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1 Introduction

This paper examines the issue of capacity choice in a quantity-setting mixed duopoly with homo-
geneous goods, taking into account the separation between ownership and management of firms.
Explicitly considering the power of managers in each firm relative to their owners, we focus on
whether or not the owner of each firm delegates to the manager the right to decide capacity scale
as well as quantity level.

In the context of private oligopolies, many studies have considered firms’ capacity choice is-
sues in several economic environmehtslany researchers have already addressed the problem
of capacity choice faced by firms in various mixed oligopolistic environments a< wisiing the
supergame approach as in Davidson and Deneckere (1990), Wen and Sasaki (2001) showed that
a public firm can hold excess capacity to sustain a subgame perfect Nash equilibrium. Nishimori
and Ogawa (2004) found that in a two-stage game involving capacity choice and quantity setting,
a public firm strategically chooses under capacity in a mixed duopoly with homogeneous goods.
The result difers diferent from the fact that each firm chooses excess capacity in most private
oligopolistic industries. Lu and Poddar (2005) extended the simultaneous-move competition on
both the capacity choice and quantity competition considered in Nishimori and Ogawa (2004)
to sequential move cases with respect to the decision of both capacity scale and output level of
each firm and found that the public firm never chooses excess capacity and the private firm never
chooses under capacity. This reinforced the result obtained by Nishimori and Ogawa2004).

LIn particular, that each firm chooses excess capacity has long been analyzed as a strategic device for punishment
in private oligopolies with respect to both collusion and entry deterrence. For example, using a supergame approach,
Davidson and Deneckere (1990) studied collusive equilibria under the capacity choice formulated in Benoit and
Krishna (1987). Dixit (1980), Eaton and Ware (1987), Kamien and Schwartz (1972), and Spence (1977) have con-
sidered a situation where the accumulation of excess capacity by each firm plays a role in entry deterrence. Moreover,
Stewart (1991) considered the strategic entry deterrence problem by analyzing a case in which a profit-maximizing
firm attempts to enter an industry in which a monopoly labor-managed firm has already operated. Subsequently,
Zhang (1993) and Haruna (1996) studied the behavior of holding excess capacity to deter entry in a labor-managed

industry.
2The modern game theoretical analysis on mixed oligopoly can be traced back to the paper of DeFraja and

Delbono (1989). Subsequently, in a fashion of DeFraja and Delbono (1989) who consider the public firm as a
welfare-maximizer and the private firm as a profit-maximizer, many topics in economics have been explored in the
context of a mixed oligopoly, the exception being the capacity choice issue. Corneo and Jeanne (1994), Fjell and
Heywood (2002), Fjell and Pal (1996), and Pal and White (1998) addressed the international competition with foreign
private firms. Barcena-Ruiz and Gabn (2006), Kato (2006), and Ohori (2006) explored the environmental policy in
a mixed oligopolistic industry.

3Subsequently, Lu and Poddar (2006) considered a case wherein firms choose capacity scale under the uncertainty
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Ogawa (2006) and &cena-Ruiz and Gabn (2007) considered a problem similar to those con-
sidered by Nishimori and Ogawa (2004) and Lu and Poddar (2005) in the context of quantity
competition and price competition, respectively, in a mixed duopoly witleidintiated goods.

Since the three papers of Baumol (1958), Simon (1964), and Williamson (1964), the separa-
tion of ownership and management in large corporations has challenged the traditional assump-
tion of a firm as a sole profit-maximizing agent. Subsequently, using a modern multi-stage game
theoretical approach, Fershtman and Judd (1987), Sklivas (1987), and Vickers (1985) considered
a game where in the first stage, an owner — a profit maximizer in each firm — provides a ma-
neger with an the incentive contract that is a linear combination of profits and sales (the so-called
FJSVdelegation contract), and in the second stage, the managers, knowing both compensation
schemes, compete over their quantities in the mdrk@n the other hand, in the context of a
mixed oligopoly, the notion of strategic delegation in which EnES Vcontract within the public
andor private firm is considered has been extensively analyZEte seminal paper in this field,
Barros (1995) investigated the delegation aspects of tigV contracts in principghgent prob-
lems with asymmetric information between an owner and a manager in each firm. Subsequently,
White (2001) paid attention to the strategic benefits resulting from managerial incentive contracts
of both the public and private firms under complete informatidfurthermore, Nakamura and

of the size of market demand. Moreover, Lu and Poddar (2009) analyzed the endogenous production timing of each
firm in the context of a mixed duopoly, taking into consideration all the possible cases of segsiemiigdneous
moves regarding the determinations of the levels of each firm’s capacity scale and quantity.

4The managerial delegation typda Fershtman and Judd (1987), Sklivas (1987), and Vickers (1985) is referred to
asstrategic delegationFor tractability, in the context of private oligopoly, the)S Vdelegation introduced above is
frequently applied in several economic situations. Gdez-Maestre and@pez-Ciiat (2001), Straume (2006), and
Ziss (2001) considered the horizontal merger issue, taking into accouRtlth& delegation contract within each
firm. Kopel and loffler (2008), Kopel and Riegler (2006), and Zhang and Zhang (1997) considered the influence of
theFJS Vdelegation contract on the equilibrium market outcomes in R&D processes. Collie (1997) and Das (1997)

examined the strategic trade policy within each firm in the presence ¢fi8&/delegation contract.
SIn particular, in Japan, in the natural gas industries and hospitals and so on, the public firms which coexist and

compete with the private firms outsource several businesses to the private sectors. These examples should be analyzed
in the context of the strategic delegation, focusing on the separation between ownership and management explicitly.
Moreover, as described below in detail, in Japan, the Designated Manager System (Shitei Kanrisha Seido) has been
recently introduced as the way of outsourcing of the businesses of the public enterprises in the nursing and hospital
service industries.

6White (2001) further examined the issue of whether or not to hire managers in both public and private firms in
a quantity-setting mixed oligopoly, formulated in Barros (1995), and he showed that private firms hire managers and
public firms do not. More recently, 8cena-Ruiz (2009) considered the same problem as that in White (2001) in a
price-setting mixed duopoly with fierentiated goods, but his result contrasted with that obtained in White (2001)
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Inoue (2007) and Nakamura and Inoue (2009) considered the endogenous timing problem in a
mixed duopoly where the separation between ownership and management is observed in each
firm in the context of quantity competition and price competition, respectiveljthough the

above papers considered a situation where owners delegate to managers the decision of selecting
strategic variables in the market throughS Vcontracts, when multiple strategic variables other

than delegation parameters need to be selected within managerial firms, an owner may choose one
variable and the corresponding manager may choose another. In reality, not an owner but a man-
ager enforces important managerial decision-making within firms, and consequently, the power
of managers dier in every firm. In this paper, in order to take into account the issue of to what
degree can owners delegate decision-making to managers within firms in a mixed duopolistic in-
dustry, we deal with the capacity choice issue in a mixed duopoly composed of managerial firms.
More precisely, we consider a situation wherein either owner or manager chooses the capacity
scale in each firm.

