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CHAPTER I

INTRODUCTION

Regardless of the type of management during the planting and
growing seasons, the farm manager has only losses to show for his
efforts if he fails to harvest his crop. Many management decisions
must be made prior to the harvest seasons. Should the present har-
vester be traded for a new one? Should a larger harvester be purchased?
Should new or larger equipment be purchased to handle the crop? Many
more decisions are necessary during the harvesting season. When should
harvest commence? How much labor should be hired to shorten the har-
vesting time? Farm manager's answers to these questions, and many
more, affect the income he and his family receive. Wrong answers can
result in large quality losses, or in the case of corn harvest the
crop may remain in the field long after the snow has fallen.

As farm firms continue to increase in size, the importance of
the harvesting system increases. With increased size, investments in
the harvesting system necessarily increase. Combines now cost $16,000
and up (1). Transportation and drying equipment are becoming increas-
ingly important and expensive. Also, with increased acres, the pres-
sure to complete harvest without large losses increases. The number of
potential harvest days remains constant regardless of the acreage to
be harvested. A day lost because of a breakdown or because the hired
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man skipped work or because of a poor management decision becomes even
more expensive.

Many different factors affect the answers to the above mentioned
questions and the farm manager's income. What is the effect of size
in good years and in bad? Are the price of the output and the yield
the most important variables as farm managers commonly believe? What
is the effect on harvest and income of the temperature and of rainfall?
How does a farm manager decide when to trade for a new harvester? The
importance of these and other factors must be determined before a farm
manager can make optimal decisions.

The reader has probably already realized that the above deci-
sions involve different time periods. Some of the decisions affect
only the present harvest period while the effect of other decisions
is felt for several years. Two different time periods are of primary
importance for the harvesting system. The first is the individual
harvesting period. The second time period must involve several years
since many decisions, notably machinery replacement, affect harvest
for several years.

For the individual harvest period, which is referred to as the
short-run, the land, buildings, machinery and acreage to be harvested
must be assumed fixed. Since only the harvest period is being studied,
the conditions previous to harvest must be assumed. These conditions
include potential yield, grain moisture content, and the condition of
the crop especially with respect to lodging and field conditionms.

In this time period the decisions concerning when to harvest are

crucial. The factors of importance are the number of acres to be
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harvested, the price for the crop and its yield, the weather condi-
tions and the grain moisture content.

For the period of several years, which is referred to here as
the long-run, the major decision relevant to the harvesting system
alone is the choice of and/or replacement of the harvester. Decisions
regarding size and other machinery must consider more than the har-
vesting system. Optimum replacement policy is very important and
relatively complex.

In 1968 farm managers enrolled in TelFarm, the Michigan State
University farm records project, spent an average of $8,998 or
20.5 per cent of their total expenses on power and machinery (2).

The investment in machinery averaged $21,994 or 13.22 per cent of the
average total investment on these farms (3). Of course not all of
this machinery was owned or used in harvest; however, the expensive
machines--combines, tractors, trucks--are used exclusively or at
least substantially during harvest. The importance of machinery is
not limited to one type of farm. Saginaw Valley cash crop farms that
were enrolled in TelFarm in 1968 incurred $10,856 in machinery ex-
penses which was 23.19 per cent of the total expenditures on these
farms. These same farms had a machinery investment of $22,245 which
was 7.99 per cent of their total investment (4). For cash grain farms
the machinery expenses were $8,792 or 26.05 per cent of the total
expenditures with a machinery investment of $19,758 (5). The impor-
tance of machinery is only slightly less on livestock farms. Cattle
feeding farms enrolled in TelFarm in 1968 incurred 19.89 per cent of
their expenses on machinery (6) and specialized southern dairy farms

spent 19.49 per cent of their expenses on machinery (7).
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Farm managers need a more accurate criterion than the one ex-
plained by a farm manager recently, 'We trade when repair costs get
high." In order to minimize costs over time the criterion should be
to use the policy which minimizes average yearly cost using an appro-
priate discount rate. Determining this optimum policy is not easy
since repair costs, trade-in value and various obsolescence charges
must be included in the calculation. Since in most instances the farm
manager is trading for a non-identical machine, further problems are
encountered. In the long-run, as in the short-run, many variables

affect this optimum policy.

Objectives

Many decisions made by the farm manager are important in deter-
mining his income. A simulator and a replacement model are used as
a techniques of analysis to achieve the following objectives:

1. To determine the effect of selected variables on corn har-
vesting systems for individual harvesting periods (short-run).

2. To evaluate the effect of selected variables on machinery
replacement for the harvest system for corn (long-run).

3. To determine the effect on the optimum replacement policy
of changes occurring in the individual harvesting period, and to
determine the effect of changes in the optimum replacement policy on
income from the individual harvesting period.

The overall objective of this study is to determine the effect
of various variables on the harvesting system. Knowledge of these
effects can be used by farm managers to improve their decision-making

abilities during harvest. Since the simulator as presently developed
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simulates southern Michigan conditions for corn harvest and uses
input-output coefficients typical of this area, this study is most
concerned with farm managers in southern Michigan who raise corn
either as a cash grain or for feed.

The short-run variables are studied using the corn harvest
simulator (8). The following nine variables are studied extensively
using the simulator:

1. Loss due to failure to complete harvest.

2, Size of enterprise.

3. Hours in the work day.

4., Grain moisture criterion.

5. Opportunity cost of the operator of the harvester.

6. Average temperature.

7. Additional rainfall.

8. Expected price.

9. Potential yield.

The results from using several values for each of the above variables
are used to determine the short-run effects of each of these variables
on income from the harvesting system.

Changes in long-run variables effect the optimum replacement
frequency. The magnitude of the effect of the following seven vari-
ables is analyzed:

1. The source of the cost data.

2. The shape of the repair cost function.

3. The number of hours the machine is used.

4. The level of machinery management.

5. The rate of obsolescence.
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6. Increasing cost to purchase a new machine.

7. The interest rate.

This magnitude is measured using a dynamic programming replacement
model.

The third objective is attained by considering the effect of
changes in variables in each time period on the other time period.
The effect of changes in replacement policy on the individual har-
vesting period is evaluated. Conversely, the effect of short-run

changes on the optimum replacement policy is analyzed.

Organization of the Thesis

The remainder of this thesis is concerned with the following
main ideas. Chapter II develops a conceptual framework with a look
at relevant economic theory, simulation and replacement theory.
Chapter III is devoted to a detailed look at the model. The results
from studying the variables affecting the individual harvesting period
are contained in Chapter IV. Chapter V contains the analysis of
these short-run results. The results of the variables affecting
machinery replacement are then presented in Chapter VI. The analysis
of these long-run results and an integration of the short-run and the
long-run are presented in Chapter VII. Chapter VIII contains the
summary and conclusions. The implications for further research are

presented in Chapter IX.
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Footnotes

1. According to machinery dealers in the Lansing, Michigan
area farm managers pay approximately $16,000 for a model 4400 John
Deere combine with a four-row corn head.

2. Hepp, Ralph E. Michigan Farm Business Analysis Summary--
1968 Data, Research Report 95, Michigan State University Agricultural
Experiment Station, East Lansing, October 1969, P. 4.

3. Ibid., P. 5.

4. Kyle, Leonard R. TelFarm Business Analysis Summary for
Saginaw Valley Cash Crop Farms, 1968, Agricultural Economics Report
122, Department of Agricultural Economics, Michigan State University,
East Lansing, June 1969, P. 2.

5. Harsh, Stephen B. TelFarm Business Analysis Summary for
Cash Grain Farms, 1969, Agricultural Economics Report 133, Department
of Agricultural Economics, Michigan State University, East Lansing,
August 1969, P. 4.

6. Kyle, Leonard R. TelFarm Business Analysis Summary for
Cattle Feeding Farms, 1968, Agricultural Economics Report 135, Depart-
ment of Agricultural Economics, Michigan State University, East Lansing,
June 1969, P. 2.

7. Brown, L. H. and John Speicher, TelFarm Business Analysis
Summary for Specialized Southern Dairy Farms, 1968, Agricultural
Economics Report 137, Department of Agricultural Economics, Michigan
State University, East Lansing, June 1969, P. 2.

8. The simulator is being developed under a Michigan Agricul-
tural Experiment Station project titled "Analysis of Agricultural Pro-
duction Systems' by a multidisciplinary task force. Present members
of the task force are Dr. J. B. Holtman, Assistant Professor, Agri-
cultural Engineering; Dr. L. K. Pickett, Assistant Professor, Agri-
cultural Engineering; and Dr. L. J. Connor, Associate Professor,
Agricultural Economics. Dr. D. L. Armstrong, Associate Professor,
Agricultural Economics and Assistant Dean of the College of Agricul-
ture and Natural Resources was a member until he became Assistant Dean
on August 1, 1970.
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CHAPTER II

A CONCEPTUAL FRAMEWORK

Several areas of static economic theory are needed to provide a
background for the actions of the farm firm. In order to understand
how a simulator can be used to improve the farm manager's knowledge of
the harvesting system, simulation or system theory is developed as it
relates to the corn harvest simulator. Assuming that the farm manager
is a profit maximizer, how does he determine his optimum replacement
policy? This question is answered by elucidating the relevant aspects
of replacement theory. To illustrate the workings of this theory,
several replacement models are examined. The replacement model used
in this study 1is described in detail to illustrate how the model deter-
mines the optimum replacement policy. In this chapter these areas of
theory are used to construct a conceptual framework for studying the

harvest system.

Economic Theory
Several areas of static economic theory of the firm are developed
in order to understand what decision rules a farm manager should use to
maximize income from his harvesting system. In order to understand
why a farm manager's decision would be different in the short-run and
the long-run, the length of run theory is presented. Since minimizing
cost is a major contributor to profit maximization, the cost theory of
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the firm is outlined. The theory of asset fixity is introduced to
answer questions related to asset acquisition and disposal.

In order to avoid confusion and confine the discussion to a
relevant area, two assumptions are made. The first is to assume per-
fect competition at all times. This assumption means that no matter
how many inputs the farm manager purchases or how many outputs he
sells, his actions will have no effect on the prevailing price. This
assumption 1s realistic with the sizes of farm firms studied. The
segond assumption is that the farm managers are strict profit maxi-
mizers. In general, this assumption is realistic; however, other
goals usually have some influence on the farm managers decisions.

These other goals are extremely difficult to quantify.

Intermediate level economic theory differentiates between the
short-run and the long-run. The short-run is defined as any period of
time in which there are certain inputs whose level of usage cannot be
altered even with a large change in output. All costs are considered
as either fixed costs, which must be borme, or variable costs. Addi-
tional units of variable inputs should be purchased as long as that
unit costs less-than the value of its corresponding addition to output,
i.e., until the marginal value product of the additional output equalsb
the price of the input. In the long-run all inputs are variable;
additional units should be added until the value of the additional
output equals the cost of the additional input.

More advanced economic theory, particularly production economics,
indicates that the length of run is more complex than simply short-run
or long-run. The concept of fixed inputs is again basic to the theory.

Common sense indicates that anywhere from none to all of the inputs
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may be fixed depending upon the relevant time period and the stage of
the production process. Thus, simply using short-run and long-run is
an oversimplification.
Before proceeding, some notation must be adopted. Y's will
represent outputs and X's will indicate inputs. The equation:
Y=f (Xl, X2,...,Xn)
indicates that the level of output of Y is a function of the level of

the inputs X X . All units of each input and each output are

120X

assumed to be homogeneous. As indicated above, the length of run is
a function of the number of fixed inputs. Therefore, this notation is
adopted:

Y= £ (X, Xpheoo xd,lxd+l,..., X))

with X ., X, being variable inputs and X o Xn being

1’ x2’ e d d+1’ °°
fixed inputs. The | (slash) will always mark the division between
variable and fixed inputs--all inputs to the left are variable; all
inputs to the right are fixed.

The shortest possible length of run is the one in which all
inputs are fixed:

Y=f (o,]xd+1, . X))
while the longest has all inputs variable:
Y= £ (X, xz,...,xd,IO).

This latter length of run with no variable inputs was called
the long run in the simple dichotomy. In this study the short-run is
represented by the single harvest period. Its production function
could be represented by:

Y= f (X, x2,|x3, X, Xo)

where Y is the yield of corn in a particular year, Xl and X2 (variable
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inputs) are the harvesting criteria, and X3 and X4 and X5 (fixed
inputs) represent machinery, land and the state of the system prior
to the harvest. The long-run is represented by a period of several
years so that machinery is a variable input to the farm manager. In
this length of run Y is average yield.

Since the concept of costs will be important in this thesis,
the effect of the length of run on the cost structure must be dis-
cussed. The following seven cost functions form the basis for this
discussion:

1. Total Fixed Cost = TFC = IP Xi, i=4d+1, ... n

xi

2. Total Variable Cost = TVC = ZPXi Xi’

3. Total Cost = TC = TFC + TVC

4. Average Fixed Cost = AFC = I%E

TVC
Y

ATC = AFC + AVC

5. Average Variable Cost = AVC =

6. Average total cost

7. Marginal cost = MC = the additional cost of producing the
last (marginal) unit of output.

The cost per unit of output is at a minimum where MC = ATC.
In Figure 1 this cost minimizing point is at output "a" with average
cost "b." If the price of the output y is "d," additional units of
output should be produced until output 'c" is reached. At this point,
MC = MR, and profit is a maximum.

Figures 2-4 illustrate the effect of the length of run on the
cost functions average total cost and marginal cost. Figure 2 shows
the average total cost (ATCl) and the marginal cost (MCl) for the pro-

duction function Y = £ (X1,|X2, X3). Note the steepness of the average

total cost and marginal cost curves. For the case with two variable
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Cost of Production Diagram
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Cost of Production with One Variable Input
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inputs [(Y = f(Xl, X2,|Y3)], Figure 3 illustrates the average total
cost (ATCZ) and the marginal cost (MCZ)' The increased flatness of
these curves should be observed. Figure 4 superimposes the two pre-
vious diagrams. Note once again the increased flatness of the ATC2
and MC2 with two variable inputs. This flattening of the cost curves
continues as more inputs become variable. The increasing flatness
explains why a wider range of outputs must be considered by the farm
manager as more inputs become variable. The usual method for increasing
the number of variable inputs is to expand the planning horizon.

One further concept must be added in order that the theoretical
conditions approach those faced by the farm manager. This concept is
the distinction between acquisition and salvage prices of fixed assets.
Acquisition price is the cost of purchasing a fixed asset while salvage
price is the price that would be received if the fixed inputs were to
be sold. These prices represent acquisition and salvage price of the
same fixed input at a point in time, not the new price and the scrap
price of the input.

At this point, the term marginal value product must be intro-
duced. The marginal value product (MVP) is the value of the increase
in output corresponding to a one unit increase in an input. The
theory says that additional units of an input should be used as long
as the MVP of the input is greater than its cost.

Using the above definitions, the absolute fixity of any input
can be defined as any point where its MVP is less than its acquisition
price or greater than its salvage price. In the following diagram
levels of input usage less than "A" should result in purchase of the

input until point A is reached. If input usage is beyond point B,
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units of the inputs should be sold at salvage value until point B is
reached. For levels of usage between points A and B, the inputs are
absolutely fixed although the MVP's from the inputs are not enough to

cover acquisition cost except at Point A.

Output - o P acquisition

'~ P salvage

ot

input

Figure 5. Asset Fixity Diagram for One Variable Input

Economic theory enables one to calculate the yearly cost of
inputs whose life exceeds one year or inputs that are fixed in terms
of the yearly production period. This calculation allows a manager to
compare these inputs with those that are variable for the single
production period. To illustrate, assume an input with a useful life
of L years and no change in technology (1)

X = Fixed input

P = Price of one unit of X

1 = Interest rate

C = present value of an infinite cost stream
then:

C=PX + PX + PX + ...

A+t (i)t

YWith the first term representing the cost of the initial purchase, the

== e&cond term representing the discounted cost L years later, etc.
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Continuing:
C=PX (1 +—2* =+ 1 T F )
(1+1i) (1+1)
C=px (1 +c My 2L
c=1>x—(1—zL—i
1-e

to convert this present value to a yearly cost simply multiply by the

interest rate:

One can think of this process as depositing a sum C in the bank so

that the interest would cover the yearly cost.

Simulation
The use of simulation as a research technique has become more
and more common throughout the last two decades. A specific descrip-
tion is difficult if not impossible because of its general applica-
bility; however, the following remark should be helpful. Morgenthaler (2)
says, '"to 'simulate' means to duplicate the essence of a system or

activity without actually attaining reality.'" Morgenthaler concludes
that simulation is appropriate whenever the scientific method cannot
be used for prediction and estimation. Its steps are (3):

1. Close observation of the physical phenomenon.

2. Creation of a theory or model which explains the observation.

3. Prediction of observables from the theory by using mathe-
matical or logical deduction.

4. Performance of experiments to test the validity of the model.
Wh enever these steps cannot be completed, completion can be accom-

> 1L jshed by simulating the system.
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As is true of any research technique, simulation has advantages
and disadvantages (4,5). The principle advantages are:
1. Simulation makes possible the study of very complex systems.

2. It makes possible more adequate study of decision-making
with less reliance on mathematical models.

3. It provides new approaches for studying the aggregation
problem.

4. Simulation is the most effective method for studying problems
under uncertainty.

5. It can be more easily used without high levels of mathe-
matical proficiency.

6. Simulation solutions are more easily understood by non-
technical personal.

On the other hand, several disadvantages can be recognized:

1. It is very easy to build one's biases into the simulation
model.

2, Simulation is not an optimizing technique.
3. Parameters may be extremely difficult to estimate.

4. Specialization within some fields including economics may
be encouraged.

5. Simulation can be time consuming and expensive.
Simulation can be separated into two types--analog and
digital (6). Analog simulation uses a model to represent the real
physical world. The only requirement is that the important char-
acteristics of the original system must be retained. Although this
requirement does not restrict it to scaled-down models, analog simu-
lation will not be used in this thesis. On the other hand, digital
S dAmulation using computer facilities is very appealing and will be

Tassed extensively. The use of hybrid simulation using both analog and
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digital simulation is growing rapidly. All references to simulation
will henceforth imply digital simulation.

Depending upon the circumstances, a simulation can be determinate
or stochastic. Deutsch (7) says, "A determinate model is one for
which a unique input stimulus to any of the subsystems will always
yield a corresponding unique output stimuli. . . . On the other hand,
a stochastic model of a system can be formulated so that when an
input stimulus is applied, the model will on its own accord, make a
random choice from among a set of permissible system parameters before

generating the output stimulus."

A determinate system is studied by
perturbing the inputs. A stochastic system should be used when
decision makers actions are to be studied. A large sample is needed
to determine an accurate average.

Two techniques commonly used in simulation are gaming and
Monte Carlo methods (8). When gaming is used, the players, usually
managers, are an integral part of the system being modeled. Monte
Carlo methods integrate probability theory, into the simulation. This
method is usually used when the action chosen is a somewhat random
decision to be made from a set of alternatives.

Any simulation project can be broken into four steps: problem
definition, mathematical modeling and simulation, model refinement
and testing and model application. The relationship among these steps
is shown in Figure 6 (9). As the diagram indicates, feedback is an

dAmportant aspect in this process. Time spent in defining one's

P xoblem very carefully and critically will usually result in great

T dme-saving in the following steps. In the second step, a simulation
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model is developed that crudely represents the system being simulated.
The third and fourth steps comprise what is called sensitivity
analysis. This analysis is a process of testing and refining the
model so that it accurately represents the real work and is ready for
application as a problem-solving technique.

At this point the reader may be asking how can simulation help
a farm-manager with his harvesting system. There are two ways. The
first is that researchers can use the simulation model to increase
their understanding of the harvesting system. They can then provide
the farm manager with better advise. Although the cost of the farm
manager would be greater, the second way is for the farm manager to
use the model to simulate his own farm business. By simulating alter-
native decisions he would then be able to improve his management

decisions.

