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THE SHORT-RUN DEMAND FOR A REDUCTION OF DELIVERY TIME
IN THE PROVISION OF FARM MACHINERY PARTS:

A CONCEPTUAL FRAMEWORK

Doyle A. Eiler and Richard S. Johnston

PREFACE

This study is part of an on-going research project)' One of the objec-

tives of this project is "to identify factors important in determining how and

why firms change their size". Several economists have recently been concerned

with the question of how costs to the firm vary with the speed at which the

firm adjusts to changes in its environment and how, conceptually, this cost-

speed relationship bears on the process of adjustment.-" What are the implica-

tions of the statement by one economist, for example, that "the lower the cost

of changing the input mix, ceteris paribus, the quicker the full adjustment"?--'1

This, itself, is an interesting question to address at the conceptual level.

It focuses upon an important, but often neglected, factor in decision-making:

some costs vary, not only with the magnitude of adjustment but also with the

speed of adjustment.

At the empirical level it would be interesting, in particular instances,

to identify the parameters of the function expressing the relationship between

the speed of adjustment and the price the firm would pay for various adjustment

speeds.-" The present study is an attempt to examine the adjustment process

ma particular setting. It postulates a particular set of circumstances, and

Oregon State Agricultural Experiment Station Project 887.

For example, see:

A. A. Aichian, "Costs and Outputs," in M. Abramovitz etal., The
Allocation of Economic Resources: Essays in Honor of Bernard
F. Haley, Stanford, California, 1959.

William Baumol, "On the Theory of Expansion of the Firm," American
Economic Review, December, 1962, pp. 1078-1087.

Louis De Alessi, "The Short Run Revisited," American Economic Review,
June, 1967, pp. 450-460.

De Alessi, cit., p. 455.

This is one way of expressing the relationship. An alternative statement
of the relationship is that it relates the rapidity with which the firm
would adjust to new circumstances to the various costs associated with
different adjustment speeds.



generates hypotheses about the adjustment process within this narrowly defined

environment. As such, it hopefully provides new insights into adjustment

processes in general.

By virtue of the somewhat restrictive specifications placed on the frame-

work within which the analysis Is conducted, the study, while addressing some

interesting questions, fails to address others. For example, it abstracts com-

pletely from questions of uncertainty. A decision-maker is postulated as be-

having as if he knew all of the relevant future consequences of his actions.

Casting the problem in an uncertain environment could lead to hypotheses dif-

ferent than those emerging from the present study. This is a question which

one of the authors is planning to explore further.

Several testable hypotheses emerge from this study. They have not, how-

ever, been tested. It is hoped that such testing will take place In the near

future. However, testing of the hypotheses would in no way "complete1' that

portion of. the research project concerned with the "adjustment" question. Other

work includes an examination of the role of expansion costs in the firm's growth

process and their impact on size distributions of firms. This work is being

conducted at both the conceptual. and empirical levels, and is reported else-

where.' Finally, as mentioned earlier, additional work is also planned in

which the framework reported upon here is broadened to include decisions made

in an uncertain environment.

For these reasons, the report is labeled a "Progress Report".

See Johnston, Richard S., "The Growth of Firms and the Structure of Agri-
cultural Industries," (presented at the annual meeting of the Western Agri-
cultural Economics Association, July 1971).



I. INTRODUCTION

The Problem

The breakdown of farm machinery is a problem which has been subjected to

little analysis by economists. The present investigation is an attempt to

provide a conceptual framework for analysis of one aspect of this problem. The

framework is then used to advance testable hypotheses concerning behavior of

farmers who have experienced a machinery breakdown. The particular aspect

explored is the short-run decision which immediately follows an unplanned dis-

ruption in harvest due to machinery breakdown.-' The hypotheses advanced are

not, in fact, tested. The investigation, therefore, is limited in scope, but

perhaps makes a contribution to economic analysis through its explicit treat-

ment of time in a short-run production process.-'

J'n economic analysis of the repair and maintenance of farm machinery can take
on many forms, depending upon the Issues addressed. Two issues of the re-
pair and maintenance situation which are not examined in this study are:

Determination of a maintenance policy, and

The choice between repairing or replacing a
broken machine.

Maintenance policies have been discussed in the literature for some time.
Jorgenson, McCall, and Radner [1967] provide a good summary of the theory
in this area.

The resolution of the choice between repair or replacement of a broken ma-
chine is a capital budgeting problem, since mosc repairs would be expected
to last longer than one production period.

"Time" is an elusive concept. It has been variously treated in economic
analysis. Marshall's three periods, though actually defined in terms of
processes, have been viewed by some in terms of the passing of time, lead-
ing to such questions as "how long is the long-run?" (See Malmgren [1960].)

Economists have, for some time, been interested in rates of adjustment to
equilibrium positions. (See Fisher [1970], Hahn [1970], for discussions of
adjustment rates in various economic settings.)

The production situations in which time is required to add productive inputs
were examined by Brown [1970]. Becker's theory of the allocation of time
examines consumer choice when it is recognized that the consumer is con-
strained by both income and time [Becker, 1965]. Perhaps the study of Thai-
berg [1960] deals more closely with the problem at hand.
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When a machine has a breakdown during a production period, there is

an interruption in the production process. The interruption lasts until

the equipment is repaired or replaced.-1 The interruption itself is a

short-run phenomenon since it affects only the inputs and outputs of the

current production period. The analysis of the interruption would likewise

be short-run in the sense that it examines the decision process following

breakdown in terms of a single production period and treats the other produc-

tive inputs as fixed (i.e., their costs as having been conmiitted).

The ultimate concern of this study is to investigate the relationship

between the speed with which repair services are delivered (and the length of

the interruption period correspondingly reduced) and the willingness of the

profit-maximizing farmer to pay for varying amounts of such speed. This re-

lationship may be viewed as the short-run demand for a reduction of delivery

time in the provision of farm machinery repair services.

Since only the interruption is examined, there is no need to be concerned

about the particular part which has failed. The effect of the interruption on

the flow of output is the same, no matter what particular part fails, and it

continues until that part is repaired.

The hypotheses derived are concerned with the effects of changes in the

parameters of this demand relationship. It.may be helpful to the reader to

summarize these hypotheses at the outset. They are:

The higher (lower) the price of a producer's output, the

greater (smaller) his demand for speed in the provision of

repair services.

For two producers who are in identical circumstances except

for their acreage, the producer with the larger acreage will

Replacement may include the rental of equipment services. In this analysis

it is assumed that the farmer chooses to repair the equipment. This assump-

tion is made in order to focus the analysis on the short-run decision pro-
cess following the breakdown, and not on the longer-run choice of whether
to repair or replace.



display a greater demand for speed in the provisions of re-

pair services than will the producer with the smaller acreage.

3. For two producers who are in identical circumstances except

for equipment capacity, the producer with the smaller equip-

ment capacity will display a greater demand for speed in the

provision of repair services than will the producer with the

larger equipment capacity.

