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PRICE DECISIONS AND EMPLOYMENT EQUILIBRIUM
By Jose Encarnacion, Jr.*

Instead of expected profit maximization, this paper assumes a safety-first
objective so that the firm will set a higher price for its product if cost or demand
is higher, which has macroeconomic implications. With all firms in the economy
as price setters, there is an equilibrium of prices which entails an employment
equilibrium, and vice versa, The model developed can account for increasing
unemployment with inflation, and allows for procyclical real wages.

1. Introduction

Observation shows that the usual practice of imperfectly
competitive firms facing demand uncertainty is to set prices on their
products. This paper explores some possibilities of a model where
the price decision maximizes the probability of satisfactory profits.
The model yields the proposition, which has interesting macro-
economic implications, that a firm will set a higher price if cost or
demand is higher. This seems intuitively plausible and consistent
with casual observation, though under the usual assumption of
expected profit maximization, price does not necessarily rise with
costs, and more remarkable, it does not necessarily rise with demand
either,

Assuming that all firms in the economy are similar price setters,
a stable equilibrium of prices and aggregate employment can be
defined where prices and employment remain stationary so long
as cost and demand parameters do not change. An exogenous in-
crease in demand means, in the usual case, a new equilibrium with
higher prices and employment. More interesting, an exogenous
increase in costs leads to more unemployment with inflation, a
puzzle of recent years,

2, The Price Decision

Consider a firm whose differentiated product is subject to
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uncertain demand' dependent on a demand parameter 0. The cost |
of producing output y is C(y, ) where 7 is a cost parameter. The
firm is to decide on a price p to be maintained unless there is & ‘
change in 6 or 7. Then, when the random quantity demanded X i8 ‘

known in the current period, the firm chooses® ¥ to maximize profit
py — Cly, v). Defining y* as that value of y where marginal cost
C, = p and Cy is increasing, current profit is maximized by simply |

putting |

{x it x <y*

“+

1) ¥ i yo af x >y+

Our assumption about the choice of p is that the firm maximizes |
the probability i

@) Prfpy — v, v) 2 Al 0}

where A = const is an acceptable retum, y obeying (1). This objec-
tive function follows the Hall and Hitch (1939) finding that some
satisfactory rate of profit is an important parameter in business |
decision-making, and the Cramér-Roy safety-first principle (Roy |
(1952)) of minimizing the probability of a «“disaster”, viewing the
latter as a subsatisfactory return. It seems plausible that a firm’s
managers will want to maximize (2), taking A as stockholders’ ex-
pectation of a «reasonable” return, and Mao’s (1970) empirical
investigation lends support to this idea.

Let fix |p, 6 ) be the density of x given p and 6, and write

(3) n(p,q,9) = /4 fix|p, 0) dx (p,q >0) | ';I

! (1M
$0 Ty <o, Tq < 0. Putting 7(p, q, 0)=ox(0<ox< 1) defineswhat | i
iff

|

|
[
lguch uncertainty may result from the kind of consumer behavior described by :‘ |
Hildenbrand (1971) and from random differences in the timing of purchases by different |
households, fluctuations in income, etc.
20f. Kirman and Sobel (1974) who assume instantaneous production to meet current ' '

demand. The holding of inventories is an attractive feature of their model, but they assume¢.

price adjustment every period which seems contrary to observed behavior. Benassy (1976) l
also assumes instantaneous production and price adjustment every period, However, ai"| I
Levitan and Shubik (1971) have argued, one expects the imperfectly competitive firm to ! .
quote a steady price if market conditions are stationary except for random elements in

demand.
‘. |
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0 p = k(q,v)
P i A il 0 1 T /

— 1(p,q,08) =

0
q

Figure 1

we will call a 7 line, a locus of points (p, g) for given 6 such that

Prix 2 q‘ p, 6‘} = a (const). Fig. 1 shows one with a a = 7°.

The family of m lines corresponding to different values of o consti-
tutes the stochastic demand schedule, which originates from a point
on the p axis. The downward sloping m lines fan out toward the ¢
axis so that at any given p, those to the left (with higher o) are
steeper. An increase in 0 shifts the originating point upwards and
each 7 line rightwards, so mg > 0.