Replacement Theory
Replacement theory can be dissected into two parts. One part
concerns the replacement of items that fall while the other concerns
items that deteriorate. This study is concerned exclusively with items
that deteriorate.
When discussing replacement policy in either the short-run or
the long-run, the objective 1is cost minimization. When keeping a
used machine, the costs include repairs both minor and major, in-
e@fficiency with respect to time and performance and technological
Obgolescence. The cost for trading is the difference between the
P>uarchase price of the new machine and the trade-in value of the used

™M=y chine plus the cost of repairs in the first year when needed to
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complete the comparison. Differences in operating cost, i.e., fuel,
oil, grease, are not included.

In this context a short-run decision is one in which the deci-
sion to keep or trade is based solely upon the upcoming harvesting
period. The manager will trade only if he expects the used machine
to cost more in repairs and inefficiencies than the total cost of
trading. Using this criteria most machinery would have a relatively
large life span especially since the cost of inefficiency is usually
underestimated.

In the long-run a much longer time horizon is used so that cost
can be minimized over time. The manager must now take into considera-
tion the near certainty that repair and inefficiency costs will be
less next year and in future years, if he trades this year. One
could still think of this decision as one between the cost of keeping
the used machine versus the cost of trading in one year if he added
to the cost of keeping the used machine the opportunity cost of not
having a new machine. There are, however, better methods of minimizing
long-run costs.

Kletke (10) states that when a machine is to be replaced by an
exact duplicate, the replacement should occur when the average cost
reaches its minimum. At this point marginal cost which is the cost
each additional year equals the average cost. In Figure 7 point a
represents the optimum replacement time. If replacement occurred at

4a, the yearly cost would be shown by point c.
Figure 8 illustrates the procedure for determining the optimum
T qme to replace with a different machine. MC, and ATC, are the mar-

0 0

%X qnal cost and the average total cost for the machine the farm manager
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is using presently. ATCl is the average total cost for the machine
the manager is contemplating buying. The farm manager should replace
when the current yearly cost (MCO) exceeds the minimum average cost
for the machine to be purchased (ATCl). Point b in Figure 8 is there-
fore the optimum time to replace.

This approach of replacing whenever the current yearly cost
exceeds the average cost of the replacement appears adequate. A
major problem arises however; this method does not consider time
preferences. In order to equate a dollar's expense today with a
dollar's expense a year from today, the latter must be discounted.
Discounting is neglected completely.

Churchman, Achoff and Arnoff (11) correct this deficiency using
a similar criteria. One should replace when the yearly cost of keeping
the used machine becomes greater than the weighted average of previous
costs. This criterion can be expressed mathematically as follows:

trade when:

(a+Cc, + C, +...+ C

C 5 1 2 n
+
n+l 1+r (1+r)n
n
with
A = Acquisition cost
Ci = Cost in year i, i =1, 2,...,n+l
r = Interest rate

this procedure assumes that all costs are incurred at the beginning of
€ach period (year). This procedure corrects the discounting problem
bt implicitly assumes that the replacement will be an identical

X2 =y chine.
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The above two procedures can easily be combined to provide a
criterion for replacement with a different machine and including dis-
counting. This criterion would be to replace the machine when its
yearly cost exceeds the weighted average of expected cost for the new
machine. Mathematically trade when:

A, +B. +B, +B, +... +B

Cn+l s 1 1 2 3 n
(1+r) (1+r) (1+rp-1
n
with
A = Acquisition cost of the machine to be purchased
Bi = Cost for keeping in year; the machine to be purchased,
i=1,2,...40n
Cn+l = Cost of keeping the used machine another period
r = Interest rate

More sophisticated models using more advanced mathematics and
the computer can be used. These models incorporate the replacement
theory explained above. Models of this type will be discussed in the

following section.

Replacement Models

In this section several models built around the long-run re-
placement theory, presented in the previous section, will be presented.
Only models that could be useful in machinery replacement will be
sugveyed. Three models using the criterion presented explicitly but
in more involved terms will be presented. Two models using the theory
in a less direct manner will follow. The first of these will use
dynamic programming while the second will use dynamic programming and

Markov chains. The latter model will be reviewed extensively.
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The first model is a straight forward adoption of the model by
Baumol (12). He commences with:
V=A+ C1 + C2 + C3 + ... + Cn
1+r (1+r)2 (1+r)n—1
where V is the discounted present value of the repair cost for n years.
Letting A equal the average yearly outlay for the n years, the

following is true:

V=A+A + A +...A
Hr o 942 (1+r)™* L

By geometric progression the following is true:

V=A+A + ...+ A = [1-(+)™]
1+r (1+r)~1 [1-(1+1)]
Solving for A.
A= [1-(14r)] V
[1-(1+r)n]

Using this equation, the optimal long-run replacement policy can be
determined by finding the value of n which minimized A, the average
yearly outlay for the n years.

Smith (13) presents a much more intricate model which is par-
ticularly useful when several replacements will be made within the
time horizon. His repair cost function for the Kth machine in a
chain of replacements is written E (u,kL,t) where u is the rate of
equipment utilization, L is the life of the piece of equipment, kL is
the time at which the machine was purchased new and t is the present
age of the machine. E is measured in terms of some physical measure
such as horsepower, width or number of rows capacity. E(u,kL,t) will
usually increase with the age of the machine (t) and decrease as k

increases due to technological advance. The author suggests the
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following simple, linear relationship for a constant u:
E(u,kL,t) = Eo - kL + Bt
EO is a constant representing initial repair costs. k is a parameter
indicating the yearly reduction in Eo due to technological advance in
the form of model changes. B is a parameter indicating the increased
repair cost due to increased age.

This function can now be integrated into the full model to cal-
culate a constant annual cost using discounted present value of all
purchase cost and repair cost from an infinite chain of continuously
improving machines. The general equation used to calculate this
cost, w, is:

00

W=r I
k=0

e-rkL LE(u,kl,t) e-rtdt + W - Slu,L)e_rt

where all variables are defined above. In addition r is the interest
rate W is the original cost of the machine and S (u,L) is the salvage
value of the machine. e—rt is used to discount the costs for each

kL then discount

machine to the date of purchase of that machine E
the cost to the present. Once again the criterion is to solve the
model for the L that will minimize W.

Terborgh (14) uses a simplified, linear version of the above
equation. He also assumes the utilization rate, w to be constant. His

expression is:

W=E + (_+B) L+¥
2 L +rW

where all variables as above. As before, the objective is to mini-

mize w.
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A somewhat different model developed by Burt (15) is presented
for two reasons. The model uses the alternative method of calculating
the revenue from the machine. Secondly the concept of survival
probability is introduced. A machine may fail to survive to the next
year because of fire, accident, or breakdown that cannot be economi-
cally repaired. This probability will be used again later. This
model will use discounted present values also.
Before proceeding, the following notation must be introduced (16).
P_ = The probability that an asset of age t will reach age t+l with
normal productivity.
H, = Net revenue associated with an asset of age t in the absence of
replacement due to random causes.
D, = Cost of replacement cause by random factors.
C, = Voluntary replacement cost (cost of a new asset minus terminal
value of the used one).

Rt = Pt Ht

- (l—Pt) Pt’ i.e., conditional expected value of net
revenue during a time interval for an asset of age t (excluding
cost of planned replacement.

T = Planned replacement age.

B = 1/(1+i), where i is the relevant interest rate for discounting.

The interest rate includes a charge for price uncertainty. As
the author indicates, the net revenues are often constant with
machinery replacement and can be assumed as such. In this model,

all revenues and costs are treated as occurring at the beginning of

the period with replacement being made at the end of the period. An

infinite planning horizon 1s assumed as are constant revenue, cost

and probability parameters.
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The expected present value of net returns from an asset over
its life g(T) must first be calculated. The discounted revenue from
any future year will be the net return in that year multiplied by the
appropriate discount rate with the product multiplied by the prob-
ability of the machine reaching that age. Recalling that Rt =

Pt Ht - (l-Pt) Pt includes revenue and probabilities for the final

year considered in each term, the equation is:

2
g (1) =R +B R +B | 2R
T-2
+B pl p2 ... pT-2 RT—l + Bpl p2 """ pTl (RT -

3+...

pTC)

From this the present value over the infinite time horizom, V(T), can

be calculated as follows.

L(T)

V(T) = q (T) + E (B v(T))

where E indicates expected value. Solving for V(T), the equation is:

V(T) = q(T)

1-£(8-(D

]

where B is the discount rate.

L(T), _ _ 2 _
E(B ) = B(1 pl) + B pl a-p) + ...
T-2
+B plp2 * ° " PT-2 (lPT_l) + B plp2 * ° " PT-1
As a simplifying device let Wl, WZ’ « « «» WT substitute for
2 T-1

1,B .« « « PT-1 respectively.

o1 Borp2t c 0 B o1 p2
Substituting this equation into the one calculating V(T), yields

T
V(T) =_1 [ W R_-W P_C/T
185 ts1 ¢ ¢ t ot oty

t=1 ©

This equation calculates the average discounted present value of ex-
pPected net revenues. The optimal criterion is then to find the T

that maximizes V(T).
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These three models would all derive an optimal solution, how-
ever, they all require extensive calculations. The most logical solu-
tion is to enlist the aid of a computer. Although used sparingly,
dynamic programming is probably the most generally applicable method
for solving replacement problems (17). Bellman and Dreyfus (18)
present a general model for replacement problems. In this model the
cost and returns are calculated for the two alternatives '"purchase"
and "keep" for each year. A solution is reached via dynamic pro-
gramming that will maximize the net return. For machinery replacement,
however a model using dynamic programming and Markov chains was found
to be more relevant to the data available and to provide more flex-
ibility.

This model is explained and used by Howard (19). A user of
this model must first decide upon the number of "states'" in the model.
Each "state'" represents a decision period. For machinery replacement
each "state'" normally represents one year. States are represented
by i. For each state the alternatives (k) must be defined. Alter-
natives can range from "keep'" and "trade" (for a new machine) to
"keep" and "trade" for a new machine or a used one of any number of
ages.

A probability matrix and a reward/cost matrix must be calculated
for each state. The probability matrix will contain for each alter-
native the probability of going from the present state to each of the
other states. This probability is called a transitional probability.
The reward/cost matrix corresponds to the probability matrix and con-
tains the reward or cost for each alternative of going from the present

state to each of the others. The following table represents the model
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as it would appear at this point. Four states with two alternatives

each are used for illustration.

state alternative probability reward/cost
i k Pijk Cijk
i= 1 2 3 4 3= 1 2 3
1 1 PR PR P v B TP
2 P 2 P 2 P 2 P 2 C 2 C 2 C 2 C

f11 f12 "1z fia ] P1n M12 Ma3

1 1 1 1 1 1 1

2 1 Por Paa Payt By Crpo Gy Gy C
2 2 2 2 2 2 2

2 Par Paa Pag Pou | [C1 Gy Gy €
1 1 1 1 (L1 1 1

3 1 P31 Py P33 Py C3p C3p C33 C
2 2 2 2 2 2 2

2 Pa1 P32 PFaz P | %1 €3 CG3 €

— 1

1 1 1 1 1 1 1

4 1 Pa1 Puaa PBuz Py Cha Cua G4z C
2 2 2 2 2 2 2

2 Par Paz Pus Pas | (S G2 Gy ©

This data is then used to calculate the immediate expected r
turn, qik, for each alternative in each state. This calculation is

performed as follows:

k
k k k
q, = I P, c .
i j=1 ij 1]

for alternative 1 in state 1 of the above table

1 1 1 1 1 1 1 1 1
47 = Py; Cp “ P12 G2 T P13 Gz TPy, Gy
The maximum (reward) or expected immediate reward minimum (cost) in
each state 1s then determined. This is the optimum policy for the

very short run.

e—
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A new matrix must now be formed using the transitional prob-
abilities corresponding to the policy chosen above. Assuming that
this policy chose alternatives 1, 2, 2, 1 for states 1, 2, 3, 4; this

matrix would be used.

— R

P111 P121 P131 P141
P =

P212 Py’ P232 P242

P312 P322 P332 P342

fgll Py Pu3 Pagi

The corresponding qik values are also needed.

the values in the reward/cost matrix are no longer needed since they
represent short-run returns.
The value-determination equations are solved next. The equa-

tions are:

N

+ ¥ P, .V, 1=1, 2,..., N

+V, =
ET Vi T Yy o 109

where N is the number of states. For the policy above the equations

would be:



g + Vl =q + Pll Vl + P12 V2 + P13 V3 + P14 V4
g+ V2 =4q, + P212 V1 + P222 V2 + P232 V3 + P242 V4
g + V3 = q32 + P312 V1 + P322 V3 + P332 V3 + P342 V4
g + V4 = q41 + P411 Vl + P421 V2 + P431 V3 + P441 V4

where g represents the gain from the policy chosen (1, 2, 2, 1 in the
example) and the vi's represent the desirability of reaching state 1i.
One of the v's is set equal to zero and equations are solved simul-
taneously for g and the other v's. The values for the V's now repre-
sent the desirability of going to their respective states relative to
the one set equal to zero.

The policy-improvement routine is now used to calculate test
quantities to replace the immediate expected return as the criterion
for choosing a policy. This equation is used to calculate the test
quantities for all alternatives in all states using the original

qik's, pijk's and the v,'s from the value determination equations.

3

i 3=1 ij 3
For state 1 in the example the equations would be:
1 1 1 1 1

Q9 t Py Vy Py VP Va kB Y,

2 2 2 2 2
93 +t Py VytPyp Vot V3tP 0V,

A new policy is now determined by choosing the maximum (reward)
or minimum (cost) test quantity in each state.

The probabilities and immediate expected returns (qik) corres-
ponding to this policy will be used to solve value determination equa-

tions again to get new test quantities. Thils iterative process should
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be continued until two consecutive iterations determine the same policy.
This policy will then be the optimal long-run policy and will maximize
(reward) or minimize (cost) the grain g.
The above model considers all dollars as equal with regard to
time. To conform more to reality a discounted process is introduced
(20). The process is the same but the equations are altered somewhat.

The value determination equations are changed from:

N
q1+ Z =1, 2, ooo,N
j=

g + Vi = ) Pij vj, i

to

where B is the discount rate [1/(1 + interest)]. The g has been
dropped because the concept of yearly gain or cost g is not relevant

with discounting, and the v,'s represent the discounted present value.

i

This system of equations is now solved for all of the v's. The equa-

tion in the policy improvement routine is also changed from

N
qik + I Pi,k vj
j=1 ™
to
N
k k
q, +B I P v
i i=j ij 3

The above model both with discounting and without is the general
formula. A number of adjustments are made for use in a specific re-
placement model. These changes are discussed in the next chapter. One
should keep in mind that this model uses the principle shown in
Figure 7 that the machine should be replaced when the current yearly

cost exceeds the average total cost. When discounting is used, the
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principle is the same with the average cost being calculated using

discounting.
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CHAPTER TIII

THE MODEL USED TO STUDY THE HARVESTING SYSTEM

Based upon the conceptual framework developed in the previous
chapter, a method had to be found to evaluate the effect of various
variables on the harvesting system in the short-run and the long-run.
The method chosen is a computer model consisting of two parts. The
first part of the model is a simulator of a corn harvesting system.

The simulator is used to analyze the individual harvesting period
(short-run). Simulation provides a great amount of flexibility to
analyze the chosen variables. Since the simulator as presently designed
cannot consider long-run decisions, the second part of the model is the
dynamic programming routine with Markov chains described in the pre-
vious chapter. This routine is used to evaluate the effect of the
replacement of the machines used in the harvesting systems. Each of

the parts of the model is described in this chapter.

Corn Harvest Simulator
Three important points must be stressed at the outset. The
simulator as presently developed (1) simulates only corn harvest. Be-
cause of the manner in which the system is developed, the simulator is
only helpful for short-run decision-making; The third points is that

the system is completely deterministic.

36
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The simulator is a short-run system since all variables con-
cerning more than one harvest period are enogenously specified. The
three long-run items are usually land, machinery and buildings. In
this system the number of acres to be harvested is exogenously specified.
The machinery to be used as well as its specifications (depreciation,
years of use, etc.) is also specified by the person operating the
system. Because of the nature of the harvesting system, no buildings
are involved. Since the system is not designed to test long-run deci-
sion, the simulator is used only for simulating individual harvest
periods.

The simulator is completely deterministic, that is there are no
random elements. All exogenous variables are therefore given unchanging
values. Because the system is deterministic, any set of values for the
exogenous variables always determines the same set of output values.
Analysis of the variables affecting the harvesting system is therefore
conducted by solving the system for each of several values for a
specified variable while all other variables are held constant.

In order to simulate only the harvesting system, a starting
point must be chosen. This point is September 30. The maximum yield
and the moisture content of the grain must be specified. For the first
14 days of October there is no harvest; however, the system updates
the soil moisture content and the grain moisture content each day.

This updating uses the exogenous variables rainfall, maximum and
minimum temperature, wet bulb temperature and open pan evaporation for
each day: Starting October 15th the updating continues but harvest
can occur if the following conditions are met: The first condition

is that the grain moisture content is less than or equal to an



38
exogenously specified level. If this level has been reached, there is
harvest if the soil is tractable. The soil being tractable means that
the soil is dry enough that the combine can operate in the field.

The harvesting period continues through November 30 for a total
of 47 days. All corn that is not harvested during the harvesting
period is assumed to be harvested on December 31. This unrealistic
assumption is used because the data needed to determine tractability
in December is unavailable. The simulator does not contain any
drying or storing facilities, so the corn is assumed to be sold the
day of harvest subject to drying and hauling charges. A list of the
values used for the exogenous variables is contained in Appendix A.

The simulator contains twelve subsystems each performing a
specific task. Figure 9 contains a flow diagram showing the inter-
relationships among the subsystems. Each day starts with subsystem
DATE. Prior to and after the harvesting period only the first three
subsystems are needed. During harvest all subsystems through COMBIN
are used. The final five subsystems are used after harvest is com-
pleted to determine expenses and incomes. Each of the subsystems is
briefly described below (2):

1. DATE: Establishes the date for each day. This is the starting
point for each day's activity.

2, CLIMATE: Reads in the data so that the weather conditions can be
established each day.

3. SOILMC: Calculates the daily soil moisture taking into account
the moisture in the soil the previous day, rainfall,
runoff, evaporation and plant use! This subsystem is

not used in December because of lack of data.
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4. CORNMC:
5. TRACBL:
6. OPER:

7. COMBIN:

8. DEPRECN:

40
Calculates the moisture content of the corn (grain) each
day beginning October 15.
Determines the tractability of the soil using the
moisture content for each day during the harvest season.
Determines which parts of the farm firm can be harvested
daily during the harvesting season and on December 31.
The section must be tractable, unharvested and meet
maximum grain moisture criterion.
Determines yield harvested based upon maximum possible
yield minus field losses for as many acres as can be
harvested in the given length of day.
Calculates the depreciation for each machine to a maxi-
mum of 15 years using straight line, double declining
balance, sum-of-the-digits or any of the three with 20
percent additional first year depreciation. A deprecia-
tion expense figure is also calculated which eliminates
the time differential among the types of depreciation
(3).
Calculates the annual repair cost based upon the
formula (4):

ARC = NC [(~.0197X, + .oos7xi - .ooos3xi)

1
+ (.02 + .00025X2)]

where:
ARC = annual repair cost
NC = new cost of machine being considered
Xl = age of machine
X, = hours of annual use
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10. EXPENSE: Is an accounting subsystem that calculates expenses
for each machine as well as the firm including per
acre, per hour and per bushel cost where they are
appropriate.

11. RECEIPTS: Calculates the total receipts.

12. INCOME: Combines the values derived in the two previous sub-
systems to calculate a number of income figures in-
cluding net cash income, management income, labor
income, and return on investment.