Before proceeding to the formal analysis, it may be helpful, at this

point, to present a hypothetical situation depicting aspects of the problem

under consideration. Hopefully, this will facilitate understanding of the

way in which those particular aspects selected for investigation here fit

into the overall problem.

A Hypothetical Situation Depicting Aspects of the Problem

Suppose H hours are required in order to harvest a particular farmer's

crop. The farmer can obtain the maximum output from the crop by beginning har-

vest on some harvest date, Ts, and harvesting continuously (in the sense of

utilizing all available working hours of every working day) for H hours.

Suppose, however, that the farmer experiences a machinery breakdown during

harvest, and that this breakdown occurs at some date, TB. Of the H hours re-

quired to harvest the crop, the farmer spent TB - Ts hours in harvest before

the breakdown occurred. Thus, he has [H - (TB - T5)] of harvest time remaining.

The amount of output he can harvest from his remaining unharvested crop will

depend upon when he employs those H - (TB - Ts)J hours. This, in turn, will

depend upon when he repairs the machine.

Now suppose that, in order to repair the machine, the farmer requires a

new machine part. 'all to his dealer yields the information that the dealer

will :zot have he part n stock or six day and that, at that time, the price

of the part ."direct cost') will be $75. To the farmer, this means a total

cost of $75 plus the earnings foregone during the six-day delay. The dealer

informs the farmer that there are alternatives available to him, however. By

3
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various types of "rush orders" it is possible to reduce the delivery time (and,

presumably, the foregone revenues). However, a reduction in the delivery time

means an increase in the price attached to the part. For example, having the

part delivered "special delivery" would be expected to add to the supply price

of the part because of added delivery costs, 'special handling" at the factory,

etc. Table 1 presents some hypothetical data on direct costs of the part and

revenues foregone, associated with alternative waiting periods until delivery

of the part. To facilitate the discussion, these alternative waiting periods

are attached to particular modes of delivery, although this is only one of many

factors affecting speed of delivery.

The fourth column of Table 1 shows the foregone revenue associated with

each of the alternative delivery dates. The figures used indicate a situation

in which the longer the farmer waits, the greater the revenue lost.

According to Table 1, total cost (foregone revenue + direct cost) is mini-

mized by having the part shipped "air freight" from the factory, or by having

the part shipped by bus from the factory. Suppose there were an infinite num-

ber of ways in which the part could be provided, resulting in an infinite nwn-

ber of time intervals (lengths of the waiting period) between 0 and 6 days.

Then the problem could be viewed mathematically as follows:

Table 1. Direct Costs and Foregone Revenues Associated with Alternative
Waiting Periods in the Delivery of a Needed Machine Part: A.

Hypothetical Example.

Waiting Mode of Direct Foregone Total
Period Delivery Cost Revenue Cost

6 days Regular dealer delivery $ 75 $700 $775

5 days Rail from factory 150 525 675

4 days Bus from factory 250 375 625

3 days Air freight from factory 375 250 625

2 days Special delivery from
factory 525 150 675



(a) Total Costs = Direct Costs (t) + Foregone Revenues (t),

where t measures waiting time, to which Direct Costs are inversely related and

Foregone Revenues are directly related. To find that waiting period which

minimizes total costs involves setting the first derivative of total costs

with respect to t equal to zero. Thus,

d(Total Costs) d(Direct Costs)
+

d(Foregone Revenues)
- a

dt - dt dt

d(Direct Costs) d(Foregone Revenues)
dt - dt

The first-order condition for cost minimization states that direct costs

should be decreasing with waiting time at the same rate as foregone revenues are

increasing with waiting time. In Table 1, a decrease in the waiting time from

six to five days increases the direct cost by $75, but reduces the foregone

revenues by $175. An additional day's reduction in waiting time increases the

direct cost by $100 and reduces the foregone revenue by $150. Reducing waiting

time from four days to three days, however, increases the direct cost and re-

duces the foregone revenues by the same amount. To move from a three-day to a

two-day waiting period would increase the total direct cost by $150, while re-

ducing foregone revenues by only $100. Clearly, as per Equation (b), it does

not pay to shorten the waiting period by more than three days.

There is a sense in which the relationships discussed may be viewed as

'supply' and Tdemand relationships. In Equation (b), the expression

d(Direct Costs) . . .

dt
indicates the incremental changes in direct costs associated

with changes in waiting time. It is really beyond the control of the farmer

experiencing the machine breakdown and is, In fact, the marginal unit cost

(Carlson, 1969, p. 32) of speedy repair services to the farmer.

Similarly, the Equation (b) expression,
d(Foregone Revenues) indicates

dt

the incremental changes in foregone revenues associated with changes in waiting.

(b)

or
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It may be viewed as the farmer's demand for speedy repair services.'

Perhaps this supply-demand relationship could be made more clear by re-

writing Table 1 so that it shows figures associated with reductions in the six-

day waiting period.

Table 2. Direct Costs and Foregone Revenues Associated with Alternative
Waiting Periods in the Delivery of a Needed Machine Part: A
Reformulation of the Data in Table 1.

Changes in

In Table 2, the second column is the difference between (a) the amount of

revenue the farmer would lose by waiting until the dealer had the machine part

in stock, and (b) the amount of revenue the farmer would lose by having the

machine part delivered sooner. The third column shows the change in the fore-

gone revenues avoided by reducing the waiting period. It may be interpreted

as a demand relationship in the following way: Suppose the farmer were told,

"You may have this part rushed td' you by paying $175 per day of reduced 'wait-

ing time'." In this case (in which the "supply curve" is perfectly horizontal

This example has many aspects of a model developed by Gary Becker [Becker,

1965]. The authors are indebted to Professor Gary Sorenson for bringing
this important article to their attention.

No. of Days by Which
Waiting Period is

Reduced

Foregone
Revenues
Avoided

Foregone
Revenues
Avoided

Direct
Costs

Changes in
Direct
Costs

0 0 0 $75 $75

1. 175 175 150 75

2 325 150 250 100

3 450 125 375 125

4 550 100 525 150



at $175), the farmer would purchase one day of speedy repair service; i.e., he

would choose to wait only five days. If, instead, the supply price were $150,

then the farmer would purchase two days of speedy repair service; i.e., he

would choose t wait only four days.-' Thus, as discussed in the next section,

the first and third coiumns taken togethe, may be thought of as the farmer's

derived demand for speedy repair services.

The figures used in Table 2 represent a positively sloped - as 'pposed to

a horizoital - supply curve for speedy repair services. Thus, tne farmer's

decision is based on the change in direct costs associated with reduction in

the waiting period: the marginal unit cost of speedy repair services. This

appears as the last column of Table 2. Notice that $125 is the figure appear-

ing in both the third and fifth columns corresponding to three days of speedy

repair services.

