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Chapter 6  Introduction 1o Production and Resource s

Businesses employ a wide variety of resources during the process of producing
a particular good or service, A wheat farm. for example, uses a different « om-
bination of resources than does a cotton gIn or a meat packing firm. Some
businesses use labor on a more seasonal basis than others do. And some busi-
nesses require more land when producing their product than others do.
Despite the major differences in resources used by certain types of busi-
nesses involved in the nation’s food and fiber industry, there are a number of
features associated with the use of resources by these businesses that can he
generalized. First, mputs can be grouped into several specific categories that

iw.

facilitare their :h‘srr‘ipt;un and analvsis. All these firms also share specific pro-
I T R £ e : e S tion faribs D
duction and cost IL].lH(lllhht[):\ that )I!)\](IE_III:_'{g}IIILf.HIKJI. for the cconomic
decisions made by a business, in luding the level ui__-:_ulplg_l_m__pl-,,;;_(hggr__n_u_d_rlu-

level of variable inputs to employ as it utilizes its current pre ductive capacity.
In this chapter, we will assume the existence of perfect competition. The

farm sector comes closer than any other sector of the cconomy to satisfying the
conditions of perfect competition. We will also focus initially on understand-
ing the effect that varying the use of a single input has upon the production of

a single product. Both of these assumptions will be reviewed in later chapters
when we examine multiple input choices, multiple product choices, and the
nature of decisions under imperfect competition, which exists in several sec-
tors of the food and fiber industrv.

The focus of this hapter is on introducing some important physical and
economic relationships, which will be bre adened in later chapters, A thorough
understanding of the concepis presented in this chapter is essential before
proceeding with the remaining chapters in this book.

B CONDITIONS FOR PERFECT COMPETITION

What does it take to have 2 perfectly competitive economic situation? Before
we discuss how economic decisions are made, let us look at the e onomniic en-
vironment in which they are made. An Input or product market structure can
be classified as perfectly competitive if the following conditions hold:

B The product sold by businesses in a sector_is homogeneous. In other
words, the product sold h\-'u_ni business i!«il_]l‘__‘!it__‘i\‘_“_l')jjj_[m('ﬁi[ the prod-
uct sold by thé other busine ses. This enables buyers in the market to
choosefrom a number of sellers.

® Any business can enter or leave the Sgtt)!'_‘ﬂﬂ]!!!i_l_f:Il('(':l_lll!{'rf!]p]_\‘('lit:!lh

bafriers for entry. Resources must be free to move into the sector without
encountering barriers (o entry (e.g., patents, licensing). The same condi
tion holds for resources leaving the sector.

® There must be a large numl| "ZLY-'L"E&;‘E_“L[i”’_i”_‘ﬂ‘__[.- No single seller

has a disproportionate influence on price; each is a price taker,

Perfect information must exist for .1|!_Ei[!r_u__l_JL!l'l_IH_i_r.:g;u.i.r.li;ag.iu_Ir €5, quan

tnes, qualines, sources of supply, and so on.
Rty al :

When all fou conditions hold, we can say market's structure is perfectly

rompeutve. Businesses that satisfy these conditions are also, by definition, pe;
tectly ompetitive. A perfectly oOmpetitive business is a price taker, or it ac cepls
the price of the product it receives in the product market oy pays in the imnput
15 ;i‘-f'l‘ A orn farmer IS & .__,r,r..-l l'\,il!ljjlt of a ['-f‘=‘r Cl ---1'-,;n'1i|-:|' I'he e are
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Competition is classified as
either perfect or imperfect,
Farmers and ranchers come
as close as any sector in the
economy of satisfying the
conditions for perfect
competition.
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inputs consist of land, labor,
capital, and management.
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thousands of corn producers that produce a homogeneous product (e.g., no. 2
yellow corn), each with equal access to corn market information, and each with
no ability to control the price of corn they receive, or the price they pay for fuel.

B CLASSIFICATION OF INPUTS

It is helpful to have some broad classifications in mind when discussing pro-
duction relationships. These classifications not only promote efficient com-
munication but also help to conduct economic analyses. Although not
uniformly accepted, classification of inputs into land, labor, capital, and man-
agement has proven useful.

Land

Land includes not only the land forms associated with the earth’s crust but also
resources such as minerals, forests, groundwater, and other resources given by
nature. Such resources are classified as either renewable (e.g., forests), or nonr-
enewable resources (e.g., minerals). An example of a key land input in farming
acgiﬁties is productive topsoil, which has many of the attributes of a nonre-
newable resource identified in Chapter 2,

Labor

Labor includes all labor services used in production with the exception of
managerial activities. In crop production, labor activities include seed bed
preparation, planting, irrigation, chemical applications, and harvesting. Labor
activities in a canning plant include receiving and grading of fruit and vegeta-
bles arriving from the field, blanching, inspection, canning, and warehousing.

Several combines picking and shelling corn demonstrate the combination of land,

capital, and labor to produce a raw agricultural product.
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Capital
The term capital takes on different meanings in different contexts. When us-
ing the term capital, a banker is referring to stockholders’ equity appearing on i
a bank’s balance sheet. In a discussion of input use in the context of produc- ;
tion, however, capital refers to manufactured goods such as fuel, chemicals,
tractors, trucks, and buildings that provide productive services to their users.!
A key aspect of capiral goods is that they do not provide consumer satis-
facton directly but rather aid in the production of other goods and services,
Nondurable capital inputs such as fuel and chemicals are entirely used up dur-
ing the current production period. Durable capital inputs such as machinery
and buildings, on the other hand, are utilized over a period of years,

Management

The final input category is management. Its functions are varied and are eas-
ier to conceptualize than to measure., Like the leader of an orchestra, farmers
and agribusinesses must make decisions as to how, when, and what 1o produce . Vs
when organizing their inputs, when and how to market the business’s outpu, MW
how large to grow, and how to finance business expansion. ’;:"')S

In this chapter, we abstract from most of management’s differences and « L/ /(

maximization.

