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Abstract

This paper studies optimal production subsidy in a mixed duopoly with separation be-
tween ownership and management. Although many existing literature shows that the first
best production allocation is achieved under several economic environments (so-called ir-
relevance result), we find that this result holds in the following two cases. (1) The owners
simultaneouslisequentially decide their sales weight in the managerial delegation contracts.
(2) The managers simultaneoysigquentially choose their quantity levels. Therefore, the
irrelevance result is robust against the introduction of sales delegation with separation be-
tween ownership and management, even if the firms simultangseglyentially determine
their sales delegation weights or quantity levels.
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INTRODUCTION

This paper presents a theoretical analysis of the optimal subsidization issue in a mixed duopolistic
industry with Bertrand competition style — one welfare-maximizing public firm and one profit-
maximizing private firm. In particular, we consider the situation wherein both the firms are man-
agerial,i.e., the owner of each firm enters into a managerial delegation contract with the firm’s
manager. Thus, we conduct an analysis where both the optimal production subsidy and each
firm’s delegation parameter are taken into accdultore precisely, we scrutinize the impact of
production subsidy on the delegation contract and on the equilibrium market outcomes.

Many works have studied subsidization issue in a mixed oligopoly. White (1996), consid-
ered to be seminal work in this field, showed that the first best allocation with respect to social
welfare is achieved in a simultaneous setting of a mixed oligopoly containing of one public firm
andn private firms, if the government first commits to the production subsidy. Further, he found
that such a first best allocation is observed again after the privatization of the publfc/Aifter.
White (1996), research on subsidization in mixed oligopoly has focused on confirming the ro-
bustness of White (1996)’s result against several types of changes in the economic environment:
Poyago-Theotoky (2001) and Myles (2002) showed that White 1996’s result holds in a Stackel-
berg competition where the public firm becomes the leader. Hashimzade, Khodavaisi and Myles
(2007) showed that the irrelevance result extends to both quantity and price competitions with
product diferentiation’ However, the above papers assumed that both the public firm and the
private firms are assumed to be entrepreneuril, every managerial decision is made by the
owner. Thus, in their models, the separation between ownership and management is ignored. In
this paper, we consider subsidization in a mixed duopoly where each firm is manageredch
firm’s ownership and management are separable.

Past literature on managerial delegation challenged the traditional assumption that the objec-

As in this paper, Tomaru, Nakamura and Saito (2009) tackled the optimal subsidization problem with managerial
delegation in a quantity setting mixed oligopoly, and showed that the optimal subsidies yield the first-best allocation

in Cournot mixed and private duopolies, and mixed duopolies with public output and delegation leadership.
2This result is referred to the “an irrelevance result” in Poyago-Theotoky (2001).
30ther works on subsidization in mixed oligopoly — Tomaru (2006), Kato and Tomaru (2007), and Tomaru and

Saito (2009) — investigated the robustness of White (1996)’s result. More precisely, Tomaru (2006) showed that the
irrelevance result holds under Matsumura (1998)’s partial privatization. Kato and Tomaru (2007) confirmed that a
result similar to that in White (1996) is also satisfied even if the private firms maximize an objective function slightly
different from their own profits: the weighted average of their profits and revenues (or negative cost). More recently,
Tomaru and Saito (2009) showed that the irrelevance result also holds in mixed and private duopolies even if each
firm’s production timing is endogenized.



tive function of a (private) firm is to solely maximize its own profit, and introduced several types
of delegation contracts which owners provide to managers in a principal-agent model, with the
most well-known delegation regime being theles delegatiogase presented in Fershtman and
Judd (1987), Sklivas (1987), and Vickers (1986)§ \Afashioned contract case): the owner of
each firm provides the manager with an incentive contract on the basis of the firm’s profit and
sales. This situation is studied in the context of various economic environfhémisarticular,

in the literature on the standard mixed oligopoly, Barros (1995) and White (2001) investigated
the influence of the use &JS Vdelegation contract on social welfare before and after privatiza-
tion. Nishimori and Ogawa (2005) analyzed the interaction between the lengtio¥incentive
contracts and market behavior. More recently, Heywood and Ye (2009) reconsideré@thefe

the FJS Vdelegation on welfare, and identified whether or not privatizing the public firm using
an optimal incentive contract reduces welfarelowever, there is no prior literature on optimal
production subsidy with managerial delegation in all firms. Ours is the first paper to study this
problem in a price-setting mixed oligopoly.