Viewed in this way, it can be seen that a general formulation of this

One may ask why the date at which the dealer will have the part in stock
is necessary to the analysis. Will the dollar figures associated with
various waiting periods not depend upon that date? Yes, they will [Eiler,
1970, pp. 52-55], but what is of interest here is how the demand changes
in response to various parametric changes. That is, interest is in the
direction of change, as opposed to the magnitude of a change.

It is simply convenient to select some date as a point away from which
deviations are examined. In the absence of some date, one would calculate
the foregone revenues avoided by having the repair made at TB. He could

then calculate what foregone revenues could be avoided by having the repair
made at TB+l. The difference between these two figures would indicate the

premium the farmer would pay for having the repair made at TB rather than

TB+l. Similar computations could be made for TB + 2 and TB + 1, TB + 3

and TB+2, etc. Thus, it would be possible to trace out a series of premiums

associated with various dates. These premiums would indicate additional
amounts the farmer would pay as delivery is moved closer to TB. This would
simply be an alternative way of viewing the same problem.

An appropriate date to select for basing these calculations is the date at
which the supplier would have the part in stock. But such a date is not
really necessary to the analysis. Any date could be selected. This par-

ticular date has some appeal because its real-world counterpart is easy to
visualize.

For further discussion of this point, see Footnote (9).
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problem requires an examination of the relationship between reductions in wait-

ing time and direct cost (the supplyu side) and between reductions in waiting

time and foregone revenues (the "demand' side). Both of these relationships

are complex relationships, involving a number of different factors. The pres-

ent study looks only at the demand side. The hypotheses advanced cannot be

in ternis of which specific form of, say, delivery service will be selected by

the farmer at any given time but, rather, will be in terms of how various factors

affect the "foregone revenues" ("demand") side. Any given farmer's selection

will depend also upon the alternatives available to him.

Again, the reader should be reminded that the particular problem used in

the example here is only one of the several under examination in this study.

The model is designed to apply not only to machinery parts, but to any needed

service required to re-activate the harvesting operation.

Derivation of an Input Demand Curve

An input demand curve is frequently referred to as a derived demand curve.

This is because the input demand is derived from (a) the demand for output faced

by the firm, and (b) the firm's production function on the assumption of profit

maximization.

For the case of a.perfectly competitive firm producing one output with

one variable input, the demand curve for that input can be derived in the follow-

ing manner:

Let

q be the quantity of output

x be the quantity of the variable input

p be the price of the output

r be the price of the input

b be the fixed cost

q = f(x) be the production function.

The profit function for this firm is:

= pf(x) - rx - b (1)
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where 'iT stands for profit or net revenue. rrhe profit-maximizing quantity of

x may be calculated by setting d'rr/dx = 0 and solving for x (assuming that the

second-order condition for maximization is met).

d'rr/dx = pf'(x) - r

dir/dx = 0, for maximization.

Therefore,

r = pf'(x), (2)

where f' Cx) is the marginal physical productivity of x.

Equation (2) describes the firm's demand relationship for the input, x.

Carlson's T1mono-periodic production1 model provides a useful way of sum-

marizing production theory. In his model, 'the production activity starts at

a given date and ends at another given date when the output of the production

is sold on the market; the time interval between these two dates represents

the period under consideration. [Carlson, 1969, p. 4].

The mono-periodic production function is a relationship between various

quantities of resources used and the output those resources will generate.

The production function does not give all the levels of output possible from

a given set of resources. It gives only one level of output for each set of

resources, and the level of output given is . . the maximum product obtain-

able from the combination (of resources) at the existing state of technical

knowledge. [Carlson, 1969, pp. 14-15.]

The production function contains the implicit assumption that the resources

are applied to the production process at the precise moment when they will

generate maximum output. Since the timing of resource application is not an

explicit variable in the traditional production function, a modification of

the neoclassical production function is necessary in order to examine the timing

of resource application. This is done in the next section, where the timeliness

of repair services is treated explicitly in the firm's production function.

Solving (2) for x as a function of r will give the firm's derived demand

function for the input x.
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II. DEVELOPMENT OF THE MODEL

In this section a model is constructed to depict the situation faced by a

crop farmer who experiences an unexpected breakdown during harvest. The model

is essentially 'short-run in nature, since it assumes that the decision involved

does not (a) allow variation in variables determined prior to the harvest season,

or (b) consider any effects on decisions in subsequent production periods. The

model will allow a theoretical examination of the conceptualized situation.

Ass tmip tions

The following assumptions are made to delimit the model and to describe

more specifically the situation under analysis.

All inputs of the production process under the control of
the farmer have been applied to the crop except those
associated with harvesting.

The farmer produces only one crop, and he sells his output
at the end of the production period.

The cost of labor for the production period has been fixed.

The farmer does not anticipate any breakdowns. If a
breakdown does, in fact, occur, the farmer, when he has
completed the repair, does not expect any more breakdowns.

All model variables are non-stochastic.

The Yield Function

The yield function relates the yield of the crop to two variables. The

first variable is a time variable indicating dates during the harvest season

when harvesting could occur. The second variable is a summary variable for

all of the factors of production used prior to the harvest season, and embodied

in the standing crop.

YA = y(t, Y) is the yield function, (3)

where

YA is the yield of the crop in bushels per acre.

t is a continuous measure of calendar time during
the harvest season. The units are hours. t=0

occurs before harvesting begins, and t increases
continuously until the harvest season ends.



Y is a variable summarizing all of the factors of
production used prior to the harvest season. These

factors are embodied in the standing crop.

All of the inputs (machinery, fertilizer, water, labor, weather during

the growing season, etc.) used in growing the crop are committed and cannot be

added to or subtracted from the standing crop at the beginning of the harvest

season. Therefore, for any given harvest season, Y is fixed.

For a particular harvest season (this implies a fixed Y), what does the

yield function give? It says that if the total crop could be instantaneously

harvested at t1, the yield of the crop in bushels/acre would be

YAi [YAi = y(tiY)J. However, the total crop cannot be harvested instantane-

ously. Therefore, the factors affecting the harvesting rate will need to be

examined. This will be done when the harvesting function is examined.

The following notes should be kept in mind about the yield function:

The yield function is constructed on the assumption of normal
weather (i.e., average weather experience of several years)
during the harvest season.

For the purpose of this model, Y acts only as a shift vari-
able, shifting the relationship between YA and t.

The Harvesting Function

The harvesting function measures the capacity of the harvesting equipment

in terms of the number of acres harvested per hour. The harvesting function

[A.S.A.E., 1963, p. 229] is:

SWE

- 825

where

C is the instantaneous rate of

S is the instantaneous rate of
machine

E is the field efficiencyZ" of the harvesting equipment

11

(4)

harvest in acres per hour

speed of the harvesting

"Field efficiency includes the effects of overlap (failure to utilize full
rated width of machine) and of time lost in the field as a result of:

(Continued on following page)
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therefore,

expressed as a percent of maximum technical efficiency

W is the width of the harvesting machine in feet.

