852.49, Using the linear sub-
Jective cost assumption requires an addition of $230 to margilnal costs
in year two and $460 to marginal cost in year three, The amortized
average cost for year three is $185%2.65, Therefore, trading in year
two 1s 6ptimal. The same procedure is used to find the subjective cost
required for any yeér to be the optimal trading point.

The final two columns of Table XXIV are costs per mile assuming
the car is driven 12,000 miles per year. For trading yearly, the in-
clusion of subjective costs cause an increase in costs per mile of
1.49 cents, from 14.52 to 16.21 cents. If cars were traded every
twenty years, the $14.0ovsub3ective cost increment adds .82 cents per
mile to the cost, If a car were driven for forty-one years, the per
mile cost is 10.41 cents, only .19 cents less than the cost for a
twenty year trading interval. If one were willing to spend one cent
per mile for dependability and prestige, trading could occur every ten

years with a total cost of 11,%3 cents per mile,

Purchasing Used Automobiles

Good used cars are thought to be wise purchases because of lower
investment. When subjective costs are low or nil (Subjective cost
level 00 in Table XXV), the purchase of used automobiles lowers yearly
costs., In Table XXV, the purchase of g three-year-old car saves $77.09
(1250.15 - 1172.06) per year. The reason for the small savings 1s the
assumed trading cost. The difference between wholesale and retall car

values, $350, is added to the purchase price of the used car.5 Also

SThis value was computed as the difference between wholesale énd
retall values in NADA Official Used Car Guide (Washington: National
Automobile Dealers Used Car Guide Co., 1967).



TABLE

XXv

MINIMUM AMORTIZED AVERAGE COSTS AND OPTIMAL REPLACEMENT
INTERVALS FOR USED AUTOMOBILES
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Car Age When Purchased

Subjective ‘

Cost — New — ,One Two Three

Levels Cost! Age®  Cost® Age®  Cost® Age®  Cost® Age”
00 1250.15 4y 1221,25 41 1192,12 326 1172,06 33
25 1428,16 15 1418.61 14 1297.22° 12 1286,08 13
50 1552,16 10  1546.50 10  1536.69 10  15329.51 10
75 1625.09 7 1642,80 7 1647.79 7 1667.97 8
100 1692,11 5- 1719.,52 6  1729.64 6  1780.77 7
125 1729.57 4

150 1764.67 b4

1

20ptima1 car age at time sold in years.

Minimum amortized average annual cost in dollars,
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noteworthy in Table XXV 1s the optimal feplacement intervals for used
cars, When a three—year-old car 1s purchased, it is kept until 22
years old, whereas a new car optimum replacement interval is 41 years.

When subJective costs are Included the amortized average costs
begin to rise.. When the subJective cost increment 1s somewhere between
$50 and $75 per year, the amortized average costs are the same for both
a new and a three-year-old automobile. Therefore, 1f subjective costs
are considered to be of importance, purchasing used cars loses much of
1ts cost advantage.

With a fifty dollar subjective cost 1n§rement, minimum expected
marginal cost occurs in year four. _Therefore, 1f a three-year-old car
1s purchased, the low fourth year marginal cost 1s supplanted by a
relatively large cost. The large cost i1s caused by the inclusion of
the trading cost in first year depreclation, Since the minimum margin-
al cost was replaced by the maximum marginal cost of the serles, mini-
mum amortized average costs for buylng a three-year-old car are greater
than those for buylng a twd—year—old car.

When using a fifty dollar subjective cost increment, cars should
be traded when they are ten years old regardless of their age when
purchased. However, for a seventy-five dollar subjective cost incre-
ment, minimum amortized costs Ilncrease as ¢ar purchase age increases
from new to three~years-old and the optimum ownership iInterval increases

from seven to eight years.
Combine Replacement

For the amount of time used per year, combines cost farmers more

than most other farm machinery. Séldom does a farmer operate a combine
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on his own land more than 200 hours per year. Since a machine break-
down during harvest could prove costly, combines have extremely high
dependability costs, This is espeecially true 1f no custom machines are

readily available,

Cost Equations

Equations, similar to those used for tractors, are available for
combines. To determine optimal combinre replacement patterns, appro-=
priate cost equations from previous studies are inserted Into the
replacement mode_l.6 Initially, the éost equations are presented, then
the resulting replacement intervals and costs are discussed.