The one purpose of this paper is to resolve the question of strategic choice of over or under
capacity by the owners of both public and private firms in equilibrium, taking into account the
following situations:(i) each firm’s manager chooses both the capacity scale and output level and
(i) each firm’s owner selects the capacity scale and the manager chooses the output level. We
then consider the following two alternatives as each firm’s internal structaly&ull delegation
— each firm’s owner delegates the decision of the capacity scale and output level to the manager;
(b) Partial delegation— each firm’s owner delegates only the output level decision to the man-
ager® There exist some examples in the real mixed oligopolistic industries to validate such a
consideration. In the nursing service industry of Japan, health care centers owned by municipal-
ities compete against private ones. Some municipalities are involved in establishing facilities for

where both firms hire managers in equilibrium.
’Like other papers on mixed oligopoly with strategic delegation, Saha and Sensarma (2008) considered the mixed

Cournot duopolistic industry, focusing on the distributive rold-8S Vdelegation contracts. Tomaru et al. (2009b)

and Tomaru et al. (2009c) addressed the government’s optimal subsidization problem when owners and managers
enter intoFJSV contracts within both public and private firms in the context of a quantity competition and price
competition, respectively. In addition, Heywood and Ye (2009) introduced a new type of delegation contract that
weighs both profit and welfare like the public firm delegation contract in order to check the robustness of the results
obtained by the studies adopting théS V contract in mixed oligopolies. In their paper, Heywood and Ye showed

that whether the equilibrium welfare increases or decreases with the use of such a delegation contract for public firms

depends on the number of private firms and the exact nature of costs.
8Caseq(i) and(ii) correspond to those ¢&) and(b), respectively. Moreover, Tomaru et al. (2009a) examined a

problem similar to the one considered in this paper. However, Tomaru et al. (2009a) did not take into consideration
the possibility of partial delegation.



health care and other tasks such as management and administration are delegated. Such a sep-
aration has been proliferating since the introduction of the Designated Manager System (Shitei
Kanrisha Seido). This could be regarded as an example of partial delegation. Japan Post is an-
other example. Although fully owned by the government of Japan, all business is delegated to the
private manager. However, the Japanese government holds the power to appoint and dismiss the
manager. The policy of the Japanese government with respect to Japan Post is a good example of
full delegation.

For a description and examination of such competition, we consider a game with the follow-
ing order of moves: In the first stage, owners decide the delegation parameters éfXBair
contracts. In the second stage, each firm’s owner or manager sets the capacity scale through the
maximization of hefis objective functions, that is, profit ¢&tJSV contract, and in the third
stage, each firm’s manager simultaneously sets the quantity level. Thus, in our game, we consider
the following four regimes(1) FF — both the firms’ owners choose full delegati¢®) PF — the
owner of the public firm chooses partial delegation and that of the private firm chooses full dele-
gation;(3) FP —the public firm’s owner chooses full delegation, whereas the private firm’s owner
chooses partial delegation; a(d) PP — both owners choose partial delegation. Consequently,
our results dier from those in the existing literature where the public firm always chooses ex-
cess capacity irrespective of its own internal structure and that of the private firm, whereas the
private firm whose internal structure is under partial delegation, chooses under capacity. Thus,
we find that the results shown in the existing literature where the public firm chooses under ca-
pacity and the private firm holds excess capacity are no longer robust with the introduction of the
FJS Vdelegation contract, and along with it, the consideration of manager’s power with respect
to managerial decision-making within the firms.

The other purpose of this paper is to examine the degree to which owners delegate decision
rights to their managers in a mixed duopolistic industry, when each firm chooses multiple strate-
gic variables,i.e., capacity scale and quantity levels in addition with the delegation parameter
determined by the owner. Therefore, before begining of the game described above, we consider
another game with an additional stage (stage 0) wherein each firm’s owner simultaneously selects
either full delegation or partial delegation. That is to say, we attempt to analyze the equilibrium
internal structure of each firm when considering the separation between ownership and manage-
ment in the context of the capacity choice problem in a mixed duopoly. Consequently, we obtain
the result that in a unique subgame perfect Nash equilibrium, the owner of the public firm chooses
partial delegation and that of the private firm chooses full delegation. This result begs the question
on the assumption that the internal organization of a public firm is the same as that of a private



firm when managers select strategic variables other than quantity for their firms. Thus, in the
equilibrium of capacity choice, the manager’s power is stronger in the private firm than in the
public firm. In addition, we find that in the equilibrium, the highest social welfare is achieved in
the four regimes, whereas the profit of the private firen, the paydr of the private firm’s owner
is relatively low.

The remainder of this paper is organized as follows. In Section 2, we formulate the basic
model considered in this paper. In Section 3, we present an analysis of the four regifEs —
PF, FP, andPP — and compare the capacity scales and quantity levels of the public and private
firms in each regime. In Section 4, before beginning the first stage of the game considered in
section 3, we consider a new game with an additional stage in which each firm’s owner simul-
taneously selects full delegation or partial delegation, and we analyze the equilibrium internal
structure of each firm in the context of capacity choice in a mixed duopolistic industry. Section
5 concludes with several remarks. The detailed equilibrium market outcomes in each regime are
relegated to the Appendix.

2 Model

We consider a mixed duopolistic market with homogeneous goods. Let us assume that a public
firm and private firm are represented by firm 0 and firm 1, respectively; then the inverse demand
function is specified as follows:

P=a-Q=a-(gp+0q), aeR,,,

whereP is the market price and, andqg; denote the quantity level of the public firm and the
private firm, respectivelS.

Each firm employs dierent technology, which is represented by its quantity level and capacity
scale as follows:

Ci (g, %) =mg + (g - x)*, i=01

This cost function clearly shows the advantage of well-coordinated capacity-quantity choice,
which was first presented in Vives (1986). Excess capacity or under capacity would result in
inefficiency. Under this U-shaped cost function, the long-run average cost is actually minimized

%In the rest of this paper, we assume thas a suficiently large real number such that the equilibrium market
outcomes in all the regimes are strictly positive.



when quantity is equalized to capacity. In the previous literature on the oligopolies with capacity,
production beyond planned capacity is considered to be more costly than production within the
capacity-limit chosen before. Despite the fact that idle capacity itself is costly, most studies have
neglected the symmetry of costs in the case of excess capacity and under capacity. We explicitly
consider such symmetry and use the above formulation of cost functions.

