Followipg the oil price shock of 1979 there was a world-wide slump in
producnon_. In 1980 UK production of new cars was only half its 1972 Jey
The slump in _thc United States in 1980 and 1981 was even more dramatic Tlc,
largest American manufacturer, General Motors, which trades in El;r ‘
under the brand names Vauxhall and Opel, registered a loss of $567 mill;
bcman July and September of 1980 alone. o
Unlike some European car manufacturers, such as The Rover Groy
General Motors is a private company without any state finance. Yet dcspii‘
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such enormous losses, GM planned to stay in the
motor car business. In 1982 workers agreed 1o
!ower wages and the firm announced plans to
introduce robots to reduce costs further. The
management remained confident of the com,
pany’s long-run position.

This example raises several questions which
are analysed in this chapter. First, under whar
conditions will a firm decide to close down
Second, what is the relation between the choice
of production technique - for example, the uge
of robots - and the firm’s costs of production?
Similarly, how do changes in wages affect costs
and production methods?

To answer these questions, we extend the
analysis of the firm’s output decision begun in
Chapter 6. Starting from the simple idea of Figure
7-1(a), the interaction of production costs and
revenues, we constructed a simple theory of sup-
plybased onthe relation berween marginal revenue
and marginal cost, as illustrated in Figure 7-1(b).

How does this apply to General Motors in
1980-81? Since GM decided to produce 14
million cars between July and September 1980, it must have concluded that it
would lose even more money if it produced zero; and it certainly decided that
it was better to stay in business than to close down for good.

In this chapter we develop the analysis that explains these decisions. To do
so, we distinguish between the shorz-run and the long-run output decisions of
firms. No firm will stay in business if it expects to make losses for ever. GM
must have regarded its 1980-81 losses as temporary or short-run. In this
chapter we show how and why cost curves differ in the short run, when the
firm cannot fully react to changes in conditions, and the long run in which the
firm can fully adjust to changes in demand or cost conditions,

In facr, we have to consider the short-run and long-run versions of three
different cost curves: total cost; marginal cost, which of course can be derived
from changes in total cost; and average cost, or total cost divided by total
output. As we shall see, average cost is relevant to the decision of whether or
not to stay in business.
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depends on the revenues it receives from sales of its product and on costs of

e ction. (b) shows the details that were filled in in C_hamu 6. The firm chooses the

atput level at which marginal revenue is equal to margmal_coa. It has to check at that
.t whether profits are positive. If not, it checks whether it could reduce losses by not

,,,ducing.
Costs qf Revenues
production
Costs Revenues

. inal Demand curve facing
Total Marginal Margina the firm (prices at
cost cost jevenue which the firm can sell
curve curve curve each level of output)

Figure 7-2 summarizes the material of this
chapter. Comparing it with Figure 7-1(b), the new
material shown in blue is all on the cost side of
the diagram. Because there are so many different
cost curves, you may find all this confusing at first.
It will be useful to keep checking back to Figure

! 7-2. Wesstartat the left of Figure 7-2 by introducing
* the production function, which describes the

firm’s technology.

7-1 INPUTS AND OUTPUT

An input (or factor of production) is any

good or service used to produce output.

The firm’s inputs include labour, machinery,
buildings, raw materials, and energy. The
term ‘input’ covers everything from senior man-
agement to bandages used in the firm’s first-aid
room.

The firm uses these inputs to produce output.
Suppose our firm uses inputs to make snarks. This
is an engineering and management problem. The
recipe for making snarks is largely outside the field
of economics and is a matter of technology and
on-the-job experience. The economist takes the
recipe as given, subject to one important qualifi-
cation: no waste. We explain this qualification in
discussing the production function.
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7- irst, short- and long-run cost curves and output decisions are carefully
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lowest cost way of producing each level of output, given the technology available to it and
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The Production Function

The production function specifies the maxi-
mum output that can be produced from any
given amount of inputs.
The production function summarizes the techni-
cally efficient methods of combining inputs to
produce output. A production method is techni-
cally inefficient if, to produce a given output, it
uses more of some inputs and no less of other
inputs than some other method that could make
the same output. Since profit-maximizing firms
will not be interested in wasteful or inefficient
production methods, we can restrict our attention
to those thar are technically efficient.
For example, method A produces 1 snark from
2 hours of labour and 1 hour of machine time.
Method B produces 1 snark from 2 hours of
labour and 2 hours of machine time. Method B is
less efficient than method A since it uses more
machine time but the same amount of labour to
produce the same output as method A. Method B
is not one of the production methods summarized
in the production function,

Table 7-1 summarizes the technically efficien
production techniques listed by the production
function. The first two rows of the table show two
different ways to produce 100 snarks: the firm can
use 4 machines and 4 workers, or 2 machines ang
6 workers. Beginning from the latter, the third row
showsthe effect of addingan extraworker. Output
rises 6 snarks per week. The last row shows that
doubling both the inputs in the second row also
doubles the output, though this need not necessar-
ily be so. For example, overcrowding a small
factory can slow people down.

Table 7-1 could be enlarged to include other
combinations of labour and capital thar are also
technically efficient. How does the firm discover
its production function, the complete set of
technically efficient production techniques? In
part, it will ask its engineers, designers, and time-
and-motion experts. In part, it may experiment
with different techniques and observe the results.
Fortunately, the firm does not need to know its
complete set of options in detail. If labour is very
expensive relative to other inputs, techniques that
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(ABLE 7-1 [
g PRODUCTION FUNCTION GIVES THE
UT LEVELS PRODUCED BY DIFFERENT
QUANTITIES OF INPUTS

QUTPUT CAPITAL LABOUR
L INPUT INPUT
(,Mfks/wk) (no. of machines*) (no. of workers*)
4 4
" 2 6
106 2 1;
200 4

+Machines and labour are each used 40 hours per week.

T i) B e S

are very labour-intensive are unlikely to be cost-
minimizing and will be disregarded. The firm can
then pay more attention to discovering the
complete set of techniques that use relatively little
labour.

Before turning to a detailed analysis of this
choice of technique, we summarize the terms we
have used so far. A technique is a particular
method of combining inputs to make output.
Technology is the list of all known techniques.
Theproduction function s the list of all techniques
that are technically efficient. By technical progress
economists mean an invention or improvement in
organization that allows a given output to be
produced with fewer inputs than before. A
technique that used to be technically efficient has
been rendered inefficient by the technical advance
that has introduced a new, more productive
production technique. By changing the set of
technically efficient techniques, technical progress
changes the production function. For the moment,
we assume a given technology and a given
production function. Once we have filled in the

theory of supply for a given technology, we can
consider how technical progress affects the output fg
decisions of firms.

7-2 COSTS AND THE CHOICE OF I
PRODUCTION TECHNIQUE

In Chapter 6 we showed how the firm’s output
level is determined by marginal cost and marginai
revenue curves. We now wish to get behind the
marginal cost curve and the total cost curve from
which it is derived. Only then can we understand
what will shift marginal cost curves causing firms
to alter output decisions. Why does a change in
wages, such as GM faced in 1982, affect the
output decision? How does the possibility of using
roborts affect cost and outpur?

