
Followi~g the oil price shock of_ 1979 there was a world-wide slump in~ 
produet1on. In 1980 UK produmon of new cars was only half its 19721 

1 The slump in _rhe United Stares in 1980 and 1981 was even more dramatic.~ 
largest Amencan manufacturer, General Motors, which trades in Eur0pc 
under the brand names Vauxhall and Opel, registered a loss of $567 million 
berween July and September of 1980 alone. 

Unlike some European car manufacturers, such as The Rover Gro General M · · up, or ors 1s a pnvare company without any state finance. Yet despite 
------------------- such enormous losses, GM planned to stay in the 
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motor car business. In 1982 workers agreed to 
lower 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 
condi tions wi ll a firm decide to close--doWn: 
Second, what is the relation between the choice 
o f production technique - fo i:._example, the use 
o f robots - and the flan's costs of production? 
Similarly, how do changes in wages affect cosrs 
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-l(a), the interaction of production costs and 
revenues, we constructed a simple theory of sup­
ply based on the relation berween marginal revenue 
and marginal cost, as illustrated in Figure 7-l(b). 

How does this apply to General Motors in 
1980-81? Since GM decided to produce 1.4 

million cars between July and September 1980, it must have concluded that ir 
would lose even more money if it produced zero; and it certainly decided thar 
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 short-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 fact, 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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..r.URE 7-1 DEVELOPING THE THEORY OF SUPPLY: (e)~thebtoad 
,...._ al the theory al supply. or the f,rm'a outpUt decision. The firm• choice of output 
~nds on the revenues it receives from ~ -of ltll product end on coata al 
~ction. (b) ahowa the details that -e filled m ,n C_hapter 6 . The firm chooles the 
:;;;, 1evel at which merginal revenue ia equal to mergmal_ cost. It has to check at that 
,oinl whether profits are positive. If not. it checks whether 11 could reduce loaaes by not 
,ociucmg. 

Total 
cost 

curve 

Costs 

Costs of 
production 

Marginal 
cost 

curve 

(a) 

(b ) 

Figure 7-2 summarizes the material of this 
chapter. Comparing it with Figure 7-l(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. We start at the left ofFigure 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 . 

Revenues 

Marginal 
revenue 

curve 

Demand curve facing 
the firm (prices at 

which the firm can sell 
each level of output) 

The firm's inputs include labou r, 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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FIGURE 7-2 THE COMPLETE THEORY Of SUPPLY. The new material to be 
developed in this c"-Pt« is shown in blue. There a,. two main developments from Figure 
7-1(b). First, lhott- and long-run C08t curvee and output decisions a,. ca19fully 
distinguished. Second, - go behind the total C08t curve to lhow how the firm chooses the 
lowest cost way of producing each level of output. given the technology available to it and 
the costs of hiring facto,s of production. 

Technology and 
costs of hiring 

faclors of 
production 

Costs 

Total cost 
curves, 

sbort--and 
long-nm 

Marginal 
cost curves, 
lhon-and 
loog-nm 

Marginal 
revenue 
curve 

Revenues 

J:?emand curve facing 
the firm (prices at 

·which the finn can seU 
. each level of output) 

Average cost 
curves. • 

0:iecks: Wliether ~ .. 
• :'t to produce at all .• 
rt - in s~v-run; "- t+-------.....J 
,.. whetbei to close sbon-and 

long-nm 'J-00"'1.in long nm 

The Production Function 
The production fun ction specifies the maxi­
n:ium outpm that can be produced from an}' 
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 
th_e same ou_tput. Since profit-maximizing firms 
will not be interested in wasteful or inefficient 
production methods, we can restrict our attention 
to those that 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 snarlc 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 efficient 
production techniques listed by the production 
function. The first two rows of the table show tw 
different ways to produce 100 snarks: the finn a: 
use 4 machines and 4 workers, or 2 machines and 
6 workers. Beginning from the latter, the third row 
s~ows the effect of adding an extra worker. Ourpur 
nses 6 snarks per week. The last row shows dw 
doubling both the inputs in the second row also 
~ou bles 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 that arc also 
~echnically efficient. How does the firm discover 
its p~oduction_ ~unction, the complete set of 
techn_tcal!y cff1~1ent ~roduction techniques? In 
part, It ~111 ask Its engineers, designers, and rimc­
a~d-m?uon experts. In part, it may experiment 
with different techniques and observe the results. 
Fortunately, the firm does not need to know its 
compl~te set ot options in detail. If labour is very 
expensive relanve to other inputs, techniques that 

f~BLE 7-1 
flt£ PRODUCTION FUNCTION GIVES THE 
olJTPUT LEVELS PRODUCED BY DIFFERENT 
olJAf4TITIES OF INPUTS 

()IITPUT CAPITAL 
Lf't'EL INPUT 

1
sn,i1<stwk) (no. of machines•) 

100 
100 
106 
200 

4 
2 
2 
4 

LABOUR 
INPUT 
( no. of wOfkers •) 

4 
6 
7 

12 

, Maehina and labour are NCh uMd 40 hours per week . 

arc very labour-intensive arc unlikely to be cost­
minimizing and will be disregarded. The firm can 
,hen pay more attention to discovering the 
complete set of techniques that use relatively linle 
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. 
The production function is the list of all techniques 
rhat arc 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 
rhat has introduced a new, more productive 
production technique. By changing the set of 
rcchnically 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 

TABLE 7-2 

thco~ of supply for a given technology, we can 
consider how technical progress affects the output I 
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 marginail 
revenue curves. We now wish to get behind tht 
marginal cost curve and the total cost curve from 
which it is derived. Only then can we understand 
what will shift ma~i~al cost curves causing firmsl 
to alter output dcc1s1ons. Why docs a change in 
wages, such as GM faced in 1982, affect the 
output decision? How docs the possibility of using 
robots affect cost and output? I 
Minimizing Costs: The Choice of 
Technique 
The production function relates volumes of inputl 
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 inputsl 

We return to Table 7-1 and considerrhe lowest 
cost way to produce 100 snarks per week. To 
simplify the calculations, we assume that there are 
only two technically efficient techniques, thosl 
described in the first two rows of Table 7-1, whic1 
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 pel 
week. The firm knows the cost of renting , 
machine (£320 per week) and of hiring labour 

CHOOSING THE LOWEST-COST PRODUCTION TECHNIQUE 
I 

RENTAL RATE WAGE CAPITAL LABOUR TOTAL 
CAPITAL LABOUR PER MACHINE RATE COST · COST COST 
INPUT INPUT (£/wk) (£/wk) (£/wk) (£/wk) (£/wlc) 

Technique A 4 4 320 300 1280 1200 
Technique B 2 6 320 300 640 1800 

2480 
2440 

I 
I 
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required to :~h~~ant1t;s of labour and capital 

technique Tablee 7 2 shnar s pher week using each 

input to labour input is 1 (=4/4) 1·n tech . d 00 k b 
b I n1qq , cheaper way to pro uce 1 snar s. La our use 

utonyl/3(=2/6)intechn1·queB. '4 d df k 

. · - s ows t at the t I 
this output is 5:2480 k . ota cost of 
and £2440 pe_r wee usmg technique A Changes in Factor Prices and the Ch . 

of Technique 0 ic:. 
·11 h per we~k usmg technique B. The fi 

w1 c ~ose technique B and the total cost :; 

producing 100 snarks per week will be £2440 W 

now h~ve one point on the total cost curv~ f e 

snarks: m order to produce 100 . h or 
i £2440 Th· · unns t e total cost 
s ) . 1s_1s theeconomicallyefficient(lowest-

cost _production method at the rental and 
rates m Table 7-2. wage 

To get the complete toral cost curve we o 

tr~ugh the same calculations for each outp:t 

. eve . From. the_ production function we get the 

input ~ombmauons required by each technique 

Knowing cosrs per unit for each input we work 

our the cost of production by each technique and 

~hoose the lowest-cost production method. Join­

ing_ up these points we get the total cost curve 

~hich may_ embody switching from one produc~ 

tron 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 ou~put level as output is increased by one 

more unit. 