In view of (1) maximizing (2) is equivalent to the problem of
maximizing 7(p, q, 6) subject to pg — C(q, ) 2 A. Solution values
of the vanables will be denoted by (¢ superscripts — e.g. 70 =
n(p?, ", 8) — which will usually be omltted however when the
context is clear. We will take it that 0 < 7% < 7 so M < 0 and

m, < 0 in the solution, since the 7% = 0 and 7% = ] cases are unin-
teresting. It is necessary then that
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4) o+ =0 i
(5) m, + Np-C,) =0 L

(6) pqg—Clqv)—-A=0
where A > 0 is a Lagrange multiplier. Rewriting (6), ‘

(M p=1(4 +Clq,7)q = Kaq,7)

will be called the k curve, which has the usual shape of an average ‘
cost curve. As drawn in Fig. 1, we assume a unique solution. i

From (4) and (5), (p — C,J)/q is (the absolute value of} the |
common slope of the k curve afid the T line at the point (p?, ¢°),
Suppose the slope is nearly zero. A decrease in 7y, which shifts =
the k curve downwards, then means that a less flat 7 line will be |
tangent to the lower k curve at a lower p. By continuity, the same
result will hold even when the ongmal slope is not quite as sm?/ll
is not “too large”, lower costs will lower the price Consider instead ”
an increase in @, which shifts the demand schedule upwards and to |
the right. Obvmusly a new and steeper 7 line will be tangent to the k ‘
curve at a higher p. One can therefore state

|
I
| |
Proposition 1. The firm will set a higher (lower) price if cost '

or demand is higher (lowerj.

! I
We can then write p = G(8,7) Gg >0, G > (), and for the I‘ I
mean value of output, 7 = h(p, 6, ) which has hy <) kg >0, | h
h.. < 0, v appearing as an argument because y depends on y* which

|
depends on C(y, 7). (A higher 7Y that raises C lowers y*, lowering | 'lj
|

7). Normally, hp Gg + hg > 0 so that although a higher 0 induces
a higher p, the net result of a higher 6 is a higher y. |l

1
J .

3. Equilibrium Prices in the Industry I‘ ‘

The firm in Section 2 can be thought of as the ith firm in an| ‘
n-firm mdustry, the index i suppressed in the notation there. Let
now p (py,....p,’ and denote the vector of prices other thnn

p; by p_;. The demand parameter 6! depends on the prices set by

il
I
it
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other firms and on &/ representing other factors affecting demand:

o' = 6'(p_, &) and 0} - 30*/ap; 2 0, so P} = G'(6'{p ,, 5},

Y) = H (p; & o) with H' 2 0. Given & =(5!, ..., 8") 7=

(y!,. . ., ¥"), and innocuous assumptions one would have a conti-
nuous mapping po = H(p; 8, v) to make the Brouwer fixed point
theorem applicable so that there exists an equilibrium price vector
pe = H(pe,. 5, .},)_

If H; > 0 it is only reasonable that H“,} =) H; /ap}. < 0. Fig. 2

illustrates n = 2, where it is clear that the equilibrium is unique

and stable. It is easy to see that this generalizes to arbitrary n, so one
can state

Proposition 2. The equilibrium of prices in the industry
stable.

1
p? = Glfel(p?.di ),Y])

0

/92 it Gz(ﬁz(p’az)!‘vz)

4]

Figure 2
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A lower ¥ shifting G' “downwards” will decrease equilibrium
prices, changes in prices spreading through the industry with each
firm responding myopically only to its own cost and demand con.
ditions. Firm i will then have a higher probability of satisfactory';
profits and other firms would have lower ones because of the shifts
in demand. The better competitive position of the cost—reduci::’ijl
firm would thus be felt by other firms as a fall in the values of their
objective functions, signalling their now weaker competitive position-.f
This constrasts with the implications of expected profit maximis
zation where, if the cost reduction only involves fixed costs, would!
merely have larger expected profits at the same price, there would
be no effect on the prices or expected profits of other firms, and
they would get no signals that the market situation had changed. I

4. Prices and Employment Equilibrium

Suppose all firms in the economy are price setters like those of
Section 3. For simplicity let 8' = & (N; w, M, A)and¥' = vi(w, I') |
where N is the level of aggregate employment, w is the exogenouli‘
money wage, M is the exogenous money stock; A and I' are shift
parameters for demand and costs respectively. (Because of the sto.
chastic nature of demand, it will be understood that employment
and output figures are mean values of these variables.) The partial
derivatives of §' and 7' are all positive. .