The capacity of the harvesting equipment increases as any of the three vari-

ables, S, W, or E, increases.

Once the harvest season starts, it is assumed that the farmer cannot alter

his equipment. This means that, for a given harvest season, S, W, and E are

fixed.

It Is possible to use the harvesting function to calculate how many hours

It will take to harvest a particular farmer's crop. If the substitutions

H = hours and A = acres are made, the harvesting function can be written as:

A SWE

H - 825

H
A825

SWE

TI (Continued from preceding page)

Turning and idle travel at ends
Clogging of equipment
Adding seed or fertilizer
Unloading harvested products
Machine adjustments and minor repairs
Lubrication required in addition to daily servicing
Other minor interruptions

It does not include time losses due to daily servicing, traveling to or
from the field, or major breakdo.ms [A.S.A.., 1963, p. 227].

Equation (6) will give the number of hours required to harvest a particu-

lar farmer's crop, once his acreage and equipment capacity in terms of S, W,

and E are substituted into the function. It should be noted that H is inde-

pendent of any interruptions which might occur, and of when the harvest starts;

i.e., H is independent of t.

The Output Function

So far, this section has developed (1) the yield function which, for a



where

B is the instantaneous rate of output in bushels per
hour; that is,

B
Bushels Acres Bushels

- Acres Hour Hour

The output function is the product of the harvesting function and the

yield function. For a particular harvest season the output function is a

linear transformation of the yield function. Therefore, in the short-run

the shape of the output function is determined by the yield function.

Relationship Between the Timing of Repairs and Output

To this point in the development of the model no mention has been made of

when the harvesting occurs. Equation (6) gives the number of hours of machine

operation required to harvest the crop, but it doesn't specify when, during the

harvest season, these H hours occur. If there were no breakdowns, harvesting

would continue uninterrupted from the starting date until all H hours of machine

operation were completed and, thus, the starting date would be sufficient to

describe when the harvesting takes place. However, if a breakdown occurred,

additional variables would be needed to describe when the harvesting takes

p1ace.-" These additional variables describe when the breakdown occurs and

Harvesting Function

13

given harvest season, tells the yield in bushels per acre for all acres har-

vested in a particular instant of time, and (2) the harvesting function, which

tells how many acres the farmer's equipment will harvest in a particular in-

stant of time. By combining these two relationships, a third relationship,

the output function, can be generated.
F

SWE
B = y(t,Y) -- Output Function (7)

II

I

Yield Function

As indicated on p. 12, the value of H is unaffected by the occurrence or
duration of any breakdown.
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when the equipment is repaired. (Since this model is focusing on the timing

of repairs, an index of timeliness will be used to examine variations in when

the repair is made.) The following variables are used in the analysis of the

harvesting operation.

T5 is the specific value of t, a date, when the harvest starts.

TB is the specific value of t, a date, when the breakdown occurs.

T is the value of t, a date, when the equipment could be repaired
at the minimum dollar outlay for the repair. If the repair re-
quired a machinery part, for example, TF could be regarded as the

date at which a local dealer would next have that part in stock.

TFA is a variable representing dates of "speedier" repair service.
Again, using the machinery part example, speedier repair service
could be obtained by a "hurry up" order for the needed part.

T is an index of timeliness; it measures down-time avoided by
repairing at some TFA instead of at TF.

Several of these relationships can be summarized in the following diagram:

I I I I

0 Ts TB TFA TF t

The relationships may be summarized verbally as follows:

(9) states that the farmer's equipment will not break down until
after he starts to use it, and that the breakdown occurs
before all of the crop is harvested.

The relationships between the time variables are given by the following

equality and inequalities:

o <T (8)

TS<TB <Ts+H (9)

TB < TFA < TF (10)

t = TF - TFA (11)

o < T < TF - TB (12)



summarizes two relationships. First, it states that the

equipment will not be repaired until after it breaks down.

Second, it states that the date of "speedier service must

precede the date at which the equipment could have been re-
paired at minimum dollar outlay, but it must occur after the

equipment has broken down.

defines an index of timeliness as the difference between
the date the repair could be made at minimum outlay and
the date of speedier repairs. This index is the number

of hours of down-time avoided.

states that the number of hours of down-time avoided must
be between zero and the number of hours of down-time which

could be experienced.

The only argument of the output function which varies during the harvest

season is t. Since the output function gives an instantaneous rate of output

as a function of time, the integral of the output function over an interval

of time will give the bushels of crop harvested during that interval.

The following integral gives the bushels of crop harvested prior to the

breakdown:

Bushels of output harvested
before breakdown

(TB - Ts)

y(tY) dt

15

(13)

Since the timing of the repair has no effect on the quantity of output har-

vested prior to the breakdown, this portion of the harvest season need not

be considered when the timing of the repair is examined.

Equation (13) gives the number of bushels of crop harvested prior to

breakdown. Since is the number of hours required to harvest the entire

crop (from Equation (6)), the number of hours required to complete the harvest

is
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Suppose the farmer waits until T to have the repair made. Then the number of

bushels of crop which are harvested after the repair is made can be shown by:

Bushels of crop harvested
after repair is made at TF

A82 5
TFA +

SWE (TB - Ts)

)

SWEz= I y(tlY)--dt

FA

where Z is bushels of output.

By substituting TFA = TF - T, the above equation can be rewritten as:

A825 A825T -T+ (T T)
F SWE B S

SWE
y(tIY) -J dt

,(F +
SWE (TB - Ts)

y(tY) -- dt (17)

F-T

Z then can be written in general functional notation as:

z=

TF

Now suppose that, instead of waiting until TF, the farmer has the equip-

ment repaired at the earlier date, TFA. In this case, the number of bushels

of crop which are harvested after the repair is made can be shown by:

A825
FA

+
SWE (TB + Ts)

Bushels of crop harvested I SWE
after repair is made at TFA 1

y(t'1) -- dt

T,A

The difference between these two integrals (Equations (l4)and (15))

gives the increase in the total product attributable to speedier repairs.

A82 5
TF +

SWE (TB - T5)

SWE
y(tY) dt

TF

(14)

(15)

A82 5
TF +

SWE (TB - Ts)

SWEf y(tJY) dt (16)



Z = z(T, S, W, E, Y, A, Ts, TB, TF)

This function describes the output associated with various levels of timely

repairs, T. In the short-run situation, it has been argued that all of the

variables in the function except T are fixed. Therefore, it is argued that

Equation (18) can be treated as a short-run production function pertinent to

a decision-maker who has just experienced a breakdown in machinery.21 The

'product' being produced is an increase in output as a result of repairing the

machinery at TFA rather than TF. The timing of the repair, represented by T,

may be viewed, then, as an input in this production process.