The main purpose of this paper is to check the irrelevance result against the introduction
of each firm’sFJSV contract in a mixed oligopoly. In this paper, we consider the following
two cases (i) Delegation sequencingase—the owners simultaneously or sequentially select the
content of their delegation contracts which are provided to the managers, and the managers simul-
taneously determine their price leve(s) Competition sequencintpse—the managers determine

4Many works on managerial delegation that studesient delegation regimes other than Eh&S Vcontract, we
can exemplify the following five papers. Salas Fumas (1992) and Miller and Pazgal (2001) considered the situation
wherein the owner provides the manager with an incentive contract based on a weighted sum of the firm’s own profit
and the rival’s profit (which they refer to as thearket sharecase). Miller and Pazgal (2002) applied the relative
performance regime in various competition types and found that managers’ attitudes can be used as a strategic
commitment device that can increase the firms’ profits in certain environments. More recently, Jansen, Lier and van
Witteloostuijn (2007) and Ritz (2008) together introduced tierket-sharecase wherein the delegation contract is
a combination of the firm's own profit and market share. On the other handr, XB&/contract has been used in
many areas of applied economics. Zhang and Zhang (1997) analyzed the benefit of strategic delegation in an R&D
setting with spillovers, and Kopel and Riegler (2006) reconsidered such a problem to clarify the correct influences
of delegating the production and R&D decisions to managers on owners’ benefits. Subsequently, Goering (2007)
considered the implications 6fJS Vcontract for non-profit firms. Furthermore, in the context of international trade,
Collie (1997) and Das (1997) explored the relation between sales delegation within a firm and strategic trade policy.
Furthermore, Collie (2003), Goalez-Maestre and&pez-Ciiat (2001), Straume (2006), Ziss (2001), etc., studied

the some with regard to managers.
SFurther, the following works study managerial delegation in the context of mixed duopalgeBa-Ruiz (2009),

Nakamura (2008), Nakamura and Inoue (2007), Nakamura and Inoue (2009), and Saha and Sensarma (2008).
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their prices simultaneously or sequentially, while the owners simultaneously select the content
of their delegation contracts. For ca@g we show that when the delegation contract is being
determined, the sum of each firm’s equilibrium production subsidy and delegation parameter, and
the equilibrium market outcomes coincide in the simultaneous move case and the two types of
sequential move cases (the Stackelberg leadership cases), resulting in the achievement of the first
best production allocation. Furthermore, for céisg as in casdi), we find that the first best
production allocation is achieved from a viewpoint of social welfare in the simultaneous move
case and the two types of sequential move cases. On the other hand, we obtain the result that the
equilibrium production subsidy of each firmfidirs for the simultaneous move and the two types

of sequential move cases under both cdgeand(ii). More precisely, in casg), the government

incurs a higher subsidy the owner of the public firm becomes a follower, while, in(tasi

must pay the highest subsidy when the manager of the public firm is the leader. Thus, in mixed
oligopolistic industries, where all firms are managerial, the government have to pay higher pro-
duction subsidy in order to attain the first best level of social welfare, as compared to the subsidy
paid in a standard mixed oligopoly without managerial delegation.

The remainder of this paper is organized as follows. In Section 2, we formulate the basic
setting of the mixed duopolistic model considered in this paper. In Section 3, we investigate the
delegation sequencing case where the two owners determine the content BiltB&lcontracts
simultaneously or sequentially, while the manager simultaneously choose their prices. In Section
4, we presents the analysis of the competition sequencing case where the managers choose their
price levels simultaneously or sequentially, while the owners determine the content ¢T84
contracts. Section 5 provides the concluding remarks. A detailed description of each firm’s
delegation parameter in all cases (given the value of each firm’s production subsidy as considered
in sections 3 and 4) is relegated to the Appendix.

MODEL

We formulate a dferentiated products mixed duopoly with linear demand and quadratic cost.

The basic structure of the model follows Dixit (1979) and Singh and Vives (1984). We, thus,

have an economy containing a monopolistic sector with a public firm and a private firm, and a
competitive sector producing the numeraire good. The two firms proddeeatitiated goods in

a monopolistic sector. Henceforth, we refer to the public firm as firm O (private firm as firm 1)

and the owner of the public firm as owner 0 (owner of private firm as owner 1). On the demand
side of the market, the representative consumer maxinulZeg, d:) — Podo — P10:, Whereg; > 0
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is the amount of the gooidthat firmi produces angh; is its price ( = 0,1). We assume that the
functionU (qo, 1) is quadratic, strictly concave, and symmetrigyandq;:

1
U (db. @) = a(do + ) - 5 (06 + 20 + G5). a>0. be(0.1), (1)

whereb represents the degree of produdtelientiation. The specification implies the following

direct demand function:

a(l-b)-p +bp
1-b? ’

We assume that the technologies of both firms are specified by quadratic functions of their own

outputs,i.e., C (q) = kof/2. The profit function of the firm is as follows:

qi(pO’ pl) = I’J = O’ 1’ | # .I (2)

1 . S
M = pg - Sk +sq,  1,j=01i#], 3)

wheres is the production subsidy given by the government and as such is assumed to be non-
negative. Usually, social welfare, denoted Wy is measured as the sum of consumer surplus
(CS) and producer surplu$g):

W =CS+PS—5s(qo+qu), (4)

wherePS = I1; + I1,, andCS is given by

a’ (1 b) + p5 — 2bpopy + P — 2a(1 - b) (po + pa)

2(1-b?) ’
Owner 0 is assumed to be a welfare maximizer, while owner 1 is assumed to maximtzae her
own profit.

In addition, this paper focuses on the managerial aspects of the firms. As such, we consider
the situation where the firms’ owners decide to delegate control to managers. To formalize man-
agerial delegation, we assume that each firm is owned by a single agent, and follow Lambertini
(2000), Nakamura (2008), and Nakamura and Inoue (2009). In each, fin@ owner provides
the following type of of incentive contradf (IT;, ¢;) to herhis manger:

(5)

CS=U (0o, q1) — Polo — P11 =

Vi (0),q) =1L () + g, 6 €R, i=0,1, (6)

where parametet; measures the relevance of the sales of fir(th= 0, 1).% Alternatively,; can
be interpreted as a variant of the subsidies provided by the owner of each firm to the associated

6Question arises as to why the manager of fiselects the price such that the following function is maximized:

Vi(Mi (p), p) =10 (p) + 6ipi, 6 €R, i=0,1 (7)
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manager. Note that this parameter is not a physical subsidy, thatdees not imply a direct
transfer from the owner to the manager.

The manager of firnn can maximize hehis paydt by choosing a price; that maximizedJ;
(i = 0,1). This can be supported by the assumption that thefp&ydhe manager of firnn is
represented ak + y;V; for some real numbet; and some positive numbgy (i = 0,1). Similar to
many existing works, we assume that the gg/to the managers are negligible as compared to the
profits because we emphasize the impact of managerial delegation on the equilibrium outcomes.
In this model, we consider that each manager receives two types of subsidies from the two agents;
the production subsidy by the government and the level of the delegation parameteyhiy her
owner. Therefore, in the following analysis, we define #fective subsidys the sum of the
production subsidy and the level of each firm’s delegation parameter. We should notedhat
be redefined using net profit anffextive subsidy:

- 1
Vi(Po, P1. Ui) = | pidi(Po, P1) — EKQ(DO, p1)2) + UiGi(Po, P1),

whereu; =6, + s, (i =0, 1).
In the following two sections, we will present the analysis for (HeéDelegation sequencing
case andii) Competition sequencintpse, respectively.

DELEGATION SEQUENCING

In this section, we investigate the following three stage game. In the first stage, the government
sets the subsidy level of each firm while trying maximize of social welfare. In the second stage, the
owneri decides the delegation parameteof firm i (i = 0, 1).” Then, we consider the following

three cases: In the first case, denoted by the superd@;jite two owners simultaneously decide

the delegation parameters. In the second case, which is denoted by the supetsavwmter O

first decides héhis level of the delegation parameter and is then followed by owner 1. In the third
case, which is denoted by the superscdpt wherein the first mover is owner 1 and the second
mover is the owner 0. Note that in virtuality, both owners’ control variables can be regarded

However, we obtain the same equilibrium market outcomes for both {@sasd(7), since each price has a one-to-

one correspondence with each quantity under a given opponent’s price as per the direct demand funcf®)n as in
Thus, in what follows, as in Lambertini (2000) and Nakamura (2008) we only consider the case wherein the objective
function of each manager of the firn(i = 0, 1) is represented g$). The above fact is also indicated in Nakamura

and Inoue (2009).
’Note that in this paper, we identify the owner 0 with the government.
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as dfective subsidiesy;, given the level of physical subsidy Hence, we presume that owners

decide their ective subsidies in the above three cases; this enables us to analyze our model far

more easily. In the final and third stage, the managers simultaneously choose their price levels.
We obtain the reaction functions of the owners in the second stage:

a(1-b?)(-2+ b+ b? - k)2 + b[b? - b* + k(2 + K)| uy

=Rl = e P PR - B Tk 2D

Uy = Ry(Uo, 9),
—al?[ 2+b%+b%+ 3k k2—b(1+K) ~b?(3+2K) | + [ ~bB+(2+k)3+b*(7+3K)~b?(14+ 13k+3k?) | s+b3(1-b?+K)uo
- (2+ K)3+ 04 + K) — 20%(6 + 5K + K?)