Factor Intensity 

When a technique uses a !or of capital and 

relatively little labour we say that ir is 'capital­

intensive'. Conversely, a technique using a lor of 

labour but relatively little capital is said ro 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 

TABLE 7-3 

~t the fac_tor prices (costs per input unit) in Tabk 

-2, t~e firm chooses the more labour-int . 

tech~1que because it is cheaper. Suppose thee:"' 

rare nses from £300 to £340 per week: labour ill 

beco'.11e more expensive but the rental on ca ~ 
rema_ms unchanged. The relative price of I t~ 
has nsen. aUUU! 

We ask two questions. First, what happens lo 

rhe total ~osr of producing 100 snacks per Wedi 
Second,_ is there any change in rhe prefe 

production technique? Table 7-3 recalculates r;:; 
costs of production_ at the new factor pri~ 

Because both techniques use some labour rht 
total ~osr of producing 100 snacks by rechniq~e A 

has nsen_ and the. total cost of producing 100 
snar~s usmg technique B has risen. Even though 

rhe firm selects the cheaper technique, the lowcs1-

cosr way ro produce 100 snarks is now high 

Repeating this argument for all other ou; 

levels, this implies that the rota! cost curve i 
snack production shifts upwards at each outp: 

!eve! w~en the wage rate (or the price of any orhn 
mput)nses. 

In_ this _partic_ular example, the change in the 

relanve pnce of inputs also leads the firm to switch 

production techniques for producing 100 snacks. 

Tab!~ 7-2 showed that before the wage increase 

the farm used technique B with 6 workers and 2 

machines. After rhe wage increase, the higher price 

of labour relative ro capital leads the firm to 

substitute capital for labour. Technique A is now 

THE EFFECT OF AN INCREASE IN THE WAGE RATE 

RENTAL WAGE CAPITAL LABOUR TOTAL 

CAPITAL· LABOUR RATE RATE COST COST COST 

INPUT INPUT (£/wk) (£/wk) (£/wk) (£/wk) ((/wt) 

Technique A 4 4 320 340 1280 1360 2640 

TechniqueB 2 6 320 340 640 2040 2680 

Ji,sbeen re uce rom 6 to4 wor ersand machine 

iJSC has been increased from 2 to 4 machines. 

fhe General Motors Example Once Again 

Reversing the above analysis, we can now under­

stand part of the GM example discussed at the 

!,(ginning of the chapter. When GM's workers 

agreed in 1982 to accept lower wages than they 

would normally have received, GM was assured 

,hat its total costs of production would rise less 

,han they would otherwise have done. In rum, the 

workers were assured that GM would use more 

J.ibour-intensive production methods than would 

have 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, 

,hey 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 

techniques will tend to reduce the total cost of 

producing a given output. 

Japanese motor car manufacturers had been 

operating robot techniques for several years before 

1982. Management proposals to introduce these 

techniques in countries such as the United States 

and the UK had parrly 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 attempt to 

switch from one technique to another. 

How did GM manage to secure agreement for 

the introduction of robots in 1982? 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 capital 

for labour within the set of techniques summarized 

in a given production function. A second aspect 

of robot using methods is that they represent 

rechnical 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 spire of the huge losses in 

the short run. 
We can thus identify three reasons why GM 

believed its roral 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. 

--------------~• ... fllllill:lllllltlfi!:~-· - ---------------------"
""--------------------

---------------------
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7-3 LONG-RUN TOTAL. MARGINAL. 
AND A VE RAGE COSTS 

F-.-c-J • -it-h an up• -anf shift in irs demand and 
~ tt"'ttHx t-.un-cs. a fi rm will want to 
op.and produ .. ,ion, as "'-'C' explained in the 
prnious c-haptcr-. However, adjusrment rakes 
time'. In rhc shon run, perhaps the first few 
months, the firm an get irs existing workforce to 
Jo o,--crtimc. 0.-cr a longer period it may be 
.. -hapcr ro build a new factory and increase 
~-

Th<" /ol=g nm is the period long enough fo r 
the furn to ad1usr 3lJ irs inpurs to a change in 
.:-ondn:ions... 

In~ long ':'1" rhc firm can vary irs factory size, 
switch rcchniqucs of production, hire new workers 
and ocgociate new conr:racts with suppliers of raw 
materials.. 

The short run is rhc period in which rhe firm 
an make onJy partial adjustment of irs inputs 
to a change in conditions. 

TilC fum may have the flcxibiliry to vary the shift 
lc:ngtb almOSl immediately. Hiring or firing work­
as mes longer, and it might be several years 
before a nC"4• factory is designed, built, and fully 
opcnrion.J. 

ln this s«Tion we deal with long-run cost curves, 
describing production cosrs when the firm is able 
ro make all rhe adjusrmcnrs it desires. 

TABLE 7--4 
LONG-RUN COSTS 

( 1) (2) (3) 
LON G-RU N LONG-RUN 

T~e-long nm total cost curve describes tilt 
minimum cost _ of _producing each OUIJ>lit 

level when the firm 1s able to adjust all inJ>Uls 
optim.ally. 

Total and Marginal Costs in the Long 
Run 

Table 7--4 shows long-run total costs (LTC) 
long-run marginal costs (LMC) of producing C: 
output lev~l. LTC reflects the lowest-cost method 
of producmg each output level and is shown . 
the second c~lumn of the table. Since there : 
always an ~pnon to close down entirely, the LTC 
of producmg zero output is zero. LTC describes 
the eventual cosrs after any adjustments such as 
redundancy payments have been made. 

Table 7--4 also shows the LMC of produqioa_ 
Thcs~ rcprcscn_t the increase in LTC at each output 
level af output 1s permanently raised by one unit 

LTC must rise with output. It must cost moar 
to produce more output than less. How fast do 
total costs _ inc_r~c without output? Is there any 
advantage m size m the sense that large finns can 
produce goods at a lower unit cost than smaD 
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 rhe average 
cost of production. 

(4) 
LONG-RUN 

Ol1TP\JT TOTAL COST MARGINAL COST AVERAGE COST 
(gooda/wlt) (£/wk) (£/wk) (£/wk) 

0 0 
1 30 30 

30 
2 54 24 

27 
3 74 20 24.67 17 4 91 22.75 
5 107 16 

21 .40 
6 126 19 

21.00 
7 149 23 

21 .29 
8 176 27 

22.00 
9 W7 3 1 

23.00 
10 243 36 

24.30 

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 
average cost (LAC). LAC is LTC divided by 
output. 