B IMPORTANT ProbucTION RELATIONSHIPS

Several key relationships between the level of outputand the level of input use The relationship between
must be understood before we consider the prices of these inputs and out- , outputs and inputs is captured
puts. These relationships include the concept of a production function that M @ production function.
reflects this Input-output relationship and the concepts of marginal and aver-

age product. ) ¥ :
£ B

R

»

The Production Function " i

A production function characterizes the physical relationship between the é)

use of inputs and the level of output. Suppose you are a salesperson for a fer- [/14 4 L
tilizer company, and a farmer asks you 1o recommend the amount of fertil- . ‘/(ZW‘ .o /o 1
izer to apply per acre to maximize profit. Before you can recommend the %7/ /7 .

: quantity of fertilizer the farmer should apply, you must have some knowledge e F
of the physical relationship betwet?rliew the level of fertilizer use. I e
| the application of more fertilizer has no effect on crop yields, the answer is 2

' simple: a profitmaximizing farmer obviously should not apply any additional
fertilizer.

e

]Jargon often comes under attack by those outside a discipline of study. Far example, Edwin
Newman in Stn'ctly Speakz’ng, New York, 1980, Warner Books, has satirized the excessive use of
such language. Economics seems to be no better or worse than other disciplines. Indeed, in
most introductory classes, learning the jargon is an unportant portion of the course,
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Table 6.1 Production Relationship for TOP-AG, Inc.

(1) (2) (3) 4
Point Daily Daily Marginal Physical  Average Physical

on Labor  Qutput Product, Product,

Figure 6.1 Use Level A(2) = A1) - (2) = (1)
A 10.0 1.0 10
B 16.0 3.0 33 19
C 200 4.8 45 24
D 220 6.5 85 30
E 260 8.1 40 31
F 320 9.6 25 30
G 40.0 10.8 15 27
H 50.0 1.6 08 23
I 62.0 12.0 03 19
] 76.0 1.7 -.02 15

[n the general case, where there are n number of identifiable inputs, a pro-
duction function may be expressed as

output = f(quantity of input 1, quantity of input 2,
., quantity of input ) (6.1)

which, in words, simply states that the level of output is a function of (i.e., de-
pends on) how much of input 1, input 2, . . ., and input z you use. For exam-
ple, in an early 1880s agricultural setting, crop output was a function of the
services provided by labor, land, seed, a workhorse, a few basic implements,
and management.

A production function is a rule associating an output to given levels of the
inputs used. Output is measured in physical units such as bushels of wheat, gal-
lons of milk, cases of canned peas, ete.? If one input in a production is varied,
and all the other inputs are held fixed at their existing level, we can rewrite
Equation 6.1 as

output = [ (labor | capital, land, aid management) (6.2)

in which the bar separating the first input from all other inputs indicates that
only the first input is being varied and the other inputs are held fixed at exist-
ing levels.” This enables us to examine the relationship between labor and out-
put as opposed to the other inputs employed in the firm’s production process.

Column 2 in Table 6.1 reports the potential output levels the hypothetical
firm TOP-AG can achieve per day with specific levels of labor use. One input
(labor) is varied here, and all other inputs (capital, land, and management)
are held fixed at their current levels. Column 1 in Table 6.1 indicates the level
of daily labor use associated with the levels of output in column 2. For exam-
ple, if the daily use of labor is 10 hours a day, column 2 in Table 6.1 indicates
the level of output would be one unit.

? Another way of characterizing a production fimetion is to 1think of it us a cooking recipe. For
example. 1t takes a specific combination of mpts to bake a cake. Baking a cake requires flour,
eggs, water. and other ingredients. Ttalso requires labor 1o blend e mgredients wnd capiwal (i
the fornt of apoverr Gd energyt 16 bake the ingrediems.

FPhe tergis autput and fotad plssical puduct can ‘iﬁlnl Wil be ased snterchangesbly thronghom this

and sithse it chapiers.
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Total Physical Product Curve
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FIGURE 6.1  The marginal physical product curve for TOP-AG crosses the

horizontal axis (i.e, negative) when the total physical product curve has reached
its peak and begins to decline.

Total Physical Product Curve

If we were to connect this and other combinations of output and labor use re-
ported in columns 1 and 2 in Table 6.1, we would obtain the input-output re-
lationship known as the total physical product curve presented in F igure 6.1.
By reading along the X, or horizontal, axis to a particular input level, reading
up to the total physical product curve, and then reading over to the ¥ or ver-
tical, axis, you can determine the level of output associated with this input use.

The total physical product curve typically will initially increase at an in-
creasing rate, th eWate, and ﬁlwml
range of potential input use levels. These and other properties of the total

physical product ctirve can be better understood by calculating two additional
product curves. T -

Marginal Physical Product Curve

If a farmer adds another pound of fertilizer per acre, will corn yields in-
crease? If so, by how much? Or would more fertilizer “burn out” the crop
and cause yields to decline? Does the addition of an
grain elevator expand its output? These questions give
concept of marginal physical product.*

The marginal physical product for an input is the change in the level of
output associated with a change in the use of a particular input, where all other

other employee at a
rise to the important

e

ic . . . N ) »oxas . .

Some refer to marginal physical product as simply “marginal product.” We will follow the time-
honored tradition of using the word physical in our discussion, which makes it clear that the
units of measurement are i physical units rather than dellars.

The TPP curve shows the
relationship between output
and one input, holding other
inputs in the production
function constant.

i

1]

3!

i
i




The MPP curve shows the
change in output from the use
of another unit of one input,
holding other inputs in the
production function constant.

