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1 Introduction

This paper demonstrates how subsidization affects firms’ behaviours in a mixed market or mixed
duopoly in which public firms compete against private firms.! In particular, we focus on the impor-
tance of these firms’ order of moves. Despite the large body of theoretical literature analyzing mixed
oligopoly, the existing works have not conducted minute analyses on how this order of moves changes
the effects of subsidization on firms’ behaviours, profits and welfare. The purpose of this paper is to fill
this gap by introducing subsidization into a mixed oligopoly model and by shedding light on how both
public and private firms’ order of moves influences their payoffs for various levels of subsidies.

Many studies suggest the importance of endogenous timing in mixed duopoly and oligopoly with-
out any subsidy. Using the observable delay game formulated by Hamilton and Slutsky (1990), Pal
(1998) shows that Stackelberg competition with private leadership and public leadership is equilibrium
outcomes in mixed duopoly with constant marginal costs. Tomaru and Kiyono (2005) also show it in
the setting where both public and private firms have increasing marginal costs. Moreover, Matsumura
(2003a) find that in a different endogenous timing game, the private leadership can always be an equi-
librium outcome while public leadership is never an equilibrium outcome.?

Their results indicate that private leadership is plausible in mixed duopoly. However, in the real
world, Stackelberg competition with public leadership best describes many industries with pubilc firms.
Industries such as telecommunications, electricity, natural gas, airline, and increasingly the postal sec-
tor, are dominated by former public monopolies with a first mover advantage. These industries more
closely resemble Stackelberg competition with public leadership than that with private leadership. One
of the aims of this paper is to resolve this inconsistency between the theory and the reality. As one way
to do this, this paper introduces subsidization policy. We find that if the government subsidizes public
and private firms and the level of subsidy is not so low, then public leadership becomes an equilibrium
outcome and private leadership never.

In the broad literature, a strand analyses mixed oligopolies in the context of government subsidies
designed to promote an increase in outputs of private firms. White (1996) shows that the government
can realize the first-best allocation by utilizing the subsidization policy in Cournot mixed oligopoly.
Surprisingly, he also shows that the first-best allocation is achievable by the same subsidy as in mixed
oligopoly even after the privatization of a public firm. Starting with White (1996), a series of “irrele-

vance results” has been generated. Poyago-Theotoky (2001) demonstrates that the optimal subsidy is

'See DeFraja and Delbono (1990) and Nett (1993) for general reviews of mixed oligopoly models.
2For other papers on endogenous timing in mixed oligopoly, see Lu (2006) and Bécena-Ruiz (2007).



identical and that profits, outputs, and welfare are also identical irrespective of whether (i) all the public
and private firms simultaneously move or (ii) the public firm acts as a Stackelberg leader or (iii) all firms
are privatized and maximize profits. Myles (2002) proves this series of results in the setting of more
general cost and demand functions.?

The conclusion from these results is that privatization is fruitless in terms of social welfare as long
as the subsidization policy is available for the government. However, this conclusion relies critically on
the assumption of the given timing of moves after privatization. Fjell and Heywood (2004) show that
when the public leader is privatized and becomes the private leader, the optimal subsidy and welfare
are reduced. Their result suggests the need to examine what move structures are likely to arise in
mixed and private oligopoly when we consider privatization along with subsidization policy. To conduct
this examination, we consider a stage of firms’ selecting the production timing right after the stage of
decision of the level of subsidies by the government and then compare the results from mixed and
private duopoly with endogenous timing and subsidy. We find that public leadership and Cournot
are equilibrium outcomes in mixed duopoly and that Cournot is an equilibrium outcome in private
duopoly. Along with the results of Poyago-Theotoky (2001) and Myles (2001), our results imply that
the irrelevance results hold when endogenising the production timing.

The findings of the literature mentioned above and ours, however, are dependent on the fact that the
government has a discretion over the subsidy. It might lose its discretion if interest groups lobby and
the political process is highly complicated. In this case, the government cannot set the optimal subsidy.
Many papers on lobbying activities and campaign contribution show that the production subsidies and
export subsidies are likely to be excessive. Then, we focus on the welfare and profits for given higher
subsidy levels than the optimal subsidy and analyze the effects of privatization. The result of this
analysis is that under such subsidies privatization decreases both profits of the private firm and welfare.

