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Abstract

First, we formulate international multi-market mixed duopoly
consisting of one labor-managed firm (economy) and one
profit-maximizing firm (economy), which is shown to have a
unique Cournot equilibrium under a set of reasonable
assumptions. Second, we examine the effects of the LME’s
tariff imposed on its imports from the PME. We find that the
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equilibrium total outputs. This result is in sharp contrast with
the one obtained for international multi-market duopoly
comprising two profit-maximizing firms with decreasing
marginal costs.
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1. Introduction

Mixed duopoly is characterized‘by coexistence of one profit-maximizing firm and one
labor-managed firm or that of one profit-maximizing firm and one welfare-maximizing public
firm. A labor-managed firm is well known to behave perversely in the event of a change in
its product price or fixed costs. Mai and Hwang (1989), Okuguchi (1991) and Horowitz
(1991) have analyzed the effects of subsidy to labor-managed firm in international mixed
duopoly with one profit-maximizing firm or economy ( PMF or PME for short) and one
labor-managed firm or economy ( LMF or LME for short). Any firm, be it LMF or PMF,
sells its product not only in its domestic market but also in several foreign markets. Krugman
(1984) has demonstrated the export promoting effects of import protection for international
duopoly model without product differentiation and with several markets, assuming that both
duopolists’s marginal costs are decreasing. Okuguchi (1990) has examined the existence of a
unique Cournot equilibrium in a model of international duopoly with several markets. Okuguchi
and Serizawa (1995) have analyzed the effect of tariff on international duopoly with several
markets, assuming asymmetric marginal costs for duopolists.

In this paper we will formulate international mixed duopoly with one LMF and one PMF,
as well as with several markets, and analyze the effects of the LME’s imposition of tariff on
the total outputs of the LME and the PME.

As a preliminary to this investigation, we will in Section 2 prove the existence of a unique
Cournot equilibrium for international duopoly with one LMF and one PMF in the absence of
trade policy. In Section 3, we will introduce trade policy into our model of international
duopoly. We will find that the effects of tariff on the LME’s and PME’s total outputs are, in
general ambiguous. This is in sharp contrast with Krugman’s export promoting effect of

tariff in international duopoly with two profit-maximizing firms and with several markets.
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2. International Duopoly in the Absence of Tariff

In this section we will formulate international mixed duopoly without product differentiation
and with several markets. In the following analysis, variables without asterisk refer to the
LMF and those with it to the PMF. Let L= f(Xx,) with f'>0,and >0 bethe LMF's
labor demand function, where L is the total labor working for the LMF and x; is its supply
to market i , i=12,.,n . We let market 1 to be LMF’'s domestic market. Let
p, = p,(x;+x;) with p/<0 be the inverse demand function in market i , where p, is the
market price of the product supplied by both LMF and PMF. If w and K are the competitive
wage rate and fixed cost, respectively, the LMF’s dividend s per unit of labor is given by

M) s={Zp,x, +x)x; -wf(Ex)-K}/f(Ex)+w .

The PMF’s profits, n" , are

@) = =Zp;(x,+x)x-wf(Ex)-K" .

Assume that both LMF and PMF expect their rival’s supplies to all markets to be unaffected
by their supplies, i.e. both firms behave as Cournot duopolists in any market. Assume further

that both firms' supplies to all markets be positive. Then, the first order condition for

maximum s with respect to x; is

(3) /9 ={(p, +xp{—wf)f - (EZpyx, —w-BF}f
=0

,i=12,..,n ,

0] u‘(xilxi'vzxj) =(p+xp/— "f'(Zx,-))f(Z.r,)— Zpx; -wf(Zx;)- K)f'(Zx)=0,

i=1L2,.,n .
The second order condition is shown to be identical to
(5) o'fox =ul=(p/+p/+xpl-wf")f = (Zpx;—wf-K)f"<0 , i=12..n .

Before proceeding further, we introduce the following fundamental assumption ( “A”

before 6 refers to the assumption. The similar convention applies to other assumptions. )
(A6) p/+xp<0, P +x‘.‘p".”< 0, i=12,.,n

This assumption has been widely used in the existence and stability analysis of the classical
Cournot oligopoly equilibrium, as the reader can confirm from Okuguchi (1976) and Okuguchi
and Szidarovszky (1990). It requires two firms’ outputs to be strategic substitutes in cach
segmented market. If the LMF is viable,

(A7) Zpx-wL-K20, i=12,..,n

must hold. Hence (5) holds under (A.6) .
The first order and second order conditions for the PMF are

®) ui(x.x . Zx)=p+xpi-wf (Ex)=0n"[x=0, i=12,..n
and
9) ou'foxi=w =p/+pl+xp/-wf"<0, i=12,..n ,

respectively. Under (A.6), (9) is satisfied.