Combines depreéiate more rapidly than do tractors. This faster
depreciafion may also reflect the rapid development of technology in
grain harvestihg and may indirectly reflect farmers' feelings that old
combines are undependable and should be avoided. Equation (6-1) indi-

cates that

W, = .651(,900)tX | (6-1)

depreciation the first year is 41,4 per cent, whereas for tractors the
first year depreciation was *7 per cent,
Equation (6~1) gives the remaining farm value for any year. De-

preciaticn is the chaunge In remaining farm walue from cne year to the

Repairs and depreciation equations were taken from William B,
Larsen and Wendell Bowers, '"Engineering Analysis of Machinery Costs,®
presented at the 1965 Annual Meeting of the Amerdican Society of Agri-
cultural Engineers, University of Georgia. Fuel, lubricants, housing,
and dnsurance cost factors were taken from University of Illinois
College of Agriculture, Cooperative Extension work, Costs of Owning and
Operating Farm Equipment, by Wendell Bowers (Urbana, 1966), pp. 3=&.
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next, and is given in Equation (6-2),
Tip = W gy~ Wy : (6-2)

Interest, taxes,'housing, and insurance costs are computed Just
as they are for tractors. These costs are a percentage of the remain-
ing farm value. (For the actual calculation, see Equation (3-3),)

Two costs, fuel and iabor, remaln constant year-after-year under
the assumptions of this model. They have no affect on the replacement
interval, but are necessary for accurate cost representation. These
equations are exactly the same as for tractors given in Equations (z-4)
and (3-5).

Before a minimum average cost can be attained, it i1s necessary
that marginal costs be increasing. Marginal costs do not begin in-
creasing until the total of the two increasing costs is larger than the
total of all decreasing costs. Thé large combine ownership costs
extend the‘optimal ownership interval for combines by confributing a
large decreasing cost,

A1l costs other than repalrs are reasonably easy to predict,
thus repairs with their highly random nature cloud cost and replace=-
ment calculations. The expécted accumulated repairs equation for

combines 1is:

W, = (014245 (X t)3-* X (,001). (6-3)

24
Repalrs in any year t given tractor cost and use per year are:
Yoo =Wy = W\ gy (6=it)

The above costs are tabulated in Table XXVI,



TABLE XXVI

COST COMPONENTS, MARGINAL, AND AMORTIZED AVERAGE COSTS FOR A 816,000 COMBINE USED 200 HOURS PER YEAR

Combine Depreciation Repalrs Tax, Housing Labor Fuel Interest Cost 1in Amortized Cost Per

Age . Insurance . Year Average Hour, W:A/hr.-
) " Cost
(Years) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars)
1 4141 .00 238,86 = 262,65 300.00 216,00 ° 468,72 5728.23 5728,.23 6.36
2 585.90 Z91.49 237,29 © 200,00 216,00 421,85 2052,53  4057,22 4,51
3 527,21 481,67 212.56 200.00 316.00 279.66 2218,20 249074 z.88
4 Lol 58 551.49 192.20 200.00 316,00 241,70 2175.98 2198.97 2.55
5 ho7,12 610,02 172.98 200.00 216,00 207,53 2122,65 2017.28 z,325
6 284 .41 661.11 155.69 200.00 216.00 276.77 - 2093.98 2891.50 2.21
7 245,97 706.86 140.12 -~ 200.00 216.00 249,10 2058,04 2798.,10 .11
8 211,37 748,54 126.11 ~ 200.00 216.00 224,19 2026.21 2725,52 2,03
9 - 280.23 787.01 112,49 200,00 216,00 201,77 1998,50 2667,21 2.96
10 252.21 822,83 102.15 200.00 216.00 181.59 1974.78 2619.50 2,91
11 226.99 - 85%6.46 91.932 200.00 216.00 162,432 1954,81  2579,57 2.87
12 204.29 888.21 82.74 200.00 216.00 147,09 1928,322 2545,78 2,83
13 182,86 .. 918.25 74,46 200,00 216.00 172.28 1925.05 2516.90 2.80
1k - 165.48 947,07 67.02 . 200.00 216,00 119.14 1914.70 2592,02 2.77
15 148,92 974,52 60,22 200,00 216.00 _  107.22  1907.01 2470,49. 2,74
16 124,04 1000.89 54,28 200.00 216.00 96,51 1901.71 2451 ,73 2.73
17 © 120,63 1026 .24 48,86 200.00. 216.00 - 86,85 1898,58 2425, 24 2.71
18 108,57 © 1050.68 4z,97 200.00 216.00 78.17 1897.29 2420,98 2.69
19 97.71 1074.,20 29.47 200,00 216.00 70,3 1897.94 2408.26 2.68
20 87.94 1097.17 25.62 200,00 216,00 62,32 1900.04 2297.25 . 2,66
21 79.15 1119,34 22,05 200,00 216.00 56.99 1903.53 228746 . 2.65
22 71.23 - 1140.87 28,85 300,00 216.00 51.29 - 1908.24 2278 .82 2.64
23 64,11 1161.81 '25.96 200.00 216,00 46,16 1914 ,04 2271,18 2.63
2k 57.70 1182.20 22,37 300,00 216.00 41,54 1920.80 2364 44 2,63

