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THE INDUSTRY EQUILIBRIUM
OF THE LABOR-MANAGED FIRM IN MONOPOLISTIC
COMPETITION UNDER DEMAND UNCERTAINTY

SUYEOL RYU*

This study contrasts the comparative statics results with the Mai(1993) ones in
a perfectly competitive labor-managed(LM) industry and the Ishii(1991) ones in a
monopolistically competitive profit-maximizing(PM) industry. First, some results in
a perfectly competitive LM industry do not generally carry over to a
monopolistically competitive LM industry. One of difference between the results in
two industries comes from the fact that depends on whether any firm in the
industry may affect the market price or not. Second, this study also shows that
some results in g monopolistically competitive PM industry do not generally carry
over to g LM industry.
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I. INTRODUCTION

There were various forms of labor management after World War II and the
Yugoslav economy was subject to workers’ management. As a modem form, Ki-
bbutzim comprise about four percent of the Israeli economy. The labor-managed
firms are applied to professional services such as law and medicine. Professional
services firms are generally constituted as partnership rather than joint-stock com-
panies.

The theory of labor-managed(hereafter LM) firm, which maximizes profit per
worker, has attracted economist’s attention under perfect competition. There has
been a large volume of papers regarding the firm under certainty, In an intere-
sting paper, Paroush and Kahana(hereafter P-K)(1980) have analyzed the short-run
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behavior of a competitive LM firm under price uncertainty and shown that the
comparative statics results are quite different from the one in the profit-maximiz-
ing(hereafter PM) firm as obtained by Sandmo(1971). While Applebaum and
Katz(hereafter A-K)(1986) have dealt with the long-run industry equilibrium of a
competitive PM firm where the output of individual firms and the number of
firms in the industry are both endogenously determined under demand uncertai-
nty, Mai(1993) has analyzed the long-run industry equilibrium of a competitive
LM firm under demand uncertainty and contrasted his comparative statics
results with P-K and A-K ones. He showed that the long-run response of the
LM firm to a change in wage rate was in opposite direction to a short-run
response and that the output behavior of a competitive LM firm was not
identical to a competitive PM firm, which was contrary to the assertion obtained
by Ward(1958) and Vanek(1970) under certainty. In practice, the finite number
of firms might be inconsistent with a perfectly competitive industry as pointed
out by Fama and Laffer(1972).

While the literature on the purely competitive situation under demand
uncertainty is extensive, a little attention has been paid to the formal analysis of
imperfect market structures under demand uncertainty. Recently Ishii(1991) has
established a model of industry equilibrium under monopolistic competition with
n Cournot PM firms and contrasted his comparative statics tesults with the A-K
ones. He has shown that some results do not always equal the A-K ones even
if the inverse demand function of the industry is linear as a special case.
However, how a LM firm operating under demand uncertainty would response to
changes in some parameters in the market equilibrium of a monopolistically
competitive industry seems to have been neglected in the literature. Therefore, it
may be worthwhile to make a detailed comparative statics analysis.

The purpose of this paper is to present a model of monopolistically
competitive industry with LM firms under demand uncertainty. First, we conduct
the comparative statics analysis of a LM economy, in which firms face a
downward sloping demand curve characterized by a random shift parameter and
in which the number of firms in the industry is endogenously determined by
free entry and exit and then to investigate the extent to which the results
replicate those of a capital economy. Second, we examine how the results
obtained by Mai under perfect competition are modified in a monopolistically
competitive industry and contrast the results in this paper with the Ishii ones.

This paper considers the fact that the firm faces a downward sloping demand
curve because of its monopolistic power and emphasizes that the comparative
statics results heavily depend on the shape of the demand function.

II. THE FRAMEWORK OF INDUSTRY EQUILIBRIUM FOR A LM ECONOMY

Consider a monopolistically competitive industry of » Cournot LM firms, each
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of which produces a homogenous product ¢;(i=1, 2, 3,-, ») with a single
input labor L;, together with certain unspecified fixed inputs. The production
function is assumed to exhibit non-increasing returns to labor input, ie.,

q=f(L), where />0 and f"<0 (1)

which means that the amount of labor can be described as a function of output,
ie.,

L=h(qg),  where h(0)>0, 2'>0 and A"20. @)

Figure 1 shows the relationship between the equation (1) and (2).