The remainder of this paper is organized as follows. Section 2 presents our model for comparing
three types of competition, namely, Cournot competition and Stackelber competition with public leader-
ship and Stackelberg competition with private leadership. In addition, it explains how the subsidy level
influences welfare and both private and public firms’ profits, also investigating the rankings of welfare
and profits in the three types of competition. Section 3 discusses what the optimal subsidy is when

the production timing is endogenized. Section 4 investigates the effect of privatization, and Section 5

3For other studies on the irrelevance results, see Tomaru (2006) and Kato and Tomaru (2007). Tomaru (2006) examines
robustness of the irrelevance results from the view of partial privatization formulated by Matsumura (1998). Kato and tomaru

(2007) show that the irrelevance results hold when private firms have other objectives than profits.



explores privatization with lobbying activities. Finally, Section 6 concludes this paper.

2 The model

We analyze mixed duopoly with public firm 0 and private firm 1 producing a single homogeneous good.
The private firm maximizes its own profits. On the other hand, the public firm is owned by the welfare-
maximizing government, so firm 0 maximizes the welfare. The output of firm i is ¢; ( = 0,1), such
that ) = qo + 1 represents the total output. Let P((Q)) be the inverse demand function; further, each
firm has the technology, represented by the cost function Cj(g;) (¢ = 0,1). Throughout this paper, we

assume the following:

Assumption 1. For any QQ > 0, the inverse demand function P(Q) is twice-continuously differentiable,
where P'(QQ) < 0 and P"(Q) < 0.

Assumption 2. For any q; > 0, firm i’s cost function C;(q;) is twice-continuously differentiable, where

C!(gi) > 0and C! (g;) > 0.4

Social welfare W (qq, ¢1) and each firm’s profit I1;(qo, ¢1, $), (¢ = 0, 1) are given by

Q
W) = [ Pl = Cola) = o).
Mi(q0,q1,8) = P(Q)a; — Ci(qi) + s, (1)

respectively, where s is the production subsidy. When s is negative, firms faces production taxes. Note
that both firms’ profits rely on subsidies while social welfare is not directly affected by the subsidies.
This is because the subsidies for the firms are just lump sum transfers.

To complete the aims of our paper —analysing endogenous timing in mixed duopoly with subsidy
— we need to explore how both firms’ payoffs are influenced by subsidies under fixed move strucures:
Cournot competition and Stackelberg competition with public and private leadership. For this purpose,

we start by deriving both the private and public firms’ reaction functions. The first-order conditions of

“If both public and private firms have constant marginal costs, the public firm’s cost must be higher than the private firm’s
to preclude public monopoly. We consider the optimal subsidy in the later sections. Then, it is absolutely obvious that the
private monopoly yields the first best outcome and that time structure (either Cournot, Stackeleberg or endogenous timing)
does not matter. Thus, we assume increasing marginal costs to avoid such an obvious outcome. For further discussion on an

importance of increasing marginal costs in mixed oligopoly, see Matsumura and Kanda (2005).



public firms O and 1 are given as

oW ,
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ot = P(Q)+ P(Qar = Cila) +5 0. ®

The second-order conditions for both firms’ maximization problems are satisfied by virtue of Assump-

tions 1 and 2. These equations yield firm ¢’s reaction function R;, which satisfies

ORy P'(Q) oR; P(Q)+P"(Q)q

o0 P - - T T2PQ) + P@ar - )
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Ds 2P'(Q) + P"(Q)q1 — CY(q1)

Hence, if a Cournot equilibrium exists, then it is globally stable’ and is thus uniquely determined.®

€ (—1,0),

2.1 Three types of move structures

First, we derive Cournot equilibrium under mixed duopoly. Let the superscript ‘mC’ denote Cournot
equilibrium under mixed duopoly. The equilibrium outputs in Cournot competition are characterized
by the first-order conditions (2) and (3). Then, we define them as qzmc(s) (i = 0,1) and Q™% (s) =
q"¢(s)+¢" (s). For analysis, we examine the comparative statics under Cournot competition. Simple

calculation yields

_om

8R1 mC't 3R1
(s) =
ds

A'Q(T)nCl(s):Rf)(QI)'g <0, A-qf s >0, A-ch'(s)

{1+ Ro(a)},
where A = 1 — R{y(q1) - (OR1/0qp) > 0. Production subsidies increase the output of private firm 1 as
well as total outputs while they decrease the output of public firm 0.