25 51.93 ©1202,07 21,03 200.00 216.00 27.29 1928,42  2258.47 2.62

02T
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The final cost is the arbitrarily determined dependability cost,
As with automobiles, the subjective cost is very important but for a
different reason., For automobiles it is considered mainly a prestige
cost while for combines 1t is malnly a dependability cost., Farmers
dislike taking into the field a machine in which they do not have con-
fidence. No matter how well ﬁaintenance is carried out, most farmer's
feel there is a larger chance for breakdown with an older machine.
Because of the importance of the dependability charge for combines,
results of several different dependabllity assumptions ere used. They
are all linear with the marginal dependability charge increasing at

rates varying between O and $150 per year.

Empirical Results

Table XXVI gilves each individual cost component as well as total
cost per year and amortized average cost per year excluding any depend-
ability cost. These costs are for combines used 200 hours per year.
The minimum average cost per year occurs sometime after the 25 years
listed. This means the dependability costs are crucial in replacement
interval determination, Coets per acre assumlng four and one-half
acres per hour are also given,

Table XXVIT lists optimum replacement interval and amortized costs
per year for four different rates of use and varlous dependability
charges. Per acre costs for situations both including and excluding
the dependability charge are given, The assumption is made that four
and one-=half acres per hour can be harvested.

There has been considerable discussion of whether 1t i1s profitable

for a farmer to employ custom machines or harvest his own grain. The



TABLE XXVII

OPTIMAL REPLACEMENT INTERVALS, COSTS PER YEAR, AND PER ACRE COSTS
BOTH INCLUDING AND EXCLUDING SUBJECTIVE COSTS FOR A
$10,000 COMBINE FOR SEVERAL USE SITUATIONS,
ASSUME 4.5 ACRES CUT PER HOUR

Hours Per Subjective Optimum Amortized Per Acre Cost Per Acre Cost

Year Cost Increment Interval Average Including Excluding
Cost Subjective Cost Subjective Cost

(Acres) (Dollars) (Years) (Dollars) (Dollars) - (Dollars)
80 00 : 25+ 1462 ,20 4,06 4,06
(360) 25 25+ 1668.83 4,67 4,06
50 oL 1874,25 5.21 L.,o9
75 17 2052,65 5.70 Loy
100 14 2198.42 6.11 L, 64
200 8 2599.19 7 .22 5.50.
120 00 25+ 1740.49 2,22 3,22
(540) 25 D5+ 1946,12 2,60 2,02
50 20 2148,66 Z.98 2,28
75 16 2216 4k 4,29 2,47
100 iz o452 ,60 L, 54 2,63
200 8 282,73 5.25 4,10
160 00 25+ 2040,12 2,83 2.83
(720) 25 25+ ooLs5 74 z.12 2,83
50 20 2440,.83 2.2 2.90
75 15 2595 .86 2.61 %.02
100 12 722,26 z.78 2,14
200 7 2080,22 4,28 3.53

2eT



TABLE XXVII (Continued)

Hours Per Subjective Optimum Amortized Per Acre Cost Per Acre Cost
Year Cost Increment Interval Average Including Excluding
Cost Subjective Cost Subjective Cost

(Acres) (Dollars) (Years) (Dollars) (Dollars) (Dollars)
200 00 o5+ 2258 47 2,62 2,62
(900) 25 - 25+ 2564.,11 2.85 2.62
50 17 o745,53 3,05 2,71
75 13 2887.42 2,20 2.80
100 11 200%.52 2,324 2,87
Z.11

200 7 2326,83 2,71

get
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per acre costs given in Tables XXVI, XXViI, and XXVIII, may shed some
light on the problem., In Table XXVI thé»cost per acre drops consider-
ably the first few years and continues to drop even if the machine is
kept longer than 25 years. If the custom rate is $2.50 per acre, it is
profitable for him to own his own machine and trade no more often than
every five years, If the custom rate is $2 per acre, it is profitable
for him to tradé no more often than nine years. It must be remembered
that this assumes harvesting four and one-half acres per hour for 200
hours or 900 acres per year with the machine,

A cursory analysis of the per acre costs in Table XXVII indicate
that 1f combines are kept an optimum length of time, costs per acre
may be reasonably small. This is true even with a rather large de~
pendability charge, especially if the méchine is operated 160 or 200
hours per year, The difference bétWeen the two per acre costs for each
situation is a measure of‘the dependability cost per acre sufficient to
induce trading in the indicated year.