Minimizing Costs: The Choice of
Technique
The production function relates volumes of inpuri
to volume of output. However, costs are calcu
lated in value terms. To make the transition from
the production function to a cost curve we need
to introduce the price that the firm pays for inputs
We return to Table 7-1 and consider the lowcstl
cost way to produce 100 snarks per week. To
simplify the calculations, we assume that there are
only two technically efficient techniques, thos‘i
described in the first two rows of Table 7-1, whic
are reproduced in the first two columns of Table
7-2 and labelled techniques A and B. Either
technique can be used to make 100 snarks pe
week. The firm knows the cost of renting :
machine (£320 per week) and of hiring labour

——

| TABLE 7-2
CHOOSING THE LOWEST-COST PRODUCTION TECHNIQUE
RENTAL RATE WAGE CAPITAL  LABOUR  TOTAL
: CosT
CAPITAL LABOUR PER MACHINE RATE COST COSsT
INPUT INPUT (£/wk) (E/wk)  (£/wk) (£/wk) (£/wk)
80 1200 2480
Technique A 4 4 320 300 12
Toch::g:: B 2 6 320 300 640 1800 2440

|
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(£300 per w :
the fiml: knovi:}:i;e?::xtit::s?)rfc;:zcnon fiunaion
required to make 100 snarks s
et per week using each
is output s 2480 per weck o (01 cost of
and S0 : using technique A
_ per week using technique B. The fi
will chposc technique B and the rtoral 5 of
producing 100 snarks per week will be 224‘:())5t\)(")f
now ha've one point on the total cost curve. foi
~snarks: in orfic'r to produce 100 units the total cost
is£2440. Thisis the economically efficient (lowest
cost) production method at the rental and .
rates in Table 7-2. "
To get the complete toral cost curve we go
through the same calculations for each ou gut
!cvel. From the production function we getqt)he
input f:ombinaxions required by each technique
Knowing costs per unit for each input we work-
out the cost of production by each technique and
f:hoose the lowest-cost production method. Join-
ing up these points we get the total cost curve,
VthCh may embody switching from one produc-
tion technique to another at different output
levels. From the total cost curve we calculate the
marginal cost curve - the increase in total costs at
each output level as output is increased by one
more unit.

Factor Intensity

When a technique uses a lot of capital and
relatively little labour we say that it is ‘capiral-
intensive’. Conversely, a technique using a lot of
labour but relatively little capital is said to be
‘labour-intensive’. In Table 7-2, technique A is
more capital-intensive and less labour-intensive
than technique B. The ratio of the units of capital
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input to labour input is 1 (=4/4) in i
= tech
butonly 1/3 ( =2/6) in technique B. e
Changes in Factor Prices a
d .
of Technique nathe Chole

At the factor prices (costs per input unit) in T
7-2, tbc firm chooses the more labour-inte; 2bl¢
xechquque because it is cheaper. Suppose the :sm
rate rises from £300 to £340 per week: labour by
bcc0fne more expensive but the rental on Capiy
remains unchanged. The relative price of laboy
has risen.

We ask two questions. First, what happens
the total cost of producing 100 snarks per wcd';
Second,. is there any change in the preferred
production technique? Table 7-3 recalculates the
costs of production at the new factor prices,
Because both techniques use some labour, the
total cost of producing 100 snarks by techniq,ueA
has risen and the total cost of producing 10
snarks using technique B has risen. Even though
the firm selects the cheaper technique, the lowes;.
cost way to produce 100 snarks is now higher
Repeating this argument for all other Ourpul'
levels, this implies that the rotal cost curve for
snark production shifts upwards at each output
!cvel when the wage rate (or the price of any other
input) rises.

In this particular example, the change in the
relative price of inputs also leads the firm to switch
production techniques for producing 100 snarks.
Table 7-2 showed that before the wage increase
the firm used technique B with 6 workers and 2
machines. After the wage increase, the higher price
of labour relative to capital leads the firm to
substitute capital for labour. Technique A is now

TABLE 7-3
THE EFFECT OF AN INCREASE IN THE WAGE RATE
RENTAL WAGE CAPITAL LABOUR TOTAL |
CAPITAL- LABOUR RATE RATE CcosT cosT cosT
INPUT INPUT (£/wk) (£/wk) (£/wk) (£/wk) (E£/wk)
Technique A 4 4 320 340 1280 1360 2640
6 320 340 640 2040 2680

Technique B 2
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scheaper way to produce 100 snarks. Labour use
pasbeen reduced from 6 1o 4 workersand machine
ssc has been increased from 2 to 4 machines.

The General Motors Example Once Again
Reversing the above analysis, we can now under-
qand part of the GM example discussed at the
peginning of the chapter. When GM'’s workers

reed in 1982 to accept lower wages than they
would normally have received, GM was assured
that its total costs of production would rise less
han they would otherwise have done. In turn, the
workers were assured that GM would use more
labour-intensive production methods than would
nave been employed if wages had risen.

We can also use this framework to discuss the
introduction of robots by GM. Production tech-
niques using robots have two characteristics which
it will be convenient to discuss separately. First,
they are very capital-intensive, having a high ratio
of machine input to labour input. If the unit cost
of labour is high relative to the unit cost of
machinery, switching to more capital-intensive
rechniques will tend to reduce the total cost of
producing a given output.

Japanese motor car manufacturers had been
operating robot techniques forseveral years before
1982. Management proposals to introduce these
techniques in countries such as the United States
and the UK had partly been delayed by resistance
from organized workforces fearing that the sub-
stitution of capital for labour would reduce jobs
unless output could be greatly expanded. In
practice, running a business to produce output at
minimum cost requires much more than knowl-
edge of the set of available techniques and the
cost per unit of the different inputs. Managers
must also take account of things like the cost of a
strike if the workforce resists the artempt to
switch from one technique to another.

How did GM manage to secure agreement for
the introduction of robots in 19822 First, the
workers recognized that in accepting lower wages
they had reduced the incentive for the firm to
substitute capital for labour. Although eventually

inevitable, the robot programme might now
proceed at a slower pace than it would have done
had it been agreed when wages were higher.
Second, and probably of greater importance, GM
convinced its workforce that the introduction of
robots was essential for its long-term survival.
With a lower demand for cars after the 1979 oil
price shock, GM needed to reduce costs and losses
if it was to stay in business in the long run. Faced
with the choice of fewer jobs or no jobs, the
workforce agreed to the introduction of robots.

Thus far, we have interpreted the switch to

robot techniques purely as a substitution of capiral

forlabour within the set of techniques summarized

in a given production function. A second aspect

of robot using methods is that they represent

technical progress. For a given output and a given
capital input, the invention and introduction of
robots may allow the firm to use less labour than
before. Robots are a more productive kind of
capital than any capital goods previously available.
At given unit costs of inputs, this will allow total
costs to be reduced. Technical progress arising
from the introduction of robots thus allowed GM
to take a more optimistic view of its future profits,
making it more attractive to plan to stay in the
motor car business in spite of the huge losses in
the short run.

We can thus identify three reasons why GM
believed its total costs would be reduced after
1982. First, the workers had accepted a wage cut.
Second, fears for the long-run survival of the
company had allowed the management to intro-
duce the substitution of capital for labour, a
switch of technique that reduced total costs at the
existing factor prices and within the existing
technology. Third, technical progress made avail-
able, and the management were able to make
operational, more productive techniques which
reduced the quantity of inputs required to make a
given output.