Second, we consider Stackelberg competition with public and private leadership. Since a Stack-
elberg leader chooses its output antispating the output of the follower, the public firm with lead-
ership maximizes W(QO,S) := W (qo, R1(qo, s)) while the private firm with leadership maximizes
ﬁl(ql, s) := 111 (Ro(q1, s), q1, s). We assume that these objective functions are concave, which yields

the following first-order conditions;

oW OR,

8—20 = P(qo + Ri(qo, s)) — Cy(qo) + [P(QU + Ri(qo,s)) — C{(R1(qo,8))] . . -0,
%—211 = P(Ro(q1) + q1) — Ci(q1) + [1 + Ro(q1)] P'(Ro(q1) + q1)q1 + 5 = 0. 5)

5This assumption is the standard Cournot adjustment process in duopoly. Under this process, it is a sufficient condition for

the stability of the equilibrium that the absolute value of the slope of each firm’s reaction function is less than 1.
SThe existence of unique equilibrium is assured when each firm’s marginal cost at zero output is lower than the price set

at either private or public monopoly equilibrium by the other firm.



The equilibrium outputs in public and private leadership are derived from these equations and the reac-
tion functions of the followers. Let the superscripts ‘mL’ and ‘mF’ denote public and private leadership,
respectively. We define the equilibrium outputs in leadership structure ‘mj as ¢/ (s) (j = L, F, i =
0, 1). Equilibrium total output, in turn, is given as Q™7 (s) = i (s) + ¢ (s). In addition, the payoffs
of public firm 0 and private firm 1 are respectively as follows: W™ (s) = W(qy" 1(s), q{nj (s)) and
7Y (s) = (g5 (s), ¢ (5)).

To ensure that all the above equilibrium outputs qzm J (1 =0,1and j = C| L, F) are positive, we
should restrict the range of levels of subsidy. Define set S as follows: S = {s | ¢/ (s) > 0, i =
0,1 and j = C,L,F}. Hereafter, we concentrate on the analysis of subsidized mixed duopoly for
s € S. Futher, we make an assumption on welfare functions, wmC WwmL and WmF | for analysis
in the later sections. The assumption ensures to make welfare maximization problem with respect to

subsidy level s sensible.

Assumption 3. Three welfare functions, wmC WL and W™F | are concave in s € S.

2.2 Comparison among the Cournot equilibrium and two Stackelberg equilibria

Some existing works analyse the effect of subsidy on welfare in mixed duopoly. White (1996) shows
that the government can attain the Pareto-efficient allocation by utilizing the optimal subsidy in Cournot
competition. Poyago-Theotoky (2001) and Myles (2002) have shown that, even in public leadership,
the government can also attain the alloaction by the same level of subsidy as in Cournot. This is called
the “irrelevance result”. We find that these results can be derived from our general setting with cost
heterogeneity and further find that the Pareto-efficient allocation is attainable in private leadership but

the optimal subsidy is different from that of White (1996).

Proposition 1. Pareto-efficient allocation is achievable in all the three games, Cournot, public lead-
ership, and private leadership, by the optimal subsidies. Moreover, the optimal subsidies in Cournot,
s%, and public leadership, st are the same (i.e., s¢ =gl .= $*) but that in private leadership, st is

lower than s*.

Proof: See Appendix B.

In Japan, Japan Post was a major public firm which provided postal and delivery services until it
was privatized in 2007. This firm had the small market shares in delivery service industry, whereas
other private firms, Yamato Delivery and Nippon Express, kept in dominant positions. As in the de-

livery industry of Japan, some industries might more closely resemble Stackelberg competition with



Figure 1: Welfare curves of three types of competition

private leadership than the other competition. Proposition 1 shows idiosyncracy of such competition
and industries.