Consider given values of p, N, w, M, A and T'. There would be \
corresponding demands, outputs, and labor inputs required in the l
different firms. Writing the last as |‘

I

(8 N°= JUp, 61 p.; §{(N; w, M, 1)} 7w, T'))

K p,N; w, Z)
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where Z = (M, A, T') is an abbreviation, and N’ = EN:.], write
(9) N° = K(p,N;w, Z).

Allowing N to vary, one expects that 0 < aN’/aN < I (one might
say that N’/ 3N is the employment version of the marginal propen-
sity to spend). Assuming the conditions of the Brouwer theorem
there is a unique fixed point

(10) N¢ = K(p, Né:w, Z)
which, as an equilibrium, is stable if p is held fixed. Unless p = po
however, N¢ is not sustainable. For if p # p© some firm will change
its price and N¢ will have to be different. One might therefore call

a quasi-equilibrium.

Consider again the earlier given values of p, N,w, M, A, and T'.
Firms will choose

Gt {p., SUN;w, M, A)} v(w, T))
Ri(p, N; w, Z).

Assuming R® > 0 and R§;< 0 if R)f > (), as in Section 3 there is a
fixed point

(R2) g

(12) p€ = R(p®,N;w, Z)

which, as an equilibrium, is stable if N is fixed. Unless N = N’
however, pe is not sustainable. For if N > N say, more workers
or man-hours will have to be hired to produce the outputs called for.
Like N¢, p€ is a quasi-equilibrium.

It will be useful to rewrite (12) and (10) as

(18) p€ = S(N:w, Z)
(14) Ne=L(p;w, Z)

respectively. An equilibrium of prices and employment will then
obtain only if p =p® and N= N€. Denoting that equilibrium by
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(n*, N¥),
(13) p* = SIN%w,Z)
ae) N* = Lp%wZ) |

This can be ﬂlustrated in a simple diagram by defmmg a price index |
for each p and p° Notmg that the components of p€ increase with N
in (13), an index for p¢ is possible: all that is needed is for the index
to be higher with larger N. Next, an arbitrary p determines a co
sponding Ne in (14) which, upon substitution in (13), gives a corros.
ponding p® and its index. The latter can then be defined as the
index of p so that all price vectors determining, by (14), the samé
N€ will have the same index. -;i ‘
P |

L
|

p* = S(N;w,2)

px| -

N = Lip;w,2)

|

|

T
e

|

|

1] ; Nk
Figure 3
To avoid additional notation we will use the same symbol both
for a price vector and its index, the context being clear. Thus in
Fig. 3 the S curve (eq.(13)) is upward sloping as noted above. L (eq. l,
(14)) is downward sloping because higher prices reduce demand.
(In a diagram giving as a function only of N — see (9) — N€ ig "
determined at the Ngomt where the N’ curve crosses the 45° lme I| '
If p is higher the curve is shifted downwards makmg N¢ lower. M
The vertical arrows indicate that p will tend to p® given N; the
| ' '

horizontal arrows show convergence of N fo N¢ given p. Although . |||
the approach to (p* N*) from an arbitrary (p, N) could be cyclical .
and not monotonic, we can state

Proposmon 3. The prices and employment equilibrium (p* N *) |
is stable, given the money wage w and the money stock M, 1 “h i

i |
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An exogenous increase in A raising general demand will shift
L to the right and S upwards, so p* will be higher in the new equilib-
rium. In the normal case where the induced § shift is relatively
smaller, N¢ will also be higher as in the standard Keynesian model.
An exogenous increase in I' raising costs, will shift S upwards and
possibly L to the left (and only marginally), so N* will be lower
and p* higher. A monotonic approach to the new equilibrium then
means increasing unemployment with inflation. (Prices of imported
inputs like oil would be reflected in I" in a model with trade.)

And exogenous increase in M, like A, implies a higher p*. It is
not as clear, however, that N* should also be higher.