Next, it is here assumed that all firms are identical and symmetrical in the
sense that they have the same cost structures, the same demand function, and
the same monopolistic power. Following Appelbaum and Katz(1986), it is
assumed that the industry demand is stochastic and given by

[Figure 1]

g=f(L) L=h(@

P=g(Q)+ el , 3

where Q= Z, 1 g; is the total industry output, P is the output price for all firms

with the characteristics of P’ =g'(Q)= gQ <0 and P'=g"(Q= —5—0‘% §02

' For more general types of changes in risk, Meyer and Ormiston(1989) defined a simple
increase in risk which includes the Sandmo linear transformation as a special case and Ormiston
(1992) introduced a more general First-degree stochastic dominant (FSD) improvement. Analyses
concerning these general types of changes in risk are beyond the scope of this paper.

* See Denike and Parr(1970), and Greenhut, Hwang and Ohta(1975) for market demand curves
which are convex to origin, and Dastidar(1996) for market demand curves which are concave to
origin.
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which is an important role in signing the comparative statics results, which
depend on whether the industry demand curve is linear, concave, or convex
to origin, e is a random variable such that E(e)=0, E(¢%) =1, and Prob

(e> —M>=1 and y is a shift parameter such that y>( . Given that all
firms are identical and symmetrical, we have

Q=2"1g;=nq. @)

It is assumed that the number of firms in the monopolistically competitive
industry is small enough so that every firm may affect the market price unlike
in a perfectly competitive industry. Thus, let each firm's profit be formulated as

= P(Q)q— wh(q) — k, ®)

where £ is fixed costs and w is the competitive wage rate per labor unit in
the rest of economy.

Then the profit of firm per unit of labor? can be defined by 2271-(7.(&7

The firm is assumed to maximize the expected utility of its profit per labor.

E[u(z)]=E[u[ P(Q)q;(z;;z(a)-k}] , ©)

where «(z) is a von Neumann-Morgenstern utility function with 2'(2)>0 and
u"(z) <0 which implies that the firm is risk averse. Thus, the first-order
condition of a Cournot firm in a monopolistically competitive industry is given by

E[u'(z){ (P'g+ P~ wh')i;;(Pa—wh—k)h’ }]=0. %)

Rewriting (7) gives

E[u,(z){ P(h—ah'):;zP'ah-k kh }] 0, ®

where P’<() and the second-order condition is given by

* Parouch and Kahana(1980), Hill and Waterson(1983), Mai(1993), Okuguchi(1993) and others
use the profit per unit labor to analyze the labor-managed firm. On the other hand, Hawawini
and Michel(1983), Ireland(1987), Haruna(1988) and others use the (net) income or dividend per
worker.
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E[ u'(z){ (P (h—aqh') +P(k — I — ah‘24+ P'gh+ P’ h+ P'gh’ + kW)h* }]

—E[u'(z){ 2hh'(P(h—ah}'}+P'qh+kh') H

+E[u,,(z){ P(h~ah’)2~zp'ah+ k' }2]<0’ ©)

where the second term of equation (9) is zero by the first-order condition.
Rewriting (9) gives

E[ u,(z){ (P'g+ 2P’)z; (Pg—R\H }]

+E[u”(z)[ P(h~ah‘)]-i~2P’ah+kh’ }2]<0. (10)

Note that in equations 8) and (10), we sssumed that 92 = p and 22 _pr,
since in the Cournot industry each firm maximizesa its output as 4 an other
firms would not react to its own action.

Looking at (10), the second-order condition is not always satisfied. Since 2
is non-negative for a labor-managed firm to be viable, the term Py—fk is
positive. There exists the possibility that the first term of left-hand side of (10)
is positive and larger than the second term that is negative. Therefore, we
assume that first, the industry demand function is linear or concave to the
origin. In this case the second-order condition is always satisfied. Second, if the
industry demand function is convex to the origin, the second-order condition is
not always satisfied. Thus we assume

(P"q+2P)h—(Pg—RH <0 for g¢>0. (11

Then the second-order condition is always satisfied for two cases, and thus the
optimal output of the firm is uniquely determined by solving (8), given the
value of » .