The result of Proposition 1, new to the literature, shows that private leadership is not irrelevant
with Cournot and public leadership. The result seems surprising but the intuition is clear. In the case
of private leadership, the private firm has an incentive to expand its production for any given level of
subsidy in order to get the higher market share. In addition, the public firm tends to produce excessively
because it takes into account not only its own profit but also consumer surplus. Thus, the lower subsidy
suffices to reach the high level of outputs in Pareto-optimal allocation.

The diffrence of optimal subsidies in given move structures provides an importance of the level of
subsidy in relationships of welfare in these structures. To understand the relationships, compare them
for any level of subsidy. Figure 1 illustrates them. In this figure, the welfare in each game is drawn
as a hump-shaped curve. As stated in Proposition 1, the maximal of the curves in Cournot and public
leadership is reached at s* while that of the curve in private leadership is reached at s which is smaller
than s*. All the three welfare curves is increasing in s when s < s" and decreasing in s when s > s*.
On the other hand, when s < s < s*, welfare curves in Cournot and public leadership, W™ and
W™L, are increasing whereas that in private leadership, W™, is decreasing. In this range of subsidy,

relationships among welfare of three games are switched.” These results are summarized as Lemma 1

7 Although not drawn in Figure 1, there is some possibility that curve W™ intersects with curve W™ in a certain level



Lemma 1. Suppose that s’ is the subsidy level such that W™ (s) equals to W™ (s) (j = C, L).

Then we have

(a) W™ (s) > W™ (s) > W™ () if s> s,

() W™E(s) > W™ (s) > W™C(s) if 7> 5> 5",
(€) W™ (s) > W™ (s) > W™ (s) if s> 5> ",
(d) W™ (s) >WmC(s), Wm(s) > W™ (s) otherwise.

Compared with the ranking of welfare, that of the private firm’s profits is relatively simple, which

is given in the following lemma;

Lemma 2. Depending on the subsidy level, the following results are obtained regarding both firms’

profits.

(a) T{(s) <TIPC(s) < TP (s), if s> s",

(b) TP(s) <TPE(s), TMPC(s) <TPF(s), i s < 8%,

Proof: See Appendix.

Since it is obvious that the profits in private leadership is not smaller than that in Cournot, we only
explain the intuition behind the relationship between the profits in public leadership and Cournot. Sup-
pose that the subsidy is relatively low (s < s*). In this case, the private firm produces less whereas
the public firm produces more in Cournot, which means that the public firm is inefficient due to its in-
creasing marginal cost. Thus, inefficient public firm as a Stackelberg leader can improve social welfare
by transfer its production to the efficient private firm. Since this transfer increases the market share of
the private firm, TI7*C (s) < TI7*F(s) for s < s*. On the other hand, if the level of subsidy is relatively
high (s > s*), the private firm produces excessively and, thus, is inefficient. Then, the public leader has
an incentive to substitute its output for the output of the private firm, which leads to a decrease in the

market share of the private firm and, thus, T7°C (s) > TTI7*F(5).

of subsidy s < s¥. However, this possibility never influences the later discussions. In addition, we can show that curve W™F

lies above curve W™ for any s < s” and the reverse is true for any s > s* as longas s € S.



3 Endogenous timing game

As discussed in the introduction, some studies investigate endogenous timing in mixed duopoly without
any subsidy and then show that private leadership is likely to be an equilibrium outcome. In this section,
we attempt to examine how their result could be altered if the government provides the public and private
firms with production subsidy. Following Pal (1998), we apply the observable delay game of Hamilton
and Slutsky (1990), in which firms simultaneously choose the production timing, and thereafter, produce
their output at their production timing.

Our game considered in this section proceeds as follows. At stage 1, the government sets a unit
production subsidy for firms. At stage 2, the firms simultaneously announce the period in which they
will produce their output and are committed to this choice. Let ¢; € {1,2} be the time period chosen
by firm ¢ (z = 0,1) at stage 2. Finally, at stage 3, each firm chooses the output level g; at the period
decided at stage 2. More precisely, if both the firms announce the same production period at stage 2,
Cournot competition emerges at stage 3. Otherwise, when each firm selects a different period, Stackel-
berg competition appears in stage 3. We solve the subgame perfect equilibrium in this game by using
backward induction.