Many of the decisions made by the system use more than one of
the subsystems. The first seven subsystems are used along with addi-
tional exogenous variables to determine the climatological and engi-
neering aspects of the system. The following six major decisions fall
into this category:

1. Weather today.

2. Soil moisture budget.

3. Grain moisture content.

4. Tractability.

5. Harvest decision.

6. Harvest performance.

Figure 10 illustrates the sequencing of these decisions for
each day. If the harvest decision is affirmative, the harvest per-

formance is then determined.
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SOIL TRACTA-
MOISTURE BILITY
BUDGET HARVEST
-————7rDECISION
GRAIN
MOISTURE

Figure 10. The Sequencing of Daily Decisions

The weather for each day is determined from the precipitation,
the maximum and minimum temperatures, the wet bulb temperature and the
open pan evaporation for that day provided by the U. S. Weather Bureau.
The soil moisture budget establishes the level of moisture in each
inch of soil for the first six inches of soil for each day. The pro-

cedure used is diagramed in Figure 11.

CLIMATE-TODAY

SOIL
SOIL MOISTURE _S_O_U.._MQIETLIRE__>
DISTRIBUTION-YESTERDAY MOISTURE DISTRIBUTION-TODAY
BUDGET

SOIL TYPE

Figure 11. Procedure to Determine Soil Moisture

Once the soil moisture distribution is determined and the soil
type is known, the tractability of the soil is determined by that sub-
system. At the same time the grain moisture content is calculated

based upon the grain moisture content yesterday and the weather today.
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Given these calculations, the system can check the tractability and the
grain moisture content and make the decision concerning whether to
harvest. If the decision is to harvest and harvest has not been al-
ready completed, the harvest performance is determined. Figure 12
shows the factors that are needed to calculate the harvest performance

and the measure of harvest performance that are calculated.

—HARVEST DECTSTONS
>
DAY OF YEAR N LODGING N
CROP_FACTORS > | PREHARVEST LOSS
HARVEST
GRAIN M.C, HARVESTER LOSSES >
7 PERFORMANCE
ROW SPACING > HARVESTER YIELD N
-HARVESTER SIZE | HARVESTING TIME -~
—MAN-MACHINE FACTORS

Figure 12. Diagram of the Calculation of Harvest Performance Criteria

For each set of variables the harvesting system is simulated
for three years for each of two combines. One combine is a John Deere
model 3300 with a two-row corn head costing $12,000; the other is a
John Deere model 4400 with a four-row corn head costing $16,000. Both
combines are assumed to be depreciated over eight years using straight
line with 20 percent additional first year depreciation.

1966-1968 are used as base years. The basic weather data is
takgn from Monroe County, Michigan for those years. To be consistent
corn prices quoted by the Michigan Elevator Exchange for those three

years are used. Because only the harvesting system is simulated, a
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maximum yield as of September 30 must be assumed. This maximum was
150 bushels in 1966, 100 bushels in 1967 and 125 in 1968. These yields
are at least close to actual conditions on that date.
A complete list of the exogenous inputs is present in Appendix A.
These values are representative of those currently prevailing in
Southern Michigan. Some of these values are temporarily changed for

analysis purposes.

The Machinery Replacement Routine

The replacement of machinery, particularly the combine, is of
crucial importance to the farm manager in managing his harvesting
system. This decision is an investment decision rather than an
operating decision. Since the simulator can only analyze short-run
operating decision efficiently, a machinery investment routine was
developed by George Perkins (6) and this author. The machinery re-
placement routine uses dynamic programming and Markov chains based
upon Howard (7). The routine chooses an optimum replacement policy
that minimizes the long-run expected costs subject to the conditions
prescribed by the operator.

The routine used follows from the theory presented in Chapter II
with several adaptations. The major adaptation is that only one con-
ditional probability is used for each alternative. For the altermative
"keep" this probability is the probability that the machine will sur-
vive until the following state. In this study each state represents
one year. The probability of survival to the next state (year) in the
last state must be zero. The conditional probability for an alternative
involving trading the machine is the probability that the machine

traded for will survive to the next state. Since the age of the machine
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has little or no effect on returns from the combine, cost minimization
is used. The cost for keeping the machine includes repairs (both
routine and major) plus an obsolescence cost based on age. The cost
of trading is the cost of the newly acquired machine minus the trade-in
value of the original machine plus repair cost in the next state and
obsolescence cost (unless a new machine) for the newly acquired
machine.

Although several options can be used, the basic format is the
same in each formulation. Each has three subsystems. Figure 13

illustrates with a flow diagram the sequencing of the subsystems.

R | _only initially .| .0

E f—————""—-"— _

P

k 7| MATALG

C

E \ —
?| POLICY

Figure 13. A Flow Diagram of the Machinery Replacement Routine

Each of the subsystems has a specific purpose:

1. VALUE determines which of the alternatives have the smallest
immediate expected cost initially and the minimum test
quantity thereafter. The p's and g for each of the chosen
alternatives are then prepared for simultaneous solution.

This subroutine completes most of the value-determination
operation.

2. MATALG completes the value determination operation by simul-
taneously solving the equations.

3. POLICY calculates the new test quantities each iteration

(policy-improvement). Subsystem VALUE is called from this
subroutine.
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Seven states and two alternatives are used. Each state repre-
sented one year with the first state representing the decision to keep
or trade a one year old machine. The two alternatives are to keep the
old machine or to trade for a new machine. Although both the number
of states and the number of alternatives could have been moved rela-
tively easily, neither was removed because no significant limitations
were imposed by the restrictions. Seven states were more than suffi-
cient to determine an optimal policy, and the data needed to consider
trading for used machine was not available at a cost that would
justify its use in this study.

As was mentioned above, this model makes available a number of
options. The user can present his data in one of two forms. He can
simply supply the costs for each of the two alternatives in each of the
seven states (years), or he can supply probabilities and corresponding
costs for different types of repairs for each alternative. The
second option concerns the interest rate. If no interest rate is used,

the solution to the simultaneous equations will be six V,'s repre-

i
senting the relative (V7 = 0) desirability of reaching state i1 and q
indicating the annual yearly cost using the optimal policy assuming
the user stated in state 1. When using discounting, however, the
solutions will be seven Vi's representing the discounted present value

of the stream of expenses commencing in state i and using the optimal

policy.
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Footnotes

1. The corn harvest simulator was designed in a project titled
"Analysis of Agricultural Production Systems,' established by the
Michigan State Agricultural Experiment Station. The task force in-
cluded Dr. J. B. Holtman, Assistant Professor, Agricultural Engineering;
Dr. L. K. Pickett, Assistant Professor, Agricultural Engineering;

Dr. P. L. Armstrong, Associate Professor, Agricultural Economics; and
Dr. L. J. Connor, Associate Professor, Agricultural Economics.

Dr. Armstrong has since been appointed Assistant Dean, College of
Agriculture and Natural Resources.

2. The first eight subsystems were developed by Dr. J. Ben
Holtman and Dr. Leroy R. Pickett both Assistant Professors in Agricul-
tural Engineering. The descriptions are the authors.

3. The formula used is:

o2

SL equivalent - (depi - SL equiv.) tax rate

(1 + interest rate)i
where N is the years of depreciation.

4. Formula developed by Dr. David L. Armstrong, Associate
Professor of Agricultural Economics and Assistant Dean College of
Agriculture and Natural Resources.

5. These component models were developed by Drs. Holtman and
Pickett for a paper '"Modeling of Corn Production Systems-A New Approach'
delivered by Dr. Holtman at the 1970 Annual Meeting, American Society
of Agricultural Engineers, Minneapolis, Minnesota, July 7-10, 1970.

6. George Perkins is a Graduate Assistant and Ph.D. candidate
in Agricultural Economics at Michigan State.

7. Howard, Ronal A. Dynamic Programming and Markov Processes,
The Technology Press of the Massachusetts Institute of Technology and
John Wiley and Sons, Inc., New York, 1960, Especially pp. 54-59.




CHAPTER IV

RESULTS FROM THE SHORT-RUN HARVESTING PERIOD

This chapter specifies the values used for each of the selected
variables and presents the results obtained from using the specified
sets of variables to simulate the corn harvesting system. These re-
sults are needed to determine the effect of these selected variables
in the short-run. The format used for studying the selected variables
is to simulate three years using yield, grain moisture and weather
conditions from 1966, 1967 and 1968. Each of these years has several
unique characteristics so that three very different situations are
studied. The years are referred to as first, second and third rather
than by date since changes in the selected variables make the condi-
tions quite different from those actually occurring. Several impor-
tant characteristics of the three years prior to any variable changes
are presented in Table 1. A complete list of the exogenous inputs is
contained in Appendix A.

Nine variables were chosen for study. The nine variables and
their initial values are:

1. Loss due to failure to complete harvest during the harvest

season -0.00 (1).
2. Size of enterprise - 200 acres.
3. Hours in the work-day--8 hours.

48
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Table 1. Characteristics of the Three Years Used in Studying the
Corn Harvesting System

Year

Unit Year 1 Year 2 Year 3
Maximum yield as of
September 30 Bu. 150 100 125
Grain moisture on
October 15 Per Cent 36.0 40.3 26.9
Tractability days
during harvest? Days 37 16 32
Average price Dol. $1.23 $1.06 $.96
Date harvest started® Date October 28 November 8 October 15
Tractability days
after start of harvest Days 24 8 32

aTractability means the soil is dry enough so the combine can
operate in the field. There are 47 days in the harvest period.

bAverage of price prevailing on harvest days including
December 31.

“The first tractable day after the grain moisture content
reached 307 or below.
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4. Grain moisture criterion--harvest can begin when the grain
moilsture content reaches 30.0 per cent.
5. Opportunity cost of the combine operator's labor--$3.00 per
hour (2).
6. Changes in average temperature--—temperatures prevailing in
1966-1968 (see Appendix A).
7. The effect of additional rainfall--rainfall in 1966-1968
(see Appendix A) (3).
8. Price--the prices prevailing in 1966-1968 (see Appendix A
and Table 1).
9. Potential yield as of October 15 - 1966-1968 (see Table 1).
Table 2 presents the average acreage harvested and several
average income figures for the three years. The acreage harvested is
that portion of the corn which is harvested during the harvesting
period. The acres that are assumed to be harvested December 31 are
not included. This definition of the acreage harvested is used through-
out the study. Net cash income is the income the farm manager has
after paying all cash costs. After he covers depreciation, operator
and family labor, and interest on his investment, the remaining income
is the return for his management or management income. The $45.00 (4)
subtracted from the harvesting income figure covers seed, fertilizer,
herbicide, tillage expense, etc. to cover the expenses incurred prior
to September 30.
Table 2 quickly illustrates the need for a change in the assump-
tion that all of the corn is harvested. Even when acreage harvested

during the harvest period fails to increase with the size of enterprise,
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income continues to increase (or loss of income continues to decrease);
furthermore, even with a 1000 acre enterprise, the two-row combine
proves more profitable although it only harvests an average of 270
acres during the harvest season. In order to represent the real world
more closely, the base value for the loss due to failure to complete
harvest during the harvest season was changed to 40 per cent.

Table 3 presents the values used for each of the nine variables.
The base value is the value used whenever another variable is being
studied. The harvesting system is simulated for all possible combina-
tions of the first three variables-loss, acres and hours--except the
second sliding function for loss was only used with 8.0 hours. For
the grain moisture criterion the system is simulated using each
criterion and each of the sizes of enterprise. For the remaining five
variables, the system is simulated for each of the chosen values with
200 and 500 acres. When the results are presented, three year averages
are used primarily, with individual years used when a particular year
is especially responsive to the changes being made. In order to illus-
trate the conditions in the years being studied, Table 4 presents
the important output figures from each of the output figures with all
base values, except the size of enterprise is changed to 500 acres.
Similar output for 300, 400 and 1000 acre enterprises is contained in
Appendix Tables B. 1, B. 2, and B. 3.

As Tables 1, 4 and 5 illustrate, the first year is extremely
profitable. The yield and the price are high and harvesting conditions
are very good. The following year is financially disastrous with low

yields and extremely unfavorable harvesting conditions. The price is
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Table 3. The Values Used for each of the Nine Variables when that
Particular Variable was being Studied

Variable Base Value Other values
Loss 402 0, 20%, sliding 1,2 sliding 2°
Acres 200 acres 300, 400, 500, 1000
Hours 8.0 10.0, 12.0, 14.0
Grain moisture 30% 28%, 32%, sliding®
Opportunity cost $3.00/hour 2.00, 5.00, 8.00, 12.00
Additional rainfall Normald +1" on October 15, November 1,

November 15

Temperature Normald -1°, -5°, +1°, +5°
Price Norma1? -.$01, -.05, -.10, +.01, +.05, +.10
Yield Normald -10 bu., +10 bu.

8L0ss is 5 per cent for the first section not harvested,
6 per cent for the second, etc.

bLoss is 5 per cent for the first acre not harvested, 5.5
per cent for the second acre, 6.0 per cent for the third, etc.

CHarvest can start if grain moisture content fell below .26
before October 21, .28 before October 29, .30 before November 4, .32
before November 11, .34 before November 18, .40 before November 25.

dNormal refers to actual conditions for 1966-68. These values
are used as a base for years one, two and three.
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slightly below the average for the three years. Although conditions
during the harvest period are excellent, the third year is unprofitable,
though better than the second year, because the yield is only average
and the price is extremely low. Conditions in the three year period
are slightly below average.

In the following pages the results from changing the values of
the variables are discussed for each variable individually. In some
instances more than one variable will have a value other than its base
value. Whenever any value other than the base value is used, the new

value 1is specified.

Loss

Whenever corn is not harvested by the first of December, the
possibility exists that the corn will never be harvested or will not
be harvested until spring. The simulator as previously developed in-
cluded losses from lodging, maturity, machine speed, etc. but did not
include loss from failure to complete harvest. Furthermore, tract-
ability data was unavailable for December so all corn not harvested by
December 1 was assumed to be harvested on December 31. For this study
the assumption that the remaining corn is harvested December 31 is
retained since the tractability data is still unavailable, but five
alternative functions are used to simulate the possibility of harvest
not being completed. The first function assumes no possibility of loss
while the second and third functions assume that 20 per cent and 40
per cent of the corn harvested on December 31 is lost. The fourth and
fifth functions incorporate increasing losses per unit as the number of

unharvested acres increases. With the first of the two functioms,
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5 per cent of the first section harvested in December is lost (the
total acreage is divided into 100 equal sized sections), 6 per cent of
the second section is lost, etc. The fifth function assumes that
5 per cent of the first acre harvested December 31 is lost with an
additional 0.5 per cent is lost on each succeeding acre not harvested.
The two functions are the same for 200 acres only.

Tables 6 and 7 summarize the results by three year averages for
200 and 500 acres respectively. By comparing the two tables the reader
can easily observe the increased importance of the loss function as the
size of the enterprise increases. This relationship is also apparent
in similar tables for 300, 400 and 1000 acre enterprises that appear in

Appendix Tables B. 4, B. 5 and B. 6.

Size

To study the effect of changes in size, five sizes of enterprise
are used--200, 300, 400, 500 and 1000 acres. 200, 300, 400 and 500
acre enterprises certainly could be harvested with one combine although
400 and 500 acres are extremely large enterprises for a two-row combine.
The 1000 acre enterprise is used more to determine the effect of such
a large size than because the size is realistic since farm managers
with that many acres of corn would have a larger combine or more than
one combine. The use of only one combine and no custom hire is
assumed in this study.

When considering the results, the reader should remember that
the relative magnitude of the changes in size of enterprise is larger
than the magnitude of changes in other variables. This difference

occurs for two related reasons. First, changes in the size of
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enterprise are much larger than changes in other variables. Second,
the farm managers have the power to change the size of their enter-
prise. With the other variables being studied the manager can either
make changes within a rather small range, or he has no power to make
changes.

Table 8 illustrates the effect of the alternative sizes of
enterprise on average income. For all sizes of enterprise, increasing
acreage decreased management income although the other income figures
increased; however, management income remains somewhat constant until
the two-row combine exceeds 300 acres and the four-row combine exceeds
500 acres. To illustrate further the effect of size on income,

Table 9 presents management income for each year for the various sizes
of enterprise. The picture is somewhat different for each of the
three years, with management income increasing in the first year until
the two-row exceeds 300 acres and the four-row exceeds 500 acres. In
the second year management income becomes increasingly negative as
size increases. In this second year the management income from har-
vesting is negative in every case except for the four-row with 200
acres. The third year behaves in a similar fashion to the three year
averages. Tables in Appendix B illustrate further the effect of
changes in size of enterprise. Appendix Tables B. 7, B. 8 and B. 9
illustrate the effect of size with a 20 per cent loss function and
the two sliding functions. Tables B. 10, B. 11 and B. 12 show the
effect of size with 10, 12 and 14 hour work days.

Tables 10 and 11 portray the effect of increases in acreage on

machinery expenses. Table 10 illustrates the savings in machinery
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Table 9. The Effect of Corn Acreage on Management Income for the
Individual Years for Each Combine?

First Year Second Year Third Year

Acres Two-row Four-row Two-row Four-row Two-row Four-row
(dol.) (dol.) (dol.) (dol.) (dol.) (dol.)
200 5437 4343 -10249 -8169 -5596 -7045
300 10110 8905 -15566  -13411 -5917 -7861
400 8835 13697 -20932  -18634 -5993 -8331
500 7821 18807 -26243  -24035 -9616 -8526
1000 1646 15082 -53425  -50481 -30426  -19469

240 per cent of the corn harvested after the harvesting season
is assumed lost.
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Table 10. Three Year Averages of Expenses for the Two-Row and the
Four-Row Combines by Corn Acreage?d
Percentage Machinery Machinery
Machinery of total expense expense
expense expense per acre per hour
Acres 2-row 4-row 2-row A4~row 2-row 4-row 2-row 4-row
(dol.) (dol.) %) (%) (dol.) (dol.) (dol.) (dol.)
200 2801 3450 15.34 12.79 14.00 17.25 21.95 49.02
300 3116 3718 12.29 13.96 10.39 12.39 16.11 35.03
400 3438 3990 10.69 11.81 8.60 9.98 13.18 28.04
500 3765 4267 9.69 10.45 7.53 8.53 11.44 23.80
1000 5410 5691 7.43 7.65 5.41 5.69 8.03 15.42

8Assumes an eight hour work day and a 40 per cent loss on all
corn not harvested by December 1.
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cost per acre and per hour as well as relative to total expenses with
increases in size. The distribution by per cent of the six types of
machinery expenses is shown in Table 11 for the five sizes of enter-
prise. With increases in size the variable expenses--fuel cost and
repair cost--increase relative to the fixed costs--depreciation expense,

interest on investment, insurance and housing.

Length of Work Day

In contrast to nearly every other crop, corn harvest is not
restricted to the hours of the day when no dew is present. This fact
makes the length of the work-day an important variable. In this study
8, 10, 12 and 14 hour days are used. 12 and 14 hour days would cer-
tainly require hired labor or operations with more than one operator.
The same labor rate was charged for all hours. Under some circum-
stances a farm manager would have to be charged higher rates for the
additional hours.

Table 12 and 13 indicate the effect on acres harvested and on
income of the alternative lengths of the work-day for 200 and 500 acres
respectively. These tables show that whenever a longer work-day in-
creases the acres harvested, the income is increased. Table 14 illus-
trates the effect of the length of the work day on management income
in each year for 500 acres. Once again increased work-hours increases
income except where harvest has already been completed. Harvest is
completed with the four-row combine in the first and third year with
any of the lengths for the work day considered but never completes
harvest during the harvest season in the second year. Although the

two-row never completes harvest during the harvesting season in the
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Table 14. The Effect of the Length of the Work Day on Management
Income for Each Year for 500 Acres
First year Second year Third year
Length of
Work Day Two-row Four-row  Two-row Four-row Two-row Four-row
(hours) (dol.) (dol.) (dol.) (dol.) (dol.) (dol.)
8 7821 18807 -26243  -24035 -9806 -8704
10 11802 18097 -25403 -22317 -6887 -9688
12 16089 17640 -24559  -20834 -7516 -10265
14 19424 17362 -23524  -19294 -8096  -10957
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second year, harvest can be completed in the first year by working 14
hours per day, and completion occurs in the third year with ten or
more hours per day. Appendix Tables B. 13, B. 14 and B. 15 contains
tables similar to Tables 12 and 13 for 300, 400 and 1000 acres. The
Appendix also contains tables showing the effect of the different
lengths of work-days on 200 and 500 acres with a 20 per cent loss
function (Tables B. 16 and B. 17) and the first sliding function

(Tables B. 18 and B. 19).