The· LAC data of Table 7--4 arc plotted in Figure 
7.3. Average cost starts out high - 5:30 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 IO. This common 
pattem of average costs is called the U-shapcd 
average cost curve. To sec why the U-shaped 
average cost curve is common in practice we 
introduce the concept of 'returns to scale'. 

7-4 ECONOMIES AND 
DISECONOMIES 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). This long-run average cost curve LAC 
plots the data in the last column of T ~I~ 7-4. The LAC 
CUMI hes the typical U·shape. The mmrmum average cost 
of production is at point A, with output level of 6 and 
average cost of £21 . 

30 

i 
0 .. 
[ 

20 :! 
"' e 
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~ 
u 10 > 
< 
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arc constant as output rues. There are 
diseconomies of scale (or decreasing returns 
to scale) when long-run average cosrs incrc.ue 
as output rises. 

In these definitions scale refers to the size of rhe 
firm as measured by its output. The three c.ases 
arc illustrated in Figure 7--4. 

In Figure 7-3 the U-shaped average cost curve 
has increasing rcrums to scale up to the point A, 
where average cost is lowest. At higher output 
levels there arc decreasing rcrums to scale. Wh y 
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 chat changes 
in factor prices shift cost curves.) The re.larionship 
between average costs and output as we mo,·e 
along the LAC curve must be explained by rhe 
relation between physical quantities of inpurs and 
output summarized in the production function. 
At given factor prices, docs the firm = more or 
fewer inputs pa unit of output as output rises? 
This is a technological question about the mosr 
efficient production techniques. Thus the discus­
sion of economies or diseconomics of scale 
indirectly refers back to the production function 
although we discuss the issue in terms of rhe 
average cost curve. 

Economies of Scale 
There arc three reasons for economies of SOiie. 
The first is indivisibiliti~ in the production 
process, some minimum quantity of inputs K-­

quircd by the finn to be in businrss at all whether 
or not output is producC'd. Thrse are somrnn'.<'."S 
called fixed costs. beoau~ the)' do nor ,·,iry w1rh 
the output levrl. To be in businrss :i fim1 require-,. 
a managrr, a telrphone, an account'.i~t '. a n~J.rkc:-r 

h S - •-y Thrsr roslS att indi,•1s1blc 1n th<" rcsear-c u, .. • . 
srnse ihnt thr fi m1 cannot ha,·e halt_ a r'.1:n~'\": 
and half a telrphone mrttly becau~'<' u_ w1sh~ t,11 

I I 11..._, ·0111 n ... t n.1111 sm.1 
o~rate at low output l'\"C' s. ~ • . ":<' • < 
output tr,·ds, rhc-sr l'OSts do nor i11111Jll~· '"' n-.i., .-
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FIGURE 7-4 RETURNS TO s 
CURVE. The three long-run aver~ALE ANO THE LONG-RUN AVERAGE COST 
returns to scale and the shape of th g;;~:5' LAC curves show the relationship between 
Production fall as output increases :nd th curve. When ~C is declining, average costs of 
mcreui?g. average costs of production in ere are economies of scale. When LAC is 
decreasmg returns to scale. The intermed,~;ease with higher output, and there are 
constant. has constant returns to scale. e case, Figure 7-4(b), where average costs are 
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0u1put 0u1pu1 0u1pu1 
(a) Increasing returns to scale or 

economies of scale ' (b) Constant returns lo scale (c) Decreasing returns to scale or 

with output. The manager can organize three 
workers as easily as two. As yet 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 rakes 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 Wea/th of Nations (1 77 6). His example 
(he calls it a 'very trifling manufacture ') is the pin 

industry: 

A workman nor educated to this business ... 
could scarce . . . make one pin in a day, and 

diseconomies of sea~ ' 

certa_inly c_ould nor make twenty. Bur in rhe 
way in which this business is now carried on 
. .. it is divided intoanumberofbranches ' 

On~ man draws our the wire, ano;h~ 
~rra1ghrens it, a third curs, a fourth poinu 
It . . .. 

Th_ere were 18 stages in making a pin, and Smith 
estimated average output per worker at 4800 pins 
per d_ay. 1:he economics 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 rake 
advantage of better machinery. Engineers have a 
rule of two-thirds that applies to many factories 
and machi_nes: the cost of building a factory or a 
machine nscs only by two-thirds as much as the 
output of the factory or machine. Sometime this 
rule has a physical basis. Oil rankers arc 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 

J 
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r,ge containe~ require proportionately less 

eel the larger their volume. 11 . h" I h Sophisticated but expensive mac mery a so as 

.Ill element of indivisibility._ N_o _m_atter_ how 
,oductive a robot assembly lme 1s, It 1s pointless 

po install one to make five cars a week. Average 
I • h 
·osts would be enormous. However, at h1g 
:urpur levels the machinery cost can be sprea~ 
over a large number of units of output and this 
production technique may produce so many cars 

ihat average cos rs are low. 

oiseconomies of Scale 
With such powerful reasons for economies of 

scale, why does the U-shaped average cost curve 
rum upward again as diseconomies of scale set in? 
Notice first that the second and third reasons for 
economies 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 rhe 
finn 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 ro rise. 

Geographical factors may also explain disecon­
omies of scale. If the first factory is located in rhe 
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 
a mine, 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 rhe 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 
to firm. 

Returns to Scale in Practice 

In trying to gather evidence on the shape of lon1 
run average cost curves it is possible to talk r 
design engineers to get an idea of the dire, 
production cost of producing different outp1 
levels in different kinds of factory. It is muc 
harder to quantify the managerial diseconomi, 
chat set in with the cost of operating a large an 

unwieldy firm . Almost all the empirical researc 
focuses only on the direct production cost c 

different output levels. Because it ignores man. 
gerial diseconomies of scale it overestimates r~ 
falling range of average cost curves. In practic 
average cost curves start rising sooner than cl 
following estimates suggest. 

Figure 7-5 shows data on average costs for firn 
in rhe cement industry in the United Stares and f, 
firms in the brewing industry in the UK. Avera1 
costs fall steadily as output increases. Even at laq 
output 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 averai 
costs as output rises .' 