Moreover, the number of firms in the monopolistically competitive industry is
determined by free entry and exit, such that in equilibrium the expected utility
of being in the industry is equal to the utility of some benchmark activity R.
Thus the industry equilibrium condition of a monopolistically competitive industry
is given by

E[u{ P(Q)a;(%z(a)~k}]_R___,0_ (12)
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Hence, the system of equation (8) and (12) can be used to solve for the
market equilibrium of a monopolistically competitive industry under demand
uncertainty, which is defined by the pair (g, ).

To examine the stability of the system, we make usual assumption about the
response of the firms and the industry when out of equilibrium. We assume that
when E[u«(2)] is larger (smaller) tl}an R, some firms enter(leave) the industry
and that when E|ux(2) P(h*qh)tP aht kh J is positive(negative), firms
increase(decrease) their output. Thus the dynamics of the system is written as

—% =/11E[u’(z){ P(h——ah’);—zP’thrkh' }], (13a)
-l Bty o

where A, and A, are positive adjustment parameters.
The system is locally stable4 if trace [D]<(0 and |D|>0 hold, where

Dy Dy
[(D]=

Dy Dy

Dy =E[ (2) (Pract 2P Vi (Pa= B )

+E[u,,(z){ P(h—ah');rzP'ah—}- ki }2]<0 from (10),

= B o] ZEBE b))

+E[u”(z){ P(h— ah')};!—aP'ah+ kl }P’qz]

Dy = 0 from(8), and

P 2
Dn:E[u’(z)mf—kO from P'<0 and «'(2)>0 .

After a simple calculation,

trace [ D]= Dy, + Dy, <0, (13¢c)

* For the stability of the system, see Appelbaum and Lim(1982), Appelbaum and Katz(1986)
and Ishii(1991),
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and lDl =D11 D12>0 (13d)

hold locally in a neighborhood of the equilibrium point. Thus the comparative
statics results are meaningful at least in the neighborhood of the industry
equilibrium point.

III. COMPARATIVE STATICS ANALYSIS

The market equilibium of a monopolistically competitive industry under
demand uncertainty depends on all parameters, which are included in equation
(8) and (12). In this section, we analyze the effects of changes in main
parameters such as fixed costs, mean demand, demand uncertainty, wage rate
and the reservation utility on the output of individual firms(q), on the number
of firms in the industry(»), on industry output(Q), and on the expected
market price (E[P]).

3-1 A Change in Fixed Costs

We investigate the effects of a change in fixed costs on industry equilibrium
under demand uncertainty.

Proposition 1:

(@) If the industry demand curve is concave to the origin (P”<(), an increase
in fixed costs increases the output of individual firms and reduces the number
of firms in the industry, but the effects of a change in fixed costs on industry
output and on the expected market price are ambiguous.

(b) If the industry demand curve is linear (P"=(), the comparative statics
results of a change in fixed costs are the same as (a).

(c) If the industry demand curve is convex to the origin (P">(), an increase in
fixed costs reduces the number of firms in the industry, but the effects of a
change in fixed costs on the output of individual firms, on industry output, and
on the expected market price are ambiguous.

The above results are independent of absolute and/or relative risk aversion.

Proof: To conduct the comparative statics analysis, we totally differentiate
equation (8) and (12) with respect to %

A,
B,

[ Dy Dy (14

dq/ ok }
onfok

0 Dn

where Al=~E[u'(2)7¢h—;—]+E[u"(2){ Pl )4 P ght bl }] and
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B, = E[ u'(z)—-};].
Thus, (14) gives

dg __ _(P'q+ P)ghlEw(2)]*

ok 1D '

if P'<0, dg¢/dk is positive.
if P'>0, dq/dk is ambiguous.