Grain Moisture Criterion

The grain moisture content is crucial to farm managers deciding
when to commence harvest. Four criteria are considered for determining
when to start harvest as related to the grain moisture. The first
three criteria state that the grain is ready to be harvested as soon
as the grain moisture content falls below 28, 30 and 32 per cent. If
the moisture content returns to a level above the criterion, harvest
stops. The fourth criterion once again has a sliding feature in that
the maximum content increases as the harvesting season progresses.
Specifically, the harvest could commence if the grain moisture content
fell below 26 per cent before October 21, 28 per cent before October 28,
30 per cent before November 4, 32 per cent before November 11, 34 per
cent before November 18 and 40 per cent before November 25.

Tables 15 and 16 present the results of each of these criterion
with the effect on harvest and average income. The effect on average
income by changing the criterion is not great. Tables 17 and 18 show
the effect on individual years. These tables show that in the first

year the decision concerning which criterion to use effects management
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Table 17. The Effect of Alternative Grain Moisture Criteria on
Management Income for Each Year with a 200 Acre Corn

Enterprise
First year Second year Third year

Criterion Two-row Four-row Two-row Four-row Two-row Four-row

(dol.) (dol.) (dol.) (dol.) (dol.) (dol.)
.ZBa 5907 4924 -10664 -8811 -5596 ~7045
.30a 5437 4341 -10249 -8169 -5596 -7045
.322 4734 3318 -10252  -8178 -5596  -7045
Slidingb 5602 4541 -10249 -8169 -5582 -6786

8Harvest can start when the grain moisture content falls below
.28, .30, .32 respectively.

bHarvest can start if grain moisture content falls below .26
before October 21, .28 before October 28, .30 before November 4, .32
before November 11, .34 before November 18, .40 before November 25.
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Table 18. The Effect of Alternative Grain Moisture Criteria on
Management Income for Each Year with a 500 Acre Corn

Enterprise
First year Second year Third year

Criterion Two-row Four-row Two-row Four-row Two-row Four-row

(dol.) (dol.) (dol.) (dol.) (dol.) (dol.)
.28a 5866 17322 -26701 -24950 -9616 -8521
.30a 7821 18807 -26243 -24035 -9616 -8521
.32a 10016 17177 -26243 -24035 -9616 -8521
Slidingb 7076 19679 -26243 -24035 -9901 -8015

8Harvest can start whenever the grain moisture content falls
below .28, .30 and .32 respectively.

bHarvest can occur if the grain moisture content falls below
.26 before October 21, .28 before October 28, .30 before November 4,
.32 before November 11, .34 before November 18, .40 before November 25.
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income significantly. The effect is small or nonexistant in the
second and third years because the soil is not tractable on most of
the days the criteria affect. Tables with harvest and average income
results similar to Tables 15 and 16 are presented in Appendix Tables

B. 20, B. 21 and B. 22 for 300, 400 and 1000 acres respectively.

Opportunity Cost of Labor

The value of the labor of the combine operator can come from
one of two places. If the operator is a hired laborer, the value is
his wage. If the farm manager operates the combine the value is his
opportunity cost during that time. Five values are used for this value
which is labeled the opportunity cost of labor. These values are $2.00,
$3.00, $5.00, $8.00 and $12.00 per hour. $8.00 and particularly $12.00
seem very high and unrealistic; however, in certain instances where
the operator had to leave other jobs, particularly fall plowing, these
high rates may apply.

Tables 19 and 20 show for 200 and 500 acres respectively the
hours required, the labor expense and the resulting average income for
each of the five levels of opportunity cost. The effect is very
straight forward with income being reduced the amount of the labor

expense. The effect is nearly the same in each of the three years.

Average Temperature
Changes in the average temperature are studied by increasing or
decreasing the maximum and minimum temperature each day from October 1
through December 31. Increases in average temperature reduce the

grain moisture content more rapidly. Five levels of average temperature
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are used: the level that prevailed in 1966-68, that level increased
by one and five degrees, and that level decreased by one and five
degrees.

Table 21 and 22 contain the results of using the five selected
temperatures. The higher the temperature; the greater the income.
Only in the first year do changes in the average temperature have a
noticeable effect on the number of tractable days after harvest began.
When the average temperature was decreased five degrees, the harvest
was never completed in the first and second years using a 30 per cent
grain moisture criterion due to the assumption that the moisture con-
tent must fall to that level. A four degree decrease in the first year
and a three or four degree decrease in the second year created the same
problem. To obtain the values in Tables 21 and 22 for a decrease of
five degrees, the corn is harvested on December 31 regardless of the

grain moisture criteria.

Additional Rainfall

The effect of rainfall is studied by additional rainfall since
a reduction in rainfall can not be made uniform for the three years.
The four levels of rainfall used are the actual rainfall in 1966-68, an
additional inch on October 15, an additional inch on November 1 and an
additional inch on November 15. The additional rainfall affects the
soil moisture, and thus the tractability. The effect will also depend
on the soil moisture conditions previous to the rainfall and the
amount of rainfall on the given day and several days following.

The effect of the four levels of rainfall on harvest, average

drying expense and income is shown in Tables 23 and 24 for 200 and 500
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acres respectively. The additional rainfall increased income in cer-
tain cases particularly with 200 acres, decreases income in others
especially with 500 acres and had no effect in some other cases. 1In
the cases where additional rainfall increases income, the reason is
that after the rain the grain dried faster than the soil resulting in
lower drying charges. When no effect is shown, either the soil is
already saturated causing the additional rain to run off, or harvest

has already been completed.

Price
Seven levels of prices are used. The prices prevailing in
1966-68 by weeks are used as the base. All corn is assumed to be sold
the day it 1s harvested at the price for that week. The other six
levels are the base price plus and minus one cent, five cents and ten
cents. Tables 25 and 26 show for 200 and 500 acres respectively the

expected relationship between changes in price and income.

Yield

Three levels of yield are used. The levels refer to the
potential yield as of October 15. The base level is the potential
yield for each year that is typical of the yields for 1966-68. The
second and third levels are ten bushels more and ten bushels less.
Tables 27 and 28 present the results from the three levels for 200 and
500 acres respectively. The results are once again as expected. One
should note the much greater effect on management income with a 500

acre enterprise.
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Footnotes

1. The model as developed by the task force assumed all of the
corn not harvested during the harvesting season is harvested on
December 31. Field losses for corn harvested December 31 are deter-
mined with the same functions used during the harvesting period.

2. Income is determined using a $960 charge for the operator's
labor and $2.00 per hour for any hours in excess of 320; however, the
income can easily be adjusted to reflect the opportunity cost.

3. Additional rainfall is used since an equivalent reduction
in rainfall could not be made in each of the three years.

4. The $45.00 per acre charge includes:

seed $ 4.00
fertilizer 20.00
herbicide 5.00
machinery and labor 16.00

Total $45.00



CHAPTER V

ANALYSIS OF THE EFFECT OF THE SELECTED VARIABLES

IN THE HARVESTING PERIOD

In this chapter, the results presented in the previous chapter
are analyzed and interpreted so that conclusions can be reached that
will enable farm managers to improve their decisions relative to the
harvesting system. The nine variables are ranked as to their effect
on income for several situations. These same variables are then ranked
as to their effect on income from the use of the two-row and the four-
row combines. From these rankings and the magnitude of the changes,
conclusions can be made as to which of the selected variables create
significant changes in income under specified conditions. The chapter
therefore, includes an individual look at each of the nine variables
to discuss that variable's impact on the harvesting system.

The changes in management income are used as the basis for the
ranking of the selected variables. Since management income is the
return for the farmer's management, all costs, both cash and non-cash,
have been subtracted from income. If any other income figure were used,
some of the costs would not be subtracted. Therefore, changes in the
unincluded expenses from changes in a variable would not be reflected

in the ranking of the variables.

87
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Ranking of the Effect on Income

In order to determine the effect of changes in variables, the

magnitude of change for each of the nine variables had to be established.

The following nine changes are used:

Failure to complete harvest by December 1: 20% to 40% loss.
Size of Corn Enterprise: 100 acre change.

Hours in the working day: 2 hour change.

Criterion of how low grain moilsture content must be:

.02 change.

Opportunity cost: $3.00 per hour change.

Additional rainfall: one inch.

Temperature: 57 change (1).

Price: $.05 per bushel change.

Yield: 10 bushel change in the potential yield as of

October 1.

Each of these changes has approximately the same probability of

occurring on a given farm situation. Although the decision concerning

the magnitude of the change is somewhat arbitrary, the consequences of

possible inaccuracies are less serious because the effect of the

changes in the variables relative to the other variables is most im-

portant.

The absolute change in each variable is of a lesser impor-

tance since each set of changes would produce a different set of abso-

lute changes; however, each equivalent set of changes should have a

similar relative effect on the variables.

In order to study more thoroughly the effect of the size of the

enterprise, rankings were made for a 200 acre and a 500 acre corn
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enterprise. For the 200 acre enterprise the magnitude of the effect
of the change in size is determined by changing from a 200 to a 300
acre enterprise. For the rankings for a 500 acre enterprise, a change
from 400 to 500 acres is used. Major emphasis is placed on the effect
of changes in the size of enterprise since the relevant range of sizes
of enterprise is much larger than the relevant range for the other
variables. Also, farm managers are especially concerned with the
effect of changes in the size of their enterprise.

The first situation used for ranking is the three individual
years. Before presenting the rankings for the years, the conditions
prevailing in each of the three years should be reviewed. The first
year is characterized by excellent yields, high prices and ample har-
vest time. 1In the second year the farm manager encounters low yields,
prices slightly below average and disastrous harvesting conditions with
very high grain moisture content and extremely wet field conditions.

In year three the yield is average, conditions during the harvest
period are excellent but prices are very low. The first year, there-
fore, is highly profitable. The third year can be profitable with a
favorable set of variables but seldom financially disastrous. However,
the second year is financially disastrous especially as size increases.
Table 29 illustrates the important characteristics of the three years
and presents management income using the base values specified in the
previous chapter. The conditions prevailing in this three year period
appear to be somewhat less favorable than average primarily because of
the conditions in the second year.

Tables 30 and 31 rank for 200 and 500 acres respectively the

effect of the given changes in the nine variables. Appendix Tables
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Table 29. A Summary of the Situation Existing in the Three Harvesting
Periods Studied

Unit First year Second year Third year
Maximum yield as
of September 30 Bu. 150 100 125
Grain moisture
on October 15 Per Cent 36.0 40.3 26.9
Average price Dol. 1.23 1.06 0.96
Harvest conditions Good Very poor Excellent
Management income”
200 acres
2-row Dol. 5,424 -10,351 -5,939
200 acres
4-row Dol. 4,326 -8,305 -7,503
500 acres
2-row Dol. 7,808 -26, 345 -9,959
500 acres
4-row Dol. 18,790 -24,171 -8,984

a. . .
Using base values.
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Table 30. The Rank of the Magnitude of the Effect of the Given Changes
in the Nine Selected Variables on Management Income with a
200 Acre Enterprise for a Two-Row and a Four-Row Combine

Ranka

Variable 1st year 2nd year 3rd year Averageb

2-row 4-row 2-row 4-row 2-row 4-row 2-row 4-row

Size of enterprise 1 1 1 1 5 4 6 4
Temperature 2 3 3 2 6 2 2 2
Price 3 2 5 3 1 1 1 1
Yield 4 4 6 4 2 3 3 3
Grain moisture 5 5 8 6 8 6 5 6
Opportunity cost 6 6 7 8 3 5 8 5
Hours 7 7 4 5 4 7 7 7
Rainfall 8 8 9 9 7 8 9 8
Loss 9 9 2 7 9 9 4 9

8The rank is based on the absolute value of the change in
management income.

bIn summing the changes in the three years the sign of the changes
is included. Increases in one year may offset decreases in another.
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Table 31. The Rank of the Magnitude of the Effect of the Given Changes
in the Nine Selected Variables on Management Income with a
500 Acre Enterprise for a Two-Row and a Four-Row Combine

Ranka

Variable 1st year 2nd year 3rd year Averageb

2-row 4-row 2-row 4-row 2-row 4-row 2-row 4-row

Size of enterprise 9 1 2 1 1 7 2 8
Temperature 2 3 3 3 8 4 5 2
Price 5 4 4 4 2 1 4 1
Yield 7 5 5 6 5 2 6 3
Grain moisture 6 8 8 8 9 8 9 7
Opportunity cost 8 7 6 7 6 6 8 6
Hours 3 6 7 5 3 3 3 9
Rainfall 4 2 9 9 7 5 7 5
Loss 1 9 1 2 4 9 1 4

8The rank is based on the absolute value of the change in
management income.

bIn summing the changes for the three years the sign of the
changes is included.
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C. 1 and C. 2 present the dollar value of the change for 200 and 500
acres while Appendix Tables C. 3 and C. 4 provide the ranking in
descending order of importance for each year and the average of the
three years. The rank is based upon the absolute value of the change
with the direction of the change not considered. When the average
effect is calculated, the sign of the value for each individual year
is considered to calculate the average, and then the rank is deter-
mined from the absolute value of the average. For several variables--
size of enterprise, hours, grain moisture and additional rainfall--the
direction of the change depends upon the year. The size of enterprise
where its importance is considerably less in the average than in the
individual years is an excellent example of the offsetting directions
of the change.

The rankings made by years fail to present any consistent
pattern. The variables size of enterprise, temperature, price and
yield appear to have the greatest effect. The variables loss and
hours have a large effect in some years especially with 500 acres.
With a two-row machine the variables loss and hours command more im-
portance. Although the above generalizations can be reached, a more
distinct pattern must be found.

Much of the fluctuation in the rankings can be explained by the
success or failure to complete harvest by December 1. The variables
size of enterprise, hours, grain moisture and rainfall create opposite
effects on income with and without completion of harvest during the
harvest period. When the harvest is easily completed, increased size

increases management income, however, when harvest is not completed
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during the harvest period the increased acres are harvested with the
40 per cent loss and thus creates a decrease in income. When harvest
is completed easily, increased hours; increased maximum grain moisture
and lack of rainfall produce less management income since these changes
enable harvest to be completed earlier creating increased drying and
hauling charges. When harvest is not completed during the harvesting
season these same changes increase income by decreasing the loss from
failure to complete harvest. Table 32 describes the effect of changes
in each of the variables with and without completion of harvest during
the harvesting period.

Tables 33 and 34 present for 200 and 500 acre enterprises re-
spectively the rankings and the percentage change for each variable
with and without completion of harvest during the harvesting period.
The rankings are made using absolute values of the average changes for
each variable. The percentage is calculated by dividing the given
change by the average management income using base values and the
given size of enterprise and size of combine. For the 200 acre
enterprise the harvest is completed within the harvesting season in
the first and third years using either combine. Harvest is not com-
pleted in the second year with either combine due to the adverse
weather conditions. With a 500 acre enterprise the two-row never
completes harvest during the harvesting period, whereas the four-row
completes harvest in the first and third years. Appendix Tables C. 5
and C. 6 contain the actual values for the changes for a 200 and a 500
acre enterprise respectively. The ranking for completion and non-
completion in decreasing order of importance is contained in

Appendix Tables C. 7 and C. 8 for the two enterprise sizes.
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Table 32. The Direction of the Change in Management Income from
Changing the Variables with and without Completion of
Harvest During the Harvesting Period
Variable Completion No Completion

Size of enterprise

Temperature

Price

Yield

Grain moisture

Opportunity cost

Hours

Rainfall

Loss

Increased income with
increased size

Small increases with
higher temperature

Increased income with
price increases

Increased income with
yield increases

Decreased income with
increased maximum?

Lower income with
increased labor cost

Lower income with
increased hours

Increased income with
additional rainfall

No effect

Decreased income with
increased size

Large increases with
higher temperature

Increased income with
price increases

Increased income with
yield increases

Increased income with
increased maximum®

Lower income with
increased labor cost

Higher income with
increased hours

Lower income with
additional rainfall

Lower income with
increased loss

a . .
Increased maximum means an earlier harvest.
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Table 33. The Ranking of the Variables and the Percentage Change in
Management Income when Harvest is and is not Completed for
a 200 Acre Enterprise for a Two-Row and a Four-Row Combine2

2-row 4-rowW

Not Not
Variable Completed Completed Completed Completed

b % c b % c b % c b % c
Rank™ Change Rank Change Rank Change Rank Change

Size of enterprise 1 60.0 1 146.8 1 49.0 1 141.7
Temperature 3 25,1 3 26.9 3 22.8 2 30.0
Price 2 35.9 5 20.6 2 30.3 3 23.6
Yield 4 23.5 6 17.2 4 21.5 4 20.0
Grain moisture 7 5.3 8 5.8 5 10.5 6 8.5
Opportunity cost 5 10.5 7 13.7 6 5.5 8 5.5
Hours 6 7.2 4 24.2 7 4.5 5 11.5
Rainfall 8 4.2 9 0.0 8 2.5 9 -0-
Loss 9 0.0 2 43.1 9 -0- 7 6.8

aCompletion of harvest means completed by December 1.

bThe rank is based on the absolute value of the change in manage-
ment income.

“The percentage change in each variable is based upon management
income using the base values 2-row = $-3622, 4-row = -$3827.
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Table 34. The Ranking of the Variables and the Percentage Change in
Management Income when Harvest is and is not Completed for
a 500 Acre Enterprise for a Two-Row and a Four-Row Combine?

2-rowb 4-row
Variable Not completed Completed Not completed
% % %

Rank® Changed Rank® Changed Rank® Change
Size of enterprise 2 34.9 2 51.3 1 112.8
Temperature 5 22.4 4 42.6 4 43.6
Price 4 25.3 1 67.9 5 35.9
Yield 6 17.5 3 45.2 7 31.1
Grain moisture 9 8.1 8 0.7 9 9.6
Opportunity cost 8 10.4 6 10.1 8 11.4
Hours 3 27.2 5 16.9 6 35.5
Rainfall 7 14.2 7 9.1 3 43.7
Loss 1 50.9 9 -0- 2 107.1

aCompletion of harvest means completed by December 1.

bThe harvest was not completed using the two-row combine in any
of the three years.

®The rank is based on the absolute value of the change in
management income.

dThe percentage change in each variable is based upon management
income using the base values 2-row = $-9499, 4-row = $-4788.



98

When the harvest is completed before December 1, the size of
enterprise, price, temperature and yield have major effects on manage-
ment incomes. For the given changes, each of the four variables
affected income by more than 20 per cent under each situation where
harvesting is completed. None of the other variables consistently
affect income as much as 10 per cent; The variable changes which in-
crease the speed of harvest--increased hours in the work day, higher
maximum grain moisture and lack of additional rainfall--create a minor
decrease in income. The opportunity cost of labor has only a small
effect since the labor expense for operating the combine is not a
major expense.

When harvest is not completed during the harvest season, the
rankings have less pattern than for completion of harvest but more than
for the individual years. The reduction in the degree of similarity
is created because each situation has a different proportion of the
corn still in the field at the end of the harvesting period. Most
farm managers seldom face this problem of not being able to complete
harvest; however, when they do, they are faced with a situation where
at least six of the nine variables have a large effect on income. The
four variables that are important when harvest is completed--size of
enterprise, temperature, price and yield are still very important.