Having shown how changes in factor prices or
available technology change the total cost curve,
we now discuss how changes in the cost curve
induce the firm to change its desired level of

output.
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7-3 LONG-RUN TOTAL, MARGINAL,
AND AVERAGE COSTS

Faced with an upward shift in its demand and
maganal revenue curves, a firm will want to
oxpand productnon, as we explained in the
previous chapter. However, adjustment rtakes
nme. In the short run, perhaps the first few
moaths, the firm can get its existing workforce to
do overume. Over a longer peniod it may be
cheaper to build 2 new factory and increase
Capacity.
The lomg run is the penod long enough for
the furm to adjust all its inputs to a change in
conditions.
In the long run the firm can vary its factory size,
switch techniques of production, hire new workers
and negouate new contracts with suppliers of raw
matenals.
The shor? run is the period in which the firm
canmake only partial adjustment of its inputs
to a change in conditions.
The firm may have the flexibility to vary the shift
length almost immediately. Hiring or firing work-
ers takes longer, and it might be several years
before 2 new factory is designed, built, and fully
operanonal.
In this section we deal with long-run cost curves,
descnibing production costs when the firm is able
to make all the adjustments it desires.

—

The long run total cost curve describes the
minimum cost of producing each oy
level when the firm is able to adjust all inpyy
optimally.

Total and Marginal Costs in the Long
Run

Table 7-4 shows long-run total costs (LTC) apg
long-run marginal costs (LMC) of producing ey
output level. LTC reflects the lowest-cost methog
of producing each output level and is showp i
the second column of the table. Since there
always an option to close down entirely, the LT¢
of producing zero output is zero. LTC describe
the eventual costs after any adjustments such g
redundancy payments have been made.

Table 7-4 also shows the LMC of productiop,
These represent the increase in LTC at each Outpy
level if output is permanently raised by one unit,

LTC must rise with output. It must cost more
to produce more output than less. How fast do
total costs increase without outpur? Is there any
advantage in size in the sense that large firms cap
produce goods at a lower unit cost than small
firms? Might it be a disadvantage to be large?

Long-run Average Costs

To answer these questions it is convenient to
examine the cost per unit of output or the average
cost of production.

TAELE 74 e

LONG-RUN COSTS

(1) 2) (3) (4)
LONG-RUN LONG-RUN LONG-RUN

OUTPUT TOTAL COST MARGINAL COST AVERAGE COST
(goods/wk) (£/wk) (£/wk) (£/wk)

0 0 -

1 30 o4 30

2 54 20 27

3 74 17 24.67

4 91 16 22.75

5 107 19 21.40

3 126 23 21.00

7 149 27 21.29

2 178 31 22.00

9 207 36 23.00

10 243 24.30

e e e — e ]
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The average cost of production is the total
cost divided by the level of output.
The last column of Table 7-4 shows long-run
werage cost (LAC). LAC is LTC divided by

output.

The LAC data of Table 7-4 are plotted in Figure
7.3. Average cost starts out high - £30 per unit
for the first unit - then falls as low as £21 per unit
when output is 6. Thereafter average costs rise,
reaching £24.30 at an output of 10. This common
partern of average costs is called the U-shaped
average cost curve. To see why the U-shaped
average COSt curve is common in practice we
introduce the concept of ‘returns to scale’.

7-4 ECONOMIES AND
pDISECONOMIES OF SCALE

There are economies of scale (or increasing
returns to scale) when long-run average costs
decrease as output rises. There are constant
returns to scale when long-run average costs

FIGURE 7-3 THE LONG-RUN AVERAGE COST
CURVE (LAC). Thislong-run average cost curve LAC
plots the data in the last column of Table 7-4. The LAC
curve has the typical U-shape. The minimum average cost
of production is at point A, with output level of 6 and
sverage cost of £21.
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are constant as output rises. There are
diseconomies of scale (or decreasing returns
to scale) when long-run average costs increase
as output rises.
In these definitions scale refers to the size of the
firm as measured by its output. The three cases
are illustrated in Figure 7-4.

In Figure 7-3 the U-shaped average cost curve
has increasing retumns to scale up to the point A,
where average cost is lowest. At higher outpur
levels there are decreasing returns to scale. Why
should there be economies of scale at low output
levels but diseconomies of scale at high output
levels?

We draw a cost curve for given input prices.
Hence changes in average costs as we move along
the LAC curve cannot be explained by changes in
factor prices. (We have already seen that changes
in factor prices shift cost curves.) The relationship
between average costs and output as we move
along the LAC curve must be explained by the
relation between physical quantities of inputs and
output summarized in the production function.
At given factor prices, does the firm use more or
fewer inputs per unit of output as output nses?

This is a technological question about the most
efficient production techniques. Thus the discus-
sion of economies or diseconomies of s;alc
indirectly refers back to the production tunction
although we discuss the issue in terms of the
average cost curve.

Economies of Scale o
There are three reasons for economies of scale.
The first is indivisibilities in the ppdu;1ron
process, some minimum quagtiry of inputs re-
quired by the firm to be in business at all whthr
or not output is produced. These are somcnnyc;
called fixed costs, because thg)‘ do not vary wit .
the output level. To be in business a firm n-qur::
a manager, a telephone, an accoz‘xmtarf. :l ma b
research survey. These costs are indivisible in he
sense that the firm cannot have halt a fxl;n*‘\‘
and half a telephone merely because 1t WS ::u“
operate at low output levels. Bcsmmnslthm':“m\(
output levels, these costs do not it

P ——
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FIGURE 7-4 RETURN

S TO SCALE
CURVEE 7 AND THE LONG-R
he three long-run average cost LAC curves show ll!::‘ wAla\:iEoz:tﬁg bign'rs:en

returns to scale and the shape of the LAC curve, When LAC is declining

Average cosl
Average cost

Average cost

Output

(a) Increasing returns to scale, or
economies of scale

(b) Constant returns to scale

Output Output

(c) anasing returns to scale, or
diseconomies of scale

with output. The manager can organize three
workers as easily as two. As yer there is no need
for a second telephone and the accounts take no
longer. There are economies of scale because
these fixed costs can be spread over more units of
output as output is increased, thereby reducing
average cost per unit of output. However, as the
firm expands further it will have to hire more
managers and telephones and these economies of
scale die away. The average cost curve stops
falling.

The second reason for economies of scale is
specialization. A sole trader must undertake all
the different tasks of the business. As the firm
expands and takes on more workers, each worker
can concentrate on a single task and handle it
more efficiently. Adam Smith, the father of
economics, emphasized the gains from specializa-
tion in The Wealth of Nations (1776). His example
(he calls it a ‘very trifling manufacture’) is the pin
industry:

A workman not educated to this business.. . .
could scarce . . . make one pin in a day, and

certainly could not make twenty. But in the
way in which this business is now carried on
- . .itisdivided intoanumber of branches. . , '
Onc_ man draws out the wire, anothc;
fm*anghtcns it, a third cuts, a fourth poins
it..z.

Th_crc were 18 stages in making a pin, and Smith
estimated average output per worker at 4800 pins
per d_ay. The economies of scale from specializa-
tion in this case are impressive. Similar benefits
from specialization occur in assembly line work,
for example in the motor car industry.