We introduce two additional assumptions.

i

(A.10) A,.sl“‘_ H
u;

(A1) MK =u=(p,+xp)f —XZpx;—K)f"<0, i=12,...,n ,
where X =Xx, . Furthermore,let X" =Xx; . We note that
(A12) W'/ =ub=xfo!-p{(f—xf)20, i=12,..n .

The assumption (A.10) holds if the stability condition is satisfied ' ; (A.11) holds if the LMF

is viable.



Solving (4) and (8) with respectto x; and x, , we have
(13.1) x=¢'(X,X"), i=12,.,n ,
where
(132) 3¢'[oX =—uw'[A, <0, i=12,..n ,

(133) 0¢'[oX" =uy /A, Z0, accordingas 1,50 , i=12...n ,

and

(141 x=¢"XX"), i=12,..,n,

where

(142) 99" [dX =uhu'[A, >0, i=12,...n,

(143) 99" [IK' =—uyui[A, <0, i=12,..n ,

Wwhere w;: have made use of the assumptions (A.6), (A.10), and (A.11) ?_ Note that the sign
of dp' /X" is indeterminate.

The Cournot equilibrium total outputs for the LMF and PMEF are identical to the solution of
the following system of equations, (15.1) and (16.1).

(15.1) X=@X,X")=Y.¢'(X.X"),
j
where
(152) ¢,<0, 9,20, according as 1} 30 forall i.

(161) X'=¢'(X,X")= Eqﬂ(x,x') ,
7

where

(162) @3>0 ¢,.<0.

We can find the solution by use of diagrams. Ruling out the case where @,. =0 , we have
to consider two cases.

Case 1 where @,. >0 : In this case the curve for @(X,X") for arbitrarily given X" has a
unique intersection E with the 45 degree line, as depicted in Fig.1. The intersection moves to

northeast of E if X* increases. Thus solving (15.1) with respectto X, we have
(17.1) X=FX"), F'>0

Case 2 where @,. <0 : In this case the intersection of the curve for @(X,X") with the 45

degree line moves to southwest if X~ increases. Hence,
(17.2) X=F(X"), F'<0

Taking into account (16.2) and arguing similarly as above, we can solve (16.1) with respect

to X° as
(18) X'=F'(X), F'>0

Combining (17.1) and (18), we have the equilibrium as the unique intersection E of the two
upward-sloping curves, as in Fig.2 where we have assumed that the slope of the curve for
(17.1) is greater than that of the curve for (18)*.

In the second case when (17.2) and (18) hold, the equilibrium is identical with the unique
intersection of the downward-sloping curve for (17.2) and the upward sloping curve for (18),

as shown in Fig.3.

3. Effects of Tariff

We are now in a position to analyze the effects of the LME’s imposition of tariff on the
PME's exports. Let market 1 be the LME's domestic market and t be the parameter for the
tariff imposed on its imports from the PME. Then, the PME’s revenue from the LME is

written as R™'(x,,x/,f) , where
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(19) R'/A=R'<0, R'[KHI=R1<0 .

The first order condition for the LME’s own market is unaffected by the tariff and given by
20)  u'(x,x,X)=0,

while the PME’s first order condition for the same market is now written as

@D W'(xx, X =R o -w' fT(X)=0 ,

where u,"' <0.
The first order conditions for all other markets remain the same as before for both LME and
PME. Solving (20) and (21) with respect to x, and Jc,' , and taking into account (19), we

have
(22.1) x=¢'(X.X".0,
(222) o¢' [ = -uw;' [A, <0,

(223) 9¢'/K =uluy[/A, 20 accordingas 15350,

NIA

(224) 09'/=uu'/AZ0 accordingas 1,50.
@3.1) x=¢"X.X"0),

(232) 99" [ =ulw'[A, >0,

(233) 99" /oK' =-uru [A, <0,

(23.4) 9" [k =-ulu'[A, <O0.

The Cournot equilibrium total outputs in the presence of tariff are the values of X and X f
satisfying (24) and (25).

Q4) X=X, X 0=9'X, XN+ ¢ X.X),

j=2

25 X =¢'X.X'.n=¢"(X,X" 0+ iw"(X,X').
j=2

We have from (24) , (22.2), (22.3), (22.4), and (13.2) and (13.3)for i=2,..,n ,
(26.1) X=FX"0,

where

(262) F.Z0 accordingas u;g 0 forall i ; FZ0 accordingas 1, 50.

Solving (25) with respect to X~ and taking into account (23.2), (23.3) and (23.4) as well as
(14.2) and (14.3) for i=2,...,n , we derive the equation

7.1) X'=F'X.»n,
where

(212) F; >0, FE'<0.