The size of enterprise and average temperatures have a greater effect
while price and yield have a slightly diminished effect. The variables
loss and hours now consistently have a large effect on income. Only
with a four-row combine and a 200 acre enterprise was the effect of
loss less than 40 per cent or the effect of hours less than 20 per cent.

The effect was much less with the four-row combine on a 200 acre
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enterprise because only 16 acres were left unharvested. Changes in
the maximum grain moisture and rainfall seldom had a large effect be-
cause on the days when the changes would have had an effect; the soil
was usually not tractable. The opportunity cost of labor was the only
variable that never showed a potentially large effect; These conclu-
sions would indicate that when a farm manager reaches a situation
either because of bad weather or poor management where he may not
complete harvest on time, he will have to consider an increased number
of variables.
Effect of Changes in Variables
on the Choice of a Combine

Changes in the nine variables being studied can also affect the
choice of a two-row or a four-row combine. Using the same changes as
in the previous section, the effect of the nine variables on the rela-
tive income position created by the use of each machine is studied.
For each variable the change in difference in management income received
from the two machines (income using a four-row combine minus income
using a two-row machine) is calculated. Appendix Tables C. 9 and
C. 10 present for 200 and 500 acres respectively the actual change in
the difference between the two machines for each of the three years
and the average of the three years. Appendix C. 11 then shows the
corresponding rénkings in order of decreasing importance for 200 and
500 acre enterprises in each of the three years and the average of the
three years.

Once again the yearly rankings are scrambled because in some

years harvest is completed during the harvest season while in others
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it is not completed until December 31. The values for the individual
years indicate that the variables size of enterprise, loss and hours in
the work day are of major importance when a choice is to be made be-
tween a two-row and a four-row combine. Under certain conditions the
grain moisture criterion and rainfall appear to be important variables.

In comparing the two machines relative to completion of harvest,
three categories are neeaed: one in which both combines complete the
harvest during the harvest season, one in which the two-row does not
finish but the four-row does and one in which neither combine com-
pletes the harvest. The first and third years with 200 acres fill the
first category. The first and third years with a 500 acre enterprise
occupy the second category while the second year for both enterprise
sizes is contained in the third category. Since the years and
acreages differ, the actual values are highly questionable; however,
the relative values and the rankings from the changing variables pro-
vide valuable insight into the effect of these variables on the choice
of machines. Appendix Table C. 12 lists the actual values ranked in
descending order for each of the three categories. Table 35 ranks
each of the nine variables and shows a percentage change in income for
each of the three categories. Since no logical base was available,
the percentage change is based upon an average of the management in-
come from the two machines used on the two enterprise sizes (-$5,434).

A quick glance at the first part of Table 35 illustrates to the
reader that changing the variables under study has little effect on
the relative income position of the machine when both combines complete

harvest during the harvest period. Although the increase is small,
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Table 35. The Ranking of the Variables and the Percentage Change in
Management as to the Effect on the Choice between a Two-Row
and a Four-Row Combine

Both 4-row Neither
Complete Complete Complete

% a % a % a

Rank Change Rank Change Rank Change

Size of enterprise 1 5.6 1 87.9 8 0.1

Temperature 6 0.4 9 1.8 7 1.7

Price 8 -0- 7 7.8 5 2.9

Yield 5 0.5 8 6.7 6 2.2

Grain moisture 3 2.0 5 16.6 4 3.1

Opportunity cost 2 3.1 6 8.4 2 5.6

Hours 4 1.3 2 78.4 3 3.6

Rainfall 7 0.1 4 22.3 9 -0-

Loss 8 -0- 3 77.1 1 24.0

%The percentage change is the change in the difference in
management income between the two combines divided by a base which is
the average income from the two combines and the two sizes of

enterprise.

Base = =$5,434.
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the relative income from the four-row increases as the size of the
enterprise increases. In addition to this relative increase, the
value of the four-row increases with increasing size since the prob-
ability of the two-row failing to complete harvest increases.

When only the four-row combine completes harvest during the
harvest period, five variables provide a major influence on the rela-
tive income position of the two combines. These five variables in
decreasing order of importance are: Size (87.9 per cent), hours
(78.4 per cent), loss (77.1 per cent), rainfall (22.3) and grain
moisture (16.6 per cent). As size increases, the four-row quickly
becomes more profitable since it is harvesting the additional acres
during the harvesting period while the two-row is not. Increases in
the loss on those acres not harvested during the harvesting season
further increases the relative income position of the four-row. The
other three variables of major importance affect the amount of har-
vesting time available. Decreases in the work day; decreases in the
magimum grain moisture and additional rainfall shorten harvesting time
and thus improve the relative income position of the four-row combine.
Increasing labor costs, prices and yield all provide minor increases
in the relative income position of the four-row combine.

When neither combine completes harvest, the only variable showing
a major effect is the loss (24.0 per cent). Some or all of the vari-
ables showing major effects in the previous category would probably
have greater effects under different conditions. Only the second year
fits this category so the figures have limited scope. In this situation

of failure to complete harvest, the real question would almost
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certainly be which combine would minimize losses. The answer invari-
ably would be the four-row as it would harvest more acres before the
end of the harvest period.

From the above analysis some conclusions can be reached con-
cerning when each of the combines would be more profitable. When
completion of harvest is a near certainty with either machine, the
two-row is more profitable since its ownership costs for depreciation,
interest, housing and insurance are $671.00 less than for the four-row
and variable cost are very similar. The farm manager should keep in
mind that the effect of increasing size by 100 acres when only the
four-row completes harvest during the harvesting season improved by
nearly $5,000.00 the relative income position of the four-row. Based
upon the magnitudes of these two values, the farm manager would appear
to be smart to choose the four-row whenever the probability of the
two-row not completing harvest became very large. In making a deci-
sion of this type, a farm manager must estimate values for the above

figures based on his own operation.

An Analysis of Each Variable
In this section each of the nine variables is analyzed indi-
vidually. Particular attention will be directed to those variables
the farm manager can control; size, hours and grain moisture criterion.
A decision-making rule to determine the optimum value for each of
these variables is sought. The variables are discussed in decreasing
order of importance when harvest is completed during the harvesting

period.
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Size of the Enterprise

This variable has by far the greatest effect on a harvesting
system. The size of the enterprise must be determined long before the
harvesting season begins. Not only must the corn be planted but in-
vestment decisions concerning the combine and other machinery must
be made.

Ownership costs including depreciation, interest, housing and
insurance are very high for harvesting equipment. These costs average
$2,013 and $2,684 for the two-row and four-row combines respectively
using the coefficients in the model. To maximize profits these costs
must be spread over as many acres as possible. As is illustrated in
Table 10, page 63, machinery expenses for the four-row were $3,654 for
200 acres and $4,471 for 500 acres. On a per acre basis this is $18.27
and $8.94 per acre for 200 and 500 acres respectively.

On the other hand, the ranking of the effect of changes in
variables illustrated that if harvest is not completed in the harvest
season, large losses would result from increases in size. These losses
amounted to approximately $5,000 a year. Table 36 presents the gain
from increasing acreage when harvest is completed and the loss from
increasing acreage when harvest is not completed before December 31

for the three years studied.
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Table 36. The Effect of Increasing the Size of the Enterprise 100
Acres when Harvest is and is not Completed?®

Machine Completed Not completed
2-row gain $2,176.00 loss $4,316.00
b-Tow gain $2,166.00 loss $5,412.00

8A11 other variables given values used initially.

From the above discussion the conclusion can be drawn that
given constant values for other variables, the size of the corn enter-
prise for harvesting purposes must be a function of the expected gain
from increasing acreage when harvest is completed during the harvest
season, the expected loss from acreage increases when harvest is not
completed and the estimated probability of completing harvest. Since
the loss from failure to complete harvest depends upon the number of
acres not harvested, an accurate value would require analysis of many
years and a probability distribution for the number of acres not har-
vested. With this figure and a more accurate gain figure, the profit
maximizing enterprise size can be determined. The enterprise size
should be increased until the probability of not completing harvest
equals (g;zﬁé%gisgg-. A farm manager who places increased value on
reducing risk and a stable income would reach his optimum with a
smaller probability of not completing harvest and therefore a smaller
acreage. Conversely, a manager wishing to gamble would increase his
size above the profit maximizing acreage. The reader must keep in

mind that this optimum acreage only applies to harvest, and the actual

acreage may be reduced by bottlenecks at planting time.
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The fact that most farm managers begin harvest on about the
same date each year would indicate that they are using a decision-
making rule consistent with this conclusion. The manager's decision
rule is certainly less formalized and precise; however, the above
calculation would be made ex poste whereas the farm manager must make

his decision ex ante.

Price

As any farm manager would say, the price of the corn being sold
is an extremely important variable. When the harvest is completed
during the harvesting period, the importance of price is second only
to size. The magnitude of the effect of price is almost identical when
harvest is and is not completed. Its rank, however, is much lower
when harvest is not completed because of the increased effect of the
variables affecting the duration of the harvesting period.

As the size of the enterprise increases, the price assumes a
greater role (assuming perfect competition). With very large enter-
prises economic survival may depend on accurate price prediction. For
the four-row combine a $.20 price change altered management income
$4678.00 for 200 acres and $10,955.00 for 500 acres.

The expected price will affect nearly every decision the farm
manager makes. Increases in price are going to increase the profit
maximizing size of enterprise by increasing the amount of gain when
harvest is completed and decreasing the loss when harvest is not com-
pleted during the harvest season. The price has a definite although
relatively minor effect on the choice of a combine as increases in

price increase the relative profitability of the four-row combine.
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Temperature

Changes in the average temperature result somewhat surprisingly
in large changes in income. These income changes occur because in-
creases in average temperature decrease the grain moisture content
which diminishes drying and hauling charges with a resulting increase
in income. This effect has dramatic and unexpected results when the
temperature is decreased in the corn simulation model. With a 5 degree
decrease the grain moisture in the first and second years failed to
fall below 30 per cent long enough for harvest to be completed. By
allowing harvest to occur above 30 per cent after the harvest season,
harvest did occur; however, income from 500 acres with a four-row
combine is $28,599.00 and $7,073.00 for the first and second years
respectively (2).

Since the effect of temperature appears to be greater when
harvest is not completed prior to December 1. Although temperature
changes have very little effect on the choice of a combine in the
years being studied, the potential effect is great. Anytime that the
temperature affects the length of harvest and the harvest is not
completed in the harvest season, a large effect on the choice of a

combine could result.

Yield

The same conclusions that were reached for the effect of changes
in the price can be drawn for the effect of changes in yield. This
change refers to changes in the potential yield as of October 15
rather than actual changes. This variable also has a greater effect

when harvest is completed since more of the additional bushels are
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harvested or more of a reduction occurs. Furthermore, the effect is
greater as the size of the enterprise increases and yield increases

favor the larger four-row combine.

Opportunity Cost

Changes in the opportunity cost of the combine operator have
the most consistent effect on income. This effect 1s consistently
relatively minor. Increases in this charge decrease income while
decreases increase income. Also, increased labor charges are favorable
to the choice of the larger four-row combine since harvest is com-
pleted more quickly.

This minor effect of labor charges is largely a result of the
limited scope of this analysis. First, only the harvesting system is
being studied. This restriction reduces the labor used greatly. Further-
more; only the combine operator's time is counted. The transporattion
and storage of the harvested corn is given a specific, unrelated change.

Thus, the effect of the labor costs are greatly reduced in this model.

Hours

The effect of changes in the number of hours in the working day
is quite small when the harvest is completed easily. Even when the
harvest is not completed prior to the end of the harvest season,
changes in the length of the work day are the easiest way of increasing
harvesting time. The analysis of how to determine the maximum length
of the working day must be divided into two parts. The first part of
the analysis involves conditions where a set length for the working
days must be determined. The second part involves situations where

the length can be varied.
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For both analysis the other variables are assumed to be con-
stant. The length of the harvesting seasons including the date or a
decision-rule to determine the date for commencing harvest. 1In both
parts of the analysis increased hours decrease income when the harvest
is completed easily since drying and hauling charges are increased
and increase income when harvest is not completed since a larger
acreage is completed. Table 37 illustrates this gain or loss.

Table 37. Gain or Loss in Income Due to an Increase of Two Hours in
the Length of the Work Day

Machine Completed Not Completed
2-row loss of $262.00 gain of $1728.00
b-row loss of $490.00 gain of $1069.00

When a constant length of the work day must be determined, this
length will depend upon the loss from increasing the work day when
harvest is completed easily, the gain from increasing the length when
harvest is not completed before loss results and the probability of
completing the harvest. If increasing the length of the work day re-
sults in increased per hour costs, the gain and loss figures must be
adjusted accordingly. As with the size of the enterprise, accurate
values for the gain and the loss could be calculated. The length of
the work day should be increased until the probability of completing
harvest is reduced to equal (————5212———- A risk averter would work

gain + loss’’

longer hours while a risk taker would reduce his work day.
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In the case where the length of the work day can be varied, the
same variables will be considered, however, these variables will be
changing and will be evaluated daily or periodically. Thus, if har-
vesting is going very well, the probability of completing harvest will
increase and the length of the work day decreased. On the other hand,
if rain or repairs delay the harvest, the length of the day can be
increased to maximize profit.

Once again the farm manager from his ex ante position will be
unlikely to be as precise as the preceeding examples. There is little
doubt, however, that this type of analysis does occur. The farm
manager would be most concerned with the probability of completing

harvest.

Grain Moisture

The question of when should the harvest commence is important
and difficult to answer. In the simulator this decision was a func-
tion of the grain moisture content alone. Of course harvest could not
actually begin until the first tractable day after this criterion was
met. This criterion did not have a major effect on income; however,
this small effect was largely due to the changes used and the rainfall
conditions. The date at which harvest starts is, however, a major
determinant of income especially when harvest is not completed.

Once again this variable has opposite effects depending upon
whether harvest is completed during the harvesting season. As Table 38
illustrates, increasing the maximum grain moisture during harvest
decreases income when harvest is completed and increases income when

loss results due to failure to complete harvest.
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Table 38. Effect of an Increase in the Maximum Allowable Grain
Moisture During Harvest

Machine Completed Not Completed
2-row loss of $191.00 gain of $488.00
4-TOowW loss of $220.00 gain of $392.00

Once again the maximum profit will be a function of loss when
harvest 1s completed, the gain when it is not completed. Using the
same method used previously, profit will be maximized when the prob-
ability of not completing harvest equals (gzzggfl%ggg .

Rather than using the above calculations, a criterion could be
developed using the harvester size and the size of the corn enterprise
to determine the starting date. With this criterion the grain moisture
content would have no influence on the starting date. On the other

hand, with the previous method the gains and losses were partially

determined by the grain moisture content.

Rainfall

The effect of additional rainfall is very inconsistent because
the effect depends upon the soil moisture and rainfall conditions when
the additional rainfall occurs. When harvest is completed, additional
rainfall has very little effect especially since the rainfall has
little affect on the moisture content when harvest occurs. When
harvest is not completed during the harvesting period, the significance
of additional rainfall depends upon the effect of the rain on the

harvesting time available. Any reduction in this time decreases
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income. In general additional rainfall increases the relative income

position of the larger four-row combine.

Loss

As soon as failure to complete the harvest during the harvesting
period occurs, the size of the resulting loss becomes important. With
anything more than a few acres this loss has an important effect on
the income. A function approaching real world conditions must have
the percentage of loss increasing as the acreage not harvested in-

creases. No satisfactory function has been found.

Footnotes

1. 5° increase was used because the decrease had a very large
effect since the grain moisture content remained above the minimum.

2, These figures were not used in the ranking of variables
since there magnitude resulted largely from an unrelated assumption of
the model.



CHAPTER VI

RESULTS FROM THE LONG-RUN REPLACEMENT ROUTINE

In the previous two chapters the individual harvesting period
was analyzed. The analysis now turns to a longer period of several
years so that optimum machinery replacement can be considered. In the
first part of this chapter the variables to be studied relative to
their effect on optimum replacement are specified and the results from
using different values for each of these variables are specified.
These results are needed to determine the effect of the selected
variables on the long-run replacement decision. The second and final
part of this chapter specifies the optimum long-run replacement policy

for the combines used in the corn simulator.

Long-Run Results
The effect of the variables chosen on long-run replacement
decisions is studied using the dynamic programming replacement model
discussed in Chapter III. The effect of the variables on the optimum
replacement period and on the minimum cost level is presented in this
section. The following seven variables are studied:
1. The source of the cost data.

2. The shape of the repair cost function given total repair
cost.

3. The number of hours the machine is used.

113
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4. Level of machinery management as reflected in repair costs.

5. Rate of obsolescence.

6. Increasing cost of the new machine.

7. The interest rate.

The procedure used to study each of these variables is to deter-
mine, for each of several values, the repair costs for the present
machine for one additional year and the cost of trading the present
machine for a new machine plus the repair costs for the new machine for
the first year. These calculations are made yearly for the machine
when it is one through seven years old. The optimum time to replace
the machine is determined for six different interest rates. The
interest rates are 0.0, 5.0, 7.5, 10.0, 12.5, and 20.0 per cent. The
two-row combine used in the corn harvest simulator is used throughout.

The results from using the selected values for the variables
are presented for a specified interest rate as "keep x years" where x
can be from one to seven. This result means that to minimize cost
at the specified interest rate, the new two-row combine (initial cost =
$12,000) should be kept x years and then traded for another new com-
bine. If the interest rate is zero, the average yearly cost using
the optimum replacement policy is presented. When the interest rate
is greater than zero, the discounted present value of the infinite
cost stream commencing with and including the year in which a new
combine is acquired by trade is presented as the cost figure. This
figure assumes the optimal replacement policy is followed. The cost
for keeping and trading in each of the seven years and the optimum

policy for each interest rate with the corresponding minimum cost are
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presented in Appendix D for the general case with each set of data.
Similar tables for all sets of variables are on file with the Depart-
ment of Agricultural Economics, Michigan State University.

In the following pages each of the variables will be discussed
separately with the results presented. Unless specifically indicated
otherwise, the cost of keeping the used machine is only repailr costs,
and the cost to trade is only the cost of the new combine minus the
trade-in value of the used combine plus the first year repair cost for

the new machine. Two hundred hours of use is used as a base.

Repair Function

Three sources are used to derive two sets of data. The first
data set uses a repair cost function derived by Armstrong (1) and a
trade-in value function derived by Peacock and Brake (2). The second
set is developed by Bowers (3). Table 39 presents the cost of keeping
and trading a combine used 200 hours per year using the two sets of
data. There is a very striking difference between the cost of keeping
the used machine with the cost being much lower with the Bowers data.
The cost to trade increases more rapidly with the Bowers data because
he has the value of the used machine dropping more rapidly.

The resulting optimum replacement policy and its cost are pre-
sented in Table 40. The optimum policy requires the manager to use
the machine longer using the Armstrong data. Also the cost is less.
Note that the optimum policy depends on the interest rate with the
Bowers data. Higher interest rates result in keeping the machine
longer since the large ''trade' cost is delayed and thus reduced further

by discounting for an additional year. The higher the interest rate
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Table 39. The Cost of Keeping and Trading the Two-Row Combine Used
200 Hours per Year with the Two Sets of Data

Cost to Kee

a
P

Age of Machine

Cost to Trade

Armstrong Bowers Armstrong Bowers

(dol.) (dol.) (dol.) (dol.)

1 734 228 5862 5244
2 899 480 6306 5952
3 1158 816 6750 6600
4 1473 1248 7194 7176
5 1806 1784 7638 7680
6 2119 2376 8082 8148
7 2374 3072 8526 8556

qCost to keep is the expected repair cost for the following

year.

bCost to keep is $12,000 minus the trade-in value of the given
used machine plus the repair cost for the first year which is $710
for the Armstrong data and $60 for the Bowers data.