The third reason for economies of scale is
closely related. Large scale is often needed to take
advantage of better machinery. Engineers have 2
rule of two-thirds that applies to many factories
and machines: the cost of building a factory ora
machine rises only by two-thirds as much as the
output of the factory or machine. Sometime this
rule has a physical basis. Oil tankers are essentially
cylinders, and their capacity depends on the
volume of the cylinder. As volume rises the surface
area rises only by around two-thirds. Tankers and

‘T;HAPTER 7
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{0rage containers require proportionately less
geel the larger their volume.

sophisticated but expensive machinery also has
n clement of indivisibility. No matter how
roductive a robot assembly line is, it is pointless
«o install one to make five cars a week. Average
costs would be enormous. However, at high
ourput levels the machinery cost can be spread
over a large number of units of output and this
P,oducrion technique may produce so many cars
that average costs are low.

piseconomies of Scale

with such powerful reasons for economies of
scale, why does the U-shaped average cost curve
qum upward again as diseconomies of scale set in?
Notice first that the second and third reasons for
cconomies of scale are much more prevalent in
manufacturing than in service industries such as
restaurants and laundries.

The main reason for diseconomies of scale is
that management becomes more difficult as the
firm becomes larger. These are described as
managerial diseconomies of scale. Large com-
panies need many layers of management, which
themselves have to be managed. The company
becomes bureaucratic, co-ordination problems
arise, and average costs may begin to rise.

Geographical factors may also explain disecon-
omies of scale. If the first factory is locared in the
best site, perhaps to minimize the cost of trans-
porting goods to the market, the site of a second
factory will necessarily be less advantageous. To
take a different example, in extracting coal from
amine, a firm will extract the easiest coal first. To
produce a higher output, deeper coal seams will
have to be worked and these will be more
expensive.

The shape of the average cost curve thus
depends on two things: how long the economies
of scale persist, and how quickly the diseconomies
of scale occur as output is increased. The balance
of these two forces is an empirical question of fact
which will vary from industry to industry and firm
1o firm.

Returns to Scale in Practice

In trying to gather evidence on the shape of lon;
run average cost curves it is possible to talk
design engineers to get an idea of the dire.
production cost of producing different outpt
levels in different kinds of factory. It is muc
harder to quantify the managerial diseconomit
that set in with the cost of operating a large an
unwieldy firm. Almost all the empirical researc
focuses only on the direct production cost «
different output levels. Because it ignores man.
gerial diseconomies of scale it overestimates tt
falling range of average cost curves. In practic
average cost curves start rising sooner than tt
following estimates suggest.

Figure 7-5 shows data on average costs for firn
in the cement industry in the United States and f«
firms in the brewing industry in the UK. Averag
costs fall steadily as output increases. Even at larg
ourput levels, the forces inducing economies «
scale dominate the forces inducing diseconomi
of scale. Many studies of costs in manufacturir
industry confirm this pattern of falling averag
costs as output rises.'

For such firms the rypical pattern of the LA
curve is that of Figure 7-4(a). At low output level
average costs fall rapidly. As output rises, averaj
costs fall but more slowly. Economists have trie
to measure the output level at which furthe
economies of scale become unimportant for tl
individual firm, the point at which the avera;
cost curve first becomes horizontal. This outp
level is called the minimum efficient scale (MES

Table 7-5 contains some estimates of the ME
for firms operating in different industries in tt
UK and the United States. The first column giv:
an idea of how steeply average costs fall befo
minimum efficient scale is reached. It shows ho

1 C.F. Pratten, Economies of Scale in Manufacturing Indust
Cambridge University Press, 1971, presents data for
industries including steel, bread, soap, oil, socks, and nes
papers. F. M. Scherer, Industrial Market Structure a
Economic Performance (2nd ed.), Rand McNally, 1980, j
81-118, has an excellent descniption of the relations!
between average cost and output in practice.
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FIGURE 7-5 AVERAGE COST CURVES IN THE LONG RUN. The figure shows ABLE 7.5
long-run average cost curves for t and beer brewing. In both cases, avera, 1
as the level of output rises. (Sources: Cement data are from Mark E. McBride, 'Tg: :::Lf':"s MlN'MUM EFFICIENT SCALE FOR SELECTED INDUSTRIES IN THE UK AND THE USA
and Source of E ies of Scale in C Production’, in Southern Economic Journal, (2) (3) 4)
July 1981, pp. 105-115. Brewing data are from C. F. Pratten, Economies of Scale in ) % INCREASE IN
Manufacturing Industry, Cembriage Univecsity Prest, 1971, page 76.) AVERAGE COSTS MES AS % OF MES AS % OF
INDUSTRY AT § MES UK MARKET US MARKET
nt 26.0 6.1 17
70L 27.'27 1.0 154 26
Glass bottles 11.0 9.0 15
1or pearings 8.0 4.4 14
*or fabrics 7.6 1.8 0.2
Refrigerators 6.5 83.3 141
petroleum refining 4.8 116 19
T 8or- paints 4.4 102 14
x LAC x Cigarettes 2.2 30.3 6.5
S S shoes 1.5 06 0.2
T 40 S
- ~ 60 Lac -F. M. Scherer et al., The Eq ics of Multiplant Op Harvard Uni y Press, 1975, Tables 3.11 and 3.15.
3 @ source:F.
S 30 &)
40
L] 10 the industry as a whole. Table 7-5 implies that 7.5 AVERAGE COST AND
ifthere is more than one refrigerator mapufa.cturcr MARGINAL COST
°r o in the UK it is impossible for every firm in the .
refrigerator industry to be producing at minimum  In Table 7-4 we showed long-run marginal costs
1 l - , L L I N N N N N N efficient scale. (LMC) and long-run average costs (LAC). We
0 1 2 3 4 5 6 01 234567289 110 However, Table 7-5 suggests that there are ~ now want to connect thcscl rwg cost measures
Output (millions of barrels per year) Output (hundreds of thousands many industries, even in the manufactu.ring_scctor, whose behaviour 17 closelyfreT a;- .7—4 e slored
of barrels per year) where minimum efficient scale for a firm is small The last rwc:\co u:ms o Lqi: o ‘])y oued
. - .

a) Cemient (b) Beer relative to the market as a whole and average Costs in Flgure‘ 6. At ea:}:1 outpu Lacs H;; y tota
are only a little higher if output is below minimum  cost .dmded by that outpu i o one,
efficient scale. These firms will be producing in an marginal costs are incurred by movnlclgc Tom :

¢ range where the LAC curve is almost  output level to another so we plc_)tL at points
:“'P“ tal ¢ halfway between the corresponding ouftput levels.
i i for the first output
: . i For example the LMC of £30 for t
much higher average costs are when output is one- At low outputs, average costs are much higher Finally, there are a large number of firms, unirisplot)rcda[ ot levelhalfway berween

third of the output at minimum efficient scale.
The second and third columns show the MES
output level relative to the output of the industry
as a whole. This provides a benchmark of the
importance of economies of scale to firms in each
industry. Since firms in the UK and the United
States essentially have access to the same technical
know-how, differences between the second and
third columns primarily reflect differences in the
size of the industry in the two countries rather
than differences in the MES output level for an
individual firm.

These figures suggest that in heavy manufactur-
ing industries economies of scale are substantial.

than at minimum efficient scale. We would expect
similar effects in aircraft and motor car manufac-
ture, which have very large fixed costs for research
and development of new models and which can
take advantage of highly automated assembly lines
if output is sufficiently high. Yet in a large country
such as the United States, minimum efficient scale
for an individual firm occurs at an output that is
small relative to the industry as a whole. Most
firms will be producing on a relatively flat part of
their average cost curve with few economies of
scale still to be exploited.

In smaller countries such as the UK, the point
of minimum efficient scale may be large relative

especially those outside the manufacturing sector,
whose cost conditions are well reprcsemec_i l?y a
U-shaped average cost curve. With only hrqnted
opportunities for economies of scalc., -thcse firms
run into diseconomies of scale and rising average
costs even at quite moderate levels of output.