Thus, the profit of each firm is denoted as:

I = (a- Qg -mag— (g -x)?° =01

wheremy > my i.e, the public firm is lessfiicient than the private firn. On the other hand,
social welfare is defined as the sum of consumer surplus (denot€$pgnd producer surplus
(denoted byPS) i.e.,

W=CS+PS

wherePS is equal toll, + I1; andCS is given by

1
CS=ZQ
>Q

Following the existing literature on regular mixed oligopolies, the private firm is assumed
to be a profit-maximizer, whereas the objective function of the public firm is social welfare.
However, we consider a situation wherein the owner of each firm delegates to the manager the
decision-making right with respect to quantity level amdcapacity scale.

In all the cases considered in this paper, the owners enter infeB8&/delegation contract
with their managers

Ui =II; + 6iq;, 6eR, 1=12,

where paramete#;, measures the relevance of the sales. The manager of fian maximize
herhis paydt by choosing output; that maximizedJ; (i = 1,2).1t

Moreover, in this paper, we consider a situation where firms’ owners can choosepeittiair
delegationor full privatization In partial delegation, each firm's owner fi@mself chooses the

ONote that ifmy > mg, the profit of firm 1 is equal to zero or negative in tARE andPP cases. In particular, under

such an assumption, firm Q’s profit is equal to zero or negative.
This can be supported by the assumption that the fiaydhe manager of firmis represented ag + 1;V; for

some real numbet; and some positive numbgr (i = 1, 2). Moreover, following the existing literature in this field,

we assume that the pai§ie to the managers are negligible as compared to the profits. This reflects the fact that the
remuneration to the managers is equalized with the manager’s reservation income or opportunity costs, which are
constant and exogenous, as indicated in Basu (1995) and White (2001).
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capacity scale and each firm’s manager decides the level of output. However, in full delegation,
both the delegation parameters and output levels are chosen by the firms’ owners.

We propose the following three-stage delegation game. In the first stage, the owners of firms
decide the parameters of thétJS V delegation contracts, and in the second stage, owners or
managers determine their capacity scales from the viewpoint of maximizing of their respective
objective functions: the profit df JS Vdelegation contract. Finally, in the third stage, the man-
agers of both firms simultaneously decide the levels of their quantities irrespective of the delega-
tion patterns chosen in the first stage.

As described above, we have four possible cades) the managers in both firms determine
their capacity scales and output levéRF) in the public firm, the owner and manager choose the
capacity scale and quantity level, respectively, and in the private firm, the manager sets both the
capacity and output leve(FP) in the public firm, the manager chooses both the capacity scale
and quantity level, and in the private firm, the owner and manager decide the capacity scale and
output level, respectively; ar(@P) in both firms, the owners decide their capacity scales and the
managers set their quantitiés.

3 Equilibrium analysis in the four regimes

In this section, we consider the four regimes. We first analyze the consequence of quantity-setting
competition in the fourth and final stage. Since the managers of the public and private firms set
their output levels in the third stage, in tR&, PF, FP, andPP cases, the first order condition of

firmi is given by

aa_Lqu:a—m_Qi+4Qj+2+9i:0’ (=01 1+]).
i
This yields
1 .. M H
0 (% %.6.07) = ¢ (3a—dm +my +8x -2 +46,-6), (Lj=0Li=%]). (D)

1
Q(xi,xj,ei,ej) = E(Za—mo— My + 2Xg + 2X1 + 0 + 01) .

An increase in one firm raises its output but lowers the rival’'s output. However, total outputs are
increasing with the capacity of each firm. These results are the same as those in a private duopoly.

2In our model, we assume that in all four regimes, managers have already been hired in both the public and private
firms. Therefore, we do not address the problem of whether or not managers should kelaiiaku (1995) and
Barcena-Ruiz (2009).



In the following four cases, we conduct analyses of the third and fourth stages by using back-
ward induction, given the output level of each firm presente(ilhpy

() FF

In this case, the managers of both firms decide their capacity scales in the second stage. Thus, in
each firmi, the manager’s capacity scale is determined through a maximization of the following

simplified type of hethis FJS Vcontract:
18a%+32m2+2m2+32my Xo—97%3 —8my X1 —64Xo X1 +8X2-+16my g
U, (xi,xj,gi,gj) = ——— | +128xf—32x00+3263-16mp(my +8x0-2xa +460-61)—4miey |, (i, j = 0,1; 1 # j).
225 | 320, +8x16, 16001 + 2621 20(4mg -y ~BXo-+ 2%~ 460-+61)

The maximization problems for both firms’ managers propose the following reaction functions:
16
Xi = Rj(xj, 90’ 01) = 9—7(33.— 4m + mj — 2XJ + 4Hi — 9])5 (2)

where superscripd’ denotes the case where one firm’s owner delegate the decision of capacity
to heyhis manager. These reaction functions yield

15
0i (6o, 61) = 59(133 — 28my + 15my + 289y — 1561),

1 .
X (90, 91) = %(13&— 28rno + 15m; + 2890 - 1591) , 1=01

Moreover, we straightforwardly obtain the following result:

1 :
Qi (6o, 61) — X (60, 61) = _1_6Xi (60,61) <0, i=0,1
The above result is summarized as follows:

Lemma 1. If the owners of both the public and private firms choose “full delegation,” i.e., both
firms’ managers determine the levels of their capacity scale and quantity, both choose excess
capacity.

This lemma states that the over capacities of both firms follow irrespective of managerial
delegation parametery and 6,. This result is also indicated by Tomaru et al. (2009a) who
addressed a case wherein in a mixed duopoly wiffedintiated goods, each firm’s manager
chooses the levels of both the capacity scale and quantity or'grice.

3In a more general setting, with the demand functioa p (Q) and the cost function of each fir@ (g — %), @),
this property still holds as long as the first-order conditions of both firms in the second stage are $atisfiel].
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In the first stage, the owner of the public firm chooses the delegation parameteyho$ her
FJS Vcontract with a view to maximizing social welfare, whereas the owner of the private firm
sets hethis delegation parameter such that profit is maximized. The first conditions of both firms
are given by

OW (6o,61) 32617 — 19473, + 162120, — 40043, — 36349

90, 312481 =0, and
Ol (6o, 61) 32227+ 37185 — 69412y — 3718%), — 165368, 0
90, B 312481 o

respectively. From these equations, we obtain the following equilibrium delegation parameter of
each firm:

oFF _ 755369% — 60026399, + 524727000 oFF _ 69412(2a + 225my — 227m,)

0 9428161 »o 9428161
Note that the delegation parameter of the public firm is higher than that of the private firm. In
fact,

741487% — 75644099, + 68229224 >0

9428161
Since the owner of the public firm has only one control variable in order to enhance welfare,
ghe places more importance on increases in consumer benefits than officestay improve-
ment through production substitution by changing the capacity of the firm. Thus, the manager is
required to act more aggressively than the manager of the private firm.