£ SR A

08 -

06 -

Marginal and average
physical product
o
i
1

0.2
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inputs used in the production process remain fixed at their existing levels.
Stated in equation form, the marginal physical product is equal to

A output

marginal physical product = & input (6.3)

in which the “A” sign stands for “change in.”

To illustrate the calculation and interpretation of the marginal physical
product, consider the data for TOP-AG in Table 6.1. There may be some con-
fusion regarding which level of output to associate with a marginal physical
product as you read this table. Why are the values in column 3 on a different
line than the other columns in this table? While the other columns represent
levels of activity, column 3 reflects changes in levels of activity.

For example, when the daily labor use at TOP-AG is increased from 10
hours to 16 hours, the marginal physical product would be 0.33 units of out-
put (i.e., 0.33 = [3.0 — 1.0] = [16.0 — 10.0]). Thus, if labor use is increased by
one hour, the business can complete assembling one-third of another spare
part. This value is listed between the rows associated with 10 and 16 hours of
labor and one and three units of output. If 20 hours of labor were used, the
marginal physical product would be 0.45 units of output (i.e., 0.45 = [4.8 —
3.0] = [20.0 — 16.0]) and so on. The marginal physical product curves for
TOP-AG are plotted in Figure 6.2.

An important relationship exists between the total and marginal physical
products. Thm use
of labor) is Wl to the marginal physical product. If the
change in labor use is very small, the marginal physical productis exactly equal
to the slope of the total physical product curve. In other words, the marginal

Marginal and Average Product Curves

Marginal
physical
product

Average
physical
product

0 —~
: : N
Stage | et Stage || -—————————— Stage Il
02 ! i ; ! I 1 i ! N
10 16 20 20 26 32 40 50 62 76

Labor use

FIGURE 6.2 The marginal physical product curve illustrates the change in output associated with a
change in labor input use by TOP-AG. The marginal physical product curve for labor falls below zero at
approximately 70 hours of labor use.
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I

Ph\'si("if |;m(|m'1 curve measures the rate of ~'h'.:t:;:r n nmlu}_lr_in response (o a
ché“g{‘ in the use of I:lh_m.

The marginal physical product curve takes certain twists and wrns as we
move along the total physical product curve. For t'.‘i;ll'l.'t[l!(‘, the marginal phys
ical prmlm'l curve cuts the average physical product from the top at aApproxi-
mately 30 hours of labor, where the total physical product curve in Figure 6.1
hpg;;ﬁ to increase at a decreasing rate.” A particularly important twist is that,
when the total physical product curve is decreasing, the marginal physical

product curve will ht'__?g_rg}_{{f:i'._‘i:}.ii-ﬁ can be seen in Table 6.1 at the point at
which TOP-AG increases its use of labor from 62 hours a day to 76 hours. Col-
umn 3 shows that the marginal physical product becomes negative at about 70
hours. The point at which the marginal physical product becomes negative
corresponds to the point where the total physical product curve begins to de
cline.” Remember the marginal physical product approximates the slope of
the total physical product curve. This characteristic will help us identify the ra-
tional range of production over the total physical product curve. This issue will
be addressed shortly when we discuss the stages of production.

Average Physical Product Curve

A final input-output relationship is the average physical product. The average
physical product is related 1o the level of output relative to the level of input
use instead of their incremental change. Stated in equation form,

) output
average physical product e
1”])1” (6.4)
In the context of our example, the average physical product represents the
output per hour of labor with all other input levels held constant
Column 4 in Table 6.1 presents the value of the average physical product for
labor use for TOP-AG. The average physical product is shown to rise as outpul
rises, but then falls as output expands at a decreasing rate. The average physical
3 i 5 f J
product curve for TOP-AG in Figure 6.2 is intercepted from above by the mar-
ginal physical product curve as output begins to increase at a decreasing rate.
A review of Table 6.1 and Figure 6.2 suggests the following conclusions:

a IJ"1ﬁ:-_r_n_;u_u_gjn_n_lﬂg_.a-_igd product curve is above the average physical prod-
uct curve, the average ___ _l_;_-.'_ii_l_-)ai_!l_l_ i__i'll_l\l‘__l!i_l_l_‘i] be rising.

B [fthe Tﬂ:llIL-[_ET-I.'l-f-})il\‘iit al product curve is below the ave age physical prod
uct curve, the average physical product curve must be falling.

B Pl e SO

I'he marginal physical product curve therefore cuts the average physical
product curve from above at that point where the average physical prod-

UCL curve read }!t“- IS maxirmum

The APP curve shows the
level of output from a level of
use of a specific input, holding
other inputs in the production
function constant.




Stage Il of production
represents the range of interest
to economists. Why stop in
stage |, and why produce in
stage 11?7
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Table 6.2 Stages of Production

Stage Usage of Labor Operate?
| Between 0 and 30 Yes
Il Between 30 and 70 Yes
i Greater than 70 No

We now have the three inputoutput relationships we need to evaluate
ranges of rational and irrational regions of production.

Stages of Production

To understand the production relationships illustrated in Table 6.1, you may
divide them into stages of production. Stage I is the point at which the mar-
ginal physical product lies above the average physical product curve. Stage Il
is the point at which input use begins at the end of stage I and continues until
the value of the marginal physical product becomes equal to zero. Stage Il is
the point at which input use lies to the right of stage II, or at which the mar-
ginal’ physical product is negative.

Returning to the example in Figure 6.2, the stages of production associated
with the use of labor by TOP-AG are outlined in Table 6.2. The irrational nature
of stage III under normal economic conditions can be easily explained. If input
is increased beyond 70 units of labor, output will fall. It is irrational to increase the
use of an input if it only leads to less output. Would you recommend that TOP-
AG increase its daily use of labor to 76 hours daily knowing that output would fall?