We begin by discussing the output decision of a
firm with a U-shaped average cost curve. Then we
show how this analysis must be amended when
firms face significant economies of scale. lnf later
chapters which discuss thP structure of dif erle)r;
types of industry it will be important to remh.cnl: e
which shape of average cost curve We thin
relevance for the industry we are studying.

Oand 1. .
Two facts stand out from the table and diagram.

1 LAC is falling when LMC is less than LAC,

and rising when LMC is greater than LAC.

2 LAC is at a minimum at the output level at

which LAC and LMC cross.

Neither of these facts is an accidcpt. The relauor;
between average and marginal is a mattc:i (::-
arithmetic, as relevant for football as for pro ; suin
tion costs. A footballer who has scorcqr 3 g(c)‘a)rc ’
3 games is averaging 1 ggal per game- lc; sfmm "
goals in the next game, implying 5 goa
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FIGURE 7.
CURVES, %..s: VERAGE AND MARGINAL COST

There are two cost data are plotted f(om Table 7-4.
the marginal co‘:.g::i::?x;’cs of the relationship between
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games, would raise the average 1o 1.25 goals per
game. In the fourth game the marginal score is 2
goals, the increase in total goals from 3 to §.
Because the marginal score exceeds the average
score in previous games, the extra game must drag
up the average.

The same relation holds for production costs.
When the marginal cost of the next unit exceeds
the average cost of the existing units, making the
next unit must drag up average cost. Conversely,
when the marginal cost of the next unit lies below
the average cost of existing units, an extra unit of
production drags down average costs. When
marginal and average cost are equal, adding a unit
leaves average cost unchanged. This explains fact

1.

POSITIVE MICROECON,,

Fact 2 follows from fact 1. In Figure 7.¢
and. marginal cost curves cross at the -
which must be the point of minimumpom'
cost. Why? To the left of A, LMC lies be e
$0 average cost is still falling. To the rig?,w
LMC lies above LAC so average cost ist Ofﬁ
Hcpcc the point A must be the output |
Wthh. average costs are at a minimum, vl

As in the football example, this relation g
purely on arithmertic. Although Figure 7.¢
to long-run average and marginal cost theref
reasoning will hold when we discuss’sho,t
average and marginal cost in section 7.7, With
U-shaped average cost curve, the margin.qllt :
curve I?cs below the average cost curve 1o xheclocz
of minimum average costs but above the ave,
cost curve to the right of minimum average cog
The marginal cost curve crosses the average Cosl.
curve from below at the point of minimum average
cost.

Tablc 7-6 summarizes this important relatiop.
ship. It is true both for the relationship between
LMC and LAC and for the relationship between
short-run average cost (SAC) and short-run mar.
ginal cost (SMC).

7-6 THE FIRM'S LONG-RUN OUTPUT
DECISION

We can now analyse the firm’s long-run output
decision. Figure 7-7 shows smooth LAC and LMC
curves for a firm not restricted to produce integer
units of output. It also shows the marginal revenue
(MR) curve. From Chapter 6 we already know that
the output level of maximum profit or
minimum loss occurs at B, the output at which
marginal revenue equals marginal cost. The fim
then has to check whether it makes profits or
losses at this output. It should not stay in business
if it makes losses for ever.

Tortal profits are average profits per unit of
output multiplied by the number of units of
output. Hence total profits are positive only if
average profits per unit of output exceed zero.
Average profits are average revenue per unit minus
average cost per unit. But average revenué per unit
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TER 7
=

MC <AC MC=AC

E 7-6
"“:Rguﬂousmp BETWEEN MARGINAL AND AVERAGE COST

MC > AC

ek
©s falling
i the price for which each output unit is

y ::;mg:’ncc i; long-run average costs at B exceed
::”;n'ce for which the output Q, can be sold, the
is making losses even in the long run and
should close down. If, at this output, price equals
LAC, the firm just covers its costs and breaks
d if price exceeds LAC at this output, the

. An £
;,v:: is making long-run profits and should happily

remain in business. _
Notice that this is a two-stage argument. First
we use the marginal condition (LMC = MB).to
find the profit maximizing or .loss minimizing
output provided the firm stays in business, then
we use the average condition (the Fompanson of
LAC at this output with the price or average
revenue received) to determine whether thc' profit
maximizing or loss minimizing output in faf:(
vields profits and hence allows the firm to stay in

at its minimum

rising

business in the long run. If even the best output
from the firm’s viewpoint yields losses, then the
firm should close down.

7-7 SHORT-RUN COST CURVES
AND DIMINISHING MARGINAL
RETURNS

The short run is the period in which the firm
cannot fully adjust to a change in conditions. In
the short run the firm has some fixed factors of
production. ‘
A fixed factor of production is a factor
whose input level cannot be varied. o
A rise in demand for the firm’s output can shiftits
marginal revenue curve outwards. In the long run
it may be profit-maximizing to build a new fz'actor_v
and increase output. Labour and capital inputs

FIGURE 7-7 THE
FIRM'S LONG-RUN
OUTPUT DECISION. In
the long run the firm
chooses its output level at
the point B where MR is
equal to LMC. It has then
tocheck whether itis
making losses at that
output level Q,. If price is
equal to or more than
LAC,, the long-run
average cost
corresponding to output
Q,. the firm is not making

Average cost.
marginal cost,
marginal revenue

(£/good)

If price is at
or above LAC,.
firm produces Q,

LAC,}

losses and stays in

business. If price is less If price is less

| thanLAC,,the firm'slong-  than LAC,.
run output decision should  firm goes out
| bezero - it closes down of business

permanently.

MR

|
|
1
|
|
1
|

Q
Output (goods per week)
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can be fully adjusted. No factors of production

are fixed. But until the firm can build the new

factory this capital input is a fixed factor of
production. The firm is stuck with what it already
has.

How long this short run lasts depends on the
industry. It might take ten years to build a new
power station but only a few months to open new
restaurant premises if an existing building can be
bought, converted, and decorated.

The existence of fixed factors in the short run
has two implications for a firm’s costs. First, in
the short run the firm has some fixed costs.

Fixed costs are costs that do nor vary with

outpurt levels.
These fixed costs must be borne even if output is
zero. If .rh_e firm cannot quickly add to or dispose
of its existing factory, it must still pay depreciation
on the _bulh.ix.ng and meet the interest cost of the
money it originally borrowed to buy the factory.
Second, because in the short run the firm cannor

Short-run Fixed and Variable Costs of
Production
Table 7-7 presents data on short-run costs,
second column shows the fixed costs, which
independent of the output level. The third coly
shows the variable costs. -
Variable costs are costs that change as o
changes. o
Yan’able costs are the costs of hiring variable (n
fixed) factors of production, typically laboyy o
raw materials. Although firms may have long.(:ln g
contracts with workers and marerial suppli .
which tend to reduce the speed at which ad'em
ment of these factors can be accomplishcc;usf.
practice most firms retain important clemems’ i
flexibility through overtime and short time, hi,-,'of
or non-hiring of casual and part-time w;)rkeng
and raw material purchases in the open markctn‘
supplement contracted supplies. °
The fourth column of Table 7-7 shows shon.
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DEVELOPING THE THEORY OF SUPPLY: COSTS AND PRODUCTION 149

Jcostsandin short-run variable costs as output
‘incrcascd by 1 unit. _
Whatever the output level, fixed costs are £30
. week. Because marginal costs are always
itive, short-run total costs rise steadily as
ut rises. Extra output adds to total cost, and
ouds more the higher is the marginal cost. Looking
1 the last column of Table 7-7 we sce that, as

qufput increases, marginal costs first fall then rise

in. The short-run marginal cost curve has the

gme general shape as the long-run marginal cost
arve shown in Figure 7-7, but for a very different

reason.