FF _ gFF _
O —01 =

(i) PF

In the second stage, the private firm’s owner delegates to the manager the decision of quantity
as well as capacity, which directly implies that the reaction of the private firm is represented as
eq. (2). However, in the public firm, the government selects the capacity scale. Accordingly,

capacity is determined such that welfare is maximized as the capacity of the private firm given,
which yields the following reaction function:

54a— 77mg + 23my — 46x; + 176, — 86

Xo = R3%4(xa, 6o, 61) = 171 ! 2 L 3)
where superscriphid denotes that the owner does not delegate the decision of capacity scale to
the manager. From a simple calculation, the owner of the public firm has an incentive to set a
larger capacity scale than the manager.

Rgd(X]_, 6o, 01) - Rg(X]_, 6o, 91) = %27(12%.— 195’00 + 73m1 - 146X1 - 19390 + 2401) > 0.



As pointed out by Nishimori and Ogawa (2004) and Lu and Poddar (2005), the owner of the
public firm strategically reduces the firm’s capacity scale to induce the nfibceeet private firm
to increase its quantity and capacity scale, whichflieat, leads to enhancing welfare. In contrast
to these studies, in this paper, we consider a case wherein both owners delegate to their managers
the determination of outputs. The managers attempt to produce less than the welfare-maximizer
as long as the delegation parameters are not too large. The owner of the public firm, which cannot
control outputs, sets the capacity scale of the public firm at a higher level so as to increase total
outputs, even at the cost of deteriorating cditiency. Hence,/Be has an incentive to select a
higher level of capacity than the manager does.

The reaction functions (2) and (3) yield the following:

X1 (90, 91) = 16 (73. + 15my — 22my — 76, + 2%1) .

{xo (6o, 61) = <& (202 — 547mg + 345my + 15 — 248;)
361
In the first stage, the owner of the public firm chooses the delegation parameteyto$ her
FJSV contract such that social welfare is maximized, whereas the owner of the private firm
chooses héhis delegation parameter such that profit is maximized. The first order conditions of
both the firms are given as follows:

OW (6p,61) 111174-62199n + 510820y — 11116, — 12538, 0

H6, 130321 ’
Oy (60.61) _ 5(3283a+ 7035my — 10318, — 3283, — 12280;) 0
06, B 130321 -

Consequently, we obtain the equilibrium delegation parameters df Ji8V contracts in both
firms as follows:
oPF _ 26414% — 2360115, + 2095966, oPF _ 782292my — )
0 264149 ot 264149
Moreover, each firm’s capacity scale and output level is obtained as follows:

XEF = 26414% — 19771640 + 1713015 WPF _ 160128Qmy — my)

4

264149 L 264149 ’ (4)

o - 26414% — 2019948n, + 1755799, " - 150120Qmy — my) )
0 264149 o1 264149 '

From eq.(4) to eq. (5), we obtain the following result regarding the level of each firm’s output
relative to its capacity scale:

pr_ A2784mo-my) _ 2674 o

PF _ - _
% 264149 o3ge® <O (6)
10008Q(my — my) 1
PF _ (PF _ _ _ T FF
b~ 264149 60 <0 (7)
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These results are summarized as follows:

Lemma 2. If the public firm chooses “partial delegation” and the private firm chooses “full del-
egation,” i.e., in the public firm, the owner decides the capacity scale and the manager determines
the quantity level, and in the private firm, the manager decides the levels of capacity and quantity,
both of them choose excess capacity.

As seen in the case &fF, excess capacity follows in the firm whose manager chooses both
guantity and capacity, irrespective @f and6,. Therefore, in the case &F, the private firm
selects excess capacity. Here, all that requires explanation is why the public firm also selects
excess capacity. Comparing the public firm’s reaction functR{ﬁsand Rg we observe that the
public firm holds excess capacity when the owner of the firm can determine the capacity level.
To mitigate the infficiency caused by this excess capacity and to encourage the forené
private firm to produce more, the owner of the public firm adjusts the delegation parameter
However, the ffect of this adjustment is not strong enough to reverse the public firm’s excess
capacity. This is the intuition behind Lemma 2.

Similar to the case oFF, the public firm’s delegation parameter is larger than the private
firm’s as follows:

PF P _ 3433147 - 35317027, + 318838800 _ 0
0 1 4368353

(iii) FP

In the second stage, the public firm’s owner delegates to the manager the decision of quantity as
well as capacity, which directly implies that the reaction of the public firm is represented as eq.
(2). However, in the private firm, the owner selects the capacity scale, and as a result, the capacity

scale is determined such that the private firm’s profits are maximized as the capacity of the public
firm given, which yields the following reaction function:

4
1 = R)%(Xo, 60, 61) = 9—7(123+ 4my — 16my — 8%y — 46y + 61),

Comparing this reaction function to (2), we have

600,

97 -

This indicates that the owner of the private firm has an incentive to hold a lower capacity than
the manager does iflse proposes the positive delegation contract Conversely, the owner

RTd(XO’ 0o, 61) — Rg(xo, 6o, 01) = —

11



attempts to choose a higher capacity/tiesproposes the negative delegation contfactThe
manager’s objective function includ@sg;, which serves as a subsidy from the owner to the
manager. Consider thét is positive. In this case, the manager acts aggressively and thus chooses
a higher capacity level to gain a larger market share. Howeveéy,if negative, which implies
that the manager pays tax to the owner, the manager has a weaker incentive to enlarge the market
share.

From both firms’ reaction function®] andR}“, we have

1
Xo (90, 91) = 5—569(133.— 28mg + 15my + 286 — 791) ,

4
X1 (90, 91) = 5—59(523.+ 60my — 112m; — 6009, + 1591) .

Subsequently, in the first stage, the owners of both the public and private firms choose their
delegation parameters through the maximization of social welfare and profit, respectively.