Electing to stop in stage I is also irrational, although it may be more diffi-
cult to see why. A good grade on your last examination (marginal physical
product) that raises your semester average (average physical product) is an ex-
ample of an outcome occurring during stage L. If you were permitted to take a
make-up test for the last examination and substitute this grade for your origi-
nal test score, you would likely take this make-up test only if you felt you could

. increase your semester average grade.

In the context of Table 6.1, look at the values in columns 3 and 4. A mar-
ginal physical product of 0.85 units per hour increases the average physical
product from 0.24 units to 0.30 units. And a marginal physical product of 0.40
units increases the average physical product from 0.30 units to 0.31 units. But
a lower marginal physical product of 0.25 units brings the average physical
product down to 0.30 units. The first two observations are in stage I, and the
third observation would occur in stage II.

Why should you stop producing if the output of your business is increas-
ing at an increasing rate? As long as the average physical product is rising, you
should expand input use. We will leave the presentation of the economic ra-
tionale for support of this argument for later in this chapter. At this point, we
recognize that stage II appears to hold primary interest for a firm that wishes
to maximize its profits.

Figure 6.2 shows-thra t the marginal eroduct of labor use is falling
throughout stage/II This phenomenon is so frequently observed that it is
called a law—the taw of diminishing marginal returns.: ‘This law states that

as successive units of a variable i inputare added toa pmdm tion process with

the other inputs held constant, the marginal physical product eventually
) venua

decreases.
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Lime (tons)

Theretore, in the region of greatest economic interest, we would expect to ob-
serve diminishing marginal physical product for variable inputs.

A realworld input-output relationship between lime and alfalfa estimated
by Free and Hall is illustrated in Figure 6.3. The total physical product curve il-
lustrated here contains only stage 11 and stage III of production. This curve
shows that, when lime is increased beyond three tons per acre, the total physi-
cal product curve actually begins to decline—evidence that stage III is present.
No rational farmer would want to increase the use of lime beyond this point,
which implies a “burning out” of the crop when too much lime is applied.

A farmer obviously would not knowingly apply lime to the point where
stage IIT occurs. If a farmer asked you to identify the application rate in stage
IT that makes the most economic sense, what would you advise this farmer? Do
you have all the information you need to provide the farmer an answer? The

answer is no. Although knowledge of the production relationshi iscussed
thus far is extremely important, we must alsojknow the costs of production

FIGURE 6.3  Input-output
refationship between lime and
alfalfa.

(Source: Hall H, Free W:- On
evaluating crop response to lime in the
Tennessee Valley Region, Southern
Journal of Agricultural Economics:
75-81, December 1979.)
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B ASSESSING SHORT-RUN BUSINESS COSTS

The total cost of production is the costs associated with the use of allinputs to
production. A business’s total costs in the short run can be divided into fixed
costs and variable costs. We learned that fixed costs are those costs that 7075t
vary with the Tevel of input use and that variable costs are those costs that do
vary with the level of input use. It is important to understand the measurement
of these and other concepts of cost and their relationship to the level of pro-
duction activity when making short-run economic decisions.

Two additional cost concepts related to the level of production that are ex-
tremely important to economic decision making are marginal costs and aver-
age costs. Each of these cost concepts, and how they are related to the total,

s s . . . . .
average, and marginal product curves, is addressed in this section.

Total Costs and the TPP Curve

Figure 6.1 shows that the toral physical product (TPP) curve typically first in-
Credses af an increasing rate. then increases at a decreasing rate, and finally

level of production. Fixed costs

, Variable costs vary with the
do not.
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Table 6.3 Short-Run Cost Schedule for TOP-AG, Inc, and Selected Cost Concepts

A

Point
on
Figure 6.1

—_—— O MmO m

(1)

Total
Qutput

1.0
3.0
48
6.5
81
9.6
10.8
116
120
17

(2)

Total
Fixed
Cost

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

(3) 4) (5) (6) (7) (8)
Average Average Average
Fixed Total Variable Total Marginal Total
Cost, Variable Cost, Cost, Cost, Cost,
(2) = (1) Cost 4= (2) + (4 Af6) = A(1)  (3) + (5)
100.00 50.00 50.00 150.00 150.00
33.33 80.00 2667 180.00 15.00 60.00
20.83 100.00 20.83 200.00 AL 41.67
15.38 110.00 16.92 210.00 5.88 32.31
12.35 130.00 16.05 230.00 12.50 28.40
1042 160.00 16.67 260.00 20.00 2708
926 200.00 18.52 300.00 3333 2778
8.62 250.00 21.55 350.00 62.50 30.17
8.33 310.00 25.83 410.00 150.00 34.17
8.55 380.00 32.48 480.00 n/a 41.03

decreases. In light of this curve, what do the total variable cost curve and total
fixed cost curve look like?

A complete cost schedule for our hypothetical business TOP-AG is presented
in Table 6.3. We have assumed that TOP-AG pays §5 per hour for labor and has
fixed costs of $100 per hour. This includes $75 of explicit costs and $25 of implicit
costs. No matter what happens to output in column 1, fixed costs in column 2 re-
main the same. The current property tax assessment owed by a business will be
the same whether it produces at its capacity or produces nothing at all.

Total variable costs per hour for our hypothetical business TOP-AG are
shown in column 4 of Table 6.3. Looking at both columns 1 and 4, we see that
when the level of output rises, the level of total variable costs rises. A factory
will need more labor and will incur more labor costs if management decides
to expand production.

Figure 6.44, graphically illustrates the nature of the total cost, total vari-
able cost, and total fixed cost series reported in Table 6.3. The total fixed cost
curve is parallel to the horizontal axis, thus illusirating its fixed nature when
output rises. The total variable cost curve, on the other hand, rises when the
lévqéT?)T“output rises. Ffﬁiﬂm—é—toml cost curve, which reflects both fixed and
variable ¢6sts; Tises when output rises. The constant gap between the total cost
curve and total variable cost curve when output rises is equal to %100, or the
level of fixed costs for our hypothetical business.