The average farmer may not consider owning a combine longer than
ten years. DBecause of this, Table XXVIII is included. Only if the
machine 1s kept nine or ten‘years and operated 200 hours per year is it
profitable to own a machine 1f the custom rate is §2 per acre,

Table XXVIII and other per acre cost figures are constructed
assuming four and one~half aqres harvested per hour. If five acres are
harvested per hour, costs will be substantially lower. For 200 hours
operation per year, costs will drop nearly 50 cents per acre the first
few years and 25 cents per acre near the end of the 25 year period. A
farmer would not reélizeball'the benefits of a shift from 4% to 5

acres per hour because it would then take him fewer hours to harvest a



TABLE XXVIII

135

PER ACRE AVERAGE COSTS FOR SELECTED HOURS USE PER YEAR AND VARIOUS
MACHINE LIFE'S, NO DEPENDABILITY COST,

$1.50 PER HOUR.

LABOR CHARGE:
ASSUME 4,5 ACRES CUT PER HOUR

Combine Use per year
Age Acres: 2604 540A - 720A 9004
(Years) Hours: 80 120 160 200
2 9.62 6.76 5.25 L, 51
4 7.0k 5.08 4,12 2.55
6 6.06 445 2,67 2,01
8 ' 5.50 4,10 2.0 2,03
10 © 5,12 2,86 © 2,26 2,91
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given acreage. Costs will, however, be lower.
Summary

For a $2000 automobile driven 12,000 miles pef year, the optimal
replacement interval i1s 41 years when no dependability or prestige
costs are included. A subjective cost incrementof $100 per year shortens
the optimal replacement interval to 5 years., It is poésible to find a
subjective cost increment which makes 1t optimal.to trade for a new or
used car in any year. For example, to make it optimal to trade every
year, a sub3ect1§e cost increment of $420 per year or 31;15 per day
must be used, If an owner feels it is worth an additional $1.15 per
day to have a new car every year, then trading every year is the
optimal pattern.

If subjective costs are not a consideration, then used cars are a
good buy. But, the savings accrued will probably not be more than $100
per year over the optimum replacement interval. When subjective costs
are considered, purchasing used cars may not yield any savings, There-
fore, before purchasing used cars, buyers should consider the size of
subjective cost they are going to charge against the car,

Combines used a large number of years can greatly decrease per
acre costs. This occurs because of the large ownership costs associ-
ated with combines. The optimum ownership interval for a 10,000
combine used 200 hours per year is 18 years with an average cost of
$1897.%9 per year. The per acre cost of owning a $10,000 combine %o
harvest 360 acres per year is $4.06 per acre, If farm size isincreased
to 900 acres, the per acre cost is lowered to $2.62 per hour.

Because many farmers have too little land to economically own
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their own combine, they are forced to make a decisioh° Should he accept
the larger per acre cost for the convenience of owninghls own machine
or shouldhe hire a custom cutter? In order to have their own machine,
many farmers will accept the higher costs. There is another alterna-
tive, The farmer may buy the machine, cut his own grain, and then
become a custom cutter. In this way he effectively lowers per acre
coéts for his home farm; but at the same time has the convenience of

owning his own machine,



CHAPTER VII
SUMMARY AND CONCLUSIONS

The objective of this study was to develop a generalized machinery
replacement model which could be altered to handle designated situations.
With the use of the model, general implications concerning the effects
of variousvfactors on the optimal replacement interval were determined.
Replacement studies are relevant for‘two basic reasons. First, farm
planning of optimum resource levels requires some knowledge of ma-
chinery.invéstment over time. .The optimal replacement interval pro=-
vides a means of finding investment and average yearly costs. The
second problem involves a farmer's yearly decision whether or not to
replace his machine. The decislon depends on machinery repairs, other
costs, and external factors. The optimal replacement intervals are
first based on expected values of repair costs, with other costs and
external conditions held constant. Since costs and external conditlons
do not remailn static in the real world, farmers must be provided some
framework for making economically sound decisions in a dynamlc environ-
ment, The second basic objective of this study was to provide farmers
a rule of thumb which they can apply each year to their particular

situation.
Results

It was found that with minor alterations in the replacement model,
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both of the above objectives could be achieved., Initially, the analy=-
sis dealt with optimal replacement intervals in a long=-run planning
situation. This required computing optimal replacement intervals and
costs using expected costs. In a latter portion of the study, yearly
replacement decisiQn rules using uncertain repair costs were evaluated.
Emphasized was the development of a criteria which could be applied to
a stochastic situation,

Empirical implementation of the developed replacement model re-~
- quired estimates of machinery costs for repairs, taxes, insurance, and
depreciation. The cost equations were generally taken from secondary
sources, Also included were subjective costs which allowed for de-
creased machine dependability and/or loss of prestige. The subjective
costs were assumed té be a linear function of machine age.