06 312481

Ol1(60,61) _ 18915:+21825ny—40740m —2182%)p—726641 __ 0
001 - 312481 -

{(9W(60,61) _ 3261%-194737n+162120m -40043p-214331 _
- - ’

These equations yield the following results:

jp _ 3514628 - 26150521, + 226359000 -p _ 40740(2a + 226m, — 227my)

0 4368353 1 4368353 ’
o _ 240(1844% - 100564n +91123m) ., _ 62608(2a-+ 225m, - 227m)

% = 4368353 S 4368353 :
cp  225(18441 - 109564n + 911231) .  68880(2a -+ 225m; — 227my)

b = 4368353 G = 4368353 '

These equilibrium values produce the following results:

rp_15(18441] - 109564 + 91123m) _ _ixgp

FP
_xFP_ 0,
% ~% 4368353 160 <
6272(2a + 225mp — 227m,) 56
FP _ FP Fp
P _ 0.
G~ 4368353 55071 ~

Thus, we obtain the following result.

Lemma 3. If the public firm chooses “full delegation” and the private firm chooses “partial
delegation,’ i.e., in the public firm, the manager decides the levels of capacity and quantity, and
in the private firm, the owner decides the capacity scale and the manager determines the quantity
level, the public firm chooses excess capacity and the private firm chooses under capacity.
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Although the public and private firms tend to choose excess capacity when the two strategic
variables — capacity scale and quantity — are determined within both firms in a mixed duopoly,
as is described in Tomaru et al. (2009a) and the above analyses, this lemma surprisingly states that
the private firm chooses under capacity. This result is even more surprising in comparison with
the existing works on mixed duopolies with capacity choice. Nishimori and Ogawa (2004) show
that without any managerial delegation, the public firm chooses under capacity and the private
firm chooses excess capacity. Lemma 3 indicates that this relationship could be reversed once we
introduce managerial delegation into a mixed duopoly.

Now let us explain the intuition behind Lemma 3. Since excess capacity follows in the firm
whose manager chooses both quantity and capacity regardi@sarafo,, the public firm selects
excess capacity in this cageP). Therefore, we would only like to provide an explanation for
the under capacity chosen by the private firm. As stated above, under the positive delegation
parametep,, the private firm behaves more aggressively and holds a larger capacity than when
the manager controls the capacity scale. Accordingly, the public firm reduces its capacity scale
through strategic substitution in the second stage. Furthermore, the negative relationship of reac-
tion functionRg andé, intensifies a decrease ¥3. Such a big reduction of, results in a larger
market share for the private firm. Therefore, the owner of the private firm attempts to propose a
higher delegation parameter. Consequently, a significant decreasanplies a significant rise
in x; through strategic substitution, which leads to excess capacity of the private firm.

(iv) PP

In this case, the owners of both firms simultaneously decide their capacity scales in the second
stage, and in the third stage, their managers choose the quantity through the maximization of their
delegation contracts. Therefore, in the second stage, the capacity scale of each firm is determined
by the following two equations:

IWCoxu81200) = 2 (548 — 77mg + 23my — 71X — 46, + 170, — 861) = 0,

%o

Mhlexi0.=00) = .2 (483 + 16my — 64my — 32% — 97Xy — 166, + 46;) = 0.

OX1

Thus, we obtain the following results:

1
Xo (6. 62) = 7z (2022~ 547my + 345m; + 159, — 6461)

4
X1 (90, 91) = ﬁ(ZSa + 60my — 88my — 284, + 991) .
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In the first stage, the public and private firm owners choose their delegation parameters with
a view to maximizing of social welfare and profit, respectively. Thus, the first order condition of
this stage is given by

OW(0o,01) _ 11117A-621999+51082-1111%,-685W1 __ O
080 - 130321 -
A1 (60,01) _ 6111a+130951y—19206m—61119,—30616), __ 0
00, - 130321 -
yielding
PP _ 82674% — 5523759, + 4697014, PP _ 1456164my, — m,)
0 826745 o1 826745 ’
pp _ 82674% — 4215036n, + 3388291, PP 2408592my — my)
%o 826745 - A 826745
o = 82674% — 4215036, + 3388291, o = 2622096my — my)
0 826745 ot 826745

27126 -m 21350 -
xCP = — 8;&;25 ) <0, fP-xP= 835;;25 m)
Lemma 4. If the owners of both the public and private firms choose “partial delegation,” i.e.,
each firm’s owner decides the capacity scale and the quantity level, the public firm chooses excess
capacity and the private firm chooses under capacity.

QG - > 0. (8)

From this lemma, which is similar to tHeP case, we find that the private firm chooses under-
capacity. The intuition behind this fact is given as follows: In this case, like ifPthease, since
the owner of the public firm chooses the levels of both the delegation parameter and capacity
scale, ghe attempts to produce aggressively. Thus, the owner of the public firm sets the higher
value ofd,, and consequently, the value @f decrease¥ On the other hand, in the second
stage, given the values of both firms’ delegation parameters, the capacity scale of the public firm
Xo IS the largest and that of the private firm is the smallest in the four regimes because of the
aggressivity of the public firm. In addition, from the strategic substitution of each firm’s capacity
scale regarding the opponent’s delegation parameter, the equilibrium capacity scale of the private
firm is the lowest among the four regimes; hence it chooses under capacity. On the other hand, the
equilibrium capacity scale of the public firm stays relatively high. As a consequence, the public
firm chooses excesss capacity.

From Lemmas 1 to 4, we obtain the following result:

1As long as the value af is sufficiently large, the values @, andd; are the highest and lowest, respectively, as
compared to those of the four regimes.
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Proposition 1. In all the four regimes, the public firm chooses excess capacity. On the other hand,
the private firm chooses under capacity (over capacity), if its owner selects “partial delegation”
(“full delegation”) in the first stage.

In the existing literature in this field, for example Nishimori and Ogawa (2004) and Ogawa
(2006), although the public firm and private firm always choose under capacity and excess ca-
pacity, respectively, in a mixed duopoly with homogeneous and substitutable goods and without
managerial delegation, we find that the public firm always chooses excess capacity, and the private
firm chooses under capacity only in the case of partial delegation, when the separation between
ownership and management is taken into accéuiiherefore, in a mixed duopoly, the capacity
scale of each firm relative to its quantity strictly dependsipthe type of firms that the market is
composed of: entrepreneurial or managerial @rdhe degree of decision rights delegated by the
owner of each firm to the managers. Consequently, the results obtained in the existing literature
are no longer robust with the introductionfeéd S Vdelegation and along with it, the consideration
of managers’ powers within the firms.

3.1 Example

In this subsection, we present some numerical results to highlight the impacts of the demand size
and the marginal costs on equilibrium delegation parameters difededitials of quantities and
capacities. As described in footnote #9, we consider the case where the demand siizgastsu
large, in particular, compared to both firms’ marginal cosgandm;.