These total cost measures serve as the basis for average variable, average
fixed, and average total costs, and for marginal costs.

Average Costs and the APP Curve

The concept of average cost involves measuring costs per unit of output. or the
level of cost associated with the level of output. The concepts of total costs, fixed
costs, and variable costs discussed may be expressed in terms of average costs as

average
= total costs
totad : SRl
. output B
COSts .




Cost Relationships
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FIGURE 6.4 The cost relationships calculated for TOP-AG in Table 6.3 are plotted
above. Output levels Oy and Oy, illustrate that the marginal cost curve intersects the

average variable and average total cost curves at their minimum.
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To determine where in stage I
we should produce to maximize
profits, we need to study
average and marginal costs
associated with production.
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zl\’éragc total fixed costs
{IXCd == E"—T’t——*——
outpu
costs P (6.6)
ave'ragc total variable costs
variable = —————————
output
costs P (6.7)

Average fixed costs for TOP-AG are calculated in column 3 of Table 6.3.
Average variable costs for this business are calculated in column 5. Average to-
tal costs, which are equal to average fixed costs plus average variable costs, are
calculated in column 8 in Table 6.3. Figure 6.4B, illustrates the general nature
of these three short-run average cost curves. Average fixed costs decline over
the entire range of production because they do not vary with output. Average
variable costs, on the other hand, normally decrease up to a certain output
level and then increase when output expands further.

If you compare the average variable cost curve in Figure 6.4 with the APP
curve in Figure 6.2, you will see that these two curves are mirror images of each
other. Although the APP curve for TOP-AG is convex, its average variable cost
curve is concave. The maximum of the APP curve of 0.31 units in column 4 of
Table 6.1 is attained at 26 hours of daily labor use and 8.1 units of output. The
minimum of the average variable cost curve of $16.05 in column 5 of Table 6.3
was also attained at 8.1 units of output. The reason for this inverse relationship
is that, when output per unit of labor rises, average variable costs must neces-
sarily decline. (Review Equation 6.7 if this is unclear.)

Marginal Costs and the MPP Curve

Marginal cost is perhaps the most important_concept. Marginal cost is the
change in the business’s total costs per unit of change in output. Marginal cost

is measured as
A total cost

marginal cost =
A output (6.8)

in which A represents the change inna particular item (e.g., COStS, output). Mar-
ginal costalso represents the slope of the total cost and total variable cost curves.

The level of marginal costs for TOP-AG is calculated in column 7 of
Table 6.3. The marginal cost curve for this business is plotted in Figure 6.4, B.
Like average variable cost, marginal cost first falls and then rises. It cuts the av-
erage total cost and average variable cost curves at their minimums (see out
puts Oy and Oy, in Figure 6.4B).

B FcONOMICS OF SHORT-RUN DECISIONS

Now that we have gained an understanding ot the physical aspects and cost as-

pects of production, the next logical issue is to determine the level of output
and input use that will maximize the businesss carreit economic profits Be-

Yhe “BET and S subseripts reter o the drrakenn aud sheeidoes Jevels of auprn. These Tevels
af onepat witd ke o sprecial sigmificanes hner in this« fapter when we exigmne frow rhanging

syarker price fevels aftect the tevel o crapnt desired by muf]lmu\n‘.li/iug Brisinesses.
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fore we can do this, however, we must disc uss two additional revenue concepts,
marginal revenue and average revenue.

Marginal and Average Revenue

In the last section, we discussed the calculation of marginal and average costs

of production. They have their counterpart on the revenue side. The change
in total revenue is called marginal revenue and it re

presents the change in rev-

enue [rom producing more output, or

marginal revenue = A total revenue + A output (6.9

which, under perfect competition, will also be equal to the per unit sales price
of the product (price per bushel, per ton, per pound, etc.) for the business's
pranut'!_,H

If TOP-AG increased its production from 11.6 units per hour to 12 units
per hour, its total revenue would increase from $522 an hour (i.e., 11.6 units
of output multiplied by a product price of $45 per unit) to $540.

If TOP-AG e¢xpands its output from 11.6 units to 12 units per hour, its mar-
ginal revenue would be equal to

marginal revenue = ($540 — $522) + (12.0 - 11.6)
= $18 + 0.40 units of output
= $45 y
(6.10)
which is identical to the $45 market price assumed for TOP-AG's product.
The lm;;ﬂ)_i_:ﬂjﬂ’irgge_revenu_gr_ul_kﬁt_;_thv_ revenue per unit of output the
business receives for its product, or

average revenue = total revenue = output (6.11)

which simply represents another way of looking at the price of the product. If
TOP-AG produced 12 units of output an hour and received $45 for each unit
it produced, its total revenue would be $540 per hour. TOP-AG's average rev-
enue under these circumstances would be

average revenue = $540 + 12 units of output

= $45 (6.12)

which is identical to the market price this business receives when it sells its prod-
uctin the marketplace and to the marginal revenue calculated in Equation 6.10.
The marginal revenue and average revenue curves under conditions of perfect
tompetition assumed in this chapter will be per tectly flat, which we will illustrate
shortly. This reflects the notion that a business is a price taker; nothing it does will
change the price received for its output. In the example presented above., the in-
lercept of these two curves on the verti al, or ¥, axis would be $45

Level of OQutput: MC = MR ) 7 = 1

Expansion of the business’s variable input use in the current period is profitable
at the margin, or as long as the marginal revenue exceeds the marginal cost. A
: : st TEVE 245 :

business should not increase the use of an input if marginal cost exceeds

121

The marginal revenue
under conditions of perfect
competition is the price the
producer receives from the
market.
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Table 6.4 Determination of TOP-AG’s Profit-Maximizing Level of Output