5. Money Equilibrium

Since output and employment are one-to-one in the short term,
we can write an employment version of the simple demand-for-
money function as g(p, N, r) with &p > 0,8y > 0,8 < 0, where
p may be the price vector or its index. Money equilibrium holds
when M = g(p, N, r) or, alternatively, r = r(p, N, M). Going back to
the second paragraph of Section 4, the given values of p, N, w, M, A
and [" there implicitly determine a value of r that satisfies money
equilibrium for those values of p, N and M. In effect we can think
of r as implicit in egs. (8)-(14) so the equilibrium value of r is r* =
Hp* N* M), and therefore M = g(p*, N*, r*) in the equilibrium,

6. Wages and the Level of Employment

There is no reason for N* to equal full employment given the
exogenously determined money wage. It has been a recurring
question in the literature to what extent a rigid or sticky w pre-
vents attainment of a full employment equilibrium. Suppose a lower
w, which shifts L to the left and S downwards. The new p* will
be lower but, as Keynes had emphasized, the new N* could be lower
also. Letting w vary in (13’) - (14’), some value of w would maxi-
mize N* but that maximum may still fall short of full employment.
There is no assurance therefore that there exists a “correct” w
yielding full employment.

Suppose N* is less than full employment. Let w = 1 by nor-
malization so p is the reciprocal of the real wage in Fig. 3. A down-
ward sloping labor supply curve can be drawn in, which cuts the §
and L curves at points to the right of (p* N*). As in the standard
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(p* N*) northeast — in the normal case — until the new equilily
rium lies on the labor supply curve, at which point there is full
employment with a higher p* hence a lower real wage. What is Ino ‘
teresting if a possibility, a sufficiently large decrease in I‘_wou‘wf ||”
drive a new (p* N*) southeast until the new equilibrium lies 01 ‘ '

il
| I|| '
Keynesian model, a sufficiently large increase in A can drive a new r
I

|

the labor supply curve at a point where the full employment leves II |
would be higher and the real wage, instead of being lower, is highet |

than before. I ‘
|
|
|

|
|
We see then that the phenomenon of a rising real wage duriny !‘
the expansionary phase of the business cycl&,3 which would seem

unrelated to the phenomenon of rising unemployment with inﬂui-l
tion due to a higher T, is here only the other side of the same coin,
A lower I' (because of a cost-reducing innovation 'a la Schumpeter,
a change in government policy that lowers costs, or a fall in the
prices of imported inputs) has effects the opposite of an increase in
. A decrease implies more employment and lower prices relative {0

the money wage. A
|

On the hypothesis that the imperfectly competitive firm facing 1
demand uncertainty sets a price on its product to maximize the
probability of obtaining satisfactory profits, the firm will set a higher '” Iff
price when demand is higher and also when costs are higher. This H
implication has macroeconomic significance. Taking all firms in the ‘
economy as price setters responding only to their cost and demand ||
conditions, there is an equilibrium of prices which implies an em- H
ployment equilibrium at the macro level, and an employment ”'
equilibrium which implies an equilibrium of prices at the micro
level. Even with a flexible money wage the prices and employment A
equilibrium need not be one of full employment, since firms hire
only that number of workers whose output can be sold at equi-
librium ;:n:in::es.4 Given the money wage, a new equilibrium called
for by an increase in general demand means more employment

|

7. Concluding Remarks

3. Fischer (1988, p. 310) remarks that “the weight of the evidence by now is that the
real wage is slightly procyclical.” This is a difficulty for profit maximization models which
imply a close link between the real wage and the marginal productivity of labor, as the latter |
is expected to decrease with more employment in the short term. |
4. Since this fact holds true also for the long run, full employment is not assured even
there. Hart (1982) gets a similar conclusion from his model.
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and higher prices in the usual way. An exogenous increase in costs
implies more unemployment and higher prices, the stagflation
case; a decrease means greater employment at a higher level wage,
in conformity with observed procyclical real wages.

In a less incomplete account than is given in this paper, one
would have an explicit treatment of household decisions, which
are in the background and reflected only in the demand schedules
confronting firms. A more complete formulation would fill this
lacuna, but it does not seem that the present discussion would need
to be changed in its essentials,
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