Factor Classification and the

Theory of the Firm:
A Simplification and Synthesis of
Recent Contributions

JAMES D. RODGERS#

Light has recently been cast on some hitherto
dark corners of the standard textbook theory
of the firm. The illuminalion comes in the
form of a more thorough comparative static
analysis of factor price changes. Ferguson and
Saving- (1969} analyzed a firm’s demand for
factors and the longrun scale adjustments of
[irms in a competitive industry, and demon-
strated precisely how a factor price change
affects a firm’s marginal and average cost curves
and the output at which the latter curve is
minimized. Bassett and Borcherding {1970b)
provided a similar though less elaborale analy-
sis.  Building on the Ferguson-Saving paper,
Maurice (1971} investigated the relationship be-
tween # change in input prices and profit, entry,
and the optimal number of firms in a competi-
tive industry and demonstrated that, when all
factors are variable, profils (losses) resulting
from an input price change provide a correct
entry {exit) signal. Portes (1968) extendad the
analysis of factor demand to firms having poals
other than profit maximization, investigated
“income effects” in the theory of the firm, and
discovered the possibility of 2 Giffen input.

At the heart of each of these papers is the
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special attention devoted to facior classifica::
tion, by which 2 factor is defined to be norma 7
superior, or inferior in a manner strictly analo:
gous to the definition of normal, superior and ;
inferior goods in the theory of consumer be.
havior.  Classification” of inputs apparcntly_5
originated with Hicks' (1946, Chap. 7) distinc-:
tion between ordinary factors of production -
and “regressive” (inferior) factors, meaning in-
puts that are used in smaller amounts as cutput |
expands with constant input prices. Scottf-?
(1962), Bear (1965, 1972), Bishop (1967),.
Ferguson (1968), Bassett and Borcherding’
(1969}, Truett (1971), Maurice (1972), and:
Truett and Roberts (1973), when taken fo-”
gether with the fowr papers referred to above;
provide an extensive freatment of the role of
factor classification in the theory of the firm.
The purpose of this paper is to provide a syn-
thesis of this recent work and to prove the
major results, usually presented in highly math-
ematical form and only illustrared geometri-
cally, with the geometric and elementary math--
ematical tools commenly used in intermediate
theory courses. In addition to the pedagogical |
usefulness of giving shorter and perhaps more -
intuitively appealing proofs of the effects of
factor price change, the paper also provides a.
graphical method of analvzing a firm’s demand
for factors of preduction that is in some re-
spects simpler and more enlightening than the
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usual technique employing valie of marginal
prodict curves. o
To facilitate graphicat analysis, discussgion is
limited to the case of 4 good produced with
only two inputs, but the conclusions reached,
with slight modification, can and have been
qhown in the papers above to hold for the case
of n factors. Section I defines the factor classi-
fications in terms of which the remaining analy-
sis is couched. The effects of an input price
change ont a firm’s marginal and average cost
curves are examined in Section II, while in
Section LI, it is proved geometrically that a
pror'it'maximizing firm necessarily has a down-
ward-sloping demand curve for a factor of pro-
duction. Section 1V examines the demand for
inputs by sales- and output-maximizing firms
and identifies the possibility of a Giffen input.
The long-run and short-run effects of & factor
price change on a competitive industry are
exammined in Sections .V and VI, respectively,
with particular attention being given to the
so-called “facter price paradox.” Section VIi
concludes the paper by offering some remarks
sbout applications of the theoretical results.

1. Classifying Factors of Production: Normal,
Superior, and Inferior Factors

To clear the way lor the analysis that follows,
each of the two factors of production used by
a single-product firm and purchased at fixed
prices will be classified as being either normal,
suparior, or inferior within the relevant range of
the firm’s output and factor usage levels. With
two factors, 4 and B, the isoquant diagram in
Figure | shows the meaning of each of the three
categories. Quantities of 4 and B are measured
on the horizoneal and vertical axes respectively.
An isoquant having the usual properties of
negative slope and convexity to the origin and
derived from the firm’s production funstion,
Q=1(4, B), is drawn for output Q,." Desiring
to produce this output at minimum cost (or
desiring to produce the largest output possible
while spending only C, on the inputs), the
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fim selects input combination {4,,8,) at
point £,, where isoquant J, is tangent to the
isocost line with intercepts CofPy and C,/Pg
and slope -P 4 /Pg. To preduce larger or smaller
catputs, holding factor prices constant, the
firm would select tangency points between

~ other isocoest lines and isoquants, and the coni-

mon slope at all such points would be - 4 /P,
the seme slope as that of isoquant Q, at £,.
When these points are connected, they trace
out the firm’s expansion path. Seven alterna-
tive expansion paths are given by. the lines num-
bered 1 through 7 in Figure 1.

A factor of production is classified as normal,
superior, or inferior on the basis of the variation
in its use as output, (or, equivalently, total cost)
varies, holding both factor prices constant.

LThe situation for which factors are classified can
be regarded either as the fong-run for a firni using cnly
fwo factors, or as a short-run period in which only two
factors are variazble, the rest being fixed. In the latter
case, the production function 2 = f(4, 8) is the short-
run production function derived from the long-run
function { = g{d,B,C,...) by holding other inputs
(C,D,...) at fixed leveis. The short-run cost equation
is then € =P 44 +PgB+Z, where Z is the cost of
“fixed factors.” A factor's classification may depend
on whether other factors are fixed. This possibility
will be considered further in Section VE
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Consider factor A. If the expansion path of the
firm is given by line 1, the use of A varies in-
versely with output and the total expenditure
on factors, and A is classified as inferior.? For
the expansion paths indicating that the use of
A varies directly with ocutput, 4 is defined as
being either normal or superior, according to
whether the slope of the expansion path is
greater or smaller than the slope of a ray {(OT)
from the origin to the initial factor combination
(4. 85). If the expansion path is given by
line 3, 4 is a normal factor, since the slope of
line 3 exceeds the slope of the ray O7 if line s,
6, or 7 is the expansion path. A4 is a superior
factor because the slope of each of these expan-
sion paths is smaller than the slope of OT. In
other words, it 4 is a normal factor, absolutely
more is used as output expands, but the ratio
A/B falls as compared to the ratio at £,; if A is
superior more is used as output expands and
the A/B ratic rises compared to the ratio at £, .
Borderline expansion paths for 4 are given by
lines 2 and 4. Along the former the use of 4
remains constant as output varies, and A4 is
neither normal nor inferior: along the latter, the
use of 4 varies directly with cutput, the 4/8
ratio remaing constant, and A is neither normal
nor superior.

An equivalent way of classifying factor 4 is
by the-value of its expenditure elasticity, 7.
defined as the percentage change in the use of
A divided by the percentage change in expendi-
ture, C, on both factors.