(1
Pomt
on Total
Figure 6.1 Output

A 1.0

B 3.0

C 4.8
D 6.5

E 81
F 9.6

G 108
H 11.6
I 12.0

J 11.7

(2) (3) 4) (5) (6) {7)
Market Total Economic Marginal Marginal
Product Revenue, Total ' Profit, Cost, Revenue,

Price (1) < (2) Costs (3) — (4 Al4) = A[1) A3) = A1)
$45.00 $45.00 $150.00 -$105.00

45.00 135.00 180.00 —45.00 $15.00 $45.00

45.00 216.00 200.00 16.00 1111 45.00

45.00 292.50 210.00 82.50 5.88 45.00

45.00 364.50 230.00 134.50 12.50 45.00

45.00 432.00 260.00 172.00 20.00 45.00

45.00 486.00 300.00 186.00 33.33 45.00

45.00 522.00 350.00 172.00 62.50 45.00

45.00 540.00 410.00 130.00 150.00 45.00

45.00 526.50 480.00 46.50 n/a n/a

Profit from production is
maximized when the firm
operates where marginal cost
is equal to marginal revenue.

marginal revenue, or the change in cost of purchasing additional inputs is greater
than the revenue the business would receive from their use. Furthermore, as long
as a higher profitis preferred over a smaller profit, a business should not stop ex-
panding production if marginal revenue exceeds marginal cost.

This logic leads to the following economic strategy, under conditions of per-
fect competition in the short run, in th at which

marginal revenue = marginal cost (6.13)

or to the point at which the marginal revenue from the sale of another unit of
output equals the marginal cost of producing this unit. ’

Let us expand our discussion of TOP-AG developed in Tables 6.1 and 6.3
to determine its profit-maximizing level of output. Rows Fand G of Table 6.4
suggest that when TOP-AG expands its production from 9.6 units of output to
10.8 units of output, the business will achieve an economic profit of $186 per
hour. TOP-AG’s total revenue would be $486 per hour, while its total costs
would be $300 per hour. The entry in column 5 of row G of $186 is the largest
entry in this column, which suggests that profit is maximized at 10.8 units of
output. Is it?

It is very important that you understand the economic rationale underly-
ing the profitmaximizing level of output. If TOP-AG expanded its output to
11.6 units of output, the business’s economic profit would fall from $186 to
$172 an hour (see row H in Table 6.4). Obviously, TOP-AG’s management
would not wish to expand its operations in the current period if its goal 1s to

maximize profits.

As TOP-AG expanded its output from 9.6 units of output to 10.8 units, its
marginal cost was $33.:33 as shown in column 6, and its marginal revenue was
$45 as shown in column 7. The net benefits from this expansion are positive.
But if TOP-AG further expands its operations from 10.8 units per hour to 11.6
units, the marginal cost of doing so would be $62.50 as compared with a mar-
ginal revenue of only $45. The level of output that maximizes profit, or the
point at which the marginal revenue associated with the expansion just equals
the marginal cost assoctiated with the expansion, occurs when marginal cost
cquals $45. This will occur sonnewhere between rows Gand H, or between 10.8
and | 1.6 units of output as shown in Figure 6.5
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FIGURE 6.5 We can determine graphically what Table 6.4 could only hint at given the levels of :
production studied in that table. Given the MC = MR criterion expressed in Equation 6.13 for profit " :
maximization, we see that profits would be maximized at Ouax or slightly more than 11 units of output

per hour. O |

| ax /D/C)A/ 0. i
Reviewing Figure 6.5, we see that the marginal revenue curve is perfectly 2 hleat o ClEE
flat, reflecting the fact that this business is a price taker. The business thinks: ,',/L{ — Q?@
that the level of its production is small enough not to have a percepti 5

pact on the market price. Because we have assumed the presenee of perfect i e S :
competition in this chapter, the marginal revenue curye-also reflects the aver- A
age revenue. The intersection of this marginal nue curve and the marginal
cost curve indicates that output Oy,y, ightly more than 11 units of output,
would maximize TOP-AG’s profis:

Two additional ou evels deserve special mention here—the break- The level of profit is equal to F
even level of production and the shutdown level of production. If the marginal , the level of output multiplied by l

average profit, or the

revenue/curve falls in a parallel fashion to the point where it is just tangent with
the nli;l(mum point ¢ €rage total cost curve, the business’s av ge 1o-
tal costs will beeXactly equal to its average reventue. Thebusiness would be able
o meet both its fixed and variable costs-of production with the revenue it re-
cetved during the cirrent period,,ﬁ% breakeven.

difference between price and
average total cost.

bread e,

If the mar evenue curve were to-fakh Tagant in a parallel fash- ﬂO‘ s # i
1on}) o the pointat which it 18 just tangent to the minimum pointon TOP-AG’s 3

average variable cost curve, TOP-AG would be Just able to cover its variable
costs but none of its fixed costs. Further declines in margimal revenue would
Cause the business to cease operations in the current period. TOP-AG could
no longer pay its fuel bill, meet its hired labor pavroll, or pay other expenses
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Marginal value product or
MVP represents the additional
revenue earned from
employing another unit of
input. Marginal input cost or
MIC is the cost of using that
additional unit of input.

Part 3 Business Behavior and Market Equilibrium

that vary with the level of production. Either the fuel supplier will stop mak-
ing deliveries, hired workers will leave, or other factors critical to production
will be curtailed. Thus, output level Ogp, represents the shutdown level of pro-
duction;and the minimum point on TOP-AG’s effective marginal cost curve,
& supply crve. '

(Finally, the Tevel of economic profits in Figure 6.5 is equal to the shaded
fectangle formed by the difference between TOP-AG’s average revenue and
average total cost per unit at output Ouyax, or $45 minus approximately $28,
multiplied by the quantity of output at Oy,x, ot approximately 11.1 units.
The level of economic profit here would be approximately $189 (i.e.,

[$45 — $28] x 11.1).