Derivation of a Demand Curve for Timely Repairs (T)

In the Introduction to this study, the derivation of an input demand re-

lationship was presented. That derivation depended upon the price of the in-

put, the price of the output, and the marginal physical productivity of the

input. Since Equation (18) is a production function with only one variable

input, T, the same approach can be used to derive the demand relationship for

T. The marginal physical productivity of T is Z/BT, and using the earlier

definitions of r and p, the profit.-maximizing condition becomes

r = p (19)

Thus, Equation (19) describes the firm's short-run demand relationship for the

input: "timely repairs".

As discussed in Footnote (5), an alternative way to view the situation is to

look at

25A82 5
fB+SWE (TB_Ts) TB+T+ (TB_Ts)

WESWE
= y(tY)

825
dt

- T.1''

y(tY) dt

T
B B+T

where T would measure units of time after TB. The derivative, - , could

then be interpreted in a manner similar to that given in the next section.

17

(18)
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III. ANALYTICAL EXMIINATIOj OF THE UODEL

This section deals with two main topics. First, the nature of the yield

function is examined, and second, the demand curve for timely repairs is ex-

amined as parameters of the demand curve are changed.

Nature of the Yield Function

If the price of the input, T, is non-negative, the economically interest-

ing situation occurs when the use of the input, T, produces a positive quantity

of output, Z. Furthermore, if there is a cost associated with increments of

T, a profit-maximizing farmer would consider adding only quantities of T which

yielded values of Z greater than zero. These conditions are satisfied by the

production function, Equation (18), if Z/T is greater than zero when T is
10/

positive.-

SWE SWE
= y(TF - i] jY) --- y([TF - T + H - (TB - T5fl Y)

For Z/T to be greater than zero, the following inequality must hold:

y([TF - T] Y) > y(TF T + H - (TB Ts)] IY) (21)

Since Y is constant in this analysis,' the following substitution will be

made:

y1(t) = y(tY) (22)

where y1(t) is the general form of a yield function for a specific value of

Y. Using this new form, and substituting TF for [TF - T] (from Equation (11))

yields

y1(T) > + - (TB - Ts)) (23)

as the condition to be satisfied if Z/T is to be greater than zero. This

must be true for all possible values of TFA and [TFA + H - (TB - Ts)] given

by Equations (8) to (12).

(20)

10 /
From Equation (17) it can be seen that wheti T equals zero, Z will also be
zero. This means that the production function (Equation (19)) comes out
of the (T, Z) origin. Thus, if Z/BT > 0, the values of Z will always be
greater than zero for positive T.

11
See page 10 for determinants of Y.
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A condition such as Equation (23) leads to an examination of the possible

forms the yield function might have. To examine this question, all continuous,

differentiable functions with

Y1(t) > 0 for t > 0 (24)

can be separated into six mutually exclusive groups. Each group can be examined

to see if it satisfies Equation (23). The groups are:

Functions which are monotonically increasing

Functions whith. are monotonically decreasing

Functions which are constants

Functions with one local maximum and no local

minima

Functions with one local minimum and no local

maxima

Functions with one or more local maxima and

one or more local minima.

Examples of these groups are graphed in Figures 1 through 6. An examina-

tion of these groups-u' indicates that Equation (23) is always satisfied for

functions in Group 2, and for those functions in Group 4 meeting the constraint

> T, where T5 is the value of T5 for which the equation yi(Ts) = yi(Ts + H)

holds. It should be noted that this is the same condition as given in Equation

(30) below, which specifies the Ts for a profit_maximizing farmer. One situa-

tion which could occur in Group 4 would be that in which TFA and [TFA + H -

(TB - T5)] both occur on the falling portion of the function. Thus, for analy-

tical purposes, it can be argued that constrained functions with one local maximum

and no local minima (Group 4) can be viewed as summarizing Group 2 functions.

Thus, throughout the remainder of the study, the constrained functions with one

local maximum and no local minima are used. Additional support for this choice

of functional form comes from available empirical data on yield functions.

Yield Function Data for Grass Seeds

The number of sources of secondary data on yield functions is quite limited.

For a detailed discussion of the examination procedure, see Eiler [1970],

pages 19-25.
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Figures depicting examples of each of the six groups of yield functions.

y1(t)

Monotonically increasing

Constant

t

t

y1(t)

Figure 1 Figure 2

Mono tonically decreasing

Figure 3 Figure 4

One local maximum, no
local minima

Figure 5 Figure 6

t

t

t

y1(t) y1(t)

t

One local minimum, no One or more local minima and
local maxima one or more local maxima



One available study has examined the yield functions for several grass seeds

in the Willamette Valley of Oregon [Klein, 1967]. In this study the time of

harvest was varied, and the resulting effect on yield per acre was measured.

Figure 7 is a reproduction of the estimated yield function for orchard grass.

The yield function for the other grass seeds examined has the same general

form: one local maximum and no local minima. Thus, there appears to be empir-

ical support for this theoretically derived yield function - at least for

grass seeds.

A Profit-Maximizing Producer's Choice of Starting Date (Ts) When Facing a

Yield Function With One Local Maximum and No Local Minima

A profit-maximizing producer who sells outputs and buys inputs in compe-

titive markets, and who anticipates no breakdowns, will start his harvest on

the date which will give him maximum output. The date the farmer starts har-

vesting is Ts, and harvesting will end, if there are no breakdowns, on [T3 H].

The integral of the output function between Ts and [Ts + H] gives the bushels of

output harvested.

Ts + H

OP = I y(tIY) --- dt
SWE

T/
where OP is the total bushels of output harvested between Ts and [Ts + H].

The optimal starting date for the producer must satisfy both the first-

and second-order conditions for output maximization. These conditions are,

respectively.

3OP SWE

Ts - y.(T + iIY) ---

21

(25)

It should be noted that, as the starting date of harvest, Ts, varies, so does

the output. The date which maximizes the output is the starting date the
profit-maximizing producer chooses.

OP/BT3 = 0 (26)

2OP/BT < 0 (27)

Y(Ts
SWE (28)
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Figure 7. Yield Function for Orchard Grass (Klein, 1967, p. 17).



and the second-order condition requires that

SWESWE

2
= y (Ts + HIY) y'(TsIY) < 0

aT

i.e., that

SWE
[y (Ts + HIY) - y'(Ts!Y)] < 0

where

y' =

The first-order condition, Equation (30), states that the optimal T5 is

chosen such that the ordinate values at T5 and [T5 + H] are equal. In order

to satisfy the second-order condition, the slope of the yield function must

be greater at the critical T5 than at the critical [T5 + H]. For the yield

functions under consideration, those with one local maximum and no local minima,

the second-order condition is always satisfied, since when the first-order con-

dition is satisfied, the slope at the critical T is always positive and the

slope at the critical [Ts + H] is always negative.