_d Jac ¢ ad
Al ¢ Adc

74 (1)

Factor 4 is inferior if n, <0, normal if

2In his insightful analysis of inferior factors, Scotr
(1962} argues that inferiority is represented not by 2
smooth decline in factor usage as cuiput expands, but
rather by a complete cessation of a factor’s use. The
expansion path is therefore disconiinuous. The other
literature has ignoved 1his approach, perhaps sacrifie-
ing greater realism for the convenience of mathematics.
Since the principal purpose here is a simplification and
synthesis of this other literature, it is assumed that ex-
pansion paths are contimious.

0<n4 <1, and superior if 54 > 1. Following':'f
the analysis of Truett (1971}, the expenditure
elasticity of 4 can be determined directly from ™
Figure 1. By differentiating the equation of the -
firm’s isocost line, C =P 44 + Py B, with respect
toA

dCIdA =P, + Py (dBldA), Q)

and dividing the isocost equation through by 4
CIA =P, + Py (BlA), G}
the expression for i, can be written as
B P4 B
-~ —— 4 —
. PA + PB A PB A
Ny = = : 4"
poep, @ T dh
R VR Y

The ratic B/4 in the numerator of (4) is the "
siope of & ray OT in Figure !, and the term -
dB[d4 in the denominator of (4) is the slope of
the firm’s expansion path. For the expansion -
path represented by line 3, 4 is & normal factor-:
since B4 <dB[dA, and right-hand side of (4)
must have a value between zero and one. Al-
ternatively, if line 5 gives the firm’s expansion
path, 4 is superior since B/4 > dBjdA, and n,
must exceed unijty, since the value of the
numerator of (4) exceeds that of the denomi- -
natoer.

Tum now to the two expansion paths which "
have negative slopes {lines 1 and 7}. For line 1, -
the use of 4 varies inversely with output and A4
is"inferior. Since dB/d4 <0, the denominator |
of (4} will be negative if 1dBjdAI> P, /Py and
positive if this inequality is reversed. For line I,
however. |dB/dA! must exceed P4 /Py. Given
isogquant convexify, movement o higher out-
puts than ), along expansion path 1 requires
moving o points to the right and above iso- _
quant ¢f,. This can occur when moving along
line 1 only if the sbsclute value of its slope at
£y, given by |dR/dAl exceeds the absolute value
of the slope of the isoquant at £,, given by
P4fPg. Hence, for line 1, the denominator of
the right-hand side of (4) is negative, and -
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ny <0 By analogous reasoning, if the expan-
gon path is line 7. ldB/dAI<P,{Pg, and
n4 2 1- ‘

Factor B can, of course, be classified by this
game procedure. But when there are only two
factors, once A is classified, so is B. The ex-
penditure elasticities_ of the two factors are re-
{ated by the formula’

K yng +Kgng=1, (53

where K4 =P4A/C and K =PghB/C are the
shares of total cost devoted to expenditures on
A and B, respectively. Solving forng from (5).

Mg = E E— (6)

From (6), it follows that when A is either in-
ferior (4 < 0) or normal (0 <7, <1), B must
be superior {ng > 1);* conversely, when A4 is
superior (n,4 > 1), B must be either normal
(0 <npg <1} or inferior (ng <0). Hence, both
factors cannot be inferior, for this not only
violates (5), but also implies that output can be
expanded using less,of both factors and, there-
fare, that cost is not being minimized.”

3Equation (5) is derived by faking the total differ-
ential of C= P 4A + PgB to get dC= PqdA +dP 44 +
PydB + dPgB. Holding factor prices constant, dF 4 =
dPp=0,and dC = F 4dA + PpdB. Dividing through by
dC, 1=P4(dA/dC) + PgldB/dC). Multiplying the
first term on the right by (4/C)(C/4) and the second
term by (B/C) (C/B), 1= (P4A/CY{(CI4) (d4/dC) +
(PBICY (C/B) (dB/dCY.  Letting K 4 =P 4A/C and
Kg=PgB/C and noting that (C/B) (dB/dC)=np,
{5) is obtained.

#When 0 < n4q < 1, it follows from (6} thatng > 1,
becanse (1-K )/Kp=Kgp/Kg=1and 1-Kqng >
1-K 4. Hence, (1 - K nq)Kp>( -K)/Kg=1.

SInferiority of both factors is inconsistent with
isoguant convexity to the origin. In the two-factor
case, denoting partial derivatives of the production
function as f4q = affad, faq =32f/aA?, fap=02f/
3438, etc., factor A is inferior if fgfap - Ffafpp <0
and factor B is inferior if f4fap—Fpfaa <0. The
condition for isoquant convexity is given by £i/pg =
2 sl 4fp+FBFa4 < 0. If both factors are inferior,
Fap<fyfaalfy and [yp<fafpplfp
convexity requires (f4fgg/lg) + (Fpfaalfa) <2 p
But if both factors are inferior (4 /fpa/fr) + (Fafaa/
F4) > 2f4p, a contradiction.

Isoquant

iI. The Effect of a Factor Price Change on
Average and Marginal Cost

A change in the price of one of the inputs
used by a firm witl cause a change in its total
and average cost of production at every level of
output (for which some positive quantity of the
input is used). Except in a special case, ifs
marginal cost at each output level will aiso be
altered. The nature of the changes that are of
particular interest depend upon the classifica-
tion, as specified in the previous sectien, of the

- factor undergoing the change in price.

Consider first the effect of a factor price
change on average cost {(4C). The firm’s total
cost is C=P4A +PgB, and the change in total
cost, as say, P, changes is

dCIdP, = A + P, (dAjdP,) + Py(@BldPy). (7)

Cost minimization requires £, =MP, and
APy = MPg, where A is the reciprocal of mar-
ginal cost (MC), and MP, and MPp are respec-
tive marginal products of A and B. Holding
output fixed, dQ =0, and

dQJdP, = MP(dA/dP) + MPg (dA[dPg) = 0.
Substituting MP, = AP, and MPg = \Pg shows
that P (dA[dP,) + Py(dB/dP,) =0, and (7) be-
COmMEes:

dCldP = A. (7)

I A>0, total cost must vary directly with
P,. Moreover, at a given output the change in
AC as P, changes is the change in total cost
divided by O:
d(CIQ)dP, =d(AC)dPy = A]Q,  (8)

and average cost must aiso vary directly with
PA.

Turn now to the effect of a change in £y on
marginai cost (MC). If (7') is differentiated
with respect to @,

d(dCldP,YdQ = dA/dQ = d(dCldQ)dly, (9)

since the order of differentiation is irrelevant.
The extreme right-hand term is simply the
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change in MCas P, varies. Therefore,

d{HMCYAP, = dA /40, {10)

and MC varies directly with P, if 4 is normal
or superior {varies directly with cutput) and
inversely if A is inferior {varies inversely with
output).