The optimal replacement interval occurs during the year of minimum
amortized average cost 1f a machine 1s to be supplanted by a duplicate
machine. For a $6100 tractor used 600 hours per year, the economic
optimum is in year seventeen, This i1s true only if all external condi-
tions such as farm size and fuel costs remain the same. If and when
any of these factors do change, the optimal replacement interval
changes also, The difficult ﬁart of this study 1s not the determina-
tion of an economic optimum, but asceftaining the effects of various
external cond;tions on the economic optimum,

" The replacement criterion used in handling changes in external
conditions is as follows: When marginal costs of the preseﬁtly owned
machine first exceed the minimum amortized average cost of the proposed
replacement, it is time to replace. The first external condition

altered was yearly costs. When marginal costs were altered,vthe year
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in which marginal costs first rise above the minimum average cost was
changed; therefore, the optimum replacement interval was altered. If
marginal costs for a $6100 tractor are increased by 15 per cent, the
optimal replacement interval 1s shortened from seventeen to fifteen
years.

Deciding when to replace machinery is a yearly decision, Managers
should take costs which have occurred, anticipate costs which will
occur, and then analyze these costs to determine whether or not replace-
ment is in order. In any gilven year, costs may jump above the minimum
amortized average cost of the proposed replacement, but this does not
neéessarily call for a trade. In the following year, costs may drop
conslderably, and the average of the two years may be below the minimum
amortized average cost of the proposed replacement.

Farmers face constantly changing costs and other external condi-
‘tions and should,. therefore, maintain flexibility In their decislon
making. Each year farmers should evaluate available information and
make a replacement decision. Information required for making a deci-
sion each year whether to replace a machine iIncludes the minimum
amortized average cost of the proposed replacement. Thils figure is
difficult for farmers to determine and can be provided by tables such
as found in this study. Additional information required is the yearly
marginal costs of the currently owned machine, Hopefully, managers
wlll be able to make reasonably accurate estimates of repalr costs for
the following year, If the expected repalr costs are high, the manager
méy be able to save money bj trading before incurring the large cost.
For thebstochastic repalr cost situation analyzed using simulation, one

replacement procedure which could be used is averaging last year's
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marginal cost, this year's marginal cost, and next year's anticipated
marginal cost. If the three-year average marginal cost filgure were
found to be‘greater than the minimum amortized average cost of the pro-
posed replacement, the farmer should trade tractors.

For any one of a number of reasons, a farmer may wish to consider
a replacement of a different size. This will, of course, alter the
optimal interval., In the yearly decision framework just described, the
analysis 1s not changed but the minimum average cost of the proposed
replacement 1s altered.

Much has been made of trading at the optimal time. For various
reasons, farmers may wish to trade elther before or after the minimum
cost point. It 1s possible to determine the opportunity costs associ-
ated with such trading patferns. If 1ittle value 1s placed on machine
dependabllity, then the optimal interval is long. For a $6100 tractor
with a $10 annual increment in the dependability charge, the optimal
interval i1s twenty-nine years. But the opportunity costs of trading
after only a ten year period are relatively small. If a high value
were placed on dependability, say a $50 increment for the $6100 trac-
tor, the optimal interval is eleven years and the opportunity cost of
trading several years before or after this time 1s relatively 1arge°

Purchase or sale of land affécts the optimal farm tractor size,
Land purchase places higher reqﬁirements on currently owned machinery
and ralses labor requirements. - When both a different proposed replace-
ment and higher marginal costs are inserted into the replacement model,
1t 1s Impossible to say whether the optimal replacement Interval will
be longer or shorter, but it will most likely change. The model is

still applicable, however, and can be used in making the yearly



replacement decision,

It was possible to deterﬁine optimal replacement intervals for
used machinery‘on a given farm,and ascertain the effects of investment
credit and taxes on optimal replacement patterns,‘ Additional uses of
the model included studies of répiacement strategies for automobiles
and combines., Limited data on automobiles placed severe restrictions
on the analysis. General cost equations were avallable for combines,
and the combine replacement result can be applied to a considerable
range of combine sizes and farm situations.

With low dépendability cost increments per year, the optimal
combine replacement interval was found to be long. Dependability costs
are conceivably much higher for combines than for other farm machiriery.
The result of using a high dependability increment is é considerably

shorter optimal replacement interval,
General Conclusions

Management éf machinery so that the least possible cost is
incurred implies few trades--long ownership intervals., Over time there
is 1little lost by using the interval computed from single valued costs.
However, with the knowledge farmers have of their particular situations,
it is possible for them to mgke economical; yearly replacement deci-
sions, Yearly decisions require adequate records, a knowledge of the
tractor, and a table of minimum amortized average costs for proposed
replacements.