For such firms the typical parrem of the LA 
curve is that of Figure 7-4(a). Ar low output level 
average coses fall rapidly. As output rises, avera1 
costs fall bur more slowlv. Economists have tri t 
to measure the output· level at which furrh , 
economies of scale become unimportant for ti 
individual firm, che point at which the avera1 
cost curve first becomes horizontal. This outp 
level is called rhe minimum efficient scale (MES 

Table 7-5 contains some estimates of the ME 
for firms operating in different industries in r~ 
UK and rhe United Stares. The first column giv• 
an idea of how steeply a,·erage costs fall befo 
minimum efficient scale is reached. Ir shows ho 

1 C. F. Pratten. Economies of Scale in Manufacturing lndust 
Cambridge Uni\·crsiry Press, 19i l , presents data for 
industries including steel , bread, soap. oil, socks, and nc, 
papers. F. M. Scherer, Industrial Markt-t Structure a 
Economic Performanu (2nd ed.), Rand McNally, I 980. 1 
81 - 118, has an excellent description of the relations! 
bcrwccn average cost and output in practice. 
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FIGURE 7-5 AVERAGE COST CURVES IN THE LONG RUN. The figure shows 
long-run average cost curves for cement and beer brewing. In both cases. average cost falls 
es the level of output r~ (Sou~: Cement data•~ f~ Merit E. McBride, 'The Nature 
and Source of Econom- of Scale in Cement Product1011 • in Southern Economic Journal 
July 1981, pp. 105-115. Brewing data are from C. F. Pratten,Economiuof Scalein • 
Manufacturing Industry, Cambridge University Press. 1971, page 75.) 
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(a) Cement 

much higher average costs are when output is one­
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. 
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(b) Beer 

At low outputs, average costs are much higher 
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 pan 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 

f~BLE 7-5 
!,ilNIMUM EFFICIENT SCALE FOR SELECTED INDUSTRIES IN THE UK AND THE USA 

(I) ~\NCREASE IN <
3

l (
4

) 

AVERAGE COSTS MES AS % OF MES AS % OF 
tHOUSTRY AT i MES UK MARKET US MARKET 

cement 26.0 6.1 1.7 

51eel 11 .0 15.4 2.6 
G"5$ bottles 11.0 9.0 1.5 

searings 8.0 4.4 1.4 

fabrics 7.6 1.8 0.2 

Refrigerators 6.5 83.3 14.1 

Petr0leum refining 4.8 11 .6 1.9 

p,ints 4.4 10.2 1.4 

Cigarettes 2.2 30.3 6.5 

Sh085 1.5 0.6 0.2 

~ : f . M. Scherer eu/., TM Economics al Mu/tip/ant Operation, HarvMd Unive,sity PretS, 1975. Tables 3.11 and 3.15. 

10 che industry as a whole. Table 7-5 implies that 
if chere is more than one refrigerator manufacturer 
in che UK it is impossible for every firm in the 
refrigerator industry to be producing at minimum 

efficient scale. 
However, Table 7-5 suggests that there are 

many industries, even in the manufacturing sector, 
where minimum efficient scale for a firm is small 
relative to the market as a whole and average costs 
are only a little higher if output is below minimum 
efficient scale. These firms will be producing in an 
output range where the LAC curve is almost 

horizontal. 
Finally, there are a large number of firms, 

especially chose outside the manufacturing sector, 
whose cost conditions are well represented by a 
U-shaped average cost curve. With only li~ited 
opponuniries for economies of scale_, ~hese firms 
run into diseconomies of scale and nsmg 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 chis analysis must be amended when 
firms face significant economies of scale. In later 
chapters which discuss the srrucrure of different 

' types of industry it will be imponant to rem~mber 
which shape of average cost curve w_e thmk of 
relevance for the industry we are srudymg. 

7-5 AVERAGE COST AND 
MARGINAL COST 

In Table 7-4 we showed long-run marginal cosrs 
(LMC) and long-run average costs (LAC). We 
now want 10 connect these two cost measures 
whose behaviour is closely related. 

The last rwo columns of Table 7-4 are ploned 
in Figure '."-6. At each output LAC is simply total 
cost di"ided by that output level. However, 
marginal costs are incurred by moving from one 
output le,·el 10 another so we plor LMC at points 
halfway between rhe corresponding output levels. 
For example rhe LMC of £30 for rhe first output 
unit is plotted at the output level half way between 

0 and 1. 
Two facts stand our from the cable 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 rhe output level at 

which LAC and LMC cross. 

Neither of these faces is an accident. The relation 
d · 1 is a matter of 

between average an margma 
arithmetic, as relevant for football as for pro1uc-
1ion costs. A footballer who has scored 3 goa s •2n 

. I game To score 
3 games is averaging I goa per · 1 f 4 

· lying 5 goa s rom 
goals in the next game, imp 

II 

I 
I 
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FIGURE~7~6~-=:::-::-::.:::-::=--------~~~~~~~~~ CURVEJ. -These ~;;AGE ANO MARGINAL COST 

There are two special f data are Plotted from Table 7-4 

the marginal COS! c eatures of the relationship betw . 

(LAC). First. LAC isu;;;,:1(L~C) and the average COst c~n 

~C. and rising whenev;~~~~enever LMC is below e 

C curve cuts the LAC os above LAC. Second th 

Fact 2 follows from fact 1 I f' 
and marginal cost curves . n igure 7-6 ave..... 
which b cross ar the . ·-,r 

musr e the point of . . Po111t ,l\ 
cost. Why? To the left of A, LM~~i;;urn av~ 

so average cost is still falling T h below L.1c 
LMC lies above LAC so . o t e nghr of A 

Hence the point A baverah ge cosr is risi~ 
the LAC curve - in other ::,urve at the minimum point .;f e 

IS Produced at lowest unit :;,,,~· at the P0int where output 

i 30 

~ 
~ 

-;;; 

·~ 20 

e 
.,, 
8 
" e 10 
C) 

< 

0 2 J 4 5 6 7 ~ 
Ourpur fgoo<ls pe r week ) 

9 

LMc 

10 

games, would raise the average to 1.25 goals per 

game. In th_e fourth game the marginal score is 2 

goals, the increase in total goals from 3 to 5 

Becau_se the _marginal score exceeds rhe averag~ 

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 

rhe ave~age cosr of the existing unirs, making rhe 

next unit musr_ drag up average cost. Conversely, 

when the marginal cost of the next unit lies below 

the average cost of existing unirs, an extra unir of 

production drags down average cosrs. When 

marginal and average cosr are equal, adding a unir 

leaves average cost unchanged. This explains facr 

I. 

h. h must e t e ourp I -,-
w rc average costs are at a . . Ut evel • 

A · minimum 
s in the football example this r~I . -u 

purely on arithmetic Although f' arron "-I 
ro long-run average ;nd ma . rgure 7-6 refeii 

reasoning will hold when rgina.1 cost, rhe ~ 
averag d . we discuss shon 
U h e ;n marginal cosr in secrion 7 7 w ·-ruah 

-s ape average cost curve the . : n a 

curve lies below rhe average co' st c marginal COIi 

f · · urve to rh I.,_ 
o minimum average costs bur above the e <ll 

cost curve ro rhe righr of . . aver.ist 
Th . minimum averag 

e marginal cost curve crosses rhe ave e COSt. 

curve from below atthe point of mi . rage COst 

cosr. mmum avel'agt 

_Table 7-6 summarizes this important relari 

~~c Ir I~ true both for the relationship berw: 

an LAC and for rhe relationship berw 

short-run average cost (SAC) and short- eni 

ginal cost (SMC). run ma,. 

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

We. ~an n~w analyse the firm's long-run ourpur 

dec1s1on. Figure 7-?shows smoorh LAC d LM 
f f . an C 

cu~es or a •rm nor restricted ro produce integer 

umrs of ourpur. le also shows the marginal revenue 

(~R) curve. From Chapter 6 we already know rhar 

r ~ . output level of maximum profit or 

mm1~um loss occurs ar B, rhe ourpur at which 

marginal revenue equals marginal cosr. The finn 

rhen has ro check whether ir makes profits or 

!o~ses ac this ourpur. Ir should nor stay in business 

1f 11 makes losses for ever. 