We have to distinguish two cases depending upon the sign of F,. , excluding the case
where F. =0.
Case 1 where F,.>0: In this case, ui <0 forall i and F,>0. Let the initial equilibrium
be E in Fig.4. If t increases, the curve for F(X",1) shifts downward and that for F'(X,1)
also shifts downward. Consequently, five possibilities arise. At the equilibrium E, , the total
outputs for both economies increase. In the case of E, , the LME's total output increases but
the PME's total output remains unchanged. At E, , the total output of LME increases but
that of PME decreases. At E, , the total output of LME remains unchanged and that of PME
decreases. In the case of E; , the total outputs decrease for both economies.
Case 2 where F,. <0 : In this case, u, >0 for all i and F, <0, The curves for both
F(X',t) and F"(X,!) shift downward in the event of an increase in t , as depicted in Fig.5.
Three possibilities arise. In all three cases, the total output for the PME decreases. On the

other hand , the LME’s total output decreases , remains unchanged , or increases if the new




equilibrium is E, , E, or E,,respectively.
Thus the effect of tariff on the LME’s and PME's equilibrium total outputs are, in general,
ambiguous regardless of the signs of F,. and F, °.

4. Conclusion

In Section 2 we have formulated international duopoly comprising one labor-managed firm
(or economy) and one profit-maximizing firm (or economy) and assumed that the homogeneous
goods produced by the two firms are sold in several markets. After deriving the relationships
between the two firms’ total outputs, separately for each firm, we have established the
existence of a unique Cournot equilibrium. In Section 3, we have extended our model in
Section 2 to take into consideration of the effects of the LME’s tariff on the two firms’
equilibrium total outputs. We have found that those effects are in general ambiguous. This
contrasts with Krugman’s export promoting effect of tariff on international duopoly consisting

of two profit-maximizing firms (or economies) with diminishing marginal costs.

Footnotes

1. Suppose that x; and x; are given forall j#i. Suppose, in addition, that x, and x;
are adjusted according to

dx; i
=au,

s 8

dt
d e
where @, and @ are positive constants and sgn u' =sgn ds/dx; . Since u <0 and
1 <0, we can claim that the above system is globally stable if A, >0 in the light of Olech
(1963)’s theorem.

2. The partial derivatives of 4’ and 1" are calculated and signed as follows:

= (p|+ p{+x.pl—wf")f —(Zpx;—wf —K)f" <0,
W =xpf +pi(f - xf)Z0,

uy =P+ xp)f = (Zpx; — K)f" <0,

' = p/+xp/'<0,

Wwi=pl+pl+xpl-wf <0,

wh =—w'f" <0,

3. If u, <O forall i,wehave d¢'/dX" >0 forall i,hence dp/dX" > 0. If, in addition,
p; is sufficiently concave, u; <0 is likely to hold. On the other hand, we have
dp/aX" <0 if >0 forall i, which is true provided that p, is either convex, or concave

and its degree of concavity is small.
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4. If this assumption is satisfied, the discrete iterative process for computing the equilibrium.
given by

{X(r +1)=F(X" (1)
X+)=F (X))

is globally convergent.

5. This ambiguity is also confirmed algebraically on the basis of two expressions for

comparative statics as given by

dX/dt = (@,(1- 9;.) + 9,9, )/A,
dX"[dt = (@] (1- @) + @,03)/A,

where

as| T

‘px 1_ ‘px'

These two expressions are obtained by totally differentiating (24) and (25) and solving with
respectto dX/dr and dX'/dt .

References

Horowitz, 1. (1991), “ On the Effects of Cournot Rivalry between Entreprencurial and
Cooperative Firms “, Journal of Comparative Economics, 15, 115-121.

Krugman, P.R. (1984), * Import Protection as Export Promotion *, in H. Kierzkowski (ed.) ,
Monopolistic Competition and International Trade, 180-193, Oxford Univ.

Press .

Mai, C. C. and H. Hwang (1989), * Export Subsidies and Oligopolistic Rivalry between

Labor-Managed and Capitalistic Economies “, Journal of Comparative

Economics, 13, 473-480.

Okuguchi. K. (1976), * Expectation and Stability in Oligopoly Models *, Berlin, Heidelberg,
and N.Y., Springer-Verlag.

Okuguchi. K. (1990), " Cournot Duopoly with Several Markets “, Regional Science and
Urban Economics, 20, 305-311.

Okuguchi. K. and F. Szidarovszky (1990), " The Theory of Oligopoly with Multi-Product
Firms “, Berlin, Heidelberg, N.Y., Springer-Verlag.

Okuguchi. K. (1991), “ Labor-Managed and Capitalistic Firms in International Duopoly :
The Effect of Export Subsidy “, Journal of Comparative Economics, 15,
476-484.

Okuguchi. K. and N. Serizawa (1995), “ Effects of Trade Policy for International Duopoly “,
to be presented at the 11th World Congress of the International Economic
Association, Tunis, Tunisia, 18-22, Dec. 1995.

Olech, C. (1963), “ On the Global Stability of an Autonomous System on the Plane *,
Contributions to Differential Equations, 1, 389-400.




P(X.X"%)

12

Fig. 1 Solution of (15.1)

X' =F'(X)
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Fig. 3 Equilibrium total outputs when 1 >0 forall i .
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