The Demand Curve for an Input When the Quantity
Of It Is Limited (CIDC)

A firm's input demand curve relates prices of an input

of that input used by the firm at those particular prices.

competitive, profit-maximizing firm using only one variable

to the quantity

For a perfectly

input, the demand

13/
- It should be noted that for yield functions with one local maximum and no

local minima, satisfaction of Equation (30) is a necessary condition for
a positively sloped production function of Z with respect to the input,
timely repairs. Thus, profit maximization is a crucial assumption of
this model [Eiler, pages 17-27].

23

Setting this derivative equal to zero yields

SWE SWE
- (29)

(30)

y(Ts + HIY) y(TsIY) --

or

y(T5 + H(Y) = y(TsIY)
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curve for that input can be represented by the curve AB in Figure 8 for prices

between 0 and C. For prices above C, the demand curve is identical to the

vertical axis. The quantity of input used is dependent upon the price of the

input, the production function, and the product price.

However, what does the demand curve look like when there is some maximum

quantity of the input available to the firm? The Constrained Input Demand

Curve (hereafter CIDC) may differ from the traditional input demand curve

described above. Three cases may be used to examine the effect of an input

constraint on the demand curve. The cases are defined by the constraint's loca-

tion; i.e., by whether it lies in the first, second, or third stage of produc-

tion [Ferguson, 1966, pp. 122-123]. Treating Equation (18) as a production

function, and recognizing that Equation (12) determines the maximum quantity

of the "input", 't, one can see that the constraint may occur in any one of

these three stages. Each of these cases will be examined.

CASE 1:

The input constraint occurs in Stage I (for Stage I, the domain

of the variable input lies between zero and the point at which

the VAP-' curve is a maximum, i.e., 0 to J in Figure 8). At

a specific value for the constraint, say, G (this implies that

the firm may use any quantity of the input between 0 and G, but

the firm cannot use more than G), the CIDC becomes:

for prices between 0 and I, the quantity of Input
used by the firm is described by the curve GH.

for prices above I, the demand curve is coincidental
with the vertical axis.

CASE II:

The input constraint occurs in Stage II (for Stage II, the domain

of the variable input lies between the point at which the VAP curve

is a maximum and the point where the VMP15" curve is zero, i.e.,

14/ yAP stands for value of the average product.
15 / VMP stands for value of the marginal product.
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J to B in Figure 8). Using a specific value for the constraint, E,

(this implies the firm may use any quantity of the input between 0

and E, but the firm cannot use more than E), the CIDC becomes:

for prices between 0 and F, the quantity used by the firm
is described by the curve ED.

for prices between F and C, the quantity used by the firm
is described by the curve DA.

for prices above C, the demand curve is coincidental with
the vertical axis.

CASE III:

The input constraint occurs in Stage III (for Stage III, the

domain of the variable input lies to the right of the point at

which the '/MP curve is zero, I.e., to the right of B In Figure

8). In this case, the constraint does not affect the traditional

demand curve, since the constraint is greater than the maximum

quantity of input the firm would use at non-negative prices.

It can be seen from the examination of the CIDC that the nature of the

curve depends upon the level of the input constraint. When the quantity of

input is unconstrained, or the constraint occurs in Stage III, the CIDC be-

comes the traditional input demand curve)'

In the next section, factors affecting the CIDC for T are examined. In

addition, changes are made in the parameters of the model to determine the

effects on the CIDC for T.

Shifts in the CIDC for T

This section is devoted to an analytical examination of various determi-

nants of the CIDC (demand) for T. The ultimate purpose of this examination

Is the generation of testable hypotheses.

One could argue that the location of the constraint does not change the
input demand curve but, rather, determines what portion of it is relevant.
Either view would lead to hypotheses similar to those advanced in the next
section.
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The determinants of the CIDC for T are the variables of the VAP and VMP

curves. To this point these variables have been held constant in deriving

the CIDC for T. Now, some of the variables and relationships between variables

will be allowed to change so that their effect on the CIDC for T can be ex-

amined. To derive and describe what happens to the CIDC for T, four charac-

teristics of the CIDC will be used:

position of the constraint

position of the maximum of the VAP curve

height of the yAP curve

height of the VMP curve.

In order to simplify the derivations and exposition in this section, a

specific functional form of the yield function will be used. The yield func-

tion chosen is

ti-a
y1(t) = te a > 1

where a is the parameter for this family of functions.

This particular function was chosen because it satisfies the requirements of

having one local maximum and no local minima, and because it is relatively easy

to integrate. Figure 9 is a graph of Equation (33). This function comes out

of the origin, reaches a maximum at a, has a point of inflection at 2a, and is

asymptotic to the t axis.

Though the results of this section are deduced from a particular functional

form, it is believed that they can be generalized to other yield functions with

one lQcal maximum and no local minima. On substituting the yield function

Equation (33) into Equation (17), and on performing the integration operation,

the nroduction function' for Z becomes:

SWE

{

TF_T+H1TB_Ts) T:T
Z = ae (a+T_T+ll-(TB_TS)) +ae (a+TF_T)

TF+H_(TBTs) -

-a
(a+TF+i1_(TBTS))

_aea
(a+TF)
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a 3a 4a

Figure 9. Yield Function Used in Analysis.



From Equation (34) the value of the marginal and value of the average product

curves for T can be calculated. Denoting the price of the output by P, the

value of the marginal product of T is:

VMP
PE

_(TF_T+H_(TB_Ts))

VAP

T to fall in Stage I,

a producer in Stage I

increase the producer

m. For prices higher

TF_T+H_ (TB_TS) T_T

-a
+(TF_T)e

-a

]

The value of the average product of T is

P SWE

TF_'t+H_(TB_Ts)

=
825

[

ae (TF_T+H_(TB_TS)) -ae
-a

TF+H_(TB_TS)

-a
+ae

-a (a+TF+H_(TB_TS)) - ae

TF_T

-a
(a+TF-T)
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(35)

(36)

Figure 10 presents "standard" VAP and VMP curves):J Figures 11 to 13

use comparisons with this standard as a way of graphically presenting many of

the results of this section. It should be noted that the graphs are merely a

helpful tool in understanding economic relationships.

What Happens to the CIDC for T When the Price of the Output Changes?

An increase in the price of the output has no effect on either the position

of the constraint or the position (i.e., the value of T) at which the VAP curve

reaches a maximum. But an increase in the price of the output causes the

height of both the VAP and VMP curves to increase.

These results are indicated in Figure 11. The CIDC before the increase

in price is given by cbq (for prices above c, none of the input T will be

used). After the increase in price, the CIDC is feq (for prices above f, none

of the input T will be used). Since it is possible for the maximum value of

the curve nmh shows the effects of a price increase on

Suppose the maximum value of T is oh. Before the price

would purchase the quantity oh at any price between h and

than m, he would purchase no T. With the increase in

Specified parameter values of the output function were used to generate the

"standard" curve.