Level of Resource Use: MVP = MIC

Now that we have determined the level of output at which a business should
operate if its management wishes to maximize its profit, we must next deter-
mine what this means for the level of resource use. In the single variable input
case, such as in our labor example for TOP-AG in Table 6.1, this is a relatively
simple’ process. If you have determined the proﬁt—maximizing level of output,
you simply go to column 2 and read over to column 1 and observe the level of
input use associated with this output.

An alternative approach to determining profit-maximizing input demands
Whe marginal benefit for a given level of input use with the
marginal input cost, Because revenue is equal to the product price times out-
put, it is clear that the marginal benefit from input use is equal to the change
in total revenue per unit change in the input. This marginal benefit is called
the marginal value product, and for labor is equal to

marginal value
product for = MVPyp, = MPP,,,,,, X product price
labor (6.14)

The optimum, or proﬁt—maximizing, level of input use occurs when the mar-
ginal value product equals the marginal input cost. For the case of labor, the
optimal level of labor use is given by

MVP,,,. = wage rate (6.15)

If additional labor were employed beyond this point, the marginal cost (i.e.,
the wage rate} would exceed the marginal benefits (i.e., the marginal value
product for labor).

Let us illustrate the determination of the profitmaximizing level of input
use by applying Equation 6.15 to the information presented in Table 6.5. This
table illustrates that the price of T OP-AG’s product is $45 per unit and the cost
of labor is equal to $5 per hour. Multiplying the marginal physical product in
column 2 by $45 gives us the marginal value product reported in column 3. or
the marginal benefit from adding another hour of labor.

Column 4 in Table 6.5 indicates that TOP-AG is a price taker in the labor
market because its increased use of labor had no effect on hourly wage rates.
The contribution to profit (marginal net benefit) is reported in column 5. This
value is found by subtracting the marginal costin column 4 from the marginal
benefit reported in column 3.

The information in Table 6.5 illustrates that TOP-AG should use shightly
more than 40 hours of labor. The wage rate in column 4 would equal the mar-
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Table 6.5

Determination of TOP-AG’s Profit-Maximizing Level of Labor Use
(3) (#
Marginal
\alue
Product,

Point Marginal
on Physical
. Figure 6.6 Product®

Wage
{2) < S$45 Rate

(5)

Marginal

Net
Benefit,
(3) — (4)

(6) i

Cumulative
Net
Benefit

B 16 33 514.85 5.00 $9.85 9.85
C 20 45 20.25 5.00 15.25 2510 1
D 22 85 38.25 5.00 33.25 58.35 ‘
E 26 40 18.00 5.00 13.00 71.35
I 32 25 11.25 5.00 25 7760
G 40 15 6.75 5.00 79.35
H 50 08 3.60 5.00 7795 1
I 6?2 03 1.35 5.00 74.30 :
] 76 -.02 —.90 - i
|
*Column 3 in Table 6.1 -
Profit-Maximizing Level of Labor Use i

40 [ D

[
— I,'I / (s -

Marginal value
product

20
@ B
L
[5]
()
10 G
Wage rate
H l
O_______ — . e — — — — S— S ~ —
J
10
10 16 20 22 26 32 40 50 62 B

Labor use

IGURE 6.6

the short run occurs at the point at which the marginal value product of labor equals

Equation 6,15 indicates that the profit-maximizing level of inpul use in

the marginal input cost In the case of TOP-AG, we see that this occurs al ipproximately

t1 hours of labor per day if the wage rate is $5 an hour or at quantity [,

ginal value product of using additional labor in column 9. I labor were ex

panded to 50 hours, the cumulative net berne fit in column 6 would be declinin y
li.r '1!.|-':_\I-".!:I ]
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Part 3 Business Behavior and Market Equilibrium

by a fixed product price, the marginal value product curve looks very much
like a marginal physical product curve. As Table 6.5 suggests, the labor use that
maximizes profits is about 41 hours, the point at which the marginal value
product curve intersects the marginal input cost curve.

The analysis presented in Table 6.5 and Figure 6.6 can be extended to other
inputs. It represents a general way of characterizing the profitmaximizing level
of input use. Profit maximization requires that the marginal value product {mar-
ginal benetit) of each variable input equals its marginal input cost simultaneously.

B WHAT LIES AHEAD?

The focus of this chapter was on the economic decisions faced by a business in
the short-run or current period. We looked at the effects that varying the use
of one input (hired labor) would have on output and the business’s costs of
production. This chapter determined the profitmaximizing level of output in
the short run and the profitmaximizing use of a variable input.

Chapter 7 will broaden the focus of the business’s decisions by examining
the determination of the least-cost combination of variable inputs in the short
run and the optimal expansion path for labor and capital over the long run.
This chapter will also address the profitmaximizing combination of products

to produce.

The purpose of thss chapter was to |llustrate the various physmal relatxonshlps that exi
between inputs and outputs with which a gricultural economists must be familiar. The ma-
jor points of this chapter may be summarized as follows: Xy

1. Farm inputs can be classified into land, labor, capital, and management.

2. A production function captures the causal physical relationship between input use
and the level of output.
3. The total physical product reflects the level of output of a given level of input use.
Marginal physical product represents the change in the level of output associated
with a change in the use of a particular input. Finally, average physical product re-
flects the level of output per unit of input use. In each case, all other inputs are held
fixed. The value of the marginal physical product represents the slope of the total
physical product curve. No rational farmer would want to produce beyond the poirnt
at which the marginal physical prodtict equals zero, because further input use would
cause the level of output to fall.
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4.

10.