Table 40. The Optimum Replacement Period and Its Cost for Each Set
of Data for a Two-Row Combine Used 200 Hours

Armstrong

Bowers

Optimum decision Keep 6 years f
and 57 interes
Keep 7 years f

> 7.5% interes

Yearly cost with
no interest $2359

Discounted present
value with 7.57%
interest $36,886

or 0
t

or

t

Keep 5 years for O

and 5% interest
Keep 6 years for
> 57 interest

$2090

$32,978
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the greater the discounting and thus the greater the savings from

delayed expenditures.

The Shape of the Repair Cost Function

The shape of the repair cost function given a constant total
repair cost affects the optimum replacement decision. For this study
the total repair cost for years two through seven using Armstrong's
function is $10,560. The first year is not included so that the cost
of trading remains unchanging. Several shapes are used besides the
normal one given by Armstrong's function. The first shape is to
spread the repair cost uniformly over the six years for an average
cost of $§1761. For the second shape a steadily increasing function is
used with each year being the same amount greater than the previous
year. The remaining shapes all use the exponential probability
density function with different A's. The procedure used in deter-
mining the shape of the function is to determine the probability of
each of the intervals (0, 1), (1, 2) ..., (5,6) for the given A. These
six probabilities are then adjusted so they equal one. Then, since
the exponential probability density slopes in the opposite direction
of the desired slope, the order of the six probabilities is invérted,
and the probability represents the proportion of the total repair cost
($10,560) in that year. For example, the adjusted probability of being
between 5 and 6 equals the proportion of the total repair cost in the
first of the six years which represents the repair costs for the
second year for the machine. The values of A used are .2, .3, .4, .5,

and 1.0.
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Figures 14-21 show the distribution of the eight functions along
with the optimum policy and its cost. Table 41 summarizes the optimal
replacement periods. The reader should note the lack of any relation-
ship between the length of time the combine is kept and the average
cost of the optimum replacement policy. The machine is kept for seven
years with a uniform cost structure because the replacement model as
presently developed only allows a machine to be kept seven years. The
combine would be kept forever if the uniform cost were allowed to

continue.

Number of Hours of Machine Use

The effect of the number of hours the combine is used depends on
the set of data used. Both sets mentioned previously are studied. The
first set using the Armstrong and Peacock-Brake data showed no effect
on the optimum replacement pattern by changing hours of use. The
reason for the lack of change is that an increase in the hours used
increases repair costs in all years an identical amount. The optimum
replacement pattern and the average yearly cost without discounting are
shown in Table 42 using this data for 100, 200, 300, and 400 hours of
use. The '"keep" cost for this data includes $360 (3 per cent of the
new cost) for each year of age to cover obsolescence costs. The
optimum replacement policy is to keep the combine four years for all
interest rates.

The second set of data from Bowers shows significant change in
the optimum policy with different hours of use. The optimum policy and

the average yearly cost are shown for 100, 200, and 300 hours of use
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Optimal Policy Average Yearly
Cost: $2,339
Keep 6 years for

0 and 57% interest Discounted Present
Value (7.5%):
Keep 7 years for $36,886

> 7.5% interest

Yearly
Cost

7000

6000 |

5000

(Dol.) 4000

3000 }
2119
2000 f
———— 1806
1473
1158
1000 899
734
2 3 4 5 6 7

Age (Years)

Figure 14. The Distribution of the $10,560 of Total Repair Costs
Through Years Two Through Seven Using Armstrong's
Function
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Optimum Policy Average Yearly
Cost: 81,761

Keep 7 years
Discounted Present
Value (7.5%):
842,266

Yearly
Cost
(dol.)

7000

6000}

5000}

4000

A g

3000

2000}

1761 1761 1761 1761 1761 1761

1000¢

Age

Figure 15. The Distribution of the $10,560 of Total Repair Costs
for Years Two Through Seven for a Two-Row Combine with
the Costs Spread Uniformly



Yearly
Cost
(dol.)

7000

6000 |-

5000 |-

4000 |

3000¢

2000

Y

1000 |-

121

Optimum Policy

Keep 5 years for
> 12.57% interest

Keep 6 years for
20% interest

1509

1006

503

- 2011

Average Yearly
Cost: $2,533

Discounted Present
Value (7.5%):
$38,546

3017

2514

Age

Figure 16. The Distribution of the $10,560 of Total Repair Costs
for Years Two Through Seven for a Two-Row Combine with
a Steadily Increasing Function
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Average Yearly
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Figure 17. The Distribution of the $10,560 of Total Repair Costs
for Years Two Through Seven for a Two-Row Combine with
a 1-Exponential (A = .2) Distribution
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Optimum Policy Average Yearly
Cost: $2,497
Interest (> 12.5%)

Keep 5 years Discounted Present
Value (7.5%):
Interest (= 20%) $38,194

Keep 6 years

Yearly
Cost
(dol.)

7000

¥

6000

5000

Al

4000

3000

2429

2000 |- 1796

1342

1000 993

718

Age

Figure 18. The Distribution of the $10,560 of Total Repair Costs
for Years Two Through Seven for a Two-Row Combine with
a 1-Exponential (A = .3) Distribution
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Optimum Policy Average Yearly
Cost: $2,358
Keep 5 years
Discounted Present
Value (7.5%):
$36,231

Yearly
Cost
(dol.)
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T
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1
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Figure 19. The Distribution of the $10,560 of Total Repair Costs for
Years Two Through Seven for a Two-Row Combine with a
1-Exponential (A = .4) Distribution
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Optimum Policy Average Yearly
Cost: $2,237
Keep 5 years

Discounted Present
Value (7.5%):
$34,553

Yearly
Cost
(dol.)
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1000 | e

| 982
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Figure 20. The Distribution of the $10,560 of Total Repair Costs
for Years Two Through Seven for a Two-Row Combine with
a l-Exponential (A = .5) Distribution
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Optimal Policy Average Yearly
Cost: $1,808

Keep 5 years
Discounted Present
Value (7.5%):
$28,776

Yearly
Cost
(dol.)

7000

6676
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Figure 21. The Distribution of the $10,560 of Total Repair Costs
for Years Two Through Seven for a Two-Row Combine with
a 1-Exponential (A = 1.0) Distribution
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Table 42. The Effect of Different Hours of Use on the Optimum
Replacement Pattern and the Corresponding Cost Using the
First Set of Data?

Average Yearly Cost

Optimum
replacement 100 hours 200 hours 300 hours 400 hours
patternP (dol.) (dol.) (dol.) (dol.)
Keep 4 years 2736 3036 3336 3636

%The "keep" cost include $360 per year for obsolescence cost,
i.e., one-year o0ld machine has $360 obsolescence cost, two-year old
machine has $720 obsolescence cost, etc.

bThe optimum replacement policy is identical for all hours
of use.

Table 43. The Optimum Replacement Pattern and Corresponding Costs
for a Two-Row Combine Used 100, 200 and 300 Hours per
Years Using the Bowers Data?

Hours of Average yearly
use Optimum policy cost (dol.)
100 Interest < 12.5%

keep 5 years 2405

Interest = 20.0%
keep 6 years

200 Keep 4 years 2715
300 Interest < 12.5%
keep 3 years 3068

Interest = 20.0%
keep 4 years

8The costs for keeping include $360 (3% of new cost) per year
of age for obsolescence.
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in Table 43. With this data the length of time the machine is kept

decreases as the hours of use increase.

Level of Machinery Management

The ability of the farm manager with regard to handling machinery
has a large effect on the level of machinery repair costs. The level
of machinery management is reflected in the maintenance of the machines,
in the handling of minor repairs and problems and in the operating of
the machine. Three assumptions are made as to how the management of
machinery affect the costs of keeping and trading machinery. The
three assumptions are:

1. Management affects the level of repair costs but has no
effect on trade-in value and obsolescence.

2. Management affects the level of repair costs and the
trade-in value but has no effect on obsolescence.

3. Management affects the level of repair cost, the trade-
in value and obsolescence.

The effect of machinery management on optimum machinery replace-
ment is studied using each of the assumptions. Six management levels
are used. The levels are: .75, .90, 1.0, 1.1, 1.25, and 1.50 where
each level means a person in the given management level will incur that
proportion of the repair costs indicated by the Armstrong function.

The repair costs using the function are given in Appendix Table D. 1.
For instance, the level .75 is the best management level with these
managers only incurring 75 per cent of the repair cost indicated by
the function.

Using the first assumption that only repair costs are affected

by management, the cost of keeping changes as much as the repair cost
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with the three per cent per year obsolescence remaining constant.
With the trade-in cost constant the cost of trading only changes as
much as repair costs in the first year change. Table 44 pictures
the optimum replacement pattern for each management level for each
interest rate and the average yearly cost without discounting for each
management level. As the level of management declines repair costs
increase in each year. The optimum frequency of replacement increases
as do the average yearly costs.
Table 44. The Effect of Alternative Levels of Machinery Management

on the Optimum Replacement Pattern and Cost for a Two-Row

Combine Given the Assumption that Management Affects only
Repair Costsd

Number of Years 'Keep"

Interest
rate .75 .90 1.0 1.1 1.25 1.50
0.00% 4 4 4 4 4 4
5.00% 4 4 4 4 4 4
7.507% 4 4 4 4 4 4
10.00% 5 4 4 4 4 4
12.50% 5 5 4 4 4 4
20.007% 5 5 5 5 4 4
Average
yearly cost 2818 2949 3036 3124 3254 3473

8yUses the first set of data and includes three per cent of new
cost per year of age charge for obsolescence.

With the second assumption that management affects repair costs

and trade-in value only, the cost of keeping is the same as with the
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first assumption; however, the trade-in value of the machine is now
assumed to be partially dependent on machinery management level of the
manager. The trade-in value is now determined by dividing the value
calculated with the Peacock-Brake function by the various management
level: .75, .90, 1.0, 1.25, 1.50. Table 45 presents the optimum
number of years to keep the combine with each management level and the
resulting average yearly cost. With this second assumption the optimum
frequency of replacement increased as the management level deteriorated;
however, note also the much larger increase in average cost with
declining management.
Table 45. The Effect of Alternative Levels of Machinery Management

on the Optimum Replacement Pattern and Cost for a Two-Row

Combine Given the Assumption that Management Affects
Repair Cost and Trade-in Value?

Number of Years "Keep'

Interest
rate .75 .90 1.0 1.10 1.25 1.50
0.00% 3 4 4 4 4 4
5.00% 3 4 4 4 5 5
7.50% 3 4 4 4 5 5
10.00% 3 4 4 5 5 5
12.50% 3 4 4 5 5 5
20.00% 4 4 5 5 5 5
Average
yearly cost 2298 2796 3036 3249 3530 3932

8Uses the first set of data and includes three per cent of new
cost per year of age charge for obsolescence.
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With the third assumption repair costs, trade-in value and
obsolescence charges are all affected by the management level. The
repair costs and the trade-in value are affected as in the previous
assumptions and the obsolescence charges are affected like repair
costs. Table 46 presents the optimum replacement frequency and the
average yearly cost for this assumption. No overall pattern is shown
in the frequency as the management level changes, but the costs in-
crease rapidly as the management level deteriorates.
Table 46. The Effect of Alternative Levels of Machinery Management

on the Optimum Replacement Pattern and Cost for a Two-Row

Combine Given the Assumption that Management Affects
Repair Costs, Trade-in Value and Obsolescence Charges?

Number of Years 'Keep"

Interest
rate .75 .90 1.00 1.10 1.25 1.50
0.00% 3 4 4 4 4 4
5.00% 4 4 4 4 4 4
7.50% 4 4 4 4 4 4
10.00% 4 4 4 4 4 4
12.50% 4 4 4 4 4 4
20.00% 4 5 5 5 5 5
Average
yearly cost 2208 2742 3036 3302 3665 4202

aUses the first set of data.

Obsolescence Charges
As the machine the farm manager is using increases in age, his

present machine becomes increasingly inefficient in comparison to a
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new machine. The degree of inefficiency depends on the type of machine,
its age, and the improvements in the new machine. For this study
obsolescence charges are calculated as a per cent per year of the new
cost. Four levels are used: 0.0, 3.0, 6.0, and 10.0 per cent. The
new cost of the two-row combine is $12,000. Table 47 illustrates the
effect of the rate of obsolescence of the optimum replacement frequency
and corresponding average yearly cost. The length of time before
trading decreases and the cost increases as the obsolescence rate
increases.

Table 47. The Effect of Different Levels of Obsolescence Cost on the
Optimum Replacement Pattern and Cost for a Two-Row Combine

Number of Years 'Keep"

Interest a
rate 0.00% 3.00% 6.00% 10.00%
0.00% 6 4 3 3
5.00% 6 4 3 3
7.507% 7 4 3 3
10.007 7 4 3 3
12.50% 7 4 3 3
20.00% 7 5 4 3

Average yearly
cost (dol.) 2359 3036 3514 3994

a3, 6, and 10 per cent per year of age.

Increasing Cost
When a farm manager decides to purchase a new machine, he

usually finds that the price is considerably above the amount he paid
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for the machine he presently owns. This price rise can be a large
increase with a constant price thereafter or a gradual increase. Two
different price increases are used here. The first increase is of
$1000 the year after the farm manager purchased his new combine while
the second increase is 5 per cent of the new cost of the first machine
per year ($600 per year for the two-row combine). Repair costs,
trade-in value and obsolescence charges remain the same. The Optimum
Policy and Corresponding Cost for the two types of increases and no
increase is shown in Table 48. Note that the one-show increase delays
the trade-in time significantly and the steady increase delays trade-

in slightly under certain circumstances.

Interest Rate

The previous tables have adequately illustrated the impact of
increasing interest rates in delaying optimum trade-in time. As the
interest rate rises future costs are discounted more and more. Since
the largest cost of machinery is at trade-in time, higher interest
rates often delay the optimum trade-in time one year.

Optimum Replacement in the
Corn Harvesting System

Using the base values except for size of enterprise, the aver-
age hours of use for the two-row combine are 128 and 330 for 200 and
500 acres respectively. For the four-row an average of 70 hours and
179 hours are used for 200 and 500 acres respectively. The optimum
replacement frequencies and costs are found in Table 49 using the
Armstrong repair costs function and the Peacock-Brake function for

trade-in value and no obsolescence charge. The two-row combine has a
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Table 48. The Effect of Increasing Purchase Cost for a New Two-Row
Combine on the Optimum Replacement Pattern?

Number of Years ''Keep"

Interest rate

No increase $1,000b 5% per yearC
0.00% 4 4 4
5.00% 4 4 4
7.50% 4 4 4
10.00% 4 4 5
12.50% 4 5 5
20.00% 5 5 5
Average yearly
cost (dol.) 3036 3111 3638

8Uses the first set of data with three per cent per year of
new cost charged for obsolescence.

bIncrease is assumed to be the year after purchase with no
further increases expected.

€$600 per year for the $12,000 two-row combine.
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Table 49. The Optimum Replacement Policy for the Two-Row and Four-Row
Combine Used in the Corn Harvest Simulator for 200 and 500
Acres?@

Number of Years 'Keep"

Interest rate
2-row 200 A. 2-row 500 A. 4-row 200 A. 4-row 500 A.

0.00% 6 6 6 6
5.00% 6 6 6 6
7.507 7 7 7 7
10.007% 7 7 7 7
12.50% 7 7 7 7
20.007 7 7 7 7

Average yearly
cost 2376 2982 2936 3304

aBased on the actual hours used for base values.
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new cost of $12,000 and the four-row costs $16,000. As the results
previously showed, the number of hours of use does not affect the
replacement using this set of data. The size of the machine has no
effect either since the same values are multiplied with a different

initial cost.

Footnotes

1. The function is 2 3
ARC = NC [(—.0197Xl + .0087X1 - .00053X1 ) + (.02 + .00025X2)]
where:

ARC = annual repair costs

NC = new cost of machinery being considered

X, = age of machine

X2 = hours of annual use.

The source is:
An unpublished working paper written by Dr. David L. Armstrong
for the corn simulation model. The working paper is based upon
the following work:

Armstrong, David L. and J. Edwin Faris, Farm Machinery Costs,
Performance Costs, and Combination, California Agricultural
Experiment Station and the Giannini Foundation of Agricultural
Economics, Giannini Research Report 273, March 1964, pp. 13-14.

and

Huber, S. J., '"Depreciation and Repair Cost of Self-Propelled
Combines,'" Transactions of the ASAE.

2. The function is: y = (60.7 - 3.7X;) NC

where:
y = the estimated "market value'" of the used machine
X1 = age of the machine
NC = new cost of the machine.

The source is:
Peacock, David L. and John R. Brake. What is Used Farm Machinery
Worth? Research Report 109, Michigan State University Agricul-
tural Experiment Station, East Lansing, March 1970, p. 7.

3. Bowers, Wendell. Modern Concepts of Farm Machinery Manage-
ment, Stipes Publishing Co., Champaign, Illinois, 1970, pp. 18, 35.




CHAPTER VII

ANALYSIS OF THE REPLACEMENT RESULTS AND INTEGRATION

OF THE SHORT-RUN AND LONG-RUN ANALYSIS

The analysis in this chapter is divided into two parts. The
first part is concerned exclusively with the long-run replacement
decision. 1In this first part each of the selected seven variables is
analyzed to determine the importance of its effect on the replace-
ment decision. 1In the second part of the chapter the short-run and
the long-run analysis are integrated. Particular attention is placed
on determining the effect on the optimum replacement decision of
changes in variables affecting the harvesting period. The effect on
income from the individual harvesting period of changes in the vari-

ables affecting the replacement decision is also considered.

Analysis of the Long-run Replacement Results
Due to the nature of the selected variables and the nature of
the data required, a ranking of the variables similar to the one used
for the harvesting period is impossible for two reasons. The first
reason is that changes equivalent to those used with the short-run
variables would be impossible. By its nature repair cost data must
be situation-specific. This means that replacement decisions must

be based on the individual situation rather than general conclusionms.
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With this situation-specific data, rankings would be accurate only for
that situation.

Although specific rankings cannot be attained, important con-
clusions can be reached. An indication of the potential importance of
each of the seven selected variables can be found. A determination as
to which variables always have an effect and which ones only have an
effect under certain circumstances can be made. Finally, a distinction
can be made concerning the changes that increase the frequency of
replacement and those that decrease this frequency.

On the pages that follow, each of the seven selected variables
is considered. Conclusions based on the ideas expressed in the previous
paragraph are reached. The reader should keep in mind that although a
large part of the analysis concerned the replacement frequency, the

ultimate objective is to minimize cost over time.

Repair Function

The discrepancy between the two sources of repair cost data
used is rather large. Assuming a 7.5 per cent interest rate, the
optimum replacement period is seven and six years for the two sets of
data used. The average yearly cost with no discounting also has no
consistency with values of $2359.00 and $2090.00. Since neither of
these sources of data or any other source is recognized as being
accurate, replacement decisions must be situation specific. Not only
can the farm manager provide his own data on repair costs, trade-in
values and obsolescence charges, he can include any other pertinent

charges for either keeping or trading. These additional costs become
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particularly important when the farm manager trades for a non-identical

machine.

Shape of the Repair Cost Function

Although it is not very apparent, a distinct pattern is present
between the shape of the function and the frequency of replacement.
With the very unrealistic uniform function the machine is not replaced
until it cannot survive for another year. There is no reason to re-
place since the cost of keeping is unchanged the following year. As
the slope of the function becomes steeper, the frequency of replacement
increases since the increased cost the following year must be averted.
This relationship is true up to a certain steepness. Beyond this
point the repair costs become so weighted to the last year or two that
the optimum replacement frequency increases again. The relationship
between the shape of the repair costs and the average cost is much
more direct. As the curve increases in steepness; the average cost
declines since more of the fixed total amount can be averted.

The shape of the repair cost function certainly has an impor-
tant effect on the replacement frequency. To the farm manager its
importance is only through the effect on his replacement policy. It
is not important to him in the sense that he can affect the shape.