(a+TF)

11
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Figure 10. Standard yAP and VNP Curves.
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price, the producer will now buy the quantity oh at any price between h and

n, and he will purchase no T at prices greater than n.

For a decrease in the price of output, the opposite results will hold.

Thus, except for those situations in which he uses the same quantity (i.e.,

either zero or that dictated by the constraint), the producer may be expected

(other things equal) to purchase a greater quantity of the input T at every

price of T when the price of the output increases. That is, the higher (lower)

the price of his product, the greater (smaller) his demand for speedier re-

pair services. Thus, in years when grass seed prices, for example, are high,

one would expect to see a reduction in the average length of "down times" by

grass seed farmers (and a relative increase in the number of "rush orders"

experienced by suppliers of machinery parts and services).

How is the CIDC for T Affected by Changes in Crop Acreage?

Equations (6) and (30) indicate that the profit-maximizing producer will

change his starting date as his acreage changes. In order to examine how an

increase in acreage affects a profit-maximizing producer's demand for timely

repairs, it will be necessary first to exnnine the effects of a change in acre-

age on the optimal starting date, T. Equation (6) reveals that, as A increases,

H increases. As H increases, the T calculated from Equation (30) will de-
*

crease. Thus, as acreage increases, the optimal starting date, T5, becomes

smaller (the producer starts harvest earlier in the season). Since acreage
*

does affect T , this analysis will require that T (the starting date of har-

vest) is always equal to T (the optimal starting date).

The effect of A (acreage) on the four characteristics of the CIDC are

examined below:-'

1. Position of the constraint

The position of the constraint is determined by the maximum

possible T. The maximum T is given by (TF - TB). Since the

The more difficult derivations for the section are outlined in Eiler
[1970], pages 75-77.



change in acreage does not affect T or TB, the constraint

remains the same.

Position of the maximum VAP

The position of the maximum yAP, given that Ts = Ts, always

shifts to the right as acreage increases.

Height of the VAP curve

The change In the height of the yAP curve at any particular

t will be given by
I = T5

This derivative is always

positive for positive values of T. Thus, as acreage increases,
*

given Ts= T5, the yAP curve shifts up at every positive value

of T.

Height of the VMP curve

The change in the height of the VMP curve at any particular T

will be given by I T = Ts
This derivative is always

positive (except at H = 0, when the derivative will be zero).
*

Thus, as acreage increases, given that Ts = T5, the 'IMP curve

shifts up at every value of T.

These results are presented graphically in Figure 12. The CIDC before

the increase in acreage is given cbq (for prices above c, none of the input,

T, will be used). After the increase in acreage, the CIDC is feq (for prices

above f, none of the input, T, will be used). Since it is possible for a

producer to be constrained to operate in Stage I, the curve nmh shows the

effect of an acreage increase on a farmer in Stage I. Before the acreage

increase, the producer would purchase the quantity oh at any price between

h and in. For prices higher than in, he would purchase no T. With an increase

in acreage, the producer will now buy the quantity oh at any price between h

and n, and he will purchase no T at prices greater than n.

For two producers who are in identical circumstances except for their

acreage, the producer with the larger acreage will purchase a greater quantity

of the input T at every price of T than will the producer with the smaller

acreage. The only exception to this occurs when both producers use the same

35
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quantity of t (i.e., either zero or that dictated by the constraint). Thus,

if the probability of machinery breakdown is independent of farm size, one

would expect to see a greater number of "rush orders" delivered to suppliers of

machinery parts and services by large, say, grass seed growers-p-" than by

small grass seed growers. This suggests the further hypothesis that one

would expect to see a smaller average length of "down times" on farms charac-

terized by large acreage than would be the case on farms characterized by

small acreages.

This prediction, like all predictions, is subject to a number of qualifi-

cations. For example, the analysis fails to consider the propensity of pro-

ducers to maintain on-farm inventories of machinery parts and to hire laborers

trained to repair equipment. This may be a function of the probability of

breakdowns and, as such, would place the problem into an uncertainty framework.

How is the CIDC for T Affected by Changes in Equipment Capacity?

The model variables which measure equipment capacity are S, W, E, (speed,

width, efficiency). All three are positive, and an examination of Equation (4)

indicates that equipment capacity increases as any one of the three increases.

Since it does not matter which one of the three model variables is used to

examine the effects of an increase in equipment capacity, S has been arbitrarily

chosen. Equations (6) and (30) reveal that the profit-maximizing farmer will

change his starting date as his equipment capacity changes. In order to examine

how an increase in equipment capacity affects a profit-maximizing farmer's

CIDC for T, it will be necessary for the farmer's Ts to change. The farmer's

Ts will always be equal to the T5 appropriate to the various equipment capa-

cities. It should be noted that the effect of a change in equipment capacity

is the most complex relationship which will he examined. None of the other

variables which have been examined affects the output function, Equation (7).

However, S does affect the output function (as do W and E), and this complexity

This may manifest itself in the form of more extensive use of rapid delivery
service (air transport, for example) by producers growing grass seed on
large acreages. One may further conjecture that inventory level$ of machin-
ery parts held by suppliers would be higher in areas characterized by large
farms (as a "supply response" to the predicted phenomenon).



makes the analysis more difficult.

The effects of S on the four characteristics of the CIDC are examined

20 /
below

Position of the constraint

The position of the constraint is determined by the maximum

possible T. The maximum T is given by (TF - TB). Since a

change in S (equipment capacity) does not affect TF or TB,

the constraint remains the same.

Position of maximum VA?

The position of the maximum yAP, given T5 = T5, always shifts

to the left as S increases.

Height of the VAP curve

The change in the height of the VAP curve at any particular

t will be given by
'T = T

A positive value of

S T = T5
when evaluated at a particular value of T,

means that an increase in S will shift the VA? curve up at that

point.

VAP
Likewise, if = T is negative, this means that an

S S

increase in S will shift the VA? curve down at that point.

Since a change in S affects the harvesting function, the sign

of
T5 = T5

may be either positive or negative.

Height of the VMP curve

The change in the height of the VMP curve at any particular T

37

The more difficult derivations of this section are outlined in Eiler

[1970], pages 77-79.
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VMP
will be given by

Ts = Ts
The derivative,

aVMP * has the same ambiguities with respect
S Ts=Ts

to sign as did the VAP curve.

From the above direct analysis, only two things are clear about how S

(equipment capacity) affects the CIDC. The constraint remains unchanged and

the position of the maximum VAP shifts to the left. Thus, the analysis does

not present an unambiguous conclusion about the CIDC as S increases.