In general, machinery average cost curves have relatively long
segments for which the average cost i1s not far from the minimum. Thus,

the opportunity costs of not trading machines at the precise optihal
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trading point are not large. Corréspondingly, it was found that the
opportunity cost of purchasing too large a tractor for a given farm is
relatively small.

If small value 1s placed on dependabllity and prestige, the optimal
6wnership interval i1s long. Alternatively, high subjective costs
shorten the Optimal,interval,considerably. If, 1n addition, the bene-
fits 6f tax savings opportunity costs and investment credit are consid-
ered, the optimal interval will be further shortened: How much depends
on the particular situation. |

When analyzing a farm, the most important factor in determining
the optimal tractor 1s ﬁsually-the_labor charge. If g farmer has a
full-time Job off the farm and as a result his labor has a high oppor=-
tunity cost, a relatively large tractor will be his oﬁtimal choice,

The higher the charge made for labor, the larger the cost—minihizing
tractorbsize for the farm. .Thus, even though wage rates do not affect
the optimal ownershilp 1nterva1‘when replacing a glven tractor with an
exact duplicate, they are veryvimpdrtant for determining the optimal

tractor size for a given farm,
Suggestions for Future Research

To make machinery replacément models morevrealistic and useful,
considerable work should be done to improve machinery cost estimates.
Tractors will be used as an example, but the points are applicable to
most machlnery.

It may be.helpful to introduce additional-variables into the cost
equations., Such things as type of fuel and tractor model affect the

cost of fuel required to do a givén Job. -Also, tractor manufacturers
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and dealers provide guarantees of varioﬁs types. The effect of such
non-price conslderatlons on machinery cost éould be considerable.
Thus, more exactingbcost equations would enhance the development of
accurate replacement procedures. However, if the desire is to develop
truly generallzed tables of minimum amortized average cost, there 1s a
limit to how far it is practicalvto go 1n estlmating costs, Perhaps
at the present time_it.would be more appropriate to take existing cost
equations and develop a set of generallzed cost tables,

Declining efficiency is considered subjectively in the dependabil-
ity charge. As a tractor becomes old, 1t requires more time to do a
glven job, thereby increasing labor costs. Another factor implicitly
considered in this model 1s the effeét of machinery 1mprovements.and
innovations by manufacturers. When such technological improvements
arise, there may develop an opportunity cost of not owning the improved
equipment, Perhaps by directly including declining efficlency and
improving technology, 1t would be possible to improve the predictive
power of the cost equations,

In this study, when alternative tractor sizes were compared for a
particular resource situation, é typical Panhandle farm was used. To
make the results more generally applicable, it may be beneficial to
include several typlcal resource sltuations,

When studyihg the optimal machinery 1nventory for a given farm,
timeliness needs to be considered, Stﬁdying'out~of-pocket costs with-
out regard for subjective or‘opportunity costs may lead to purchasing
too small a tréctor. If done, farm income may suffer from not getting
all fieldwork done at approximately the right time. It would be useful

to develop some procedure for accurately evaluating timeliness.



145

In this study only tractors, combines, and automobiles were dis-
cussed. In order to analyze other machinery replacement problems, cost
equations need to be de#eloped and incorporated into a replacement
model, Perhaps an ultimate goalvof replacement studies 1s to develop
a total replacement model that would at once determine the optimum
total inventory of machinery fof the farm and the optimum replacement

pattern for the components thereof.



A SELEGTED BIBLIOGRAPHY

Bierman, Harold Jr,, and Seymore Smidt. The Capltal Budgeting Decision,
New York: . The Macmillan Company, 1960, Chapter II.

Bowers, Wendell, Costs of Owning and Operating Farm Machinery°
University of I111inois College of Agriculture, Cooperative
Extension Work., Bulletin AENG-867. Urbana, 1966, p. 3.

Burt, Oscar R, "Optimal Replacement Under Risk." Journal of Farm
Economics, XLVII (1955), pp. 224-246, '

Cope, E. M,, and L. L, Liston, U. S, Department of Transportation,
: Federal Highway Commission. Cost of Operating an Automobile,
Washington: 1968, p. 9.

Faris, S, Edwin. "Analytical Techniques Used in Determining the
Optimum Replacement Pattern.'" Journal of Farm Economics, XLII
(1960), pp. 755=-766.

Larsen, William E., and Wendell Bowers, '"Engineering Analysis of
Machinery Costs." Presented at the 1965 Annual Meeting of the
American Society of Agricultural Engineers, Unilversity of Georgla.

Martin, Williem E. Farm Machinery Costs in the Western States.
University of Arizona, Agricultural Experiment Station, College
of Agriculture, Technical Bulletin No, 154, Tucson, 1964,
p. 58,

Mayer, Raymond R, ‘"Problems in the Application of Replacement Theory.'
Management Science, VI (1959), pp. 303-207,

N,A.D,A, Official Used Car Guide. Washington: Natiopal Automobile
Dealers Used Car Guide Co., 1967.