The results in {8) and (10} can be used to
determine the answer to one additional ques-
tion: what effect does the change in P, have
on the cutput, 0%, at which the firm’s average
cost is minimized? If at the ipitial value of
(2%, the exient of the shift in M relative to
that in AC can be found, the direction of the
change in Q% can be ascertained as well. (For
example, if a fall in P, reduces MC by more
than AC at %, the new value of O* must ex-
ceed the old.) ,

The changes in MC and AC resuliing from a
change in £ can be related to the expenditure
elasticity of A4, n,. Taking the ratio of (10}
to (8), '

dMOVAP, Jd(AC) P, _
={dA/dOMAIQ) = {0/ 4)(dQjdA). (11}

At the output @F where AC is minimized the
firm’s production functicn exhibits constant
returns to scale. Therefore by Euler’s theorem,
Q=MP4A+MPB. Dividing the Euler equa-
tion through by 4,

Q/4 =MP, + MP,(B/4) (12

Differentiating the Euler equation with respect
10 4°

dQidA = MP, + MPg(dBjd4).  (13)

The right-hand side of {11} can be written as

SAQ0/d4 = MP 4 + MPg{dB/da) + A d (AP 5)/d4 +
Rd(MPgyld4. But the last two torme on the Heht can
be shown to aqual

/B MP, \[ /48

7 1fp,j,’f g
Since at the point of constant retumns scale (4/8)
(BOMP43/8.4) = (B/AY (5 (MFRYaE) these last fwo
terms cancgl out. leaving the expression for d(/d4
given in (135

2]
4 wB T ,-‘}

dB
MP, + MPy ;f:;

the ratic of (12}and (13}

MP 4+ MPg(B/A)

MP; + MPgldB/d4) "
(11

Stnce MP, =APy and MP; =Py as the re..
quired conditions for cost minimization,

d(MCY @R Jd{ACYdP =

B
_’}l'IPA ‘f“}HPB z ;\ [{4 +‘PB -

- dB_ = ??_4 2 (14) .
AP+ Py~ ;

as can be seen by comparing (14) with (4).~
Therefore,

na = dQUCHAP, [dACY AP, . (15)°

If 74 <1, afall in P, reduces MC by less than
AC (if ny <0, MC actually rises) and the out-

" put at which AC is minimized, QF, is reduced, 3
Mmy=1,4C and MC fall by the same amount -

and % remains unchanged. Finally,if n, > 1,
MC {alls by more than AC and O increases.”

7This proof of the way @F varies with a factor price, .
change is necessarily valid only if the factor classifica- -
fion associzted with the new Q% (which may be the
same as the old} and the new factor price ratio remains
the same as it was before the factor price change:
While factor classification must remain the same if the -
price change is infinitesimal, as the proof assumes, it B
may not, as Truelt and Roberts {1973} demonstrate,

- for a finite price change. Just as a conswmer good may .

have a different (point) income elasticity of demand in
finitely different price-income situations, so may a':
factor of production have a different {point) expendi- =
ture elasticily in finitely different factor-price-output
situaticns. In other words, arc and point elasticities
may differ. These twoe elasticities will not differ if each -
cxpansion path of the firm, for each alternative set of .-
factor prices, Is 2 ray through the origin, so that nq = §
ng = 1. lmagine that a finite change in factor prices is *
broken inte infinitesimal steps. For each step {13)
shows that no change occurs in 0%, and % must be -
nvariant to finite, as well as infinitesimal, faclor price ¢
changes. In the more general case where the firm's ex-
pansion paths are nof rays through the origin, (15) -
shows that the effect of a facior price change. say,in
P4 also remaing wnambiguous if the value of ny al- |
ways stavs below or above unity af eachi value of Py -
between its old and its new value. Ambiguity can only -
arise when the value of 14 changes from below to |
above unily or vioe versa for seme values of 2, be- -
tween its old and new levels. :
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TABLE i
Expansion MG _dd MG} _dB dgr¥ dg*
Region Path Falue of n 4 Value of ng dPs  d0 dPg d@ dP, dPg
I i nq <0 ’QB}’UKB}l <4 >0 > <0}
porderiine 1, 11 2 n4g =0 np= 1/Kg>1 0 =0 >0 <0
i 3 O<na <1 1/Kkg>ng>1 >0 >0 >0 =0
Bordertine 1L, LI 4 ng =1 np=1 >0 >0 Q0 0
41l 5 YKy>»nq4>1 0<np< >0 Pt <b =0
Bordesline I, IV 6 ng=1/Kg>1 ng=0 >0 =0 <0 >0
v 7. ng > UK4>1 mg<O >0 <{ <0 >0

The results of Sectioﬁs { and II are collected
in Table T.

Iil. Factor Price Changes and
a Firm’s Factor Demand

This section presents a geometric proof that—
in contrast to a consumer’s demand curve for a
particular commodity—it is theoretically im-
possible for a profit-maximizing tirm’s demand
curve for an input to be positively sloped at any
point, A competitive firm’s demand for a
factor for which n>>0 is analyzed first, and
this is followed by a_treatment of the case
where 7 << 0. The similar analysis for a menop-
olistic firm is then briefly summarized. '

The Demand for a Normal or Superior Factor.
The equilibrium position of a firm when the
competitive industry to which it befongs is in
long-run  equilibrium is given by Figure 2,
panels {(a) and (b). Associated with its optimal

-output rate of @, in panel (a) is an optimal
level of usage of inputs, 4 and B, given by point
E, in panel (b).

Suppose now that the price of input 4 falls
to this firm only, say, through a government
subsidy of its purchases of 4.® Having the
price of 4 fall only to the firm in question and

not to other firms in the industry makes it pos-.

sible to maintain the assumption that product
Price remains constant at OP,, since only this

3This procedure, along with the heuristic description
of the output effect below, is employed in a lucid, un-
bublished paper by Weich (1968).

firm and no others will change output. The

effect of this fall in £; on the firm’s use of 4
can be broken into two parts, a cost-minimizing
adjustment which iz called the substitution
effect and profit-maximizing output adjustment
which can be called the ouipur effect. The
substitution effect represents the substitution
of 4 for B holding outpui constant while the
output effect is the change in the use of A4 re-
sulting from the firny’s decision to change its
rate of output because P, falls. The output
effect itself can be viewed heuristicaily as com-
posed of three linked relationships: the change

-in MC when P, is reduced, the change in output

due to the change in MC, and the change in the
use of 4 associated with the change in output.
The substitution and output effects of the
fall in P4 are represented in Figure 2, panel (b).
From the initial position at £, the fall in P, in-
duces the firm to move to £;, increasing its
cutput from @, to @, and the use of 4 from
A, to A;. The substitution effect of the fall
in P, is represented by the move from £, to £,
the point at which a line with a slope indicating
the new input price ratio is tangent to the iso-
quant (J, representing the original output level,
The outpui effect is represented by the move
from F' to £, along the expansion path F'E)
which refiects the new input price ratio. The
cutput effect reflects the three linked relation-
ships mentioned above: when Py falls, MC falls
from MC, to MC, (in panel (2)) since i, > 0;
this fall in MC induces the firm to increase out-
put to the new profit-maximizing level at J;;
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fo

B

Figure 2

associated with this higher oufput is an in-
crease {again because n4 > 0) in the use of 4
from Fto 4;. Both the substitution and out-
put effects lead to an increase in the use of
A when P, declines.