DyEy

The sign of (16) is always negative and does not depend on the shape of the
demand function. Next, the effect of a change in fixed costs on industry output
(Q=mngq) gives

00 . dg, dn
ok ~ "ok T an

From (15) and (16), the sign of (17) is ambiguous. Finally, the expected market
price is defined by E[P]= g(Q). Therefore,

From (17), the effect of a change in fixed costs on the expected market price
is ambiguous,
QED.

The results of (b) and (c) are similar to those in its capitalist twin as
obtained by Ishii(1991) who assumes that the industry demand curve is
downward sloping and convex to the origin. However, the above results should
be contrasted with Mai’s results that in a perfectly competitive industry
equilibrium for a LM economy, an increase in fixed costs reduces industry
output and the number of firms in the industry, but increases the output of
individual firms remaining in the industry. First, when the industry demand curve
is linear or concave to the origin (P"<(), we get dq/ok>0 and dn/dk<0
from (15) and (16) which are similar to the results shown by Mai. That is, an
increase in fixed costs increases the output of individual firms and reduces the
number of firms in the industry, However, the signs of 2Q/ak and SE[P]/dk
are still ambiguous. Second, when the industry demand curve is convex to the
origin (P">()), we obtain dn/dk<( from (15) which is similar to the result
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shown by Mai. But the signs of 9g/dk, 8Q/ok, and JE[P)/ok are still
ambiguous,

3-2 A Spread-Preserving Increase in Demand

By redefining the industry demand as P=g(Q)+ye+aS in which ¢ is a
certain shift parameter, we analyze the effects of a spread-preserving change in
random demand on industry equilibrium.

Proposition 2:

(@ If the industry demand curve is concave to the origin(P"<(), a spread-
preserving increase in random demand raises the number of firms in the industry
and the expected market price, but reduces the output of individual firms. The
effect of a spread-preserving increase in random demand on industry output is
still ambiguous.

(b) If the industry demand curve is linear (P"=0(), a spread-preserving increase
in random demand leaves the output of individual firms and the expected market
price unchanged, and increases the number of firms in the industry and industry
output.

(c) If the industry demand curve is convex to the origin (P">0), a spread-
preserving increase in random demand raises the output of individual firms, the
number of firms in the industry and industry output, but reduces the expected
market price.

The above results are independent of absolute andfor relative risk aversion.

Proof: Let P=g(Q)+ re+a.
To conduct the comparative statics analysis, we totally differentiate equation (8)
and (12) with respect to e.

aq/aa A2

[ Dy Dy 19)

0 Dy

an/aa Bg

whers AZ:_E[u,(z)_Qz_—;l,zaﬁL)_]..E[u"(z){ P(h—ah')}-i—zP'qh+kh’ 14

BZ=~E[u’(z)—%], and the results are evaluated at ¢=0.

Thus, (19) gives

5 A referee suggests that this industry demand function can be generalized such as P=(Q, &)
including additive or multiplicative cases, where aP/3e>0 and 3(3P/3Q)/3¢>0. However, this
functional form is beyond the scope of this paper.
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g _ P lEu(2)]
da #| DI (20)

If P'>0, dq/da is positive.
It Pr=0, d¢/da is zero.
If P<0, dq/0a is negative,

The sign of (21) is always positive and does not depend on the shape of the
demand function, Next, the effect of a spread-preserving change in random
demand on industry output (Q= nq) gives

—‘3—% = n-g-‘q; + q—gg— . 22)

From (20) and (21), the sign of (22) is positive if P’>(, but ambiguous if
Pr<(. Finally, the expected market price is defined by E[P]=g(Q)+ a. Thus

OE[Pl _ p 3Q
da da

=P'(n—gg~+q~g%)+1

=P'n—a-q- because P'q—a—n-——l

da da
_ P Pug[Eu'(2)]*
- B D| ' @3)
If P>0, dE[P]/da is negative.
If PP=0, dE[P]/da is zero.
If P <0, aE[P]/da is positive. QE.D.