If he could affect the shape, he would delay as much of the repair

costs as long as possible and then trade before the repairs were made.

Number of Hours of Machine Use
As was indicated previously, the effect of the number of hours

of machine use on optimum replacement frequency depends on the source
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of the data. Two further points require analysis. The first is the
effect on the ownership cost while the second is the relative impor-
tance of hours of use and age of the machine in determining the
magnitude of the repair cost. The first point is simple that in-
creased hours of use increase the average cost.

The relative importance of hours of use and age of the machine
on repair costs also depends upon the source of the data. Table 50
illustrates this fact. With the data from the Armstrong function the
age is of much greater importance; with the Bowers data the hours of
use have a greater effect on repair costs. Once again the answer
must be determined by the specific data used.

Previously the difference between the two sources of data was
described as rather large. Based on Table 50, the reasons for this
difference can be determined. The first difference is that the
Armstrong function in general has a higher level of repair costs when
the machine is new. Secondly, with the Armstrong function the major
portion of the increase in repair costs comes from increasing age.
With the Bowers data, there is some increase in repair costs with age,
but the cost increases much more rapidly by expanding the hours of

use especially with older machines.

Level of Machinery Management

The level of machinery management has a large effect on both
the optimum replacement frequency and the corresponding average cost.
The effect on the frequency depends upon the assumption regarding
which costs management affects. The conclusion can be made that under

all circumstances management has an effect on the optimum frequency.
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Table 50. The Effect on Cost of an Additional 100 Hours of Use Versus
an Additional Year of Age on Repair Costs for a Two-Row
Combine

Armstrong Data® Bowers Datab
Age of machine < d c
(years) One year 100 hours One year 100 hours

(dol.) (dol.) (dol.) (dol.)
1 122 300 168 208
2 165 300 252 426
3 259 300 336 732
4 315 300 432 1110
5 333 300 536 1578
6 313 300 592 2118
7 255 300 696 -

8See footnotes 1 and 2, Chapter VI, p. 137.
bSee footnote 3, Chapter VI, p. 137.

cRepair costs at age given minus repair costs previous year
with no obsolescence charge for 200 hours.

dAverage of difference in repair costs between 100 and 200, and
200 and 300 hours.
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The only way for the effect to be non-existent would be for management
to affect the repair costs, obsolescence charges and price paid for a
new machine in exactly the same way. Management may affect trade-in
value in that manner but not the difference between new cost and
trade-in value. The effect of management on average cost, on the
other hand, is consistent. Poorer management always produces increased
average cost.

The effect of the level of management on the optimum replace-
ment frequency depends on whether the cost of keeping or the cost of
trading is affected more. If the management level affects the cost of
keeping more, the frequency decreases as the management level declines.
This 1s the case with the first assumption that machinery management
affects repair costs but does not affect obsolescence charges or
trade-in value. When the management level effects the cost of
trading more than the cost of keeping, the frequency increases as the
management level declines. The use of the second assumption creates
this situation since the cost of trading changes more as the trade-in
value and repair costs are affected but the obsolescence charge is
not. With assumption three where all three costs are changing no
conclusion can be reached since the cost of trading is affected more
if the machine is one or two years old and the cost of keeping is
affected more if the machine is three or more years old. For a three
year old machine which is the critical age the cost of keeping is
affected only slightly more than the cost of trading. Table 51 shows
the optimum frequency with 7.5 per cent interest and the average yearly
cost with no discounting for each of the management levels under each

of the assumptions.
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Obsolescence Charges

Since obsolescence charges increase the cost of keeping, in-
creases in these charges increase the frequency of optimum replacement
and the average cost. Although the effect of these charges is easily
recognized, the actual value is extremely difficult to determine for
two reasons. First, the charge depends on the type of machine, improve-
ments in that type of machine since the one being used was purchased,
age of the machine, hours of use of the machine and characteristics of
the machine operator. These numerous variables make imperative the
determination of obsolescence charges for each situation. The second
problem is now encountered. Even in this individual situation, the
calculation of the actual loss from not having the newest machine is
extremely difficult. This loss will vary from one machine to another
and depending upon the field conditions. Even though this determina-
tion is difficult and may have to be estimated in many instances,
obsolescence changes must be included when determining optimum replace-
ment costs because its effect is great. A cost per acre or per hour
may be more accurate than the percentage of new cost used in this

study.

Increasing Cost

With increasing costs for the new machine to be traded for, the
cost of trading increases so the optimum replacement frequency should
decrease. Although this relationship is true for the two cases
studied, it does not necessarily hold. 1In situations where a lump sum
increase occurs immediately after purchase as in the first case

studied, the relationship holds; however, when the increase is greater
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each year, two forces are at work. The first is the increased cost of
trading tending to decrease the frequency. The second force is the
tendency to trade sooner to avoid the upcoming increases. Depending
upon which force is stronger, the frequency can increase or decrease.
Of course, the second force increases in strength as the yearly in-
creases become larger.

Information concerning price increases that will apply to all
farms is easier to acquire than the types of information discussed
previously. The general inflation rate and/or average price increases
for farm machinery could be used. Once again, however, using figures
for individual farms 1s more accurate since the farm manager knows or
can determine what price increases are likely in his locality for that

particular machine.

Interest Rate

As explained previously, increases in the interest rate decrease
the optimum replacement frequency by making the delay of trade-in
profitable. This interest increase does not decrease the actual cost
of the machine unless the money is borrowed; however, the increase
does improve the opportunity of added profit from the use of the funds
in other investments. As shown in the results presented previously,

increases in the interest rate often delay purchase for one year.

General Conclusions
From the above analysis of each variable the conclusion is
easily reached that any of the variables studied can change the optimum

replacement frequency and that all of the variables affect the average
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cost. Any ranking of the variables seems impossible because their

importance depends on the situation before the change and the source

of the data used. Emphasis must once again be placed on the importance

of using data from the actual situation being studied.

Although the effect of each variable cannot be ranked, the

effects can be separated into those that increase the optimum replace-

ment frequency and those that decrease this frequency. In general, the

optimum replacement frequency increases when the cost of keeping is

increased relative to the cost of trading. The following changes in

the variables tend to increase this frequency:

1.

Increases in the slope of the repair cost function until

the slope becomes so steep that nearly all of the repair
costs are in the last year or two.

Additional hours of use.

Declining levels of machinery management when the assump-
tions are such that the cost of trading is affected more.
Increases in obsolescence charges.

Increasing cost for the new machine when the yearly increases

are large.

When the cost of trading increases relative to the cost of keeping,

the optimum replacement frequency decreases. The following conditions

tend to decrease this frequency:

1.

Increases in steepness of the repair cost function when it
is already very steep.
Declining levels of machinery management when the assump-

tions are such that the cost of keeping is affected more.
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3. Increasing cost for the new machine unless the yearly

increases are large.

4. Increases in the interest rate.

The reader may be wondering how these conclusions can help a
farm manager. The number of variables the farm manager must be
cognizant of when he considers his replacement decision can be reduced.
Assuming that the farm manager has already calculated his own repair
costs and trade-in value, the variables "source of the cost data" and
"shape of the cost function" are no longer variables. The number of
variables to be considered is thus reduced to five--number of hours the
machine is used, level of machinery management, rate of obsolescence,
cost of the new machine and the interest rate. Since the situation
being considered is for a specific farm manager, the level of machinery
management can be considered constant leaving only four variables. Of
these four, the farm manager must consider the cost of the new machine
and the interest rate. The number of hours of use only has to be
considered if it will change significantly in the relevant future. A
common method of considering obsolescence charges is to assume they
are reflected in the decreasing value of the used machine.

Integration of the Short-run
and Long-run Analysis

Since a new machine is used in the first year and only three
years are used, the conclusions of the previous section would not
affect the simulator as it was used in this study. If a longer period
had been used, however, this conclusion would not be correct. The

optimum replacement period is seven years using the repair cost
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function in the simulator and no obsolescence charge. If, for example,
eight years of corn harvest are simulated with a four-row combine har-
vesting 500 acres, the decision as to whether to keep or trade the
seven year-old combine depends on the length of run being considered.
For this production period the cost to repair the combine is $3164.00
while the cost of trading is $9252.00. The average yearly cost of the
policy of trading every seven years is $3036.00 while the average
yearly cost if the manager kept one additional year and then traded
would be greater. Therefore, in the seventh year the farm manager
would trade for a new combine to minimize his costs over time even
though keeping would be much less e#pensive for the present harvest
season.,

Changes in many of the variables that have been studied for
one length of run have an effect when the other length of run is con-
sidered. The effect of the variables affecting the optimum replacement
frequency on the short-run model is simply that a machine may be
traded more or less frequently. The effect on costs in the individual
harvesting period may be substantial; however, the long-run effect
on cost will be the change in average yearly cost. The effect of each
long-run variable on the short-run is simply the effect presented in
the first section of this chapter applied to the individual harvest
period.

The effect on the optimum replacement frequency of the variables
studied for the harvest period is not nearly as simple. The effect of
each of these variables on the costs of keeping and trading must be

determined. The effect of these changes in costs on the optimum
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replacement frequency is then determined. On the following pages each

of the nine variables studied for the short-run is considered.

Size of the Enterprise

In general increases in size increase the hours of use. The
effect would be the same as with changes in hours of use. One further
condition must be considered, however. When the size of enterprise
changes enough so that the present machine is inefficient, complica-
tion results. For example, if the size of enterprise increases, the
probability of loss from failure to harvest may increase to an
alarming point. Some amount should be added to the cost of keeping
to cover this possibility of loss. Of course, the cost of trading

would also increase since a larger machine would be traded for.

Price

The effect of the price of corn on the optimum replacement fre-
quency works through the obsolescence charge. The result of obso-
lescence usually is increased field losses. With changes in the price
the loss from obsolescence changes thus altering the cost of keeping.
With changes in the cost of keeping the optimum frequency may change.
As prices increase, replacement tends to occur sooner. Since the price
seldom changes more than a few cents a bushel, the effect of the price
of corn on the optimum replacement frequency is very small. Many if
not most farm managers put too much emphasis on the crop price when

determining their machinery replacement policy.
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Yield

The effect of yield is similar to the effect of price. As
yield changes, the obsolescence loss will change thus altering the
cost of keeping relative to the cost of trading. This effect may
become more important as yield increases since an older machine may
be more inefficient with large yields than with lesser ones. Also,
with higher seed and fertilizer investments and greater yields, the
potential loss from not completing harvest increases, creating the
possibility that a larger machine may be more profitable. Conse-
quently the potential on replacement policy with changes in yield is
greater than the effect of changes in price. Once again though many

farm managers overestimate the importance of this effect.

Opportunity Cost

The labor cost has an effect on the optimum replacement fre-
quency only when the new machine requires less labor because of
improvement in design or increased size. Even in these two cases
there would be no effect using the cost structure of this study. The
needed costs could, however, be easily included. In this case in-
creased cost for labor would tend to increase replacement frequency.
The above effect is a part of the process of mechanization continuing

today.

Hours
As with the labor cost, the effect of the hours in the work day
is only relevant when the manager is trading for a machine with greater

capacity. In this case increasing the work day would decrease the
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profitability of trading for a new combine. Any decrease in the work-
day would have the opposite effect of increasing the profitability of
trading. This variable and the previous labor cost often go together
with labor costs increasing and labor becoming unavailable for long-

hours of work.

Grain Moisture and Loss

As with the two previous variables, the effect of the grain
moisture criterion for commencing harvest and of the loss from failure
to complete harvest during the harvest period is nonexistant unless
the new machine has more capacity. When the new machine is larger,
decreases in the grain moisture criterion causing a later harvest and
increases in the loss tend to increase the optimal frequency. Move-
ment in the opposite direction creates the opposite effects.

Since changes in the average temperature and rainfall are so
unpredictable and so limited to the short-run, the effect of these two
variables on the optimum replacement frequency can easily be considered
nonexistent unless the manager is trading for a larger machine. 1In
general, the effect of the short-run variables on replacement policy
is not great. Changes in size easily have the greatest effect.

Rather small effects are felt from changes in several other variables

especially if the machine to be purchased is nonidentical.



CHAPTER VIII

SUMMARY AND CONCLUSIONS

Since all previous efforts are lost if the crop is not har-
vested, harvesting is the most critical phase in a crop production
system. Many variables must be considered by the farm manager. When
making harvesting decisions, the farm manager must be cognizant of two
views of the harvesting system. The first view is of the individual
harvesting period, and the second considers the purchase of a major
machine. In light of the importance of correct decision-making during
harvest, the objective of this study was to determine and evaluate
the effects of nine variables on the individual harvest period and
seven variables on machinery replacement decisions.

The computer model used to determine the effect of these vari-
ables included a simulator of a corn harvesting system to determine
the effect on the individual harvest and a dynamic programming re-
placement model to consider the purchase of a major machine. Using
actual harvest conditions for 1966-1968 as a base, a wide variety of
weather, yield, and price conditions were simulated for various sizes
of enterprise with a two-row and a four-row combine. The replacement
routine was then used to determine the optimum time to purchase a new

machine using the two-row combine in a variety of situationms.
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The effect of nine variables on management income from the
individual harvest period-~loss due to failure to complete harvest
during the harvest season, size of enterprise, hours in the work day,
grain moisture criteria for starting harvest, opportunity cost of
labor, average temperature, additional rainfall; price and yield--was
considered. When these variables are ranked according to their effect
on management income from the individual years; size of enterprise,
temperature, price and yield appeared to change average income by
20 per cent or more. The rankings, however, are very dependent upon
the individual situation. Different weather conditions are found to
have a great effect on the rankings.

The rankings of the effect of the variables on management income
acquired consistency when the harvesting situations were divided into
those situations in which the harvest is completed and those in which
it is not. Four variables--size of enterprise, hours in the work day,
grain moisture criterion, and additional rainfall--actually had
opposite effects on the farm manager's income depending upon whether
harvest is completed during the harvesting period. When harvest is
completed during the harvesting period, four variables have an effect
on management income in excess of 20 per cent (of average income) while
the effect of the other five variables is less than 10 per cent. The
four variables having a major effect in decreasing order of importance
are: size of enterprise, price, temperature and yield.

In the less frequent situation where harvest is not completed
during the harvesting period, more variables occupy a major role since

harvesting time is now of the essence. The four variables of prime
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importance when harvest is completed--size of enterprise, price,
temperature and yield--retain their important effect. Loss from
failure to complete harvest and hours in the work day also create
changes in management income in excess of 20 per cent (of average
income). Changes in the grain moisture criterion and rainfall also
created changes in income in excess of 20 per cent (of average income)
under certain circumstances. In general the variables size and loss
had the greatest effect on management income with effects in excess
of 100 per cent under certain circumstances.

The importance of the selected variables in ''good" and 'bad"
years is of interest to the farm manager. 'Good" and "bad" years are
looked at first in terms of price and/or yield and then in terms of
the weather during harvest. In terms of relative importance of the
variables, '"good" and "bad" price-yield conditions have the same
effect. The effect goes back to the question of completion of harvest.
In terms of the actual dollar value of the change, the effect is
greater during a ''good" year because the same change now affect more
bushels and/or has a larger value per bushel. In terms of weather
conditions, the '"good" year is represented by the conditions when har-
vest 18 completed during the harvest season and the ''bad" year by
conditions when harvest is not completed.

Changes in these nine variables also have an effect on the
relative income positions of the two-row and the four-row combines.

In order to get consistent results, the situations must be divided
into three categories: those in which both combines finish harvest,

those in which only the four-row completes harvest and those in which
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neither combine completes harvest during the harvest period. Only in
the second category where only the four-row completes harvest did any
of the variables affect the relative income positions. In this
category the size of enterprise, hours and loss variable were extremely
important (greater than 70 per cent change in income), and rainfall
(22 per cent) and grain moisture (17 per cent) variables had an
important effect.

Of the nine variables studied, three--size of enterprise, hours
in the work day and grain moisture criterion--can be largely controlled
by the farm manager. The profit ma#imizing value for each of these
variables could be determined using the gain (in dollars) from in-
creases in the values for the three variables with completion of
harvest during the harvesting period, the loss (in dollars) from
increases if harvest is not completed and the probability (in per cent)
of completing harvest during the harvest season. The maximizing
length of the harvest day can be updated periodically throughout the
harvest period.

The effect on the timing of the purchase of a major machine of
seven variables--the farm situation from which the repair data is
derived, the shape of the repair cost function, the number of hours
the machine is used, the level of machinery management, the rate of
obsolescence, the cost of the new machine being considered and the
interest rate--was considered. Each of the variables studied was
found to have a potential effect large enough to alter the year in
which the farm manager would trade if he were minimizing costs over

time. Changes in the variables resulted in optimum policies of
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keeping the combine from three to seven years. The farm situation
from which the data came was found to have the greatest effect on the
replacement decision. Since no set of repair data has been found that
is representative of all farms or even of a class of farms, the effect
of the other variables depends upon the farm situation being considered.
Because of the above situation, replacement decisions must be based
on the individual situation rather than general policies.

Even though few conclusions can be reached relative to the
magnitude of the effect of the selected variables, conclusion can be
reached regarding the direction of the effect. Additional hours of
use and increase in the obsolescence charges increase the likelihood
of purchasing the new machine. Increases in the interest rate delay
the optimum time to trade for the new machine. Increases in the cost
of the new machine tend to delay the time to trade unless the trade
can be made the year prior to a large price increase.

The situation for the individual farm manager is not as complex
as it initially appears. Assuming that the farm manager has calcu-
lated his own repair cost date, the variables source of the cost data,
shape of the cost function and the level of machinery management are
constant. Only four variables remain. If the farm manager does not
plan to change the hours of use of the machine, that variable can be
disregarded. Furthermore, many farm managers let the declining value
of the used machine (with age) represent the obsolescence charge. The
farm manager must now consider (beside the age of his present machine)
a maximum of four variables and a minimum of two--cost of the new

machine and the interest rate.
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Changes in eight of the nine variables affecting the individual
harvest had almost no effect on the replacement decision. The only
exception was the size of the enterprise which affected the replace-
ment decision as a change in the hours of use of the machine. Changes
in the seven variables affecting the decision to purchase machinery
have an effect on the income from the individual year through the
average minimum cost. For changes in the seven variables in the
relevant range, this affect amounts to only a few dollars a year.

The above findings have important implications on how and when
the farm manager makes decisions concerning harvest. The first of
these decisions must be made in the winter months prior to the new
harvesting season. Taking into account a number of years, the farm
manager must decide whether to purchase any new machinery. The major
decision for the harvesting system concerns a combine. At the same
time, the manager must use his potential gains, losses and prob-
abilities of completing harvest with the combine he owns to determine
his profit maximizing size of enterprise. The acreage thus determined
is the maximum possible for that enterprise. This maximum may be
reduced by limitation during the planting or growing seasons, by
acreage limitations within the firm or by the profitability of the
enterprise relative to other enterprises. Throughout this decision-
making process, the farm manager must keep in mind possible changes
in the variables found to have an important effect on income.

As the harvesting season approaches, the farm manager must
determine the profit maximizing date to start harvesting using the

gain from delaying the harvest if it is completed, the loss if it is
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not completed, and the probability of completion. The manager can
use the expected hours in the work-day to determine when to start
harvesting. During the harvest the hours worked can be adjusted
according to the success of harvest to date. Although few farm
managers explicitly follow this process, the process is implicit in
the actions of many farm managers.

Realizing the above, a number of conclusions concerning the
actions of farm managers can be reached:

1. Farm managers may be justified in maintaining overcapacity
of 20 to 30 per cent. The relatively small cost of this overcapacity
may prevent losses in income of 20 per cent or more.

2. Farm managers, particularly those with large acreages, may
be justified in trading their equipment; especially harvesting equip-
ment, every two or three years.

3. 1In years that the grain moisture content is high, farm
managers may be justified in starting corn harvest even though the
moisture content is abnor@ally high.