National Farm and Power Equipment Dealers Association, Official
Tractor and Farm Equipment Guide. St. Louls: NRFEA Publication,
Inc,

Oklahoma Tax Commission Rate Sheet for Automobilles.

Personal Property Schedule. Oklahoma 1964, Prepared by Oklahoma Tax
" Commission, Oklahoma, 196k,

Shaw, Russel H, '"A Model for Capital Costs,' unpublished manuscript
of the California Agricultural Experiment Station.

146



147

Thuesen, H. G. Engineering Economy. New York: Prentice-Hall, Inc.,
1950, pp. 325, 2%6. |

Walker, Qdell, Oklahoma Experiment Station., Machinery Combinations
for Qklahoma Panhandle Grain Farms. Bulletin B-620. Stillwater,
Oklahoma, ’




APPENDIX A
TRACTOR REPAIR COST EQUATIONS

Bowers estimates total accumulated repairs as a per cent of new

machine cost.l

TAR = ,0012 X D'-6 (A-1)
where TAR = total accumulated repairs as a per cent of
new cost,
and D = total accumulated hours as a per cent of

lifetime hours,

The use of Equation (A-1) féquires estimates and aséumptions about
machine life. Bowers estimated tractor life as 12,000 hoﬁrs. Studies
also indicate that during theée i2,000 hours total accumulated repairs
equal 120 per éent of tractor list price.' To arrive at Equation (2-6)
given Equation (A-1) and the above assumptions, it 1s necessary to go
through ﬁhe procedure glven below,

Equatioh (2-6) 15 a cumuiative cost function dépendent on total
accumulated hours, The form of‘Equatioﬁ (2-6) 1s given in Equation

(a-2),

1a11 assumptions and Equation (A-1) are taken from W, E. Larsen
and W, Bowers, "Engineering Anglysis and Machinery Costs.' Paper pre-
sented at 1965 meeting American Society of Agricultural Engineers
(June 1965), Appendix p. 2.
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TAR’ = C/D7.5 (A-2)

i

where TAR’ = total accumulatédirepairs per 1,000’dollafs

Cof 1list price,

it

where D/ = total accumulated hours,

and ct a constanf;

The problém ariseé in altering Equation (A-1) which requires percentage
information, into Equétion'(A-2),'whiéh uses actual hours.

Use of Equation (A-2) requireé determination of the constant C”.
Given the assu@ptibn that‘during the‘first 12,000 hours of life repalrs
will accumulate to 1?O.Per'cent of list price, the constant can be
'found. Assume a 1,000 dollar tractor is purchased, When the tractor
is used for 12,000 hours, the.accumulated repairs will be $1200.

Inserting these values into Bquation (A-2) gives:
1200 = G’ X 12,000 - (A-3)
bwhefe.C’ = ,00913,

Equation (A-2) becomes Equation (A-l4) when the constant found in (A-3)

is used.
TAR = .000913 DS, (A-4)

Several identities are necesséry‘to make Equation (4) equal to Equation
3f6). Total accumulated hours, D/, equals hours per year,vxs, multi-
plied by the.nuﬁber of years, t. Equation'(A-h) gives repairs per 1000

dollars of list price. .By multiplying Equation (A-4) by the list
price, X, and then dividing the Equation by 1000, repalr costs for any

size tractor, X , can be found. Equatibn (z-6) ié_copied here as
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Equation (A-5) for comparison purposes.

TAR = W,, = .00000912 X (tX;)s, (A-5)

t

Another use of Equation (A-5) 1sto find the expected rate of repair
for any hour. Substitute D’ for tX, and take a derivative of Equation

(A-5) with respect to D/, Resubstituting D’/ for tX glves:
Ry = 0000127 X (tX, %, (4-6)

The rate of repairs may be useful in a study of costs per hour at dif-

ferent times in machine life.



APPENDIX B

MACHINERY USAGE FOR‘A TYPICAL ACRE OF

OKLAHOMA PANHANDLE FARM LAND

~ A typical acre of land in the Oklahoma Panhandle is assumed to be
composed of ,208 acres of wheat land fallow, .260 acres of wheat
stubble, .224 acres of sorghum, and ,208 acres of sorghum land fallow.1

The operations and their frequency per year are given in Table XXIX,

TABLE XXIX

MACHINERY PRACTICES FOR CROPS IN THE OKLAHOMA PANHANDLE2

Chisel Oneway Iister Harrow Drill Plant Cultivator

por

Wheat on .