Table 1 reports the impacts on equilibrium delegation parameters of public and private firms.
For any parameters, my andm,, we immediately see that in each regime the equilibrium del-
egation parameter of the public firm is larger than that of the private firm. As pointed out in the
previous subsections, this result is attributed to the aggressive behavior of the public firm’s owner.
Indeed, the absolute value @fis much larger relative to that éf in each regime. Another note-
worthy remark from Table 1 is that the public firm’s owner tends to réisehenm, becomes
large. This is because the public firm’s owner attempts to compensate the loss frontitbiente
production by the private firm with the consumers’ benefits from output expansion through the
aggressive behavior of the public firm. The other observation from Table 1 is that an increase in
the demand siza leads to higher delegation parameters of the public firm.

151n a price-setting mixed duopoly with substitutable goods, the public firm chooses excess capacity and the private
firm chooses under capacity in equilibrium, as shown &rd@na-Ruiz and Gabn (2007), even if the separation
between ownership and management in each firm is not considered.
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a m m  6F  6F g g g &F gP &P

10 01 0 737518 910652 744702 933187 0312893 (296156 (0396362 (0176132
10 01 005 765345 950326 770611 961593 0229333 0148078 (29051 00880661
10 05 0 482849 553261 505248 665933 0975491 148078 123572 0880661
10 05 005 510677 592935 531157 69434 089193 13327 112987 0792595
10 05 01 538504 632609 557066 722747 0808369 118462 102401 0704529
20 01 0 15387 191065 154927 193319 0460137 (296156 (06582886 0176132
20 1 Q5 124397 150326 126959 161593 111537 148078 141291 0880661
50 1 0 336925 410652 342419 433187 239271 296156 303101 176132
50 1 Q5 364753 450326 368328 461593 155711 148078 197248 0880661

Table 1: Equilibrium delegation parameters

Next, we check out the impact af my, andm, on differentials between quantities and capac-
ities, which is given in Table 2. Table 2 shows that Proposition 1 holds foeamy, m, as long
asa is suficiently large relative tany andm,. Like Table 1, Table 2 presents some remarkable
properties. First, the absolute valueggf- xg exceeds that af; — x; in each regime. Second, an
increase irais likely to enlarge the absolute value of bag X, andq, — x;. However, this result
does not hold in only?F andPP cases. This is because both firmgterentials of quantities and
capacities do not rely oain these cases, as indicated in equations (6), (7), and (8).

a My my ng _ XgF q(F]’F _ XgF qu _ XgP qu _ X(F;P qEF _ XEF qu _ XEF qEP _ XEP qE’P _ X:IE’P
10 01 0 -0.588572 -0.0161969 -0.595603 -0.0328111 -0.0530114 -0.0378877 (0610207 (0258246
10 01 005 -0606094 -0.00809846 -0.611248 -0.0164055 -0.0388542 -0.0189439 (0447246 (0129123
10 05 0  -0423194 -00809846 -0445115 -0.164055 -0.165271 -0.189439 0190241 0129123
10 05 005 -0440717 -0.0728861 -0.46076 -0.14765 -0.151114 -0.170495 0173945 (0116211
10 05 01 -0458239 -00647877 -0.476405 -0131244 -0.136957 -0.151551 0157649 0103299
20 01 0 -1.21849  -0.0161969 -1.22883 -0.0328111 -0.0779579 -0.0378877 (0897363 (0258246
20 1 Q5 -102161 -0.0809846 -1.04668 -0.164055 -0.18897  -0.189439 (217521 (129123
50 1 0 -273614 -0161969 -278991 -0.328111 -0405381 -0.378877 (466629 (258246
50 1 Q5 291136 -0.0809846 -2.94635 -0.164055 -0.26381  -0.189439 (803668 0129123

Table 2: Diferentials of quantities and capacities
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4 Extension

In this section, in order to disclose the equilibrium internal structures of both the public and
private firms as a subgame perfect Nash equilibrium, we consider a game with an additional stage
(stage 0) before beginning the game presented in the previous section. In stage 0, each firm’'s
owner simultaneously chooses partial delegation or full delegation. Before concretely deriving
such a subgame perfect Nash equilibrium, we examine the influence of their quantity-capacity
relationships on some variables. For this purpose, we compare the equilibrium market outcomes
among the four regimes, such as the output, capacity scale, and daisieney of both firms,
and the total output and cost fhieiency; subsequently, we conduct a comparison of each firm’'s
objective function in equilibrium in the four regimeasg., the equilibrium social welfare and the
equilibrium profit of the private firm.

First, we present the rankings of the equilibrium outputs and total costs among the four
regimes, summarized as the following lemma.

Lemma 5. A comparison between the four regimes yields the following rankings of variables.
(a) quP > ng > qu > ng, qEF > qEP > qu > qEP’ QPP > QPF > QFF > QFP,
(b) x§F > x¢F > 5P > EF,  xF > x[P > x0F > xIP,
(c) C5P > CfF >CfP>CfF, CIP>CFF > CPF > CPP,
(d) CP > CFF > CPP > CPF,

where G* = mg* + (¢ - ¥)?(i = 0,1, k= P,F), and C* = C) + C).

When the owner of the public firm delegates both the quantity and capacity choice to the
manager, the output levels are relatively low. In other woq§§,< qg" holds { = F,P). This
is because the control variable to enhance the benefits of consumers is limited to ordy, one,
for the public firm’s owner. Furthermore, the outputs of the private firm increases when the
owner of the private firm delegates the choices of the two variables foifieranager. As stated
above, the manager behaves more aggressively than the owner since the manager receives the
non-physical subsidg; ;. Therefore, we find thaf| > d” (i = F, P). The other relationship of
each firm’s outputs rankings can be explained by strategic substitution. The total output ranking
is also explained as a reflection of that of the public firm’s outputs since the public firm has a
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tendency of excess production and such excess production is likely to dominate the ranking of the
private firm’s outputs.

Next, let us turn to an exposition of capacity scales. Since the private firm’s owner has an
incentive to act less aggressive than the manager, the owner attempts to choose a lower capacity
level in the case of partial delegation, relative to the case of full delegation; this implies that
the private firm can produce the gooffi@ently. Then, the owner of the public firm tries to
control the delegation parameter to replace the output of the public firm with that of the private
firm. As aresultx! > xI follows becausey(xo, X1, 6o, 1) is decreasing with. In addition,
the owner of the public firm selects the capacity scale by taking into account both the firms’ cost
efficiency when ge chooses partial delegation; the manager, on the other hand, only tagkés her
firm’s capacity scale into account. Thidlgirence influences whether the capacity is aggressively
accumulated and leads x§' > x{'. Thus, we obtaini” > x5 > x5 > xF. The rankings of the
private firm’s capacity scale are easier to understand. To restrain from drastically deteriorating
cost dficiency, the private firm sets its capacity such that the rankings of capacity are consistent
with those of outputs.