Prameters); (i = 0, 1) are strategic complement for both owner 0 and owner 1. Note that the
reaction function of owner Ry, is independent o$, whereas that of owner R;, is dependent.
The government is not interested in income transfer through physical subsidies since these even-
tually return to the government. Hencedoes not fect the reaction of owner 0. On the other
hand, an increase in subsidyaisesu; and thus shifts the reaction curve of the owner 1 outward.
As sincreases, owner 1 selects a highgrwhich encourages his manager to produce more, in
order to receive more benefits from the higher subsidy. Further, note that if the government owns
both firms 0 and 1 and proposes managerial contracts to managers, the first best allocation can be
attained. This is because it is possible for the government to agjgsich that both managers
maximize social welfare.

Figure 1 demonstrates the attainment of the first best and the three cases (simultaneous move
and the two Stackeleberg leaderships). CuRg andR;R; are reaction curves of the owners 0
and 1, respectivelyAA depicts the output profile satisfying = argmax, W(po(Uo, Uz), P1(Uo, Uz)).
RoRy, andAA intersect aF B, which is the first best allocation. Furth&R, intersectdR;R, at
S, which is the equilibrium point in the simultaneous move case. As described above, the sub-
sidy shifts the private owner’s reaction curve outwards. Thus, the government can achieve the
first best allocation by adjusting subsidy rasuch thatS overlapsFB. Likewise, in the case
where the government is a Stackleberg leader, this allocation is achieved at the same rate, since
the government can always cho&e

Unfortunately, this subsidy level does not yield the first best allocation in the case of private
leadership, which is shown in Figure 1. The iso-profit curi4&l;, which touches the reaction
curve of the government &, is depicted in this figure. The figure indicates that the private
owner 1 commits to a lowar;. This stems from avoiding sticompetition through both owners’
providing dfective subsidies for their managers excessively. Accordingly, a hgjiserequired
to tally F andFB.




Figure 1: Delegation sequencing



These results are summarized in the following proposition.

Proposition 1. When the government provides output subsidization, the first best allocations are
achieved in the following three cases: the simultaneous rf@Beand the two sequential move
caseqdL and dR. Further, the gective subsidy, i.e., the sum of the equilibrium subsidy and the
delegation parameter is the same for all the three cases:

PIII Culis R =01 (®)
I ' 1+b+k’ T o
Moreover, the optimal subsidy rates and the relationships among them are as follows:
. a(2- 20?2 + k)
(i) s%B = &t = and

C(2-P2+k)(1+Db+Kk)
a2+ b+ 3k+ k- b2 (3+K)|

) (2+k)[—b3+b(1+k)—b2(1+k)+(1+k)z]’

(i) s98 = &t < &F,

This proposition states that even if there is separation between the ownership and management
within each firm, and each owner enters inté¢ aS \Afashioned contract hgris manager, the
“irrelevance result” still holds irrespective of whether the two firms move simultaneously or one
acts as the leader and the other as the follower with regard to the decision of the delegation
parameter. More precisely, in a mixed market with managerial delegation, sinc&ehtve
subsidy,i.e., the sum of the production subsidy and each firm’s delegation parameter plays the
same role as the sole production subsidy in the case where each firm is entrepreneurial (every
managerial decision is made by the owner of the firm), the two market failures — under-production
resulting from imperfect competition and the distortion of outputs (additionally, coSidieacy)
occurring because of firms havingi@drent objective functions — are resolved, and instead, cost
efficiency is restored by forcing all firms to produce the same amount of output at equél cost.

Itis noteworthy that equilibrium delegation parameters in all the delegation sequencing regimes
are negative.

dF and

ap? (1- b2 +k)
2-bP+3k+K2-b?2(1+Kk +b(2+Kk)
ab? |1+ 3k + k2 - b2 (1 +K)|
1-b2+Kk(2+Kk(1+b+Kk)

8The equilibrium value of the production subsidy in the entrepreneurial case coincides with that & thiges
subsidy in the managerial case investigated in this paper.