Toral profits are average profits per unit of 

output multiplied by the number of units of 

ourpuc. Hence roral profits are positive only if 

average profm per unit of ourpur exceed zero. 

Average profits are average revenue per unit minus 

average cosr per unit. But average revenue per unir 

' 
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ILE 7-6 !:e 11ELATIONSHIP BETWEEN MARGINAL AND AVERAGE COST 

~ MC<AC MC - AC MC>AC 

---­,c•: falling at its minimum rising 

simply the price for which each output unit is 

:1d. Hence if long-run average costs at B exceed 

tht price for which the output Q, can be sold, the 

{it1II is making losses even in the long run and 

s1,o,tld close down. If, at this output, price equals 

LAC, the firm jusr covers irs costs and breaks 

"''"· And if price exceeds LAC ar this ourpur, the 

finn is making long-run profits and should happily 

Jt(ll8in in business. 
Notice rhar rhis is a rwo-sr.age argument. First 

•·e use rhe marginal condition (LMC = MR) to 

find rhe profit maximizing or loss minimizing 

ourput provided rhe firm stays in business, then 

we use the average condition (the comparison of 

LAC at rhis output with the price or average 

revenue received) to determine whether the profit 

maximizing or loss minimizing output in fact 

1;elds profits and hence allows the firm ro stay in 

FIGURE 7-7 THE 
FIRM'S LONG-RUN 
OUTPUT DECISION. In 
the long run the firm 
chooses its output level at 
die point 8 where MR is 
equal to LMC. It has then 
10 check whether it is 
making losses at that 
output level Q,. If price is 
equal to or more than 
LAC,. the long-run 
average cost 
conesponding to output 
O, . the firm ia not making 
losses and stays in 
business. II price is less 
lhan LAC, , the lirm's long­

run output decision should 

be zero - it closes down 
permanently. 

Average cost . 
marginal cosr. 
marginal revenue 

(£/ good ) 

If price is al 
or above LAC , ----+--i 
firm produces Q 1 

If price is less 
lhanLAC,. 
firm goes out 
of business 

LAC, 

business in the long run. If even the best outpur 

from rhe 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 

rhe short run the firm has some fixed factors of 

production. 
A fixed factor of production is a factor 

whose input level cannot be varied. 

A rise in demand for the firm's output can shift its 

marginal revenue curve outwards. In rhe long run 

it may be profit-maximizing to build a new factory 

and increase output. Labour and capiral inpurs 

Q, 
Ourpul (goods per week) 

• 
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can be fully adjusted. No factors of production 
are fixed. Bur until rhe firm can build rhe new 
facrory chis capital input is a fixed factor of 
production. The firm is sruck wirh whar ir already 
has. 

How long rhis shore run lasrs depends on rhe 
industry. Ir mighr rake ren years ro build a new 
power srarion bur only a few months ro open new 
resrauranr premises if an existing building can be 
bought, converted, and decorared. 

The existence of fixed factors in rhe shore run 
has rwo implicari?ns for a firm's cosrs. First, in 
rhe short run rhe firm has some fixed cosrs. 

Fixed costs are cosrs rhar do nor vary wirh 
ourpur levels. 

These fixed cosrs musr be borne even if ourpur is 
zero. If rhe firm cannot quickly add ro O d ' 
f . . . f . r 1spose 

o irs ex1snng acrory JC musr sr1·11 pay d . . . . ' eprec1ar1on 
on rhe bu,ldmg and meer the interest cost of rhe 
money It ongmally borrowed to buy theta t 

S db co~ 
econ ' ecause in the shore run rhe firm cannot 

make all rhe adiusrments it would 1·k . h 1 e, 1rs s ore-
run costs of production must be different from its 
long-run producron costs, and must be higher. 
Whe_n adiusrment eventually becomes possible 
the firm has an incentive ro make rh · d ' ' 

J ·f · 1s a Jusrment 

Short-run Fixed and Variable Costs of 
Production 
Table 7-7 presents data on shore-run costs. Tbt 
second column shows rhe fixed costs, which 
mdependent of the output level. The third colu ait 
shows the variable costs. lllJJ 

Variable costs are costs that change as ou 
changes. tpu, 

Variable costs are rhe costs of hiring variable(no 
frxed) factors of production typically lab fl. . • our and 
raw matenals. Although firms may have I . ong-rcnn 
contracrs wrrh workers and material su 1· 

h' h d PP1ers, w JC ten to reduce rhe speed at which d' 
ment_ of these . factors can be accomplishaeJ~1

• 

practice mosr firms retain imporeant elem ' 111 

flexibility through overeime and short time e~~- of 
or non-hiring of casual and part-rime w~ :ng 
and raw material purchases in rhe open mar{c;~ 
supplement contracted supplies. 0 

The fourth column of Table 7-7 shows sh 
run roral costs 0n-

Shorr-run 
total cosr 

(STC) 

short-run short-run 
fixed cost + variable cost 

(SFC) (SVC) 
(1) 

I costs and in short-run variable costs as output 
~creased by 1 unit. 
6 ,Whatever the output level, fixed costs arc £30 

week. Because marginal costs are always 
P'\ive, short-run total costs rise steadily as 
~rput rises. Extra output adds to total cost, and 
JClds more the higher is rhe marginal cost. Looking 

1 
the last column of Table 7-7 we see that, as 

~rpur increases, marginal costs first fall then rise 
igain- The short-run marginal cost curve has the 
s:irne general shape as the long-run marginal cost 
(111Ve shown in Figure 7-7, bur for a very different 
reason. 

In rhe long run the firm can vary all factors 
freely. As output expands, ir may become cost­
minimizing to install a sophisticated assembly line 
which then allows extra output to be produced 
quire cheaply. Then diseconomies of scale set in 
llld marginal costs of further output increases 
start ro rise again. 

on y J Jt can get on to a lower cost curve by doin 

d
so. WI e now study these shore-run costs in mor! 

eta1 . 
The final column shows short-run marginal co 
:SMC). Since fixed costs do nor increase wi:~ 

urpur, SMC is rhe increase both in sh on-run 

The short-run marginal cost curve assumes rhar 
,here is ar least one fixed factor, probably capital. 
We cannot explain the shape of the SMC by 
switches to different machinery and production 
rechniques. Suppose there are only two inputs in 
,he 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 
,he explanation for the shape of the short-run 
marginal curve. 

TABLE 7-7 

SHORT-RUN COSTS OF PRODUCTION 

(1) (2) 

OUTPUT 
(goods/ wk) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

(SFC) 
SHORT-RUN 
FIXED COST 
(£/wk) 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

(3) 
(SVC) 
SHORT-RUN 
VARIABLE COST 
(£/wk) 

0 
22 
38 
48 
61 
79 

102 
131 
166 
207 
255 

(4) 
(STC) 
SHORT-RUN 
TOTAL COST 
(£/wk) 

30 
52 
68 
78 
91 

109 
132 
161 
196 
237 
285 

(5) 
(SMC) 
SHORT-RUN 
MARGINAL COST 
(£/wk) 

22 
16 
10 
13 
18 
23 
29 
35 
41 
48 

The Marginal Product of Labour and 
Diminishing Marginal Productivity 

, Table 7-8 shows how output increases as variable 
j labour input is added to rhe fixed quantity of 

capital. 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 
obtained by adding 1 unit of the variable 
factor, holding constant rhe 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. 