The results of (b) and (c) are similar to those in its capitalist twin as
obtained by Ishii. However, the result concerning the individual firm’s output
should be contrasted with the Mai’s result that a spread-preserving change in
random demand leaves the output of individual firms unchanged in a perfectly
competitive industry. The difference between Mai’s result and that in this paper
stems from the fact that any firm in a perfectly competitive industry does not
affect the market price, but individual firms in a monopolistically competitive
industry do affect the market price. The result about the individual firm’s output
depends on the shape of the demand function, ie., whether the industry demand
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curve is concave or convex to the origin. However, if the demand function is
linear, even in monopolistically competitive industry model we get the same
results as those in a perfectly competitive industry model.

3-3 The Marginal Impact of Uncertainty

Proposition 3:

(@) If the industry demand curve is concave to the origin(P”<(), a mean-
preserving increase in demand uncertainty increases the output of individual firms
and reduces the number of firms in the industry, but the effects of a
mean-preserving change in demand uncertainty on industry output and on the
expected market price appear to be ambiguous in general.

(b) If the industry demand curve is linear (P"=0), the comparative statics
results of a mean-preserving change in demand uncertainty are the same as (a).
() If the industry demand curve is convex to the origin(£">(), a mean-
preserving increase in demand uncertainty decreases the number of firms in the
industry, but the effects of a mean-preserving change in demand uncertainty on
the output of individual firms, on industry output and on the expected market
price appear to be ambiguous in general,

The above results are independent of absolute andfor relative risk aversion.

Proof: Totally differentiating (8) and (10) with respect to y, we get

Dy Dy [ dqldy

an/dy

Aj

24

0 Dzz B3

where Aaz—E[u'(Z)E"(‘h':l;—Qqu]—E[ w(2)e G{P(h”a‘h')h'g'P'ah-f' kh'} , and

By=—E[u(2)e-L]

Thus, from (24), |D|>0, D, <0 and (A.1)-(A.3) in the Appendix, we obtain

g _ _Elu(2)elE[ 4 (2)P'q"]
dy ¥ D)

_ P ElW()IE[u(z{ (k= gh') + P'gh+ ki¥}*] 25)
W h—qh') | D '

If P>0, 9¢/dy is ambiguous.
K P'<0, dq/87 is positive.
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Dy Elu'(z)e]

on __
3y = wpl <O

(26)

The sign of (26) is always negative and does not depend on the shape of the
demand function. Next, the effect of a mean-preserving change in demand
uncertainty on industry output (@ = ng) gives

0@ on
a7 =7 ay-f-q 97 27

Form (25) and (26), the sign of (27) is ambiguous. Finally, the expected market
price is defined by E[P]=g(Q). Therefore,

s rgg &

From (27), the effect of a mean-preserving change in demand on the expected
market price is ambiguous. Q.ED.

First, the result should be contrasted with Ishii’s result that a mean-preserving
increase in demand uncertainty reduces the output of individual firms, the
number of firms in the industry, and industry output, but raises the expected
market price. This paper shows that its effects on industry output and the
expected market price are ambiguous, but its effect on the output of individual
firms depends on the shape of the demand function, ie., if P'<0, dq/dy is
positive and if P'>(, dg/dy is ambiguous. Second, the result should be
contrasted with Mai’s result that a mean-preserving increase in demand
uncertainty raises the output of individual firms, but reduces industry output and
the number of firms in the industry. If the industry demand function is linear or
concave to the origin(P"<(0), we obtain dqg/dy>0 and dn/dy <0 from (25)
and (26) which are similar to the results shown by Mai. However, the sign of
8Q/3y and AE[P]/dy are ambiguous. If the industry demand function is convex
to the origin(P">0), we get on/dy<( from (26) which is similar to the result
shown by Mai. But the signs of dq/dy, 0Q/dy and AE[P]/dy are ambiguous.

3-4 An Increase in Wage Rate

Proposition 4:

(a) If the industry demand curve is concave to the origin(P"<(), an increase in
wage rate reduces the number of firms in the industry, but the effects of a
change in wage rate on the output of individual firms, on industry output, and
on the expected market price are ambiguous.

(b) If the industry demand curve is linear (P"=(), the comparative statics
results of a change in wage rate are the same as (c).
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(c) If the industry demand curve is convex to the origin (P">(), an increase in
wage rate reduces the output of individual firms, the number of firms in the
industry, and industry output, but raises the expected market price.