<0 and

68 = gt =

69F = <0, i=01
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Put diferently, owners 0 and 1 impose a non-physical tax on their managers. Although these
results are intriguing, they are not very surprising. The welfare-maximizing government has an
incentive to provide physical subsidies to both firms excessively because it fears that loose com-
petition prevails in the market. To refrain from increased production because of such excessive
subsidies, both ownerdfer negative delegation parameters. We should also note that the equi-
librium profits fordB anddL are equal and smaller than that ttf. In fact,

o aZ[(2+k)2—b2(4+k)] . a2[2b4+(1+k)(2+k)2—b2(6+4k+k2)]
= T 202-P2+K(L+b+k2 T 2(1-b2+K)(2+K) (1 +b+k)?
(| b? - b* + k(2 + K)|

OF _ 1B _ -
and I -1 = o A br K2+ P ks R-BE @+ 2] - > |~ Ot

b

However, the net profitl; — sq, is equal for all the delegation sequencing structures.

i i di a’k
H? —sdq?I =

—m, i:B,L,F j:0,l.

COMPETITION SEQUENCING

In this section, somewhat unlike in the delegation sequencing case, we investigate the following
three stage game. In the first stage, the government sets the optimum production subsidy level for
each firm in terms of social welfare. In the second stage, the owners simultaneously choose their
delegation parameter values. In the third stage, we consider the following three cases. In the first
case which is denoted by the superscapt the managers simultaneously decide the prices of
their firms. In the second case, which is denoted by the superstrifitst the maneger of firm
0 decides hehis price and is then followed by the manager of firm 1. In the third case which is
denoted by the superscripF, the first mover is the manager of firm 1 and the second mover is
the manager of firm 8.

As in the delegation case considered in the previous section, we obtain the result that the first
best production allocation is achieved in all the three game structures.

Proposition 2. When the government provides output subsidy, the first best allocations are achieved
in the following three cases: the simultaneous m{® and the two sequential move cases

%0Obviously, the equilibrium market outcomes in cagcoincide with those in cas#B since the game structure
is the same in both the cases.



(cL and cBh. Then, the gective subsidies, i.e., the sum of the equilibrium subsidies and the dele-
gation parameters in all the three cases are given as follows:

a(2-20% + k)
U (2— 2 +K)(1+b+k)’

a(l— bz) )
= Trprk 2 W=

cL cF cL cF
(II)UO—Ul Ulzuo >u0:u17

(i) uP=uP=ut=u = and

where Lﬁ‘ < +9C‘ (i=0,1, j=B,L,F). Moreover, the optimal subsidies and the relationships
among them are as follows:
alb®+ (2+ k) - b2 (5+ 2K)| a(2- 20?2 + k)
and $B=¢F= >
(1+b+K)[(2+K?-b?(3+K) 2-PP+K(L+b+K)’
(i) s> B =¢F,

(i) st = and

It is relatively clear that the first best allocation is achievable in all the competition regimes,
because two control variablesandd,, are available to the government to correct distortion due
to shortage in supplies and to correct the competition structures (or the leaderships of public and
private firms). Thus, in what follows, we concentrate on explaining why fileetve subsidies in
equilibrium difer for the three competition regimes. For this purpose, we present the delegation
parameters in equilibrium:

ab* (1- b2 + k)

b(2+K)3+(1:+k) (2+K)3+b5(3+k) +b*(3+4k+k?) ~b3(10+ 9k+2k?) ~b?(10+19k+ 1 1k2+2k%)
ab? (1- b2 + k) (2+K)
ok = <0,
b(2+ k)2+ Q+k @2+ k)2— b3 (3 + k) — b? (3 + 4k + k?)
at? (1- b2 +k)

2-bP+3k+K2-b?2(1+K +b(2+Kk)
Ybe (0,1) and Vk>DO0.

CcL

o =~

657 = 6B = - <0, i=0,1, and #F =0,

First, we demonstrate the casec#i. In the case ofB, owner 1 setg; such that hehis man-
ager exhibits the same behavior as the owner who is a leader in the price setting game without any
separation between management and ownership. In the ceBetaiwever, the manager behaves
as a leader without any delegation contracts; thus, owner Bset$ regardless of the delega-
tion parameter of the public firrey.'° Nevertheless, since the first best allocation is achieved,

°Thus, in the case afF, the objective function of owner Lg., herhis sole profit coincides with that of his
corresponding manager.
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the reaction curve of the public firm’s manager should go through the first best allocation point
and the iso-profit curve of the private firm should touch this curve at that point. These hold only
whenu, = ug?, i.e, whenu$ = ui®. Moreover, taking into account the fact that the tangency
between the reaction curve of the public firm’s manager and the iso-profit curve at the first best
allocation is owing to the profit maximization by the private owner under a given subsidy rate, we
immediately find thas®™ = s°®. This implies that* is less thans® by 655