In the long run the firm can vary all factors

freely. As output expands, it may become cost-
npinimizing to install a sophisticated assembly line
which then allows extra output to be produced
quite cheaply. Then diseconomies of scale set in
and marginal costs of further output increases

start to rise again.

make all the adjustments it would like, its shor- " rotal costs

run costs of production must be different from its

{gig-rund producton costs, and must be higher. f:;rl:::? _ ;!m"'""' short-run
€n adjustment eventually becomes possible, (STO) = U;;:é)ost + variable cost ]
(svo)

the fl'rrp has an incentive to make this adjustment
only if it can get on to a lower cost curve by doing

so. We now study these short-run costs in more

detail.
output, SMC is the increase both

@ (2) )

(SFC) (sve) fd (5)
. STC
o, Mecd  gemm o Sdhan S0,
00Kk osT :
) (£/wk) (£/wk) 2’31\;2!5 cosT MARGINAL cost

0 = . ’ (E/wk)

2 ey 22 o 22

3 30 38 68 16

4 30 48 78 10

5 30 61 91 13

6 30 79 109 18

7 30 102 132 23

: s :3; >
10 = 207 235 “

30 237
285 285 48

The final column shows short i
' ! -run marginal co,
(SMC). Since fixed costs do nor increase wusx:

in short-run

TABLE 7-7
SHORT-RUN cosTs OF PRODUCTION

The short-run marginal cost curve assumes that
there is at least one fixed factor, probably capital.
We cannot explain the shape of the SMC by
switches to different machinery and production
iechniques. Suppose there are only two inputs in
the short run, fixed capital and variable labour.
To change output as we move along the short-run
marginal cost curve, the firm must be adding ever-
increasing amounts of labour to a given amount
of plant and machinery. It is here we must seek
the explanation for the shape of the short-run
marginal curve.

The Marginal Product of Labour and

| Diminishing Marginal Productivity

| Table 7-8 shows how output increases as variable

| labour input is added to the fixed quantity of
apital. With no workers, the firm produces no
output. The first unit of labour increases output
by 0.8 units.

The marginal product of a variable factor (in

this example, labour) is the increase in output

obrained by adding 1 unit of the variable

factor, holding constant the input of all other

factors (in this example the fixed factor,
capital).
The first unit of labour has a marginal product of
0.8 units. The third unit of labour has a marginal
product of 1.3 units since output increases from
1.8 units with 2 labour units to 3.1 with 3 labour
units.

At low levels of output and labour input, the
first worker has a whole factory to work with and
has to do too many jobs to produce very much. A
second worker helps, and a third helps even more.
Suppose the factory has three machines and the
three workers are each specializing in fully running
one of the factory’s machines. The marginal
product of the fourth worker is lower. With only
three machines, the fourth worker gets to use one
only when one of the other workers is having a
rest. There is even less useful machine work for
the fifth worker to do. The marginal product of
that worker is still lower. In fact, beyond a labour
input of 3, the marginal product of each additional
worker decreases steadily as the number of
workers is increased. When this happens we say
that there are diminishing returns to labour.

Holding all factors constant except one, the
law of diminishing returns says that, beyond
some level of the variable inpur, further
increases in the variable input lead to a

TABLE 7-8 N
TOTAL AND MARGINAL PRODUCTS OF
LABOUR

MARGINAL
LABOUR PRODUCT OF
INPUT OUTPUT LABOUR
(workers/wk) (goods/wk) (goods/wk)
0 0
1 0.8 es
2 1.8 1'3
3 3.1 12
4 43 11
5 5.4 0.9
6 6.3 i

0.7
7 7.0

0.5
8 15 03
9 7.8 )
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steadily decreasing marginal product of that

input.

This i
inlc‘:-::ina ,l:,w l:1bout technology. Adding ever-
ins machjic m ersl of workers to a fixed quantity
worker's marn rale in producton oo o in
uction
for thc others operating the rrlxizziﬁcets CO_;_;QC
contributes 10 output but not a grear deal 'Fi .
d—8 summarizes our discussion of margin'al f)l::;e
fallctgrny. ;f capital happc.ncd to be the variable
and labour the fixed facror, a simil
;f:?cm would obtain. Adding mor;. and m:na';
nes to a given labou ight initi
lead to large increases in ourl;):ct);yc:r \T:)gu};:i lnlflé;(l:Y
encounter diminishing returns as machines E:IC .
under-utilized. Thus the schedule in Figur:a;r-lg

ls::c::l:l?s t:;,ce r‘r,x:rriilbr}al fproduct of laboyr
! e fa
dcs§nbc the behaviour ofi‘}:’ r;::gli:aclqua"y .
ca;l);tal when capital is the variable factcl:rr?d
projlf.(z::fwe show the relevance of ma ;
o ccmceor shon-mn marginal cost, notice thy
S _pt’ is not the everyday meanin
l?;:)eucnvuy which refers to the auerageprog e
ik c)’(Satmplc, the average product of labouyr wl;:'
- .cc.)mmonly meant by ‘producrivi’ o
utput divided by total labour input. Of ng;s:

"Clof

2 N H
5 - :
s a:i'fi?x it(l::x ;conomlsts use diminishing returns to
of one variable factor to oth
o ke : r to other fixed factors
3 ecreasing returns to descri i o
escribe d i
o isecol
le when all factors are freely varied in the long m: s

FIGURE 7-
RETURNS7. BThlgaEtaP!};)anCTIVITY OF LABOUR AND DIMINISHING MA
Podiukios M » ingrea ; da: Jtr?:; ’:'::lej-l& The total product of labour incr:ac;z‘::
fal n sed. rginal product of labour first i
ases. Beyond point 4 in Figure 7-8(b) the marginal produc;’;;::w:r"i,sa:.;f:rae:dsi:‘gs p
, or

there are diminishing margi
° ginal returns to labo is i
being put to work with the same stock of mac:ri;nzzls .

s because more and more workers are
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same old arithmetic holds good. If the marginal
uct of labour lies above the average product,
e addition of another worker will raise the
Jerage product and ‘productivity’. When dimin-
shing rEturns set in, the marginal product will
qickly fall below the average product and the
rrer will fall if further workers are added. If you
Jo not see why this must be true, try calculating
Qutput per unit of labour input as an extra column
nnTable 7-8.

Finally, as usual, we must distinguish berween
movements along a curve and shifts in a curve.
The marginal product curve is drawn for given
jevels of the other factors. Fora higher given level
o the fixed factors, the marginal product curve
would be higher. With more machinery to work
with, an extra worker will generally be able to

roduce more extra output than previously. The
ambers in Table 7-8 and the height of the
marginal product curve in Figure 7-8 depend on
he amount of fixed factors with which the firm

began.

short-run Marginal Costs

We can now explain why Table 7-7 shows that, as
output is increased, short-run marginal costs first
fall then rise. Every worker costs the firm the same
wage. While the marginal product of labour is
increasing, each worker adds more to output than
the previous workers. Hence the extra cost of
making extra output is falling. SMC is falling so
long as the marginal product of labour is rising.