4. The optimum size of enterprise for each farm manager may
depend significantly upon whether he is a profit makimizer, a risk

averter, or a risk taker.



CHAPTER IX

IMPLICATIONS FOR FUTURE RESEARCH

The early stage of development of the simulator and the limited
scope of this study produced a number of limitations. Probably the
most important was that harvest is an important subsystem of a much
larger production system. Studying this subsystem by assuming the
remainder of the system essentially constant ignores many important
relationships. The impact of planting date and the effect of an
extremely unfavorable growing season on the harvesting system are two
examples of these relationships. Many of these relationships could
be partially studied by altering the initial conditions facing the
harvesting system.

Many aspects of the harvesting system were not fully developed
in the model used for this study. The criterion for determining when
to start harvest was not fully developed. Also, the harvesting of
all corn remaining in the field on December 1 at one time was an un-
supportable assumption. The greatest obstacle to studying the har-
vesting system was the lack of any drying and storage facilities.

Given these initial limitations in the simulation model used,
a number of limitations are evident in the study itself. 1In addition
to the nine variables studied, others could have been added. Two of
the most important additions could have been the efficiency of the
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combine operator and field losses due to lodging and harvest. 1In
ranking the nine variables relative to their effect on income, the
assumption that all of the changes were equal is questionable. The
changes in size of enterprise (100 acres) and temperature (five degrees)
seem particularly large. In studying the effects of changing variables,
little attention was paid to simultaneous changes in more than one
variable.

Although the replacement routine was much smaller and therefore
more easily developed, limitations are evident. The most important
was the restriction to two alternatives and seven states. This re-
striction ruled out any consideration of trading for a used combine.
The use of only seven variables and the assumption that only identical
machines are purchased limits the value of the conclusions concerning
machinery replacement.

The analysis of each of the models suffers from the lack of
sufficient valid data. Although the data used in the simulator had
never been used in that manner previously, the greatest deficiency
was the lack of tractability data for December. The replacement
routine suffers from a lack of consistent repair data.

Based upon these limitations and the conclusion of the study,

a number of implications for future research in this area can be made.
From the results of this study and of others using the harvesting
model, the conclusion seems to be clear that the simulation of
agricultural production systems should continue. The short-run
objectives should be two. The first is to refine the harvesting model

by adding drying and storage facilities and by adjusting specific
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criteria. The most important criteria concern when to start harvest
and how to handle the corn not harvested during the harvesting period.
The second objective should be to add the other subsystem necessary
to complete the corn production system. These subsystems include
tillage, planting, and growing. The longer-run objective should be
to extend the simulation to other crops.

The analysis of results from the replacement routine indicate
a potential for a dynamic programming replacement routine of this type.
In order to conform more with the real world, the routine should be
adjusted to include the alternative of trading for a used machine.

At this point the routine could be used to evaluate individual farm
decisions by adding an appropriate matrix generator. A final exten-
sion could be to consider replacement of additional item, such as
buildings, dairy cattle and/or livestock.

One last implication that is not limited to studies of this
type is that researchers must be cognizant of the time period they
are considering. In this study replacement decisions had to be
separated from the other decisions to insure that the necessary long-

run considerations would be made.
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APPENDIX A

INPUT VALUES FOR CORN HARVEST SIMULATOR

Appendix Table A. 1. Simulation Input Data
The following values are used as exogenous coefficients for the
corn harvest simulator:

1l. Coefficients for the combines.

New Cost
two-row $12,000
four-row: $16,000

Type of depreciation

Straight line with 20 per cent additional first year
Years to be depreciated over: eight
Salvage value: 10 per cent

Fuel cost:

two-row: $1.775 per hour

four-row: $3.50 per hour
Width:

two-row: 2 rows

four row: 4 rows
Harvester row spacing: 40 inches

Hours used per day: eight
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Appendix Table A. 1 (cont'd.)
Efficiency of operator:
two-row: 1.0
four-row: 0.9
Repair function:
ARC = NC [(-.0197X, + .0087X: - .00053K3,) + 1.02 + .00025X,)]

ARC = annual repair cost

NC = new cost for the machine
Xl = age of machine
X2 = hours of annual use

2. Fixed coefficients
Hired wage rate:

First 600 hours: $2.00 per hour.

Second 600 hours: $2.25 per hour.
Third 600 hours: $2.50 per hour.
Fourth 600 hours: $2;75 per hour.
All in excess of 2400: $3.00 per hour.

Tax rate: 20 per cent

Interest rate: 7.5 per cent

Housing charge: .0075 x depreciated value
Insurance charge: .0075 x depreciated value
Drying charge: $.01 per point to .155
Hauling charge: §$ .06 per bushel (wet)

Land value: $600.00 per acre

Hours of operator's labor available: 320

Charge for operator's labor: $960.00



Appendix Table A. 1 (cont'd.)
3. State of system on October 1

Grain moisture content

168

First year: 0.367

Second year: 0.409

Third year: 0.278
Potential yield

First year: 150 bu.

Second year: 100 bu.

Third year: 125 bu.

4. Date of physiological death

First year: 10/30

Second year: 11/06

Third year: 10/11

5. Prices
Dates lst year 2nd year

10/15 - 10/21 1.22 1.08
10/22 - 10/28 1.22 1.07
10/29 - 11/4 1.22 1.06
11/5 - 11/11 1.22 1.05
11/12 - 11/18 1.22 1.04
11/19 - 11/25 1.23 1.05
11/26 - 12/02 1.24 1.06
12/31 1.25 1.07

3rd year
0.87

0.87
0.92
0.95
0.96
0.97
0.98

1.02



APPENDIX B

SUPPORTING DATA ON THE EFFECT OF THE SELECTED VARIABLES

ON THE HARVESTING PERIOD
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APPENDIX C

SUPPORTING DATA ON RANKING OF VARIABLES
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Appendix Table C. 3.
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Economic Ranking of Variables in Each Year--

200 Acres
2-row 4-row
Rank

Variable Change Variable Change

(dol.) (dol.)

First Year
1 Size 4673 Size 4562
2 Temperature 1556 Price 1413
3 Price 1412 Temperature 1274
4 Yield 975 Yield 952
5 Grain moisture -582 Grain moisture -803
6 Opportunity cost 392 Opportunity cost 216
7 Hours -168 Hours -162
8 Rainfall =145 Rainfall -128
9 Loss 0 Loss 0
Second Year

1 Size ~5317 Size ~-5242
2 Loss 1562 Temperature 1149
3 Temperature 975 Price 903
4 Hours 876 Yield 764
5 Price 745 Hours 440
6 Yield 624 Grain moisture 326
7 Opportunity cost 496 Loss 261
8 Grain moisture 209 Opportunity cost 211
9 Rainfall -1 Rainfall 3



Appendix Table C. 3 (cont'd.)

195

2-row 4-row
Rank
Variable Change Variable Change
(dol.) (dol.)
Third Year
1 Price 1192 Price 1192
2 Yield 724 Size -816
3 Opportunity cost 373 Yield 690
4 Hours -357 Temperature 505
5 Size 321 Opportunity cost 207
6 Temperature 264 Hours -183
7 Rainfall -160 Rainfall -160
8 Grain moisture 0 Loss 0
9 Loss 0 Grain moisture 0
Average
1 Price 1116 Price 1169
2 Temperature 932 Temperature 976
3 Yield 774 Yield 802
4 Loss 520 Size -499
5 Opportunity cost 420 Opportunity cost 211
6 Size -332 Grain moisture -159
7 Hours 117 Hours 95
8 Grain moisture ~-124 Rainfall 95
9 Rainfall 102 Loss 87
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6

Economic Ranking of Variables in Each Year--

500 Acres
2-row 4-row
Rank
Variable Change Variable Change
(dol.) (dol.)
First Year
1 Loss 6212 Size 5110
2 Temperature 4085 Rain 4187
3 Hours 3981 Temperature 3650
4 Rainfall 3123 Price 3525
5 Price 2915 Yield 2487
6 Grain moisture 2075 Hours -710
7 Yield 1914 Opportunity cost 548
8 Opportunity cost 1022 Grain moisture =72
9 Size -1014 Loss 0
Second Year
1 Loss 6429 Size -5401
2 Size -5311 Loss 5127
3 Temperature 2094 Temperature 2087
4 Price 1561 Price 1717
5 Yield 1383 Hours 1698
6 Opportunity cost 983 Yield 1488
7 Hours 839 Opportunity cost 545
8 Grain moisture 229 Grain moisture 458
9 Rainfall 0 Rainfall 0
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2-row 4-row
Rank
Variable Change Variable Change
(dol.) (dol.)
Third Year
1 Size -3623 Price 2974
2 Price 2735 Yield 1841
3 Hours 2919 Hours -908
4 Loss 1866 Temperature 434
5 Yield 1688 Rainfall -434
6 Opportunity cost 960 Opportunity cost 422
7 Rainfall 926 Size -195
8 Temperature 195 Grain moisture 2
9 Grain moisture 0 Loss 0
Average
1 Loss 4402 Price 2739
2 Size -3316 Temperature 2057
3 Hours 2580 Yield 1939
4 Price 2404 Loss 1709
5 Temperature 2125 Rainfall 1351
6 Yield 1662 Opportunity cost 505
7 Rainfall 1350 Grain moisture 193
8 Opportunity cost 988 Size ~162
9 Grain moisture 768 Hours 27
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Appendix Table C. 5. Effect of Changes in the Variables With and
Without Completion of Harvest--200 Acres?

2-row 4-row
Variable Not Not
Completed completedC Completed completedc

(dol.) (dol.) (dol.) (dol.)
Loss? 0 1562 0 261
Size® 2176 -5317 1874 -5424
Hours® -262 876 -172 440
Grain moisture® -191 209 -402 326
Opportunity costh 382 496 211 211
Additional rainfalli =152 0 -94 0
Temperaturej 910 975 872 1149
Pricet 1302 745 1158 903
vield! 850 624 821 764

8Harvest completed means completed by NOvember 30. All corn
not harvested by then is assumed to be harvested at December 31 con-
ditions with a 40 per cent loss.

bThis column contains figures from the first and the third year.

®This column contains figures from the second year.

dSee Table C. 1, page 191, footnote one.

€See Table C. 1, page 191, footnote two.

fSee Table C. 1, page 191, footnote three.

gSee Table C. 1, page 191, footnote four.

hSee Table C. 1, page 191, footnote five.

iSee Table C. 1, page 191, footnote six.

jSee Table C. 1, page 191, footnote seven.

kSee Table C. 1, page 191, footnote eight.

lSee Table C. 1, page 191, footnote nine.
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Effect of Change in the Variables With and
Without Completion of Harvest--500 Acres®

2-row 4-row
Variable Not Not
Completed completedc Completed completede

(dol.) (dol.) (dol.) (dol.)
Loss® - 4836 0 5127
Size® - -3316 2458 -5401
Hours" - 2580 809 1698
Grain moisturei - 768 -35 458
Opportunity costd — 988 484 545
Additional rainfal1X - 1350 -434 2094
Temperature1 - 2125 2042 2087
Price" -- 2404 3250 1717
Yield® - 1662 2164 1488

8Harvest completed means completed by November 30. All corn
not harvested by then is assumed to be harvested at December 31 con-
ditions with a 40 per cent loss.

bHarvest is never completed with the two-row.

“This column contains figures from all three years.

dThis column contains

eThis column contains

fSee Table C.

gSee Table C.

hSee Table C.

iSee Table C.

jSee Table C.

kSee Table C.

lSee Table C.

mSee Table C.

Nsee Table C.

1,

1,

page

page

page

page

page

page

page

page

page

figures from the first and third year.

figures from the second year.

191,
191,
191,
191,
191,
191,
191,
191,

191,

footnote

footnote

footnote

footnote

footnote

footnote

footnote

footnote

footnote

one.
two.
three.
four.
five.
six.
seven.
eight.

nine.
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Completion of Harvest--200 Acres

Economic Ranking of Variables Depending upon

Completed Not completed
Rank
Variable Change Variable Change
(dol.) (dol.)
Two-Row
1 Size 2176 Size -5317
2 Price 1302 Loss 1562
3 Temperature 910 Temperature 975
4 Yield 850 Hours 876
5 Opportunity cost 382 Price 745
6 Hours -262 Yield 624
7 Grain moisture -191 Opportunity cost 496
8 Rainfall -152 Grain moisture 209
9 Loss 0 Rainfall 0
Four-Row
1 Size 1874 Size -5424
2 Price 1158 Temperature 1149
3 Temperature 872 Price 903
4 Yield 821 Yield 764
5 Grain moisture -402 Hours 440
6 Opportunity cost 211 Grain moisture 326
7 Hours -172 Loss 261
8 Rainfall =94 Opportunity cost 211
9 Loss 0 Rainfall 0
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Completion of Harvest--500 Acres

Economic Ranking of Variables Depending upon

Completed Not completed
Rank
Variable Change Variable Change
(dol.) (dol.)
Two-Row
1 Loss 4836
2 Size -3316
3 Hours 2580
4 Price 2404
5 Temperature 2125
6 Yield 1662
7 Rainfall 1350
8 Opportunity cost 988
9 Grain moisture 768
Four-Row
1 Price 3250 Loss 5127
2 Size 2458 Size -5401
3 Yield 2164 Rainfall 2094
4 Temperature 2042 Temperature 2087
5 Hours -809 Price 1717
6 Opportunity cost 484 Hours 1698
7 Rainfall ~-434 Yield 1488
8 Grain moisture -35 Opportunity cost 545
9 Loss 0 Grain moisture 458
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Appendix Table C. 9. Effect of Changes in Variables on the Choice of
a Combine with a 200 Acre Corn Enterprise

Variable 1st yeara 2nd yeara 3rd yeara Averagea
(dol.) (dol.) (dol.) (dol.)
Loss® 0 1301 0 434
Size® 110 74 495 226
Hoursd 38 -436 =175 -191
Grain moisture® 218 110 0 109
Opportunity cost® 176 172 166 171
Rainfall® -17 0 0 -6
Temperatureh -282 174 241 44
Price’ 1 158 0 53
vieldd -23 140 -34 28

%The values represent the change for a 4-row combine minus the
change for a 2-row combine.

bAs loss increases from 20 per cent to 40 per cent the 4-row be-
comes the given amount more profitable than the 2-row.

€200 to 300 acre increase.

d8 hour day increases to 10 hours day. Negative figure indicates
2-row increased in relative profitability with the increased hours.

€2 per cent increase in maximum grain moisture.
f$3.00 increase in labor cost.

Breduction of 1" rainfall. Negative figures indicate 2-row
increased in relative profitability with increased rainfall.

h85 per cent increase in average temperature.
i$.05 increase in price.

j5 bushel increase in potential yield. Negative figures indi-
cate 2-row increased in relative profitability.
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Appendix Table C. 10. Effect of Changes in Variables on the Choice of
a Combine with a 500 Acre Corn Enterprise

Variable 1st yeara 2nd yeara 3rd yeara Averagea

(dol.) (dol.) (dol.) (dol.)
Loss” 6512 1302 1866 3327
Size® 6124 -90 3428 3154
Hours® ~4691 829 -3827 2563
Grain moisture® -1807 228 0 -526
Opportunity costf =474 439 438 450
Rainfall® -1064 0 -1360 -808
Temperatureh =435 7 239 -63
Pricel 610 156 239 335
Yieldd 573 105 153 277

%The values represent the change for a 4-row combine minus the
change for a 2-row combine.

bAs loss increases from 20 per cent to 40 per cent the 4-row
becomes the given amount more profitable than the 2-row.

€400 to 500 acre increase.

d8 hour day increases to 10 hour day. Negative figure indicates
2-row increased in relative profitability with the increased hours.

€2 per cent increase in maximum grain moisture.
f$3.00 increase in labor cost.

BReduction of 1" rainfall. Negative figures indicate 2-row
increased in relative profitability with increased rainfall.

h85 per cent increase in average temperature.
1$.05 increase in price.

j5 bushel increase in potential yield. Negative figures indi-
cate 2-row increased in relative profitability.
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Ranking of Variables According to Their Effect
on the Choice Between the Two Combines

200 acres 500 acres
Rank

Variable Change Variable Change

(dol.) (dol.)

First Year
1 Temperature -282 Loss 6512
2 Grain moisture 218 Size 6124
3 Opportunity cost 176 Hours -4691
4 Size 110 Grain moisture -1807
5 Hours 38 Rainfall -1064
6 Yield -23 Price 610
7 Rainfall =17 Yield 573
8 Price 1 Opportunity cost 474
9 Loss 0 Temperature =435
Second Year

1 Loss 1301 Loss 1302
2 Hours -463 Hours 829
3 Temperature 174 Opportunity cost 439
4 Opportunity cost 172 Grain moisture 228
5 Price 158 Price 156
6 Yield 140 Yield 105
7 Grain moisture 110 Size -90
8 Size 74 Temperature 7
9 Rainfall 0 Rainfall 0
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200 acres 500 acres
Rank
Variable Change Variable Change
(dol.) (dol.)
Third Year
1 Size 495 Hours -3827
2 Temperature 241 Size 3428
3 Hours -175 Loss 1866
4 Opportunity cost 166 Rainfall -1360
5 Yield -34 Opportunity cost 438
6 Rainfall 0 Temperature 239
7 Price 0 Price 239
8 Grain moisture 0 Yield 153
9 Loss 0 Grain moisture 0
Average
1 Loss 434 Loss 3227
2 Size 226 Size 3154
3 Hours -191 Hours -2563
4 Opportunity cost 171 Rainfall -808
5 Grain moisture 109 Grain moisture -526
6 Price 53 Opportunity cost 450
7 Temperature 44 Price 335
8 Yield 28 Yield 277
9 Rainfall -6 Temperature -63
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Appendix Table C. 12. Ranking of the Effect of Changing Variables on
the Choice of Machine by Categories Concerning
Completion of Harvest?

Rank Variable Change
(dol.)

Both Combines Complete Harvest

1 Size 302
2 Opportunity cost 171
3 Grain moisture 109
4 Hours 68
5 Yield 28
6 Temperature 20
7 Rainfall -8
8 Price 0
9 Loss 0

Only 4-Row Completes Harvest

1 Size 4776
2 Hours -4259
3 Loss 4189
4 Rainfall 1212
5 Grain moisture -904
6 Opportunity cost 456
7 Price 424
8 Yield 363

9 Temperature -98
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Appendix Table C. 12 (cont'd.)

Rank Variable Change
(dol.)

Neither Combine Completes Harvest

1 Loss 1302
2 Opportunity cost 305
3 Hours 198
4 Grain moisture 169
5 Price 157
6 Yield 122
7 Temperature 90
8 Size -8
9 Rainfall 0

aPositive numbers indicate the four-row combine's relative
income improved with the changes outlined in Table
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APPENDIX D

SUPPORTING DATA ON REPLACEMENT ROUTINE

Appendix Table D. 1. Additional Input and Output Using Armstrong Data
with 200 Hours of Use

Ave. cost or

Cost to Cost to Interest discounted present

State keep trade rate Optimum policy value

1 734 5862 0.00 Keep 6 years 2359

2 899 6306 .05 Keep 6 years 56096

3 1158 6750 .075 Keep 7 years 36886

4 1473 7194 .10 Keep 7 years 27043

5 1806 7638 .125 Keep 7 years 21456

6 2119 8082 .20 Keep 7 years 14134

7 2374 8526

208
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Appendix Table D. 2. Additional Output Using Bower's Data for 200

Hours
Ave. cost or
Cost to Cost to Interest discounted present
State keep trade rate Optimum policy value
1 228 5244 0.00 Keep 5 years 2090
2 480 5952 .05 Keep 5 years 46491
3 816 6600 .075 Keep 6 years 32978
4 1248 7176 .10 Keep 6 years 26003
5 1784 7680 .125 Keep 6 years 21850
6 2376 8148 .20 Keep 6 years 15,730

7 3072 8556
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