Next, let us proceed to the casealf. Of course, the first-best allocation is attained in this
case, too. As in the case dfF, the iso-payé curve of the public firm's manager as a leader should
be tangent to the reaction curve of the private firm’s manager at the first best allocation point, and
as suchpst = us®. Here, recall that the third stage is parallel in all the competition sequencing
regimes, in that both the managers have identical objectiesmaximizing the sum of profit
and dfective subsidy. Further, recall tha® = u$". Thus, ifuSt = uS, thenu- = uSF in order
to ensure the first best allocation. However, the optimal substdig larger than the other ones
B = &F. In the case otL, the government should encourage the managers to produce more,
because not only does the private firm’s manager behave less aggressively owing to the managerial
contract dfered by the private owner but also the public firm’s manager, as a Stackelberg leader,
is less aggressively.

Finally, we make some remarks. The first relates to the profits of the firms in competition
sequencing that are as follows:

@'+ 2+ - (104 Tk+ K)o @[(2+K7 - (4+K)]

2(1+b+ K22+ K2 -R2(B+K| = T 22—+ K (L+b+K?
2|14 2

oL B _ ab*(1-b*+K) o

=15 = 2-b2+K(@A+b+Kk?2[(2+Kk)?2-b*(3+K)] >0 1=01.

As in the delegation sequencing case, in competition sequencing, the profit of the firm that re-

ceives the highest subsidy rate is the largest in all the three cases. Likewise, the net profits are

identical:

cL
i

a’k
2(1+ b+ k)?’
The second remark is on the importance of Proposition 2, which in our case is higher as com-
pared to in previous literature on mixed oligopoly with managerial delegation. If the production
subsidy is not taken into account, analogous to this paper's case where the production subsidy
Is considered, the equilibrium delegation parameter of firm 1, as in Nakamura (2008) and Naka-
mura and Inoue (2009), is negative for an arbitrary degree of productifarettiation in both

ne - g’ = i=BLF j=0L1
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simultaneous and sequential move cases. Both Nakamura (2008) and Nakamura and Inoue (2009)
consider a price setting mixed oligopoly with quadratic cost functions and constant marginal cost.
However, in this paper, in both the delegation sequencing and competition sequencing cases, the
delegation parameter of firm 0O is also negative fobadl (0, 1) andk > 0. This is quite unlike in
Nakamura (2008) and Nakamura and Inoue (2009).

The final remark is on the relationship between our propositions and the results in the existing
works on mixed oligopoly with subsidization. Hashimzadal. (2007) showed that the first best
allocation can be achieved by providing equal subsidy under both cases: the simultaneous move
case and the case where there is public leadership in mixed oligopoly with price competition and
no separation between the management and the ownership. One of the contributions of this paper
Is to examine the robustness of their results when managerial delegation is considered. Proposi-
tions 1 and 2 state that their results hold only in delegation sequencing. Surprisingly, we found
that, by focusing on thefective subsidies, their results can be extended to the case where the pub-
lic firm is a follower in delegation sequencing. Further, as indicated in Tomaru and Saito (2009)
and Zikos (2007), a mixed oligopoly with both subsidization and private leadership requires a
smaller subsidy in quantity competition and larger subsidy in price competition, as compared to
the subsidy required in the simultaneous move case to achieve the first best allocation. Once we
take into account the separation of the management and ownership, these results are altered.

CONCLUSION

This paper investigated the optimal subsidization problem in a mixed duopoly where the owners of
both the public firm and the private firm enter into a sales delegation contract with their managers
as in Fershtman and Judd (1987), Sklivas (1987), and Vickers (1985) (the sofeafiadcon-

tract). For this purpose, we formulated a game with the following three stages. In the first stage,
the government sets each firm’s production subsidy at the optimum level with respect to social
welfare. In the second stage, the owner of each firm decid@sis©delegation parameter for the

sales delegation contract, and subsequently, in the third stage, each firm determines its price in the
differentiated goods market. Then, we analyze the following two c@gd3elegation sequenc-

ing case: where the firms simultaneoysgguentially decide their delegation parameters in the
second stage, and the managers simultaneously choose their prices in the thirdiigtegen-

petition sequencing case: the case where the firms set their prices sequsimialtgneously in