Once diminishing returns to labour set it, the
marginal product of labour falls and SMC starts
0 rise again. It takes successively more workers
1o make each extra unit of output.

Thus the shape of the short-run marginal cost
curve and hence the short-run total cost curve is
determined by the shape of the marginal product
curve in Figure 7-8, which in tum depends on the

technology facing the firm.

Short-run Average Costs
Table 7-9 shows short-run average cost data

corresponding to Table 7-7.

Short-run average fixed cost (SAFC) equals
short-run fixed cost (SFC) divided by output.
Short-run average variable cost (SA VC)
equals SVC divided by output and short-run
average total cost (SATC) equals STC di-
vided by output.
Each number in Table 7-9 is obtained by dividing
the corresponding number in Table 7-7 by the
output level. (The first row is omitted: dividing by
zero output does not make sense.) The table also
shows short-run marginal costs, taken from Table
7-7.
Figure 7-9 plots the three short-run average cost
measures from Table 7-9. It is no accident that

Short-run short-run short-run
average _  average average 2)

total cost fixed cost variable cost
(SATC) (SAFC) (SAVC)

This follows from dividing each term in equation
(1) by the output level.

Look first at Figure 7-9(b). We already under-
stand the shape of the SMC curve that follows
from the behaviour of marginal labour productiv-
ity. The usual arithmetical relation between
marginal and average explains why SMC passes
through the lowest point A on the short-run
average total cost curve. To the left of this point,
SMC lies below SATC and is dragging it down as
output expands. To the right of A the converse
holds. That explains the shape of the SATC curve
in Figure 7-9.

Variable costs are the difference between total
costs and fixed costs. Since fixed costs do not
change with output, marginal costs also show how
much total variable costs are changing. The same
arithmetic relation berween marginal costs and
average variable costs must hold and the usual
reasoning implies that SMC goes through the
lowest point B on SAVC. To the left of B, SMC
lies below SAVC and SAVC must be falling. To

the right of B, SAVC must be rising. Finally, since
d average variable costs

SAVC must lie below
lie to the lefr of point

average total costs excee
by average fixed costs,
SATC. Hence point B must
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TABLE 7-9 =
SHORT-RUN AVERAGE COSTS OF PRODUCTION \
(SAFC) (SAVC)
:cg::GguN SHORT-RUN ggg-nun
OUTPUT FIXED COST ey AVERAGE MARGINAL
el L o VARIABLE COST TOTAL ODINAL
good) (£/good) SOST cost
= . (£/good) (£/good)
1 30.00 2 -
z 22.00
H }ggg 19.00 35'33 ?g
4 7.50 i 26.00 ;
5 6.00 15.25 22' :
6 5'00 15.80 21.75 3
7 4'29 17.00 22.80 3
5 i 18.71 2 00 =
g i 20.75 200 .
2 333 2300 2450 35
- 25.50 56‘33 2;

\&so

FIGURE 7-9 SHORT-RUN
Thets btime plotah AVERAGE COST AND

ese diagrams od MARGINAL
clutter. Figure 7-9(a) shoﬂta of Table 7-9. They are shown in :vl . e CURVES.
eyl Pl ews thl e relationship between short-run 0 separate figures to avoid
of t shacos'sof ko qua t:‘) SAFC plus SAVC. The shape o,?;'.";g" ﬁxedr, Nariable;
SATC.Then SAVC s'tavnsmris"po ents. When both S4vC and SAFC aete g;gi:y et Lo

ing, so is

mor i ing, the sh

e rapidly than SAFC w1y e Shape of SATC depe
C s falling. In Figure 7.9(b) the relr::iso?\gt:: beethmares: VCisrising

N marginal and

average cost curves establi
tablished for the long-run applies also to the short
-run curves. The

SMC curve goes th i
curve, at A. rough the minimum points of both the SAVC curve, at 8
, at B, and the SATC
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fhat explains the shape of SAVC and its
4on tO SATC in Figure 7-9(b).

yFigure 7-9(a), SAFC falls steadily because the

L total fixed cost (what firms call ‘overheads’)
xing spread over ever larger output levels,
| ¢by reducing average fixed costs. The reason-
,of Figure 7-9(b) is easily confirmed in Figure
ya). Carrying over from Figure 7-9(b) the SATC
4 SAVC curves we can check that, at each
sput level, SATC = SAVC + SAFC as in equa-
«2(2) above.

jy now any reasonable person is asking two
how can anyone remember all these
ves, and what use are they? To answer the
oW question, g0 back to Figure 7-2, which
sows the three basic costs: total, marginal, and
srage. We must distinguish between the short

qstions:

4GURE 7-10 THE FIRM'S SHOR
glevel Q,, at which short-run marginal

werage total cost at output level Q,. then t
yoduce Q,. If price falls between SATC, and SAVC,,
costs, even though it is losing money. It should sti

wovering its variable costs,
wriable costs.

T-RUN OUTPUT DECISION. The firm sets output
cost (SMC) is equal to marginal revenue. Then it
wsto check whether it should produce at all. If price is above SA
he firm is making a profit and should certainly
then the firm is partly covering its
|| produce output Q,. Only if the

fned
wice is below SAVC, should the firm produce zero. At those
and it therefore does better to produce zero and not incur the

and long run, and between fixed and variable
costs. With these distinctions we generate all the
cost curves we have examined.

The second question is more important. We
make these distinctions not to exercise the mind
but because they are necessary to understand the
firm’s output decision. We have already used long-
run cost curves to analyse the firm’s long-run
output decision. Now weuse short-run cost curves
to analyse the firm’s output decision in the short

run.

7-8 THE FIRM’'S OUTPUT DECISION
IN THE SHORT RUN

Figure 7-10 illustrates the firm’s choice of output
in the short run. Since fixed factors cannot be

TC,. the level of short-run

prices, the firm is noteven

Cost, revenue
(£/good)

If price is above
SATC,. firm produces
0,at a profit

If price is between
SATC, and SAVC,.
firm produces Q,
ataloss

If price is less than
SAVC,. firm produces
zero output

Q
Output (goods per week)

/

SMC

SATC

SAVC

— o oD o we W W W Wy W W W

=
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varied in the short run, it is short-run marginal  TABLE 7.10 \ 71
X 7 ——————
OUTPUT DECISIONS #

cost th:fr must be set equal to marginal revenue to
determine the output level O, which maximizes
profits or minimizes losses.

cht, the firm decides whether or not to stay in
businessin the short run. Again, profits are positive
at the outpur Q, if the price p at which this outpurt
can be sold covers average total costs. It is the
short-run measure SATC, ar this output thar is
rclc‘{ant: If p exceeds SATC,, the firm is making
profits in the short run and should certainly
produce Q,.

Suppose p is less than SATC,. The firm is losing
money because p does not cover costs. In the long
run the firm closes down if it keeps losing money,
but there the difference between the long run and
the short run appears. Even ar zero output the
firm must pay the fixed costs in the short run. The
firm needs to know whether losses are bigger if it
produces at Q, or produces zero.

If revenue exceeds variable cost the firm is
earning something towards paying its overheads.
Thus the firm will produce Q, provided revenues
exceed variable costs even though Q, may involve
losses. The firm produces Q, if p exceeds SAVC,.
If not, it produces zero.