Ar low levels of output and labour input, rhe 
firsr worker has a whole factory to work wirh and 
has to do too many jobs to produce very much. A 
second worker helps, and a third helps even more. 
Suppose rhe factory has three machines and the 
three workers are each specializing in fully running 
one of rhe factory 's machines. The marginal 
product of rhe 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 
chat worker is still lower. In fact, beyond a labour 
input of 3, rhe marginal product of each additional 
worker decreases steadily as the number of 
workers is increased. When rhis happens we say 
thar there are diminishing returns to labour. 

Holding all factors constant except one, the 
law o f diminishing returns says thar, beyond 
some le,·el of the varia ble input, further 
increases in rhe va riable input lead ro :i 

TABLE 7-8 

TOTAL AND MARGINAL PRODUCTS OF 
LABOUR 

LABOUR 
INPUT 
(workers/wk) 

0 , 
2 
3 
4 
5 
6 
7 
8 
9 

OUTPUT 
(goods/wk) 

0 
0.8 
1.8 
3.1 
4.3 
5.4 
6.3 
7.0 
7.5 
7.8 

MARGINAL 
PRODUCT OF 
LABOUR 
(goods/wk) 

0.8 
1.0 
1.3 
1.2 
1.1 
0.9 
0.7 
0.5 
0.3 
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Th· · 
. is is a law about technology Add. 

increasing numbers of workers to~ fixedmg ev~r­

of machinery gers less and less useful Thqua~tirhy 
work • · 1 

· e nmr 
fo ~r s mahm ro e in p~oducrion is to get coffee 

r t e ot ers operarmg the machi . 

;o8mributes ~o output but not a great de:~s.Fi;h1s 

- summarizes our discussion of m . . I ure 
d · · argma pro 

uct1v1ry. If capital happened ro be rh . -

facror and labour the fixed facror e va!"'a_ble 

argument would obtain Add1·ng m , a ds1m1lar 
h · · ore an mo e 

mac mes to_ a given labour force might initial~ 

lead to large increases in output bur would . k/ 

encoumerdiminishingretumsasmach · bquic Y 

d ·1· mes ecame 
un er-un ized. Thus the schedul . F. 

e m 1gure 7-8 

I b . margma product of labou 
a o~r is the variable factor could r wbca 

des~nbe the behaviour of the margina~qually Wdl 
capnal when capital is the variabl f produqof 

Befor e actor.2 
e we show rhe relevance of . 

P{?ducts for short-run marginal cost nor;argi~ 

~ is concept is not the eve da , l~e rhai 
productivity' which refers ro th~ a~r;ean1ng of 

Forexampl h geprodu,., 
. e, t e average product of labo ,,. 

is mosr commonly meant by 'prod _u~, wha, 
o r d " ·d ucr,v,ry• . 

u put ,v, ed by total labour input Of , IS 
· coullt, 

' Notice _rhar economists use dirninishin -

the add111on of one variable fact h g rfictums to d<scrib, 
sh b orro or er oxcd fa . 

on run, ur dureasing returns to dcsc .b d . crors1n111i 

scale when all factors arc freely varied in ~c ~o~::~_omics o/ 

dltsame old arithmetic holds good. If the marginal 

ro<fuct of labour lies above the average producr, 

;ht addirion of anorher worker will raise the 

,-crage product and 'producriviry'. When dimin­

~ing returns set in, rhe marginal producr will 

iuickly fall below rhe average producr and the 

uner will fall if further workers are added. If you 

Jo not see why rhis musr be rrue, try calculating 

output per unir of labour inpur as an extra column 

,n Table 7-8. 

FIGURE 7-8 THE PRODUCTIVITY OF LAB 

RE~URNS. The data plotted are from Tabl 7-80UR ANO DIMINISHING MARGINAL 

the rnput of labour is increased. But the ma e_ I . The total product of labour increases as 

decreases. Beyond point A in Figure 7-8 (b rg~na pr~uct of labour first increases and then 

th~re are diminishing marginal returns to la"/;,u~ ';~;grnal product of labour is decreasing, or 

berng put to work with the same stock of mach : s ,s because more and more workers are 
rnes. 

finally, as usual, we must distinguish between 

,novements along a curve and shifts in a curve. 

The marginal product curve is drawn for given 

ievels of the orher factors . For a higher given level 

of the fixed factors, the marginal product curve 

would be higher. Wirh more machinery to work 

~irh, an extra worker will generally be able to 

produce more extra output than previously. The 

numbers in Table 7-8 and the height of rhe 

marginal product curve in Figure 7-8 depend on 

,he amount of fixed factors wirh which rhe firm 

began. 

8 

Labour inpul !worker, per " ·eek I 

(a) Total product of labour 

1.5 

J 0.5 

c:. 

0 

A 

4 6 

Labour inpul (workers per week) 

(b) Marginal product of labour 

9 

Short-run Marginal Costs 

We can now explain why Table 7-7 shows rhar, as 

output is increased, short-run marginal costs first 

fall rhen rise. Every worker cosrs the firm rhe same 

wage. While rhe marginal product of labour is 

increasing, each worker adds more ro ourpur than 

,he previous workers. Hence rhe extra cosr of 

making extra ourpur is falling. SMC is falling so 

long as the marginal product of labour is rising. 

Once diminishing returns to labour ser ir, rhe 

' marginal product of labour falls and SMC starts 

10 rise again. It rakes successively more workers 

' 10 make each exrra unir of output. 

Thus the shape of rhe short-run marginal cost 

curve and hence rhe short-run total cosr cur..-e is 

determined by the shape of the marginal product 

curve in Figure 7-8, which in rum depends on rhe 

1echnology facing the firm . 

Short-run Average Costs 

Table 7-9 shows short-run average cost data 

corresponding ro Table 7-7. 

Short-run average fixed cost (SAFC) equals 

short-run fixed cosr (SFC) divided by output. 

Short-run average variable cost (SAVC) 

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 rhe 

output level. (The first row is omitted: dividing by 

zero ourpur does nor make sense.) The table also 

shows short-run marginal costs, raken from Table 

7-7. 
Figure 7-9 plots the three short-run average cost 

measures from Table 7-9. Ir is no accident thar 

Short-run 
average 

total cost 
(SATC) 

short-run short-run 

average average 

fixed cost + variable cost 

(SAFC) (SA VC) 

(2) 

This follows from dividing each rerm in equation 

(]) by the output level. 