Finally, we remark about the cost ifﬂ‘iaaiencyci)j andCilj (,j=FRP+ i+ ]). Asseenin
the previous section, the public firm selects excess capacity in all four regimes. This is because
accumulated capacity scales are huge regardless of the regime. Thus, the ranking of capacity
determines that dtg Similarly, the private firm’s capacity is relatively large in all four regimes,
and therefore, capacity ranking strongly reflects thaIilbeevertheIess, cost iffeciency of the
public firm is serious, and the ranking of total costffieeencyC' completely coincides with that
of Xo.

Second, we obtain the results of the equilibrium value rankings of both the objective functions
of the public and private firm,e., social welfare and profit, as follows:

Lemma 6. A comparison between the private firm’s profits and welfare in the four regimes yields
the following rankings.

(@) TIEF > TP > 11°F > TIFP,
(b) WPF > WPP > WFF > WFP,
As obtained in the ranking of the equilibrium output presented in Lemma 5, the equilibrium

market price decreases when the owner of the public firm selects partial delegation, which leads
to fewer profits for the private firm. Indeed, the ranking of price corresponds with that of profits.
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Flgure 1:Welfare ranking & = 50 andmmp = 1) Figure 2:Ranking of private firm’s profitsa = 50 andmy = 1)

However, this is not the case when the public firm’s owner selects full delegation. This is because
cost indficiency of the private firm rises in the casef® as compared to the caseloF. Such
a rise in cost infficiency contributes to lowering profit, and thii§” < I1fF. We next explain
the intuition behind the ranking of social welfare. As indicated in Lemma 5, when the public
owner chooses full delegation, consumer’s benefits decrease and social costs increase. Moreover,
consumer’s benefits in cage- exceed that in caseP (QFF > QFP), and social costs iffP
exceeds that ifFF. Therefore, we hav®V™F > WFP. On the other hand, if the public owner
selects partial delegatiody™" > WFP since the dierence of cost iffiiciency outweighs that of
consumer’s benefits. To understand rankings in Lemma 6 graphically, we present Figures 1 and 2
in which curves of equilibrium welfare and private firm’s profits are drawn &it#tndmy fixed.
They illustrate that Lemma 6 holds as longnasis not that large as comparedado

We now discuss the subgame perfect Nash equilibrium in the game with stage 0. We obtain
the following result.

Proposition 2. This game has a unique subgame perfect Nash equilibrium. The owner of the
public firm chooses partial delegation, whereas the owner of the private firm chooses full delega-
tion.

Proof: The statement of this proposition is straightforwardly obtained from Lemma 6. ©

This equilibrium is supported by the dominant strategy of each firm’s owner. While the owner
of the public firm chooses partial delegation irrespective of the strategy of the owner of the private
firm, the owner of the private firm always chooses full delegation. If the owner of the public
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firm selects partial delegation, both the capacity scale and quantity is determined through the
maximization of social welfare, the original objective function of the public firm. Since it is
easier for the public firm to control both the private firm’s capacity choice and quantity towards
the desirable levels from a viewpoint from social welfare, the owner of the public firm always
chooses partial delegation. On the other hand, the private firm fundamentally tends to choose full
delegation since its market share against that of the public firm is seriously taken into account.
In addition, among the four regimes, the highest social welfare is achieved in this equilibrium.
Therefore, in equilibrium, the owners of both the public and private firms select desirable roles
together from the viewpoint of social welfare. However, in the equilibrium delegation regime,
PF, the profit of the private firm is relatively low; hence, the highest social welfare is attained at
the expense of the private firm’s pdijo

Moreover, from this proposition, we would like to emphasize the equilibrium result where
if the owners of both firms select to what degree to delegate decision rights to their managers,
the decision of the levels of their capacity scales and quantities and their internal organizations
will differ, i.e,, the owner of the public firm only delegates the determination of the quantity
to the manager, whereas the owner of the private firm delegates the determination of both the
capacity scale and quantity level to the manager. Thus, when the separation between ownership
and management is explicitly taken into account in the context of capacity choice in a mixed
duopoly, the statement of this proposition sheds a striking question to the assumption that the
internal organization of the public firm is the same as that of the private firm.

One could ask how our results would be altered if the public firm was privatized. Then, we
consider a situation where the owner of firm 0 is a profit-maximizer after privatization, since the
shareholdings of firm 0 are bought for the private sector, similar to the case, similar to the case of
private firm 1. By conducting the same analysis in this private duopoly as that conducted in the
mixed duopoly, we obtain the following result:

Proposition 3. After privatization of the public firm, the owners of both the privatized and private
firms choose full delegation. Furthermore, these firms select excess capacity.

As is common in the literature on strategic delegation in a private oligopoly, each firm’s owner
can change hghis strategic position into an advantage situation by manipulating the delegation
contract provided to the manager. Therefore, irrespective of the opponent’s strategy, each firm’s
owner chooses the full delegation, and thus, the equilibrium delegation relgfmeés supported
by the dominant strategies of both owners. However, regarding social welfare after privatization
of the public firm, we obtain the following negative result:
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Proposition 4. In a mixed duopoly with quantity and capacity choices and managerial delegation,
privatization of the public firm decreases social welfare.

As stated in Proposition 3, in the equilibrium of the private duopoly, both the firms’ owners
choose full delegation, implying that each firm commits to a large output level with each other.
Therefore, the equilibrium social welfare would be expected to increase after privatization rather
than before privatization because of the relatively high consumer surplus based on the large total
output. However, drawing a comparison between the equilibrium social welfare in the mixed
duopoly,WPF, and that in the private duopolw"F, we find that privatization of the public firm
decreases social welfare with respect to the issue of capacity choice with managerial delegation.