The above results are independent of absolute andfor relative risk aversion.

Proof: Totally differentiating (8) and (10) with respect to w, we get

Dy Dy [ dq/dw Ay
= 29)
0 ng 8n/8w B4
where A4=E[u/’(z)[ P(h*qh');;P‘ah-%kh’ ”, and
= El ' (2)].
Thus, (29) gives
8g __ _[Ew ()Y Pd*h+ P a(h—gk)} (30)
dw 12 D '
If P'=0, dq/8w is positive.
If P'<0, 8¢q/3w is ambiguous.
__Q__ D”Eu (2)
ow = D] <0. 3D

The sign of (31) is always negative and does not depend on the shape of the
demand function. Next, the effect of a change in wage rate on industry output

(Q=ng) gives

Rk A &

From (30) and (31), the sign of (32) is negative if P’>0, but ambiguous if
P'<(. Finally, the effect of a change in wage rate on the expected market
price gives

QELE _ pr 99 (33)
w ow

If P'=0, E[P]/ow is positive.
If P'<(, 0E[ P}/ 8w is ambiguous, Q.E.D.

The result should be contrasted with Mai’s result that an increase in wage
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rate reduces the output of individual firms and industry output, but its effect on
the number of firms in the industry is ambiguous. This paper shows that its
effects on the output of individual firms, on industry output, and on the
expected market price depend on the shape of the demand function, but its
effect on the number of firms in the industry is judged definitely to be negative
in a monopolistically competitive industry regardless of the shape of the demand
function.

3-5 An Increase in the Reservation Utility

Proposition 5:

(a) When the industry curve is concave to the origin (P”<(), an increase in the
reservation utility reduces the number of firms in the industry, but its effects on
the output of individual firms, on industry output, and on the expected market
price are ambiguous even if non-increasing absolute and/or non-decreasing
relative risk aversion are assumed.

(b) When the industry demand curve is linear (P"=(), the comparative statics
results of a change in the reservation utility are the same as (c).

(c) When the industry demand curve is convex to the origin (P">(0), an
increase in the reservation utility reduces the output of individual firms and
industry output, but raises the expected market price if absolute risk aversion is
non-increasing. It reduces the number of firms in the industry regardless of
absolute andfor relative risk aversion,

Proof: Totally differentiating (8) and (10) with respect to R, we get

Dy Dyl dq/0R 0
= l . (34)
0 Dzz d n/a R 1
Thus, (34) gives
g __ Dy
oR [ D}

—_ Elu(z{Pght P olh—gh)}]
K| DI

P G*E[Raw (X P(h—qh') + P’ gh+ kh'}]
+ #(D|

(35)

where R, (=—wu"(2)/u'(z)) is the measure of absolute risk aversion,
The sign of 9g/o0R is negative if P'>( and absolute risk aversion is
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non-increasing. The sign of dg/0R is ambiguous if P'<0.

on _ Du

The sign of (36) is always negative regardless of absolute andfor relative risk

aversion and does not depend on the shape of the demand function. Next, the
effect of a change in the reservation utility on industry output (Q=ng) gives

S ) BT 37

From (35) and (36), the sign of (37) is negative if P'>0 and absolute risk
aversion is non-increasing, but ambiguous if P’<(. Finally, the effect of a
change in the reservation utility on the expected market price gives

OE[Pl _ - 0@
3R =P IR (38)

The sign of (38) is positive if P'>0 and absolute risk aversion is non-
increasing, but ambiguous if P7<(Q. Q.ED.

Once again the result should be contrasted with Mai’s result that an increase
in the reservation utility reduces the output of individual firms if absolute risk
aversion is non-increasing, and also reduces industry output regardiess of absolute
andfor relative risk aversion, but its effect on the number of firms in the
industry is ambiguous. There are some differences between Mai’s result and that
in this paper. First, we can definitely sign its effect on the number of firms in
the industry regardless of the shape of the demand function and absolute andfor
relative risk aversion, but he could not. Second, we need two assumptions such
as P'=( and non-increasing absolute risk aversion to sign its effect on industry
output, but he signed it without them.