Look firsr at Figure 7-9(b). We already under­

stand rhe shape of rhe SMC curve rhar follows 

from rhe behaviour of marginal labour productiv­

ity. The usual arithmetical relation berween 

marginal and average explains why SMC passes 

rhrough the lowest point A on the short-run 

average roral cosr curve. To rhe left of rhis point, 

SMC lies below SATC and is dragging ir down as 

ourpur expands. To rhe righr of A rhe converse 

holds. Thar explains rhe shape of rhe SA TC curve 

in Figure 7-9. 
Variable costs are rhe difference between roral 

costs and fixed costs. Since fixed costs do nor 

change with output, marginal costs also show how 

much total variable cosrs are changing. The same 

arithmetic relation between marginal costs and 

average variable costs musr hold and rhe usual 

reasoning implies that SMC goes through the 

lowest point Bon SAVC. To rhe lefr of B, SMC 

lies below SAVC and SAVC must be falling. To 

rhe right of B, SA \IC musr be rising. Finally, since 

average roral costs exceed average variable cosrs 

by average fixed costs, SA VC must lie below 

SATC. Hence point B must lie ro the lefr of point 
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TABLE 7-9 

SHORT-RUN AVERAGE cos:rs OF PRODUCTION 

OUTPUT 
(goods/wk) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

(SAFC) (SAVC) 

SHORT-RUN SHORT-RUN 

AVERAGE AVERAGE 

FIXED COST VARIABLE COST 

(f/good) (f/good) 