As a result of the fall in P, two points on the
firm’s demand curve for 4 are generated. To
get other points Py can be varied by other
amounts with the firm being allowed to make
the appropriate cost-minimizing substitution
and profit-maximizing output adjustments. It
is clear that the demand curve for a normai or
superior factor must be downward-sloping,
since the substitution and output effects pro-
duce adiustmenis in inpui usage that are in the
same direction—always opposite to the direc-
tion of the input price change.® It is now

9As panels (a) and (b) of Figure 4 are drawn, T4
must lie between zero and unitv. The expansion path
£y F" has 2 steeper slope at F' than the dashed ray OF.
Hence, the fall in P must reduce MC but by less than
AC (RV < RT in panel (3)) and the cutput 2t which
average cost is minimized shifts to the lefi. 1t should
be clear, however, that in the case where na4 > 1, the
substitution and output effects must still be in the
same direction, for MC must aiso fall in this case ag
well.

shown that this same conclusion holds if the:
factor is inferior over the relevant range. .

The Demand for an Inferior Factor, To de-
termine the effect of a fall in £, when nq <0,
consider Figure- 3, panels (a) and (b). Since ™
M4 < U, marginal cost rises when the price of
A falls, and the firm’s profit-maximizing output -
declines. In panel (a) of Figure 3, this is repre- -
senited by the shift in the margiral cost curve o
from MC, to MCy and by the consequent re—-_:';_
duction in output from 0, to @;. Panel (b)
indicates the effect of the change in 2, on the =
amount of factor A the firm employs to pro-
duce the new profit-maximizing cutput, 0;. "
The firm’s factor combination shifts from that
indicated by point £, to point £,. The sub-"
stitution effect is indicated by the movement
from £, to F. With output held constant at
Q,. the increase in the usa'ge of A resulting
solely from the fall in its price is given by A F. :
The output effect is indicated by the movement .
from £ to £, the latter point representing the
profit-maximizing cutput level and input com-
bination for the firm. The increase in the
employment of A4 due to the cutput effect is .
£4,. This movement is the adjustment the
firm makes along the negatively sloped input
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“expansion path, £y £, Again, both of the sub-

gtitution and output effects work in the seme -

direction: both lead to an increase in the em-

ployment of 4. _
A reduction in the price of an input always

_leads, therefore, to an increase in its use by a .

profit-maximizing, competitive firm regardless
of how the factor is classified. The substitition
effect is always negative and the output effect
is also. Where n, >0, afall in 2, reduces MC,
increases output, and causes the use of 4 to in-
crease; if, on the other hand, 5, <0, a fall in
P, increases MC, reduces output, and again
causes the use of A to increase.

The conclusion that a competitive firm’s de-
mand curves for inputs will be dewnward
sloping readily generalizes fo the firm facing a
downward-sioping product demand curve. The
substitution effect of an input price change is
clearly negative for any firm independently of
demand conditions.
effect is again always in the same direction as
the substitution effect, since a change in mar-
ginal cost must change the cutput o a monopo-

listic firm in the same direction as that of a
. Competitive firm, except in the trivial case

In addition, the output.

where the product demand curve is perfectly
inelastic and there is no output effect at all.
These results can be used to explain why
there s no reference to “Giffen inputs” in the .
theory of the profit-maximizing firm. Input

. price changes do not produce anything analo-

gous to the income effects discussed in the
theory of consumer behavior beczuse, unlike
the consumer who is postulated to have a cer-
tain fixed budget. the firm is not viewed as
being constrained to spend only a certain
amount of money on inputs and no more.
Hence, the output effect for the firm is derived
in a different way than the income effect fora-
consumer. Following a change in an input
price, the firm’s new equilibrium may involve
it spending more, less, or the same amount on
inputs than before, depending on what adjust-
ment is required to maximize profits given the
altered situation. As illustrated in Figure 2,
panel (b), the firm spends less on inputs (OY)
in its new equilibrium at X, than it spent (0.Z)
at £,. However, the fall in P, given that
114 >0, could have induced it tc spend the
same amount or more. As Figure 3 shows, if
n4 <0, the firm would definitely spend less on
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inputs than before since OY must be less than
OZ.

IV, Maximizing Sales or Qutput
and Giffen Inputs

If a non-competitive firm has a goal of maxi-
mizing not profit but sales revenue subject to a
profit constraint, Portes (1968) has pointed out
the theoretical possibility of an upward sloping
input demand curve. The essence of the argu-
ment is that, because of the profit constraint,
sales may not be at the maximum level where
marginal revenue (MR) is zero. A fall in the
price of an input reduces average cost and al-
lows the firm to increase its output and sales by
lowering price, dissipating the extra profits the
fall in the input price creates, While the firm
substitutes the now cheaper input for others in
order to’ minimize cost, the increase in cutput
that the input pricé reduction allows causes less
of the input to be employed, if the input in
question is inferior. Hence, this output effect
could conceivably offset the substitution effect,

less of the input being employed at the lowe;
price. This perverse result can occur, however
only if the input is inferior; for normal ang
superior inputs both the output and substity."
tion effects must be in thé direction of greater®
employment. o
Figure 4, parels (a) and (b), iliustrates the
argument.
ginal revenue, and average cost curves of the

firm, where average cost includes the required
{Ignore for now the *

profit per time period.
dashed curve AC,.) Initially, the firm is pro: -
ducing at Q, where AC, intersects the demand
curve. The corresponding point in panel (b) is
at £,. The firm is not able to attain the -

restrained sales maximum at 0% where MR =0..

since this would require it to viclate the mini--
mum profit constraint. (AC, is above AR at
point %) Suppose now the price of A falls’-
and that 7, <0.
this price reduction is represented in panel (b}
as the move from £, to F' along zsoqu‘mt g

The use of 4 increases fromA4, to F. However,. "

the output effect of the reduction in Py, repre-

Figure 4

Fanel (a) shows the demand, mar.

The substitution effect ofi:
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gented by the move from F' to £, involves a
smaller employment of 4. Output increases
when P, falls because the postulated goal of
the firm is the maximization of sales rather than
proﬁt. The fall in £ allows the firm to move
pearer to the unrestrained sales maximum: at
g%, As illustrated in panel (b}, the change in A
usedt due to the output effect, F4; {which is
necessarily negative since 14 < (), exceeds the
qubstitution effect A, F and the use of A4
declines. " :
This result could not be a theoretical possi-
pitity if .4 > 0, because the expansion path of
the firm would be positively sloped, and the
increase in output accompanying the fall in
2, would involve a larger employment of 4 and
reinforce the substitution effect. Nor could the
firm’s demand for A be positively stoped if its
initial average cost curve were AC,. The firm
would choose point Q% in panel (a) and point
E, in panel (b} and attain the unconstrained
sales maximum since the profit constraint
would not be binding. A fall in P; allows the
firm to remain at ¢*. There is, therefore, 1o
_output effect, and the-substitution effect, repre-
sented by the movement from £, to £, in-
volves increasing the use of A. ‘
In view of the criticism of the sales-maxi-
mizing mode! as implying that {irm managers
or enterpreneurs have a lexicographic ofdering
(Alchian, 1965; Rosenberg, 1970}, the theoreti-
cal possibility of an upward sloping factor de-
mand curve may have little practical relevance
" due to the scarcity of sales-maximizers. How-
ever, this possibility also arises if the firm is
-owned by the state and the reward structure
for the managers is such that his (her) goal is
‘maximizing, not sales revenue, but production
{ie., output) subject to the constraint that

revenues cover costs (which may include some

VA fall in P4 would not reduce the amount of A
Used by the firm if its goal were profit maximization.
Since 14 < 0, MC wouid be increased when £ 4 falls.
The higher MC curve would intersect MR at a lower
output, and the output effect would lead to the use of
More A just as the substitution effect does.

minimum profit requivement . Such a frm wiil
always produce the largest vuiput at which A¢
equals AR, and a fall {rige) in P, , would always
raise (reduce} cufput and invelve an oulpin
etfect, if n <0, in the opposite direction to
the substitution efiect.’’ Again, a Giffen inpu
is a theoretical possibility.