The firm’s short-run ourtpur decision is to
produce Q,, the output atr which MR =
SMC, provided the price at least equals the
short-run average variable cost (SAVC,) at
that output level. If the price is less than
SAVC, the firm produces zero.
We can now understand why General Motors
stayed in production in 1980 even though it was
losing $400 per car. GM set outpurt at the level at
which marginal revenue cquall_ed short-run mar-
ginal costs. At that output, price covered short-
run average variable cost but not shorf-run average
total cost. Since production contributed some
money towards fixed costs, it was better not to
Wn.
Shl';faf)(;c 7-10 summarizes the short-run and long-
run output decisions of a firm. Box 7-1 dr]aws
attention to two principles that are central to

making good decisions.

THE FIRM'S

MARGINAL CHECK w
CONDITION T0 PRODSEEHER
Short-'n_m Choose the output Produce this outpy;
decision level at which unless price lower
MR = SMC than SAVC. it is
produce zero,
Long-.n_m Choose the output Produce this Outpyt
decision level at which unless price ig
MR = LMC than LAC. If it js,

produce zero,

7-9 SHORT-RUN AND LONG-RuUN
COSTS

Even if it is making losses in the short run, a fim
will stay in business if it is covering its variab),
costs. Yet in the long run it must cover all jts costs
to remain in business. In this section we discuss
how a firm may reduce its costs in the long run,
converting ashort-run loss into a long-term profir,

Figure 7-11 shows a U-shaped LAC curve, 4,
each point on the curve the firm is producing
given output at minimum cost. The LAC curve
describes a time scale sufficiently long that the
firm can vary all factors of production, even those
that are fixed in the short run.

Suppose, for convenience, that ‘plant’ is the
fixed factor in the short run. Each point on the
LAC curve involves a particular quantity of plant.
Holding constant this quantity, of plant, we can
draw the short-run average total cost curve for
this plantsize. Thus, the SATC, curve corresponds
to the plant size at point A on the LAC curve and
the SATC, and SATC; curves correspond to the
plant size at points B and C on the LAC curve. In
fact, we could draw an SATC curve corresponding
to the plant size at each point on the LAC curve.

By definition, the LAC curve describes the
minimum-cost way to produce each output when
all factors can be freely varied. Thus, point A
describes the minimum average cost way 10
produce an output Q,. Hence it must be more
costly to produce Q, using the wrong quantity of
plant, the quantity corresponding to point E. For

cemmoe s
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JARGINAL CONDITIONS AND SUNK COSTS

10 analysis of supply illustrates two principles of good decision-making which
p frequently encountered in economics and in other aspects of life. The first is
wmarginal principle. If the best position has been reached, there cannot be even
small change that improves things. In deciding how much to produce, the firm
#ps examining the effect on profits when output is increased or decreased by 1
sit. If profits can be increased by such a change, the change is made. When no
sther improvement is possible, the point of maximum profits has been found. To
wide now many hours to study, you should assess the extra costs and benefits
fstudying another hour. If the benefits outweigh the costs, consider studying yet
sother hour. When you reach the point at which the two are equal, you have
wnd the best position.

0f course it is also necessary to examine the big picture. Not only does the firm
e to set marginal cost equal to marginal revenue: it must check that it is not
stter to close down completely. Similarly, the marginal principle will guide you
sthe best number of hours for which to study economics, but you must look at
» big picture to assess whether you should be studying economics in the first
fce.

The second general principle is that sunk costs are sunk. If certain costs have
mady been incurred and cannot be affected by your decision, ignore them. They
sould not influence your future decisions. In deciding how much to produce in
» short run, the firm ignores its fixed costs which must be incurred anyway. It
ds the best output using the marginal principle, then examines whether the
nce at which this output can be sold will cover its variable costs in the short run,
% costs that still can be affected by the decision the firm is making now. You
we read nearly seven chapters of this book: should you keep reading? The
nswer depends entirely on the costs and benefits you will get from the rest of the
%ok, not on the time you have already spent.

The sunk cost fallacy is the view that sunk costs matter. It may seem a pity to
tendon a project on which a lot of money has already been invested. Poker
xyers call this throwing good money after bad. If you do not think it will be worth
uding the next ten chapters in their own right, you should not do it merely
xcause you have put a lot of effort into the first seven chapters. Bygones should
xbygones.

‘

% plant size ar A, SATC, shows the cost of
voducing each output including Q,. Hence
ATC, must lie abore LAC at every point except
i the output level for which this plant size
ppens to be best.

This argument can be repeated for any other
‘ant size. Hence SATC, and SATC, correspond-
Brespectively to the fixed plant size at C and at
) must lie above LAC except at points C and D

il

e

themselves. In the long run the firm can vary all
its factors and will generally be able to produce a
particular output more cheaply than in the short
run, when it is stuck with the quantities of fixed
factors it was using previously. A firm thar is
currently suffering losses because demand has
fallen will be able to look forward to future profits
after it has had time to build a plant that is more
suitable to its new level of output.
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SUMMARY

1 This chapter develops the distinction between short-run and long-run cost
curves and output decisions. The long-run is a period over which the firm can
fully adjust all its inputs to a change in conditions. The short run is a period in
which the firm cannot fully adjust all its inputs to changed conditions. In
particular, in the short run the firm is not able to change the quantity of fixed
factors, such as plant and equipment, that it is using. The length of calendar
time corresponding to the long run varies from industry to industry.

2 The production function specifies the maximum amount of output that
can be produced using any given quantities of inputs. The inputs are machines,
raw materials, labour, and any other factors of production. The production
function summarizes the technical possibilities open to the firm.

3 The toral cost curve is derived from the production function, for given
wages and rental rates of factors of production. The long-run total cost curve
is obtained by finding, for each level of output, the method of production that

HAPTER 7 DEVELOPING THE THEORY OF SUPPLY: COSTS AND PRODUCTION

ginimizes costs when all inputs are fully flexible. When the relarive price of
ging a factor of production rises, the firm substitutes away from that facror

|, Average cost is equal to total cost divided by outpur. The long-run average

wstcurve is derived from the long-run total cost curve, allowing full flexibility

|fall inputs.

; The long-rumaverage cost curve (LAC)is typically drawn as U-shaped. The
alling part of the U is the result of indivisibilities in production, the benefit of
pecialization, and some advantages of large scale from an engineering
andpoint. There are increasing returns to scale on the falling parr of the U.
The rising part of the Uis a result of difficulties of co-ordination, or managerial
seconomies of scale.

- When marginal cost is below average cost, average cost is falling. When

arginal cost is above average cost, average cost is rising. Average and marginal
astare equal only ar the lowest point on the average cost curve,

i In the long run the firm produces at the point where long-run marginal
st (LMC) equals MR provided price is not less than the level of long-run
nerage cost at that level of outpur. If price is less than long-run average cost,
de firm goes out of business,

+ Inthe short run the firm cannor adjust some of its inputs. But it still has to
wy for them. It has shorr-run fixed costs (SFC) of production. Other factors
s productien, like labour, are variable in the short run. The cost of using the
aniable factors is short-run variable cost (SVC). Short-run toral costs (STC)
reequal to SFC plus SVC.

0 The short-run marginal cost curve (SMC) reflects the marginal product
¥the variable factor holding other factors fixed. Usually we think of labour
svariable, but capital as fixed in the short run. When very little labour is
xing used, the plant is too big for labour to produce much. Increasing labour
put leads to large rises in output and SMC falls. Once machinery is fully
unned, each extra worker adds progressively less to output and SMC begins
orise.

1 Short-run average toral costs (SATC) are equal to short-run foral costs
§TC) divided by output. SATC is equal to short-run average fixed costs
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