30.00 
15.00 
10.00 
7.50 
6.00 
5.00 
4.29 
3.75 
3.33 
3.00 

22.00 
19.00 
16.00 
15.25 
15.80 
17.00 
18.71 
20.75 
23.00 
25.50 

~~~~!; 7-9 SHORT-RUN AVERAGE CO 

(SATC) 
SHORT-RUN 
AVERAGE 
TOTAL COST 
(f/good) 

52.00 
34.00 
26.00 
22.75 
21 .80 
22.00 
23.0Q 
24.50 
26.33 
28.50 

cluner. ~:~:;~~~!;~::ata of Table_ 7-9. The:!r~~~!~RGINAL COST CURVES. 

and total costs. SATC is WS the relationship between sho _ two separate figures to avoid 

of the shapes of its two equal to SAFC plus SAVC The sh rt run average fixed, variable 

SATC. T~en SAVC sta~:::on;hnts. When both SA VC an~~A°J=~he SATC_ curve is a re~ult 

more rapidly than SAF, . ?, e shape of SA TC de are declining, so is 

;z~ge cost curves es~:i~~::~~~:i~ure 7.9(b) the'::~«::,~~h;h:,i: SAVC is rising 

curve QOes through the minim e ong-run applies also to the sh een marginal and 

curve, at A. um l>Oints of both the SAVC Ort-run curves. The 
curve, at B. and the SATC 

60 

50 

~ 40 
0 
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"' ;;; 

0 20 

10 

011~2~G4~~~~~6L 
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i 
0 
00 

' ~ 
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"' 0 
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10 

(SMC) 
SHORT-RUN 
MARGINAL 
COST 
(f/good) 

22 
16 
10 
13 
18 
23 
29 
35 
41 
48 

Output (goods per week) 
0 

3 4 5 6 7 8 
9 10 

(a) 
Output (goods per week) 

(bJ 
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fbat explains the shape of SA VC and its 

, ion to SATC in Figure 7-9(b). 

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

¢ 1otal fixed cost (what firms call 'overheads') 

b(ing spread over ever larger output levels, 

by reducing average fixed costs. The rcason­

t Of Figure 7-9(b) is easily confirmed in Figure 

(a). Carrying over from Figure 7-9(b) the SATC 

; SAVC curves we can check that, at each 

iput level, SATC = SA VC + SAFC as in equa­

~ (2) abovc. 
By now any reasonable person is asking two 

,iestions: how can anyone remember all these 

~cs, and what use are they? To answer the 

·jJYI, question, go back to Figure 7-2, which 

.;ows the three basic costs: total, marginal, and 

~tragc. We must distinguish between the short 

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 arc necessary to understand the 

firm's output decision. W c have already used long­

run cost curves to analyse the firm's long-run 

output decision. Now we use 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 shon run. Since fixed factors cannot be 

:IGURE 7-10 THE FIRM'S SHORT-RUN OUTPUT DECISION. Thefirmsetsoutput 

•l!Yel O,, at which short-run marginal cost (SMC) is equal to marginal revenue. Then it 

115 to check whether it should produce atall. If price is above SATC ,. the level of short-run 

,,..1g9 total cost at output level Q,. then the firm is making a profit and should certainly 

,oduce O 1• If price falls between SATC, and SAVC,. then the firm is partly covering its 

illd costs. even though it is losing money. It should still produce output Q, . Only if the 

i,ice is below SA VC, should the firm produce zero. At those prices, the firm is not even 

a,vering its variable costs, and it therefore does better to produce zero and not incur the 

,.;ablecosts. 

Cost. revenue 

(£/good) 

If price is above 
, SATC,. firm produces ---__.__.. 

Q,at a profit 

If price is between 
SATC, and SAVC,. ____ -+---l 

firm produces Q, 
~la loss 

If price is less than 
SAVC,. firm produces-----+--' 

zero output 

Q, 
Output (goods per week) 

I 
I 
I 
I 
I 
I 
I 
[I 

D 
[J 
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varied in the shon run, it is short-run marginal 
cost that must be set equal to marginal revenue to 
determine the output level Q1 which maximizes 
profirs or minimizes losses. 

~ext, ~he firm decides whether or not to stay in 
business m the shon run. Again, profits are positive 
at the output Q, if the price pat which this output 
can be sold covers average total costs. It is the 
shon-run measure SATC 1 at this output that is 
rclc~anr: If p exceeds SATCi, the firm is making 
profits m the shon run and should cenainly 
produce Q1• 

Suppose p is less than SATC 1• The firm is losing 
money because p docs 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 shon run appears. Even at zero output the 
firm must pay the fixed costs in the shon run. The 
firm needs to know whether losses are bigger if it 
produces at Q1 or produces zero. 

If revenue exceeds variable cost the firm is 
earning something towards paying its overheads. 
Thus the firm will produce Q1 provided revenues 
exceed variable costs even though Q1 may involve 
losses. The firm produces Q, if p exceeds SAVC1• 
If not, it produces zero. 

The firm 's shon-run ourput decision is to 
produce Q i, the output Jt which MR = 
SMC, provided the price Jt le.1st equals the 
shon-run average variable .: ost (SA VC 1) at 
that output level. If the pri ce is less than 
SAVC

1 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 output at the level at 
which marginal revenue equalled shon-run mar­
ginal costs. At that output, price covered short­
run average variable cost but not sho~-run average 
total cost. Since production conmbuted some 
money towards fixed costs, it was better not to 
shutdown. 

Table 7-10 summarizes the shon-run and long-
run output decisions of a firm . Box 7-1 draws 

. to two principles that are central ro attenuon 
making good decisions. 

POSITIVE MICROECONo~l APTER 1 

TABLE 7-10 t DEVELOPING THE THEORY OF SUPPLY: COSTS ANO PRODUCTION 155 

THE FIRM'S OUTPUT DECISIONS LIQ l()X 
7

-
1 

MARGINAL CHECK WHETHejj- \IARGINAL CONDITIONS AND SUNK COSTS CONDITION TO PRODUCE 
Shon-run Choose the output Produce th" - "le analysis of supply illustrates two principles of good decision-making which decision level at which unless P;~c:: ,. frequently encountered in economics and in other aspects of life. The first is MR= SMC than SAVC. If it is ,.marginal principle. If the best position has been reached. there cannot be even produce zero. · ,,nail change that improves things. In deciding how much to produce, the firm Lo;;:~i~~;n Ch= ~~:,~~;~ut Prod~ce this output -s examining the effect on profits when output is increased or decreased by 1 MR = LMC ~;a~~~ 18 '°- fit. If profits can be increased by such a change, the change is made. When no produce ;er~• 

11
' -,tiler improvement is possible, the point of maximum profits has been found. To 

7-9 SHORT-RUN AND LONG-RUN 
COSTS 

Even if it is making losses in the short run, a firm 
will stay in business if it is covering its variablr 
costs. Yet in the long run it must cover all its cosrs 
ro remain in business. In this section we discuss 
how a firm may reduce its costs in the long run, 
convening a short-run loss into a long-tenn profit 

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

Suppose, for convenience, that 'plant' is 1hr 
fixed factor in the short run. Each point on thr 
LAC curve involves a particular quantity of plam. 
Holding constant this quantity, of plant, we can 
draw the short-run average total cost curve for 
this plant size. Thus, the SATC I curve corresponik 
to the plant size at point A on the LAC curve anJ 
the SATC2 and SATC3 curves correspond to th.­
plant size at points B and C on the LAC curve. In 
fact, we could draw an SATC curvecorrespondin~ 
ro the plant size at each point on the LAC curvr. 

By definition, the LAC curve describes thr 
minimum-cost way to produce each output when 
all factors can be freely varied. Thus, point II 
describes the minimum average cost way '" 
produce an output Q2• Hence it must be morr 
costly to produce Q2 using the wrong quantll)' 01 

plant, the quantity corresponding to point £ For 

,cide now many hours to study, you should assess the extra costs and benefits /studying another hour. If the benefits outweigh the costs, consider studying yet J10ther hour. When you reach the point at which the two are equal, you have ,,od the best position. 

Of course it is also necessary to examine the big picture. Not only does the firm tte to set marginal cost equal to marginal revenue; it must check that it is not ,tter to close down completely. Similarly, the marginal principle will guide you ,the best number of hours for which to study economics, but you must look at 
11 big picture to assess whether you should be studying economics in the first 
jlee. 

The second general principle is that sunk costs are sunk. If cenain costs have nady been incurred and cannot be affected by your decision. ignore them. They IIOUld not influence your future decisions. In deciding how much to produce in :w short run, the firm ignores its fixed costs which must be incurred anyway. It ilds the best output using the marginal principle, then examines whether the Jice at which this output can be sold will cover its variable costs in the shon run. 
ill costs that still can be affected by the decision the firm is making now. You 
'118 read nearly seven chapters of this book: should you keep reading? The IIW8r depends entirely on the costs and benefits you will get from the rest of the :ook, 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 11ndon a project on which a lot of money has already been invested. Poker Jayers call this throwing good money after bad. If you do not think it will be worth 11ding the next ten chapters in their own right, you should not do it merely JCause you have put a lot of effort into the first seven chapters. Bygones should »bygones. 

'ic plant size at A, SATC1 shows the cost of 
Joducing each output including Q2• Hence 
,ffC1 must lie abo11e LAC at every point except 
\ the output level for which this plant size 
·ippens ro be best. 
This argument can be repeated for any other 

:bnr size. Hence SATC3 and SATC4 correspond­
i tespectively to the fixed plant size at C and at 
l,must lie above LAC except at points C and D 

themselves. In the long run the iirm can vary all 
irs facrors and will generally be able ro produce a 
particular output more cheaply than in the short 
run, when it is stuck with the quantities of fixed 
factors it was using pre,·iously. A firm that 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. 

. _---i_,.,_____..__ ________________________ _ 
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____ _________________ ::._:__.:..:..::::=-=:..:.:::::..:. AVERAGE COST CURVE LAC. 5t,ppoN the plant F_IG~RE 7~11 THE LONtR~plantsize-obtainaparticularSATCCUNII.Butin sae • fixed III the short ~n.. or ariable To construc:t the LAC CUMI - N1ect at Mdl output the long ~n ~ichpla~t -u: ~ SA TC at this output. Th1111 poincs such • A. B. C. and 
the plant SIZ9 W'H gives 

,___ • . Notice the LAC curve does not paa through the ""'""'' po1nt on =~~~~";:;......,_,the plantain coneapondingto ~TC, h~ to give the lowest age cost of producing O, _. in the long run but 0 2 • the nvnmum average cost at =ich this plant could p,oduce ..- it is the ~ point on :Si4 TC, . N~less. it is awn cheapef to produce the output~•-by employing the plant SIDI ~ng to SATC,. ThustheLACcurwshowsthemmmu~~agecostwayto~a~n output when all facto,s can be varied not the men,mum average cost at which a glWl1 plant can produce. 

.. 
8 
u .. 
e ., 
> 
< 

LAC 

I 

SUMMARY 

I This chapter develops the distinction between shon-run and long-run cos, 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 shon run is a period in which the firm cannot fully adjust all its inputs to changed conditions. In panicular, in the shon 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 specifics the maximum amount of output that can be produced using any given quantities of inputs. The inputs arc macliincs, raw materials, labour, and any other factors of production. The production function summarizes the technical possibilities open to· the firm. 

3 The total cost curve is derived from the production function, for given wages and rental rates of factors of production. The long-run total cost curw is obtained by finding, for each level of output, the method of production 1ha1 

,inimizes costs when all inputs are fully flexible. When the relative price of aiiJlg a factor of production rises, the firm substitutes away from that factor ,its choice of production techniques. For instance, ii the wage rate rises, the ~ tends to use more machines and less labour. 

I: Average cost is equal to total cost divided by output. The long-run average I :OS1 curve is derived from the long-run total cost curve, allowing full flexibility tJall inputs. 

; The long-rurravcrage cost curve (LAC) is typically drawn as U-shaped. The iiilling pan of the U is the result of indivisibilities in production, the benefit of l)CCialization, and some advantages of large scale from an engineering iandpoint. There are increasing returns to scale on the falling pan of the U. lie rising pan of the U is a result of difficulties of co-ordination, or managerial jseconomics of scale . 

. Data from manufacturing typically show that the LAC decreases with high r,els of output, or that there are economies of scale. For some industries the :conomies of scale become small at levels of output rhat are only a small ~enrage of total industry output. 

· 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 :ost are equal only at the lowest point on the average cost curve. 

; In the long run the firm produces at the point where long-run marginal :ost (LMC) equals MR provided price is not less than the level of long-run Jttrage cost at that level of output. If price is less than long-run average cost, :he firm goes our of business. 

, In the shon run the firm cannot adjust some of its inputs. Bur it still has to '/if for them. It has short-run fixed cosrs (SfC) of production. Other factors ll productien, like labour, are variable in the shon run. The cost of using the wble factors is shon-run variable cost (SVC). Shorr-run total costs (ITC) rt equal to SFC plus SVC. 

o The shon-run marginal cost curve (SMC) reflects rhe marginal product i ,he variable factor holding or her factors fixed. Usuallv we think of labour a variable, bur capital as fixed in the shon run. When very little labour is xing used, rhe plant is too big for labour to produce much. Increasing labour iput leads to large rises in output and SMC falls. Once machinery is fully 1a11ned, each extra worker adds progressively less to output and SMC begins :orise. 

:1 Shon-run average rota! costs (SATC) are equal ro short-run coral costs ITC) divided by output. SATC is equal to short-run average fi xed co5cs 

---------------·---------------
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