In order to obtain a better understanding of these complex relationships,

VAP * V1rp
it was decided to evaluate the expressions,

'T = T
and

s
= T5

at selected points.' S S

Figure 13 depicts an example of an increase in equipment capacity. The

CIDC before the increase in equipment capacity is given by cbq (for prices

above c, none of the input T will be used). After an increase in equipment

capacity, the CIDC is feq (for prices above f, none of the input T will be

used). Since it is possible for a producer to be constrained to Stage I, the

curve mnh shows the effects of an increase in capacity on a producer in Stage

I. Before the increase in equipment capacity, the producer would purchase

the quantity oh at any price between h and m. For prices higher than m, he

would purchase no T. With the increase in equipment capacity, the producer

The yield function, acreage, and the price of the output were held constant.
For each set of H, TB, and K values (where K is the maximum value of T,
i.e., K = TF - TB), the expressions were evaluated at 20 different values

of T, from zero to K. The yield function parameter used was a = 10. The
values of H, TB, and K used were:

H = 5, 10, 20; TB = 7.8, 10, 12; K = 5, 10, 25.

This gave 27 sets of H, TB, and K values. The values of H were chosen to

depict small, medium, and large harvesting capacities relative to the yield
function. The values of T were chosen to cover as wide a range as possible

and still be within the interval T5 to (T + H) for all the sets. The

values of K were chosen to depict short, medium, and long intervals between

TB and TF.
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now purchases the quantity oh at any price between h and n, and he will pur-

chase no T at prices greater than n.

Figure 13 represents only one of several possible shifts in the VAP and

VMP curves. The analytical results indicate that the "old' VNP curve and the

flnewU VMP curve may intersect. An intersection will occur if Point f is above

Point c. This leads to ambiguities as to what happens to the CIDC.

However, certain tentative conclusions about the effect of an increase in

equipment capacity for the CIDC for T can be drawn from the combined analytic

and numeric results. In general, for two farmers who are in identical circum-

stances except for equipment capacity, the farmer with the smaller equipment

will purchase a greater quantity of the input T at every price of T than the

producer with the larger equipment. The exceptions to this general conclusion

occur over a narrow range of T, when TB is less than a and TF is greater than

a. Over this range of T, the increase in the height of the output function

caused by the increase in equipment capacity causes the area between the limits

of integration to increase, even though the interval between the limits has

decreased.' Thus, in general, we would expect to find an inverse relationship

between equipment capacity Cs) and the demand for speedy repair services (T).

Notice that this hypothesis does not result from differences in the propensi-

ties of variously sized machines to break down. No such differences are

assumed. Rather, it stems from the conditions that, in general, the larger

the equipment capacity, the later the profit-maximizing starting date (T)

and the shorter the length of the harvest period (H). Since acreage and

equipment capacity have opposing effects on H, there is some intuitive appeal

to the finding that equipment capacity and the demand for T are inversely re-

lated.

IV. SU1NARY AND CONCLUSIONS

This study has attempted to provide a conceptual framework for the analy-

sis of the demand for services associated with the repair of farm machinery.

- The limits of integration referred to are those used in Equation (17).
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A model was constructed wherein a producer was assumed to have experienced a

breakdown of harvesting equipment during the harvest period. In such a situa-

tion, the producer may have several alternatives available to him regarding

repair of this machinery. These alternatives differ according to the speed

with which the repair is made, the direct cost of the repair, and the revenue

foregone during the period when the machinery cannot be operated. It was seen

that, from the point of view of the producer, the relationship between the

speed with which the repair service is made and revenues foregone during the

associated "down time" could be viewed as generating the producer's short-run

demand for timely repair services.

The model developed is necessarily complex, since It attempts to account

for several factors which would bear on this demand relationship. Using pro-

duction notions from neoclassical microecononiic theory, it postulates a single

product for which there exists a reasonable yield function, a technical

harvesting function, and It assumes profit-maximization on the part of the pro-

ducer to yield the resulting demand relationship. Testable hypotheses ema-

nating from the investigation are that the short-run demand for timely repair

services are directly related to acreage and to price of the product produced,

while being inversely related to equipment capacity.

A number of tests of these hypotheses suggest themselves. For a given

product (grass seed has been the example used in the study), one would expect

to observe, in a given population of producers facing identical supply conditions

for repair services, that those producers characterized by larger acreage would

demonstrate a greater use of speedy delivery service (rush orders by air delivery,

for example) than would be the case for those producers characterized by smaller

acreage. One may also expect to find the former producers with a larger inven-

tory of machinery parts. Another interesting hypothesis of the study is that

exactly the opposite predictions would be made if producers could be stratified

according to equipment capacity. That is, the larger the equipment capacity,

the less utilization of speedy delivery service (or maintenance of parts inven-

tories) one would expect to observe. Finally, a study of the relationships

over time would suggest that, as producers face rising prices for their product,
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one would expect to see a greater use of speedy delivery services, and larger

parts inventories in the hands of either dealers or producers.

A number of warnings are in order here. First, this analysis has ab-

stracted from uncertainty. One could legitimately argue that uncertainty about

weather conditions, labor supply, market conditions, etc., could preclude the

possibility that producers would behave according to the assumed profit-maximi-

zing behavior of the model. Certainly a more refined model would consider these

factors. Nonetheless, the authors feel that the testable hypotheses developed

are of such a nature that the additional considerations would not detract

appreciably from the predicted relationships.

One of the model assumptions is that the price of the output is constant

throughout the harvesting season. However, for many crops there is a varia-

tion in price during the harvest season (i.e., usually the early harvest brings

a higher price). This price variation can be introduced into the model by

multiplying the output function by a time-dependent price function. The result-

ing revenue function (it would give the instantaneous rate of total revenue in

dollars per hour) could be used in place of the output function.--'

It is also possible to modify the model to allow labor costs to vary during

the harvest season. This is done through the introduction of a cost function

which describes the instantaneous rate of labor costs in dollars per hour as a

function of T. By subtracting the cost function from the revenue function, a

net revenue function is obtained. This net revenue function could then be used

in place of the output function.

Though the model of this paper is non-stochastic, it does provide the

basic structure from which a stochastic simulation model could be built. With

The model of this paper used a constant price. It was introduced by multi-
plying the average and marginal productivities by the price of the output.
With the above modification, the price of the output is entered at an ear-
lier step in the derivation.
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a simulation model, it would be possible to examine the value of timely re-

pairs as it is affected by the degree of weather uncertainty and the probability

of breakdown. Also, uncertainty could be introduced with respect to the repair

dates.

The simulation approach would facilitate the extension of the model into

a longer-run analysis. Through the simulation approach, the effect of equip-

ment age on the probability of breakdown, and the resulting demand for timely

repairs, could be examined. The purchase of new equipment may be one way of

avoiding the need for timely machinery repairs.

Work on the supply side introduces difficulties not found on the demand

side. In this study it was possible to ignore the particular part which had

broken. The model was only concerned with the interruption itself, and not

with its cause. However, to supply a reduction in the length of the interval,

the particular part needed must be provided in a speedier way. Since the sup-

ply side is part-specific (whereas the demand side is not), the analysis must

include the identification of the needed part. One possible method of analy-

sis which could allow the building of a part-specific model is simulation.
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