V. Factor Price Changes and Long-Run
Adjustment by a Competitive indusiry

This section turns from the analysis ol the

“effects of input price changes on the individual

firm to the effects of such changes on the
equilibrium of a competitive industry. It is
assumed that the supply curves of the inputs
used by the industry, 4 and B, are perfectiy
clastic and that the firms in the industry and all
potential entrants have the same production
The industry, therefore, is assumed
to be one of constant costs. Attention is con-
{ined to the analysis of a [sctor price decrease,
but what follows can easily be reconstructed by
the reader to deal with a price increase. This
section deals with the longrun efTects, Section
V1 considers the modificaiions required when
one factor is “fixed.” ‘ .
Reduction in the Price of o Normal npur.
Suppose the price of 4. a normal input, falls
because of a technological innovation in its pro-
duction. The effects are lustrated in panels
{a), {b), and (c) of Figure 5. Panel (a) repre-
sents both the industry supply and demand
curves and the horizenfal summation of the
marginal and average cost curves of all the
firms (the number of which is, say, N} in the
industry in its initial long-run equilibrium, with

function.

13This is presumably the model that Portes (1968)
had in mind when constructing his I'igure {. Though
ke assumes sales maximization he fails fo put an AR
curve on his diagram and he argues that the firm will
always choose the output where AC = AR, This is
truee for an oufpui-maximizer, but not necessarily for a
sales-maximizer, who would select the ouiput gF
where MR =0 if the prefit constraint is satistied at
that output. £ AC; were the relevant cost curve, the
salesrrnaximizer would select GF while the output-
maximizer would select .
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oulput ¢, and price P,.*?
an isoquant map for the industry,

tally and the quantity B measured vertically,
The fuctor combination used by the industry js
initially given by point £,. with line 2L, re-
flecting the initial facior price ratio and ndus-
try isoguant G, showing initial mdustrv output,
Panel (c} is an isoquant diagram for an indi-
vidual fum and represents the situation of every
firm since all are identical, The initia) position
cof each firm is e,, where isocost line ze,
fhaving the same slope as ZF, in panel (b)) is
tangent 1o isoquant ¢,. With N, identical
firms. 4, and Q, in panel (b) are equal, re-
spectivelv.to Noa, and N, g, in panel {ch.
Suppose now that P, falls and that sufficient
tme i allowed for all factors to be variable but
insufficient time for any change in the number
CTms inthe industry, Sinee 0 < g <1, the
fall in £ shifts downward the marginal and
average cost curves of cach (Irm. the latter fall-
ing by more thas the former af cutput g, and
cach firm’s minimum averags cust ouipat js re-

124 duagram siilar 1o panel {a) is used by Maorice
{1871} to which the anzlvsis of ihic and Seotion Viis
heavity indebted,

Paniel (1) represents-
the quantity
of 4 used by the industry meqsu;ed horizon-

duced. Since the number of firms is held fixed,
the aggregate curves' in panel (a) shift in the-:
same way, viz., from MC, to MC, and AC, to
AC,. The 1ndustxy supply curve is now MC,"
and product price falls to P'. At this price each
firm must be making above-normal profits he-
cause ' =MC, and MC, exceeds AC; for out: .
puts greater than Q' New firms are induced to
enter, and as entry occurs, MC, and AC, shift;__":f
horizontally 1o the right along long-run supply--
curve 5y until cutput has increased to @, and
price has fallen to Py, at which point above-
normal profits are eliminated and the industry
is in a new long-run equilibrium. The agglegate
output of the original firms is now Q'; the re-
mainder, §'0, . is ploduced by new firms.
Conmder now the change in the factor mix
utilized by the industry and by each firm. In: .
panel (b) point £, shows the new industry.
factor mix while point e, in panel (c) shows the =
factor mix for each firm. new and old alike; the
industry’s emplovment of 4 has increased
from A, to 4,. This increase can he broken:
into industry substitution and output effects.
The former is represented by the move from Ey -
0 F'. This would be the only adjustment made
by the industry if the product demand curve
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happened 1o be perfectly inelastic. [tnecessarily
ves an increase in the number of firms in
reduces the

invol
e industry, since the fall in £,

minimum average cost output and, therefore,
requires more firms if the given sutput &, is to
he produced at minimum cost. Hence, at £/,

N(V,) firms each produce g, {given by point

e, in panel {c)), and Mg, = @,. The move from
£ to E, is the industry output effect and re-
aults solefy from the addition of new firms,
eudfof which is producing an output of ¢, and
using the combination of factors indicated by
point ¢; in panel (¢). This industry cutput ef-
fect is along the new industry expansion path
0T, which, like the expansion path 07, (rele-
vant before the fall in 2;), must be a ray from
the origin since the industry must be regarded
as having & production function exhibiting con-
siant returns to scale.  Therefore, from the
industry s standpoint, the expenditure elasticity
of 4 and B, v’y and 17k, must equal unity, re-
gardless of the values of these elasticities for the
individual firms.

Panel (c) indicates the long-run adjustment
made by each oid firmy, which is from e, to e,.
and shows a reduction in cutput from ¢, (o ¢;.
There is no point in panel (b} to which point f
in panel (c¢) corresponds. In pariicular, the
move from e, to f in panel (¢) does not corre-
spond to the move from £, to F' in pane! (b},
since in making the latter move the number of
firms is increased from N, to N, to produce in-
dustry output @, at minimum cost, while the
move from e, to [ simply represents the ad-
jusiment that would have to be made by each
individual firm to minimize the cost of produc-
ing the old individual firm output, g,,, an out-
put which no firm continues to produce once
P, has fallen. The quantity of 4 represented by
Fin panel (b) equals & times guantity «, in
panet (c), and the quantity A4, in panel! (b)
equals &) times g, in panel (c), where N, (>N)
is the number of firms in the industry in the
new fong-run equilibrium.