5 Conclusion

This paper examined the capacity choice issue in a mixed duopoly when the separation between
ownership and management is observed in each firm. More precisely, we introduced a model
where the owner of each firm can select one of the following alternatiyefull delegation—
delegating to the manager the decision of capacity scale and quantity(igvedrtial delegation

— delegating only the quantity setting in the market to the manager. Before conducting an equi-
librium analysis of the game, focusing on the capacity scale of each firm relative to its quantity,
we considered four regime§l) FF — the firms’ managers decide both their capacity scales and
guantitiesy2) PF —in the public firm, the capacity scale is determined by the owner and the out-
put level is selected by the manager, whereas in the private firm, the manager decides the levels
of both capacity scale and quantit) FP — in the public firm, the levels of both capacity scale

and quantity are determined by the manager, whereas in the private firm, the capacity scale is
determined by the owner and the output level is selected by the maidgeP — in both firms,

the owners choose their capacity scales and the managers subsequently decide their quantities.
Consequently, we obtained the result that the public firm chooses partial delegation irrespective
of its own internal structure and that of the private firm, whereas only the private firm whose inter-
nal structure only is under partial delegation chooses under capacity; otherwise, excess capacity
is chosen. This result is strikingly féerent from that shown in the existing literature without
managerial delegation where in a quantity competition with substitute (including homogeneous)
goods, the public firm chooses under capacity as a strategic device, and the private firm tends to
choose excess capacity. Thus, in a mixed duopolistic market, whether public and private firms
choose excess capacity or under capacity deeply depen(9 tire presence of the separation
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between ownership and management @dhe power of the manager within each firm.

In addition, in order to analyze the endogenous decision-making of each firm’s internal struc-
ture, we considered a situation where the owners of both firms simultaneously choose partial or
full delegation at the beginning of the game, and thus, we derive the subgame perfect Nash equi-
librium. Consequently, we found that in a unique subgame perfect Nash equilibrium, the public
firm chooses partial delegation and the private firm chooses the full delegation. In the equilibrium,
the highest social welfare is achieved among the four regimes, whereas the profit of the private
firm, i.e, the paydf of the private firm, is relatively low. Therefore, in the equilibrium, the owners
of both firms play socially preferable roles at the expense of thefpafthe private firm’s owner.
Furthermore, this result sheds a question to the assumption that the decision-rights of the public
firm’s manager are the same as those of the private firm's manager in the context of the capacity
choice problem in a mixed duopolistic industry.

In our future research, we intend to specifically tackle the following two topics. Although
in this paper, we assume that the delegation contract in a fashion of Fershtman and Judd (1987),
Sklivas (1987), and Vickers (1985) is entered into between the owner and manager in each firm,
we should check the robustness of our result against the introduction of other delegation regimes
such asRRelative performancdelegation presented in Salas Fumas (1992) and Miller and Pazgal
(2001, 2002) andarket sharedelegation in Ritz (2008) and Jansen et al. (206 urther, as
indicated in footnote #11, we do not consider a model where whether a manager is hired within
each firm is endogenously determined. Therefore, as our next step, we should address such an
issue under the same settings as this paper. Extending this paper in this direction is left for future
research.

Appendix

Here, in caséF, we present all the equilibrium market outcomes including each firm’s capacity
scale and quantity level, and in the other three regimes, we present the equilibrium outcomes other
than each firm’s delegation parameter, output level, and capacity scale.

8More precisely, Salas Fumas (1992) and Miller and Pazgal (2001, 2002) introduced a delegation contract on the
basis of a weighted sum of the firm’s profit and the rival’s profit. Ritz (2008) and Jansen et al. (2007) considered a
situation wherein owners provide managers with a delegation contract that is a combination of the firm’s own profit
and market share.
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(i) FF — the regime where the owners of both the firms choose full delegation

In this case, we obtain each firm’s equilibrium quantity and capacity scale as follows:

(e _ 240(3950% - 2508681, + 220278n) e _ 18816024+ 228m — 227m) o
%o 9428161 1= 9428161 :

(e _ 225(3950% - 2508681, + 220278n) e _ 17640024+ 228m —227m)
% 9428161 W = 9428161 '

Taking eqs(9) and(10) into account, we obtain the following result:

FF _ yFF _ _ 15(3950%-2598680+220275m) _ _ 1 \FF _
Qb — % = 9428161 ~16%0
FF _ (FF _ _ 1176Qq2a+225mp-227my) _ 1 (FF
a; X, = 9428161 =-1% <0

Furthermore, the equilibrium market outcomes are obtained as follows:

225(41161 - 834681 + 4230M) o _ 16693%+ 225(83468m — 42307m)

QFF
9428161 9428161
225 50418913992+34747582242§nb—249785303507@3

HFF —357559605225rm+46482302477250m1—2145335321250%

o - 88890219841921 ’
FF _ 1458545760@2a + 225m, — 227m,)? CSFF _ 50625(41161 — 834681, + 42307,)?

1 88890219841921 ’ 177780439683842 ’
WFF 225(39180365907z12 73439655094mb+313530393024®€ 49210767198, — 553621130955®om1+279271103837m2)

- 177780439683842

(i) PF — the regime where the owner of the public firm chooses partial delegation, whereas
the owner of the private firm chooses full delegation

o = 26414% — 518748, + 254599n1 PPF _ 518748n, — 254599,
264149 B 264149 ’
0PF = (Mo — my) (67252071254 — 516107211508 + 44885514025711)
0 69774694201
[PF — 768728491200m, — my)? CSPF _ (26414% — 518748, + 254599,)?
! 69774694201 ’ 139549388402 ’
WPF _ 6977469420&2—13954938840®Tb+7743420468&8§—140913470537rzmom1+70456735268m§
B 139549388402
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(iif) FP — the regime where the owners of the public firm chooses full delegation, whereas
the owner of the private firm chooses partial delegation

_ 68880(2a + 225my, — 227) PFP _ 8136& + 9153900, — 4866915

FP
Q 4368353 ’ 4368353 ’
HFP _ 225(11604368052+83376208123nb—536327941604»8—8569708173§ml+9892796750845bm1—45179129667m%)
o - 19082507932609 ’
7P — 27629759362a + 225m, — 227m,)? CSFP 225(28579% — 610260, + 324461m,)?
! 19082507932609 ’ 38165015865218

189225407608%’+12219762500820(%—20840263637355ﬁom1
+1051275521262Iﬁi—2a(1799630682142‘ﬁo+92623393943|811)

38165015865218

]

WFP —

(iv) PP —the regime where the owners of both firms choose partial delegation

o - 16534% — 3185881 + 153239 pp _ 318588 — 153239,
- 165349 ’ } 165349 ’
PP = (Mo — my) (633447885278 — 33031236657 11, + 2669675780441y)
° 683507295025 ’
pp _ 4131257644224, my)? CsPP - (16534% — 3185881, + 153239,)?
! 683507295025 ’ 54680583602 ’
WPP = 683507295028 —1367014590058my+41937258006182—702043701118R0my +35102185055912
B 1367014590050 '
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