the third stage, and the owners simultaneously decide their delegation parameters in the second
stage.
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In both the cases, for all types of moves, we showed that the first best production allocation
with respect to social welfare is achieved, and the equilibrium delegation parameter of each firm is
negative for any degree of productiorifdrentiation. The equilibrium delegation parameter of the
public firm being negative was quite unexpected: on the other hand, the private firm’s delegation
parameter being negative was expected and in line with Nakamura (2008) and Nakamura and
Inoue (2009) who consider a mixed duopolistic industry without subsidization. More concretely,
in casd(i), the dfective subsidy of each firmg., the sum of production subsidy and the delegation
parameter of each firm, coincide for all the three types of moves. Furthermore, when the owner of
the public firm is the follower, in order to increase the equilibrium total output in the market, the
government gives the highest production subsidy to both the firms in all the three cases because
the total output of the market tends to stay low as the private firm (the market leader) is less
aggressive. On the other hand, in cégg we find that the government provides excess subsidy,
when the public firm is the leader. However, the first best allocation is achieved for all the three
moves. Thus, we realize that the move that the government paying the highest production subsidy
is different for casesi) and(ii). This result implies that in a mixed oligopolistic industry of
managerial firms, the government must set the value of each firm’s production subsidy taking into
account their moves. This leads to the equilibrium level of each firm’s production subsidy being
larger as compared to the equilibrium (optimal) production subsidy obtained in a standard mixed
oligopoly without managerial delegation.

Consequently, the achievement of the first best allocation using the optimal production subsidy
in mixed oligopoly, the so-calledrelevance results robust against the introduction of sales
delegation in price competition. This is similar to the quantity competition considered in Tomaru
et al. (2009). In addition, even if the market contains two private firms whose objective functions
are their profits and whose owners enter infoJk5 Vdelegation contract with their managats,,
private duopoly with sales delegation, the first best allocation, as in the above two propositions in
this paper, holds as long as the owners simultaneously decide their delegation parameters in the
second stage, and their prices simultaneously in the third $tage.

We seek to extend our analysis of mixed duopoly to general mixed oligopoly with one public
firm andn(> 2) private firms in the future, and thus follow existing works on subsidization in
a mixed oligopolistic industry, such as White (1996), Poyago-Theotoky (2001), and Kato and
Tomaru (2007). However, we consider that the result obtained in this model holds in a general
mixed oligopoly model as long as multiple private firms move simultaneously. Furthermore,
although we addressed sales delegation as in Fershtman and Judd (1987) Sklivas (1987), and

1The equilibrium market outcomes for this case (d@keB)) are presented in the Appendix.
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Vickers (1985), as an incentive contract within a firm, we must clarify the robustness of our result
against other delegation schemes, such as the market share delegation ofejais€007)

and the relative performance case of Miller and Pazgal (2001). The extensions are left for future
research.

References

Barcena-Ruiz JC. 2009. The decision to hire managers in mixed markets under Bertrand compe-
tition. Japanese Economic Revi¢iwrthcoming).

Barros F. 1995. Incentive schemes as strategic variables: An application to a mixed duopoly.
International Journal of Industrial Organizatioh3: 373-386.

Collie DR. 1997. Delegation and Strategic Trade Polisternational Economic Journdll: 35-
46.

Collie DR. 2003. Mergers and Trade Policy under OligopBlgview of International Economics
11: 55-71.

Das SP. 1997. Strategic Managerial Delegation and Trade Patiaynal of International Eco-
nomics43: 173-188.

Dixit A. 1979. A Model of Duopoly Suggesting a Theory of Entry BarrieBll Journal of
Economicsl0: 20-32.

Fershtman C, Judd K. 1987. Equilibrium Incentives in Oligop@lgnerican Economic Review
77. 927-940.

Goering GE. 1985. The Strategic Use of Managerial Incentives in a Non-Profit Firm Mixed
DuopolyManagerial and Decision Economi@8: 83-91.

Gonalez-Maestre M, bpez-Ciiat J. 2001. Delegation and mergers in oligopbiyernational
Journal of Industrial Organizatiol9: 1263-1279.

Hashimzade N, Khodavaisi H, Myles G. 2007. An irrelevance result wifier@intiated goods.
Economics Bulleti8(2): 1-7.

Heywood JS. Ye G. 2009. Delegation in a Mixed Oligopoly: The Case of Multiple Private Firms.
Managerial and Decision Economi&§), 71-82.

14



Jansen T, van Lier A, van Witteloostruijn A. 2007. A Note on Strategic Delegation: The Market
Share Casdnternational Journal of Industrial Organizatio®5: 531-539.