Panel (¢} reveals that for each of the existing

“considering only

in old firms actually
Nda.
N

THE THREORY (8 7

. the
effects of this bi’i“‘
3 Though not
icully possi-

s i v opriorto tie falln Py

and

substitution

oufpii

exch ofd tirm uses jess 4 at
than
tion. o,..7 Consisiency with panel
{bj, however, requires greater employment ot 4
by the industry as a whole. Hence, if there isa
reduction in the use of 4 by the group of old
firms, this must be moere than offset by the ad-
ditional A used by the new firms, This is easily
proven. By showing that it must be frue when
the industty substituiion ef-
fect, the desired result is cobtained, since the
industry output sffect necessarily involves entry
of more firms and a greater use of 4.

For the industry substitution effect, industry
output is constant at @,; therefore. Ndg +
gdy =0, where 4 is the increase in firms and
dg is the decrease in outpul per firm. Hence,
dNIN = ldgiet. Suppose the amount of 4 used
fails, the reduction being
The increase in 4 used by new firms is
For'a grester amount of 4 to he used, it
is required that alV > {Ndal, ox

equilibrium posttion, e,

at its old pos

(16)

Equations (113 and {15), taken together, show
that for a small output change from the point

“at which average cost is minimized {such ase; in

panel {c)). .y = afa{dgly). With 0 <ny < |

30nly when G < n,y < 1 can these effects be i op-
posite directions. 1 ny > 1, each firm increases oul-
put and the use of 4 whez; 24 falls, since the outpui
at which average cost is minimized increases. in g <
0, the output of each oid tirm contracts and more A i
used af this lower sutput.

MPoints e, and #; are not, however, poinls on 4
competit;uc firm’s demand cuyve for 4, since such a
curve is derived by holding product price, as well as
the prices of other inputs, except Py, constant. This
procedure was followed bn Section [V ’ The move from
e, 10 e is the resudt of @ variation in both £4 and the
product price.
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by assumption, the inequality in (16) must
hold, and the industry substitution effect in-
volves a greater use of 4. And, because the in-
dusiry output effect simply involves the addi-
tion of more firms, all using a positive amount
of 4, the total effect of a fall in P, must be an
increase in the quantity of A used by the in-
dusiry,

Reduction in the Price of an Inferior Inpur.
The analysis of a fall in P4 when 5, <0 differs
only stightly from that of the previous casc, and
a separate diagram is not provided. (The change
in the cost curves of a firm can be seen in panel
(a) of Figure 3} When P, fails, the average
cost of each fim falls producing a downward
shift in the long-run industry supply curve.
Rewever, marginal cost of each firm rises, and,
prior to entry of new firms, price rises zhove
the initial equilibrium price. The above-normal
profits of each existing firm induces entry, and
price eventually falls to the minimum of the
new average cost curve. Industry output and
the number of firms is greater and output per
fiym is smaller than in the previous equilibrium.
The only other significant difference between
the analysis when 1, </0 and when 0 <{n4 < |
1s that with 4 <0, the substitution and output
effects for cach firm are in the same rather than

opposite directions.  Since each existing firg"
uses more 4, there is ne need to go through any
further analysis (like that culminating in equa
tion (16)) to establish that the industry demang
curve for 4 is downward sloping.

Reduction in the Price of a Superior Inpur.
The effects of a change in the price of an inpy;.
for which n > 1 has been a source of contyp:
versy in the literature because of the pogsibﬂity_;
that each existing firm in an industry may suffer ;
losses (earn profits) as a result of a red‘uctiog'_f
(rise} in the price of such an input. This “‘pata.
dox™ was first apalyzed as a short-run phenom:”
enon by Nelson (1957} and has caused ong:
economist (Meyer, 1967 and 1968) to conclude:
that the competitive model contains an incon::
sistency. A factor price reduction surely means:_:
(since average cost is reduced) that the product:
using the factor is cheaper to produce and that,
the amount produced ought to expand.” Yet, il
a factor price reduction causes existing firms to
suffer losses, this suggests that firms will exit
from the industry, causing a fall in the amount'-:
supplied at any given price.

This seeming paradox is, however, illusory, as -
Figure 6, indicating the effects of a fall in Py,
when ny > 1, reveals. Panel (a) has been:
“rigged” to show the borderline situation in:

e, AC i b
‘D = Q‘:) Q'
Y

- \ s

. =
— ‘f ' M A =
i SV ] £~
P 2 p \ﬂ"‘“'
~ D/ |

c L. & s Ao A, 5

Figure 6
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which the fall in P4 creates neither above- nor
welow-normal profits (ie., losses). The shift
gown and to the right in the aggregate average
cost curve, from AC, to AC, is such that the
new long-run equilibrium (Q,, Py} is attained
with no need for a change in the number of firms
in the industry. Price falls to the new level of
minimum average cost of each existing firm, and
the increase in output per firm, indicated in
panei (c) by the move from isoquant g, to g4,
when muliiplied by &, the existing number of
firms, is just equal to the increase in quantity de-
manded when price falls from £, to P;. Each
firm, of course, uses more 4, and the quantity
used by the industry rises from A,{=N,a,)} to
A (=N ol 1)- .

The “paradox™ arises when the fall in P,
shifts the minimum point on the aggregate
average cost curve to a position that falls to the
right of the demand curve, such as point K in
panel () of Figure 6. At R each firm is in-
curring a loss because product price, P’ given
by the intersection of the aggregate marginal
cost curve MO, and DD', must necessarily be
less than average cost. Given the increase in the
minimum cost output of each firm, the original
aumber of firms, V,, is now too great to pro-
vide the output demanded at price P; (which
equals minimum average cost} at the smallest
possible total cost. Hence, the “paradox” is no
paradox at all. The occurrence of losses is a
correct signal thai too many firms are in the in-
dustry. The losses cause enough firms to exit to
insure that price rises to P;. At this point the
fossez are no longer being made and the indus-
try is again in long-run equilibrium with fewer
firms, a larger output and a lower price. The
“paradox” is resolved by recognizing that losses
can ocour because of a fall in a factor price oaly

if this reduction causes the existing number of

firms in an industry to be too great to produce a
long-run equilibrivm output at minimum in-
dustry cost.!?

Panel (b) of Figure 6 indicates the adjust-
meats in facter use by the industry as a whole.
When P, dectines, the industry substitution ef-

fect involves an adjustment from E, to F', and
at F' the output @, would necessarily be pro-
duced bv a smaller number of firms. each of
which would be using the factor combination
indicated by e, in panel {c). The industry out-
put effect is represented by the move from £’
to £ and represents an increase in output via
the addition of enough firms, each producing
g1, to raise industry ocutput to @y. Whether
there are more, less, or the same number firms
at £y tham £, depends on the extent of the

- shift in thé output at which aggregate AC is

minimized in relation to the industry demand
curve, For AC, there is the same number; for
AC, there are fewer firms at £,

Panel (c) also indicates that the substitution
and outpui effects both cause each firm that is
in the industry in both the old and new
equilibrium to use more A than before. Hence,
if the number of firms either increases or re-
mains censtant, it is clear that more 4 is used
by the industry, as indicated in panel (3). How-
ever, if the number of firms declines, can it still
be asserted that the industry uses more A7 The