IV. CONCLUSION

This paper has taken into consideration a monopolistically competitive LM
industry which characterizes the fact that risk averse Cournot firms face a
downward sloping demand curve and the number of firms in the industry is
determined by free entry and exit. We have analyzed the effects of changes in
some main parameters on industry equilibrium under demand uncertainty. The
shape of the industry demand function is a very important role in signing the
comparative statics results.

As a result, this paper has contrasted the results with the Mai ones in a
perfectly competitive LM industry and the Ishii ones in a monopolistically
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competitive PM industry. First, some results in a perfectly competitive LM
industry do not generally carry over to a monopolistically competitive LM
industry. One of differences between the results in two industries comes from
the fact that depends on whether any LM firm in the industry may affect the
market price or not. That is, it depends on the market structure where LM
firms operate: any LM firm in a perfectly competitive industry does not affect
the market price, but individual LM firms in a monopolistically competitive
industry do affect the market price. It is shown that a spread-preserving change
in demand uncertainty keeps the output of individual LM firms unchanged in a
perfectly competitive industry, but its result in this paper depends on the shape
of the demand function. Furthermore, we have shown that some results in this
paper do not always equal the Mai ones even if the industry demand function
is linear as a special case. However, the effects of a mean-preserving increase
in demand uncertainty on the output of individual LM firms and the number of
LM firms are similar in two different industries if the industry demand function
is linear or concave to the origin.

Second, it has also shown that some results in a monopolistically competitive
PM industry do not generally carry over to a LM industry. The difference
between Ishii’s result and that in this paper stems from the fact that a firm
operates in the same industry, but its structure is different. Contrasting to a
long-run monopolistically competitive PM industry, LM firms respond to the
effect of demand uncertainty on the output of individual firms in an opposite
way to PM firms where the demand function is linear. That is, the PM firm
responds to a mean-preserving increase in random demand by reducing optimum
output so that dg/dy<0. On the other hand, the LM firm has a positive
response so that dq/dy>(0. However, LM firms respond to a spread-preserving
increase in demand uncertainty in a similar way to PM firms because both firms
have the same market structure.
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APPENDIX

This appendix provides some calculation used in proving the proposition 3.
A. Since e=(P—E[P])/r holds from (3), we get the following equations.
Elw (2)el=E[u (2 P—E[PD]/ry
=E[« (2)(P—E[PD(h—aqh)]/y(h—qh')
=E[w (2 P(h—qk')+ P'qh+ ki’
—(E[P)(h—qh')+ P qh+ k' )}/ y(h—qh')
=—{E[PYh—qk')+P'gh+kh'}E[ v (2)]/(h—qk’) from (8).(A.1)
Elu"(2)e( P(h— i) + P’ qh+ kh')]
=E[u"(z)(P—E[P)(h—ah' Y P(h—qh') + P'qh-+ ki'}1/ y(h—qh’)
=FE[u"(@XP(h—qh')+ P qgh+ kh' — (E[PY(h—qk') + P qh+ kh')}
X{P(h—qh')+ P 'qh+kh'}) y(h—gh')
={ELu"(z{P(h— k') + P'qh+ k' Y1 —(E[P1(h— gh')+ P’ qh+ kk')
X E[u"(2)(P(h— qh')+ P qh+ ki')1}/  h— qk'). (A2)
B. First-order condition (8) becomes
0=E[u' (z{P(h—qh')+ P'qh+kk'}] since k=0
=E[P(h—qh')+ P gh+ kW 1E[ 4 (2)]+ Cov(ye(h—qh’), ' (2))
where  Cov(ye(h—gh’), 4'(2)) is a covariance between ye(h—gh’) and
u'(z). Since 9u'(2)/de= yqu(2)/h<0 and oye(h—qh')/de= y(h—qh') <0
imply
Cov(ye(h—gh'), u'(2))>0, we get E[P(h—gh')+ P gh+ ki’]<(. From this

result and (A.1), we obtain

El 4 (z)el<0. (A3)
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