Kato K, Tomaru, Y. 2007. Mixed Oligopoly, Privatization, Subsidization, and the Order of Firm’s
Move: Several Types of Objectivesconomics Letter86: 287—292.

Kopel M, Riegler C. 2006. R&D in a Strategic Delegation Game Revisited: A Nvémagerial
and Decision Economica7: 605-612.

Lambertini L. 2000. Extended Games Played by Managerial Fidaizanese Economic Review
51: 274-283.

Matsumura T. 1998. Partial Privatization in Mixed Duopalgurnal of Public Economicg0:
473-483.

Miller N, Pazgal A. 2001. The Equivalence of Price and Quantity Competition with Delegation.
RAND Journal of Economicd2: 283-301.

Miller N, Pazgal A. 2002. Relative Performance as a Strategic Commitment Mechavigm.
agerial and Decision Economi@&s, 51-68.

Myles G. 2002. Mixed Oligopoly, Subsidization and the Order of Firms’ Moves: an Irrelevance
Result for the General Cadeconomics Bulletiri2(1) 1-6.

Nakamura Y. 2008. Endogenous Timing in a Mixed Duopoly with Maagerial Delegation: A
Quadratic Cost Casdournal of Economic Researd!8. 239-266.

Nakamura Y, Inoue T. 2007. Endogenous Timing in a Mixed Duopoly: The Managerial Delega-
tion CaseEconomics Bulletii2(27) 1-7.

Nakamura Y, Inoue T. 2009. Endogenous Timing in a Mixed Duopoly: Price Competition with
Managerial DelegatiorManagerial and Decision Economi¢®rthcoming).

Nishimori A, Ogawa H. 2005. Long-term and Short-term Contract in a Mixed Magkedtralian
Economic Paperd4: 275-289.

Poyago-Theotoky J. 2001. Mixed oligopoly, subsidization and the order of firms’ moves: an
irrelevance resuliEconomics Bulletii2(3) 1-5.

15



Ritz RA. 2008. Strategic Incentives for Market Shdrgernational Journal of Industrial Orga-
nization26: 586-597.

Saha B, Sensarma R. 2008. The Distributive Role of Managerial Incentives in a Mixed Duopoly.
Economics Bulletii2(27) 1-10.

Salas Fumas V. 1992. Relative Performance Evaluation of Manageimienhational Journal of
Industrial Organizatioril0: 473-489.

Singh N, Vives X. 1984. Price and Quantity Competition in &&entiated DuopolyRand Jour-
nal of Economic4d5: 546-554.

Sklivas, S. D. 1987. The Strategic Choice of Management IncenfRagsd Journal of Economics
18: 452-458.

Straume OR. 2006. Managerial Delegation and Merger Incentives with Asymmetric Gnsts.
nal of Institutional and Theoretical Economit§2 450-469.

Tomaru Y. 2006. Mixed Oligopoly, Paatial Privatization and Subsidizatmnomics Bulletin
12(5) 1-6.

Tomaru, Y. and M. Saito, 2009. Mixed duopoly, privatization and subsidization in an endogenous
timing framework Manchester Schod¢forthcoming).

Tomaru Y, Nakamura Y, Saito M. 2009. Subsidization and Privatization in a Mixed Duopoly with
Managerial Delegation. Mimeo.

van Witteloostuijn A, Jansen T, van Lier A. 2007. Barganing over Managerial Contracts in Del-
egation Games: Managerial Power, Contract Disclosure and Cartel Belsiwaigerial and
Decision Economicg8: 897-904.

Vickers J. 1985. Delagation and the Theory of the Fifmonomic Journa®5: 138-147.

White MD. 1996. Mixed Oligopoly, Privatization and Subsidizati&@eonomics LetterS3: 189-
195.

White MD. 2001. Managerial Incentives and the Decision to Hire Managers in Markets with
Public and Private Firm&uropean Journal of Political Econoniy’: 877-896.

16



Zhang J, Zhang Z. 1997. R&D in a Strategic Delegation Gavienagerial and Decision Eco-
nomicsl8: 391-398.

Zikos V. 2007. Stackelberg mixed oligopoly with asymmetric subsidieonomics Bulletin
12(13) 1-5.

Ziss S. 2001. Horizontal Mergers and Delegatimmernational Journal of Industrial Organiza-
tion 19: 471-492.

Appendix

Private Firms in the simultaneous move case

Here, we present the equilibrium market outcomes in the casedpd3evhere both the firms are
private and profit-maximizers, and simultaneously decide their delegation parameters, and price
levels.
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