- answer is “yes” and the proof is exactly

analogous to that used in discussing the sirnilar
problem arising where 0<{n, <1, and firm
output and substitution effects go in opposite
directions. Here, however, these effects for
each firm go in the same direction and the rele-

" vant guestion is whether the increase in each

remmaining firm’s use of A more than offsets the
reduction in 4 used by the industry because
some firms exit. Considering only the industry
substitution effect, the change in industry out-
put is zero, and the relative decrease in the
aumber of firms [dNV/NV| equals dg/q, the rela-
tive increase in output per firm. If the industry
is to use more 4, the increase in A4 used by re-
maining firms, Nda, must exceed the sbsolute
value of the reduction in use of 4 by exiting

15For the opposite case of a factor price increase
that causes profit, such a result can only occur when
the existing number of firms is too few to produce the
new long run output at minimum cost. Profits (losses)
anly occur when entry {exit) is appropriate.
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firms, ledN1. This implies:

igf\’ gcmig<da (17

L I
At the minimum AC output, (dafa)/(dg/g)= 1.
Since m,4 > 1, the inequality in (17) holds and
the industry substitution effect reinforces the
industry output effect. More 4 is used by the

industry as P4 falls.

V1. Short-Run Effects of Input Price Changes
and the Dynamics of Competitive
Industry Adjustment

When a firm uses only two inputs, the con-
ventional analysis of the short nun assumes that
the use of one input can be varied while the
quantity of the other available for use is fixed.
The firm can adjust (o factor or product price
<hanges only by changing the amount of the
wariable input. If B is the fixed factor and 4 is
variable, the firm’s adjustment to changed con-
dittons, as represented in an isoquant diagram,
is Iimited to movements back and forth along a
herizontal line representing the fixed quantity
of B, such as line 6 in Figure 1. Therefore, ‘[I
short-run expenditure e]asﬂcuy of 4 is 77
{1/K4}>1, and that of B, 03, is, of course,
zero.  Starting fyom a position of long‘zun
equilibrium for the firm and industry, the short-
run effects of factor price changes can he
readily determined by applying the results of
previous sections. Specifically, when 4 is the
variable factor, it nust be superior (s > 1),
and a change in P affects the short-run cost
curves of the firm in the same way that the
long-run cost curves are affected by a change in
P4 if the longrun expenditure elasticity of A4,
which may now be denoted n%. is greater than
unity.  Similarly. if 4 iz the fxed facior
(5 =0), a change in P, affects the short-run
cost cuwrves in the same way that the fong-rup
CUIVC,‘_‘ are affected by a change in P, when
74 =0. No pdmcula; 1eiat10nshlp musr exist,
however, between 59 and w4, While % riea e
4 is variab?e in the short run and 5 = G if 4 is

fixed, 4 may be either normal, inferior, g
superior in the long run when full adjustment
can be made by choosing different cost-minj
mizing input combinations on the expansion
path.*® A change in P, may thus affect the
shortrun - and longrun curves differently:
Rather than examine each case, the analysis i
confined to the situation in which 4 is a normal
factor in the long run. The reader can easily
atter the analysis to fit' the cases where 4 1s:
inferior or superior in the long run. :
Consider -first the effect of a fall in Py t0:
only one firm in a competitive industry and:
suppose that A4 is the variable factor and B -
fixed. Figure 7, panel (a), shows the effect on’:.
the firm’s cost curves. With n% > 1 and 0<
7% <1, both the short and long-run marginal”
cost curves shift downward and to the right
from SMC; to SMC; and LMC, to LMCy;:
respectively, The average cost curves also shift
downward, but the output at which long-run
average cost is minimized shifts to the left:
from O, to ', while for the skort-run average
cost curve, this output moves to the right from:
O, to Q7. Since P, falls to this firm only;
product price remains constant at P, and the’
firm’s short-run response is an increase in out
put to 0%, where SMC; =P,. When the firin
has sufficient time to alter the amount of A
employed and adjust its factor combination in

16When there are more than two factors and more:
than one is variable in the shor{ run, there is ne
necessity for the shori-run expenditure elasticity Of_ 5
any one of these variable faciors to be greater than it
expendifure elasticity in the long run when all factors
can be varied. For example, with three factors, A, B i
and &, and C the only fixed factor in the short rua, =

equation (35) indicates that ]\.An"’; + f\B’?}gg =1 in the

short run, while in the long run, Kq’?A +AB‘”B
I\Cnc_wi Subiractmw the mst equanon from the
second, K 4 (ﬂé - ?"A} + KB(T}B T]B) = chnCs Even’;
if n7 >4, both A4 and B could have greater expen

ture elastlcme< in the long run than in the short run:
Hence, the discussion of the two-Tactor case in which’
74 > 1 is a rather special case. IFA4 is not the only
variable factor if would not necessarily be a superiof’
factor in the short run.
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- tight of the new factor prices, its long-run out-
" “putis 0%, the output for which P, = LMC,.
Panel (b) indicates the firm’s short- and long-
run input adjustments. From its initial input
© - combination at £, the short-run adjustment is
'_ to point Ef, as the firm increases its use of the
- yariable factor from 4, to A%, The cost of
producing (5 is not being minimized at this
. _point because the factor price ratio, P4/Pg, i3
- less than the marginal product ratic, MP 4 /MPg,
The total cost of this output is X (measured in
‘units of B). If the firm could vary its use of B
and move to the cost-minimizing point &, out-
put 0 could be produced at a lower cost. This
explains why in panel (a) the short-run average
“cost of producing Q5 is greater than the long-
run average cost of producing this output.!”
‘Given sufficient time to vary the amount of B
. employed, the firm moves to point Ef on the

17840 equals LAC at point R and exceeds it at all

other outputs, both larger and smalier. Point R corre- -~

" Sponds to point R’ in panel (b) where the expansion
- path intersects the horizontal line drawn from B,,. This
would be the cost-minimizing quantity of £ to use if
the firm desired to produce the output level associated
jdfh point R in panel {a). given the new lower price of

expansion path appropriate to the lower rela-
tive price of 4, the use which expands further
to AL,

If 4 is the fixed facter (n% = 0), the analysis
is rather less complicated. A [all in Py leaves

: short-run marginal cost unaffected and the firm

does not change its output rate in the short run.
However, with 0<{nYj <1, the fall in P, does
shift downward the firm’s long-run marginal
cost curve and in the long run the firm expands
its output rate.