There are three stages of production:

® Stage lis the point at which the marginal physical product curve for a particu-

- lar input is rising but still lies above the average physical product curve.

. ® Stage lifis the point at which stage Il left off, or where the fotal physical prod-
~ uct curve begins to decline and the marginal physical product curve becomes

‘negative. -

- The law of diminishing marginal returns states that as the use of an input increases,

its marginal physical product will eventually fall. ,

Marginal cost is the change in total cost with respect to a change in output. Average
costis total cost divided by total output. Fixed costs are those costs that do not vary
with output. ‘ ot

The profit-maximizing level of output occurs in the short run at'the output level at
which MC = MR. The competitive business takes the market price (MR) as given by
the marketplace and makes its production decisions by equating MC = MR.

- The profit-maximizing level of input use occurs in the short run at the input level at

which MVP = MIC. The competitive business takes the per unit price of the variable
input (MIC) as given by the marketplace and makes its purchasing decisions by
equating MVP = MIC.

. The business will break even (TR = TC) in the short run at the output level where the

price the business receives for its product falls to the point at which AR = ATC, or
where average profit per unit of output is zero. The business may continue to oper-
ate in the short run if AR < ATC, because it can minimize its losses (e, cover at least
some of its fixed costs).

The business will cease operations, or shut down, in the short run if the price the
business receives for its product falls to the point at which AR < AVC. When this oc-
curs, the business will no longer be able to cover its variable costs of production (e.g,
pay its fuel bill) and will be unable to acquire additional inputs.

e Averagecost B R "k‘lk.fawtofidiniinikshihg mar- Shutdown

Average fixed costs’ ginal returns Total costs

Average physical product Marginal cost Total fixed cost
Average revenue Marginal input cost Total physical product
Average total costs Marginal physical curve

Average variable costs product Total revenue
Breakeven Marginal revenue Total variable cost
Fixed costs Marginal value product Variable costs
Impertect competition Perfect competition

Stage Il is the point at which the marginal physical product equals lhefﬁ\feraga :
- physical product and continues u_ntijalhe~r‘n‘a:r'g‘i_nai’jphys'iyca¥‘pmdyclffur thein-~
- . putin.question reaches zero, -~ . - A e S R




Part 3 Business Behavior and Market Equilibrium

Testing Your Economic Quotient

Please |mert fhe approprldie Iabelt; in fhc blanks in ihe graph be[ow ‘[xamln{, the ;
- graph carefully o note all labels. Then dearly indicate below the graph the partr(u—f 3 el
lar sngmﬁcance of pomt/i pomt B and pomt C : o -

Dollars

Quantity

2. The following graph presents selected cost functions for a typical firm. The dashed
lines are inserted for easy reference to give you the corresponding values on the dol-
lar and quantity axes. Please answer the following questions based on this graph.

Dollars

3.00

100 135150 185 200

1 160
o 130145 Quantity

i
W
3

|

a. Ata price of $7, what would be the level of fixed costs that would be covered by
the firm? Show all prices, quantities, and the method of calculation (ie, what is
the dollar amount of the fixed costs that are covered?).
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I

b. What is the level of the break-even price?
e _The shutdown price? .

~ T:khfe,break—c\,renquantity?
~ The shuldown quantity?

€ Ataprice of $6 and assuming that the firm is a profit maximizer, what would be
- the level of fixed costs that would be covered by the firm? What is the total level .
- offixed costs for the profit ma)ﬂ(imizmg;quahtiiy?f5h‘owiall?pn"CeS, quantities,and =~
the method of calculation (i.e, what is the dollar amount of the fixed costs that
e areicoventdn), S s el e G sl S S e Sl
- d. Whatwould the level of production and profits for this firm be if the price of the -
' product were $4 per unit? VR i S G
3. The partial table is for a firm operating in a perfectly competitive market. Please com-
plete the table and answer the following questions based on the answers that you
provide in the table. ] ‘

n I-C 3
XX | 80 | 12000 XX || ‘ XXXX
25 900

45

Lk

In the preceding example, would the profit-maximizing level of output be less
than 20 units, between 20 and 30 units, between 30 and 40 units, or greater than 40
units? Why? (You might find it helpful to include a graph with your explanation)
Define the point where firms maximize profits? .+
Define the shutdown point of a perfectly competitive firm.

Define the break-even point of a perfectly competitive firm.
Define the supply curve of a perfectly competitive firm.

—150

NS

$

10

75 100 150
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vanabte cost, lotal’ ost, tota[ vanable cost, and proﬁt (loss) at thaq pnln{? , S
9. Find the break-even pomt What is the quantity produced, average total cost, aver-
age variable cost; total cost, total variable cost, and profit (loss) at this posnt‘
10. 1f MR = 10, then what is the quantity produced, average | total cost, average varlable: :
. cost total cost, fotal variable cost, and profit (joss) at this pomt7 S
~Define in words. and write the formula for TFC, TC, TVC, MC AVC ATC and AF( =
There miay be more than one formula for each one. SRt
Fillin the missing cells. Assume the firm operates in a perfectly. competrhve enwron~ hyl e
~ment in both the input and output markets. Calculate the proﬁt (loss) when the f rmly i3
 receives $0.40 for the product 50

nnmm *
S ST ST R | SR
7s[65 o4 |
g0 |7 375
9 | 150

13. List four conditions for perfect competition.

a.
b.
c
d
14. The following information pertains to a production schedule for sorghum from a
west Texas farm.
Sorghum
Fertilizer Yield Stage of
(Pounds) (Tons) MPP APP Production
4 ¥ 40 68 -
4 75 125

a. Which input is the variable input?
b. Which input is the fixed input?
c. Fill in the blanks in the table.

15. Complete the following table:

O I LI

T12>i~f
40 L0

{ 3 . 4 | R R