Fallow 1 b4 0 0 1 o] 0

Wheat on

Stubble 1 z 0] 0 1 0] 0

Sorghum 0 2 1 1 0 1 2

Fallow 1 ko0 0 1 o 0
1

Oklahoma Experiment Station, Machinery Combinations for Oklahoma
Panhandle Grain Farms, Bulletin B-620, by Odell Walker (Stillwater,
1964), p. 5. L '

°Ibid., p. 5.
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It is necessary to find an equation which for any tractor will
give the number of hours required per year to farm one acre of the
above land, The first step in finding the equation is to determine the
time required per acre for three tractor sizes: a three plow, a four
plow, and a five plow, The size of machinery used with each tractor

slze 1s glven in Table XXX,

TABLE XXX

COMPOSITION OF MACHINERY SETS FOR ALTERNATIVE TRACTORS3

3 plow tractor 4 gnd 5 plow tractor
Oneway ‘ 12 foot 15 foot
Chisel 12 foot . 15 foot
Cultivator 2 row 4 row
Lister 2 row 4 row
Harrow : 4 section ' 4 section

Drill 16-10 16-10

To compute the number of acres which can be covered in one hour, it is
necessary to know the speed the tractor 1s golng to travel., Figures

were obtained from The Official Traqtop and Farm Equipment Guide and
L

then averaged to give the tractor speeds in Table XXXI.

21v1d., p. 7.

4National Farm and Power Equipment Dealers Association, Officilal
Tractor and Farm Equipment Guide (St. Louts: NRFEA Publication, Inc.,
1967). :
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TABLE XXXI

AVERAGE SPEEDS TRAVELED BY VARiOUS TRACTOR SIZES

Gear o 3 plow 4 plow | 5 plow
ond 2,70 2,70 4,20
Zrd 5.20 5.20 5,80

kth 7.20 7.20 7.90

Chiseling and harrowlng are done in third gear, all other operations
are done in second gear.
From the above information, the theoretical capacity for each type

of tractor with each implement can be found using the formu1a5:

Theoretical capacity (acres per hour) =

speed (mph) x width (feet).
8.25

If there were no overlap and no turning necessary in farm operations
equipment might approaéh its theoretical capacity. Since it is impos~
sible to perform at the theoretical capacity, it is necessary to
multiply the theoretical capacity for each piece of equipment by a
field efficiency factor which wlll give the actual number of acres

covered in an hour. All equipment except the drill have an 85 per cent

5University of Illinois College of Agriculture, Cooperative Exten-
sion Work, Costs of Owning and Operating Farm Machinery, Bulletin
AEng-867, by Wendell Bowers (Urbana, 1966), p. 7.
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field efficiency rating. The drill has a rating of 75 per cent,6
Table XXXII gives the acres covered in one hour for three tractor sizes

and all implements,

TABLE XXXII

ACTUAL HOURS PER ACRE FOR THREE TRACTOR SIZES

Implement 3 plow "~ L4 plow 5 plow
Chisel - 4,57 5.72 6.49
Oneway ' 2,47 z.09 3.25
Lister 1.23 , 2.47 2.59
Cultivator 1.23 - 2.47 2.59
Planter 1.09 - 2,18 ' 2.29
Harrow | 12.85 12.85 1k, 34

‘Drill .28 5.28 ' 6.11

By using the composition of one acre of land, the information in
Table XXIX, and the information in Table XXXII, it is possible to find
the length of time required to farm one acre of Panhandle farmlaﬁd°
Acreage per hour 1s computed for each tractor size giving three points
corresbonding to the three tractor éizes, The number of hours which it
takes to farm one acre by a 3 plow, 4 plow, and 5 plow tractor are

1,561, 1,122, and .981, respectively.

®Ib1d,, p. 8.



155

For the information to be useful in the programming procedures, it
is necessary to be able to find the hours per year necessary to farm an
acre no matter what size tractor is assumed. Since all tractor sizes
are allowed, a continuous equation 1s required. An index of tractor
size 1s original cost, The assumed original costs of the % plow, 4
plow, and 5 plow tractors are $2800, #5200, and 36100, respectively., A
geometric curve was fitted to the tractor cost and hours per acre data.

The resulting equation is:
Y = 60.42 y X1

where Y = hours per acre

and X

machine cost in hundreds of dollars.

The abofe equation 1s used to estimate the number of hours re-~
quired to work an acre. The assumption is made that as a tractor in-
creases in size the speed and/or farm implements increase in size. The
assumption 1s necessary to be able to estimate hours of farm work per
acre on a continuous basis. It should be pointed out that the coeffi-
cient found is the number of hours required per acre per year. It is
also necessary to assume a given farm area, such as Oklahoma Panhandle,

because different areas require different tillage practices.
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