Consider now the short- and long-run adjust-
ments of a competitive industry as the price of
4 Blls to all firms. An interesting divergenice
between short- and long-run profit signals can
atise if 4 is the variable factor in the short run.
As demonstrated in the previous section, a fall
in £, could lead to losses by all firms if n > 1.
A similar possibility arises in the short run,
since, with only two factors and A4 variable,
7% = 1/K 4 > 1. If at the same time the long-
run expenditure elasticity of 4 is less than
unity, it is necessarily true that once existing
firms have had time to adjust fully and prior to
entry of new firms, above-normal profits must
be accruing to existing firms. The new long-run
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equilibrium requires mere firms but in the short
run each firm may suffer below-normal profits,
meaning that the short-run signal is incorrect.
If, alternatively, the price of 4 rises, a similar
perverse short-run signal is possible. The rise in
Py shifts the aggregate of short-run marginal
cost curves to the left and it is possible for cach
existing firm to earn above-normal profits at
higher shortrun industry price. At the same
time, the zise in P, must cause all firms to earn
iosses when they have fully adjusted, given that
0< 17,1 <C1. The minimum average cost output
of each firm increases, and the new longrun
equilibrium necessarily requires fewer firms.
Again, the short-run profit signal is incosrect.
The situation wher¢ a fail in P, causes short-
run losses but long-run profits, holding constant
the initial number of fiyms, is represented in
Figure 8. This figure is identical to Figure 7,
panel (a), except that it represents the whole
industry rather than a single firm, and all the
cost curves are horizontal summations of the
cost curves of the firms in the industry in its
initial equilibrium. The industry demand curve
is DD’ Beginning from the initial equilibrium
with price P, and quantity Q,, & fall in P,
causes the aggregate short-run marginal cost
curve o shift frem SMC, to SMC;. Product
price falls to P, the price ai which SHC, inter-
sects the demand curve. Since SHC, is below

SAC at the output associated with this pnce i
each finm sustains Josses. These losses are an ip-
correct signal, however, since entry is necessary
to restore Jong-run industry equilibrium. :
The crucial question heré is whether this per
verse short-run signal will prevent the attain.:
ment of the new long-run equilibrium where the -
industry contains z larger number of firms, the:
price is Py, and the output produced is Q;. An:
swering this question rigorously would require s .
dynamic (as opposed to a comparative staticy-
analysis that focuses on the time path of th'eu,;
product price and which makes assumpnonsf}
about such hitherto neglected matters as possi-
ble differences in the information about costs”:
possessed by existing as opposed to potentlalf.ff
eéntrants, price expectations of the firms, the’,
age and durability of the shortrun fixed factors
B (plant and equipment), and the time required = -
to construct new plants. While such a dynaric;”
analysis is beyond the scope of this paper, the * _
fentative conclusion can be offered that the
shortrun loss will not serve to prevent the'_-f
eventual attainment of the new longrun equi-
libriura. At most, the loss will only serve fo-ir
delay the time at which this equilibrium will be :
reached.
To explain the basis for this conclusion, two'
alternative sets of circumstances are analyzed.:
The first is illustrated in Figure 8, in which the.
shortrun product price, P, that prevails after"g
the fall in P4 is greater than the minimum value”:
of average cost on the new longrun average'__fi
cost curve, LAC, . (The analysis of this case also
applies if P’ equals the minimum of 1.4C,.)In "
the second, the short-ran price P’ is assumed tG;.f
be Tess than the minimum value of L4, .
Suppose first that P' is greater than the mini-
mum of LAC,. Though the fall in P, has
caused shori-run losses for existing firms, each
will recognize that, given sufficient time to ad
just its durable plant and equipment, profits
can be camed at the shortoun price P’ since
this price exceeds £AC, in Figure 8 over some
range of output. - Hence, even if new firms do *
not immediately enter the industry because of
the losses observed and because. more funda- :
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mentally, these potential entrants do not have
(he information on the new long-run cost co;ndi-
tions available to existing firms, it remains true
that existing firms have an incentive to adjust
their plant scales. As they do so, profits will
eventually appear in the industry. After these
profits appear, additional firms arc induced to
enter, and price will approach the new long-run
level of Py. Short-run losses serve here to delay
the attainment of this equilibrium by retarding
the time at which new firms enter the industry.
This retardation occurs, however, only because
potential entrants are assumed to be ignorant of
the new cost conditions known to existing firms.
If potential entrants also know these cost condi-
tions, the short-run losses do not retard their
entry. In essence, the effect of the short-run
losses depends on the infermation available to
potential entrants and the existing firms. If the
information in Figure § is known to all, then
the actual short-run [osses are of no real conse-
quence, since the real signal is provided by the
potential profits which all firms can expect to
make when using the correct scale of plant.
Only if the cost information is not avaijlable to
all firms is the process of adjustment somewhat
defayed. .
The second and only other possible circum-
stance that can exist followiag the fall in 2,4 is
that the short-run price P'.is below the mini-
mum of LAC, (not illustrated in Figure 8). In
this case, neither existing firms nor potential
entrants (even if they know the new cost condi-
tions) will find construction of new (3maller)
scules of plant desirable, given the existing short-
run price. Existing firms will continue to pro-
duce at P’ = SMC, but will leave the industry as
old plants wear out. As firms exit, product price
will eventually rise above the minimum of
LAC,, profits will appear, new firms will enter
the industry, and longrun equilibrivm will bé
attained.™ The short-run losses retard the at-
tainment of long-run equilibrium in this second
case, not because potential entrants are assumed
te lack cost information, but because of the
initial unprofitability of new plant construction
by any firm, existing or potential. In neither

the first nor the second case, however, do the
short-run losses appear {0 prevent the vltimate
attzinment of the new long-run equilibrium. It
must be emphasized again, however, that the
importance of finding an incorrect profit signal
in the short run can be compleiely assessed
only in light of a dynamic adjustment model
that inciudes a more thorough analysis of be-
havior cut of equilibrium (in the spirit of Ar-
row, 1959} with the accompanying errors that
uncertainty imay cause.

VII. Application to Real World Events

Testing many of the foregoing results requires
knowledge of expenditure elasticities. While
discussion of the methods and difficulties of ob-
taining empirical estimates would take us too
far afield, some suggestive applications can be
mentioned. The papers in which the major
comparative static results have appeared (Fer-
guson and Saving, and Maurice) have no tests or
applications, but two other papers (Meyers and
Nelson) both motivate their analysis of factor
price changes by proposing what could be actual
examples of the “paradox” that higher factor
prices lead to higher firm profits. Nelson sug-
gests that incomes of farm landowners could be
enlarged by an increase in the price of seed, that
incomes, of coal mine cwners might rise due to
a rise in miner wages, and that the foreign trade
balance of an economy processing an imported
raw material for export might improve when
the raw material rises in price. Similarly, Meyer
suggests as an example the rise in farm profits
after the 1963 curtaitment of entry of foreign
farm labor into the United States led to a rise in
agricultural wages rates. If in each of these
examples either the short- or [ong-run expendi-

181f DD’ intersects SMCy at a price less than the
minimum level of average variable cost associated with
the old scile of plant, enough firms will immediately
cost down to cause the short-run price to fall no lower
than the minimum level of the average variable cost of
the old plants. Again, as these remaining plants wear
ont, price will rise above the minimum of LAC, entry
will occur and the new long-run equilibrivm will be
attained.
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ture elasticity of the factor undergoing the price
change exceeds unity, the theory presented in
Sections V and VI clearly indicates that a tise in
profits of existing firms is possible. Suggestive
examples, of course, are not a substitute for
more careful testing. Perhaps more thorough
empirical investigations will be Iorthwmmg in
the future,
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