Now, we proceed to stage 2, because stage 3 was described in section 2. At stage 2 public and private
firms determine their production timings for any given level of subsidy. Pal (1998) and Tomaru and
Kiyono (2005) show that the private leadership is always an equilibrium outcome of observable game
in mixed duopoly without subsidy policy. Matsumura (2003a) also show that in a different endogenous
timing game, the private leadership can always be an equilibrium outcome while public leadership
is never an equilibrium outcome. However, we find that these results completely change once the

government subsidize firms.

Proposition 2. The following equilibria hold at stage 2:

Proof: See Appendix B.
Surprisingly, Proposition 2 states that contrary to Pal, Tomaru and Kiyono, and Matsumura, the

private leadership never appears as an equilibrium outcome of stage 2 when the level of subsidy is not



low.

Let us turn to explanation to the intution behind Proposition 2 by using this lemma. In case (a) of
Proposition 2, a large amount of subsidy promotes the excess production by the private firm. To mitigate
total production costs due to this excess production, the public firm wants to reallocate production from
the private firm to itself by acting agressively if this action is commitable. This is the same situation
as that of private duopoly. Thus, both firms select period 1 in equilibrium. In case (b), that is s = s*,
we know that for this subsidy Cournot and public leadership is irrelevant in the sense that the first-best
allocation prevails and Cournot and public leadership are indifferent for both firms. Thus (¢y,t1) =
(1,2) is added to equilibrium outcomes. In case (c), the subsidy is in midle range in which the private
firm with a leader advantage produces more than in the Pareto-effcient allocation, but that without the
advantage produces less. In order to avoid such overproduction by the private firm, the public firm tries
to procuce in advance. As a result, only (¢p,¢1) = (1,2) becomes an equilibrium outcome. Finally, we
explain case (d) in which the subsidy is too low and the private firm does not produce so much. This
implies that a transfer of production by the overproducing public firm to the underproducing private
firm decreases total costs and increases social welfare due to increasing marginal costs. Hence, the
public firm acts so as to realize either public leadership or private leadership.

Now, we explore the analysis of stage 1. In this stage, the government sets the subsidy to maximize
social welfare. According to the analysis in the previous section, it seems that the government should

set the subsidy s to s* or s’

. However, this is not obvious. Proposition 2 implies that the realized
competition as the equilibrium at stage 2 for one subsidy can differ from that for another subsidy. Thus,
even though the government sets the subsidy s to s* or ¥, it is not certain whether the Pareto-optimal
allocation can be achieved.

Then, let us consider what the social welfare function faced by the government at stage 1 is. Note
that two types of competition appear in the equilibrium of stage 2 in (b) and (d) of Lemma 2. In
these cases, the welfare function is indeterminate because the government does not know which of the
two types of competition are actually a priori. To preclude this indetermination, we assume that the
government has the expected welfare function. Let p1 € (0, 1) be the probability that induces Cournot
competition and 1 — y be the probability that causes Stackelberg competition with public leadership in

(b). In addition, define A € (0, 1) as the probability of Stackelberg competition with public leadership,

and 1 — )\ as the probability of Stackelberg competition with private leadership in (d). Thus, the social



welfare Wm(s) that the government encounters is as follows:

wmC(s), if s > s*,
W™(s) = ¢ wml(s), if sOF < 5 < s, (6)

AWML (s) 4+ (1 = N)W™EF(s), otherwise,

where, if s = s*, the social welfare becomes W™ (s*) + (1 — pu)W™F(s*) = W™ (s*). The
government maximizes this welfare function with respect to s. If the government sets st then the
Pareto-efficient allocation is not attained, because A # 0. Meanwhile, subsidy s* maximizes welfare

function (6) and yields the Pareto-efficient allocation.

Proposition 3. Suppose that s* € S. The subgame perfect equilibrium under mixed duopoly is charac-

terized as follows:

(a0, 1. 8) = (45" (s"), 41" (s%), 5") = (46" (5"), 4" (5%), 57).

Proposition 3 states that when the government optimally chooses the subsidy, only Cournot and/or
private leadership are the equliribrium outcome of endogenous timing and private leadership is not.
In the real world, there are many situations where Cournot and Stackelberg with public leadership are
suitable. Industries such as telecommunications, electricity, and postal sector, are dominated by former
public monopolies with a first mover advantage.® In addition, the result of Proposition 3 strengthens
an importance in the irrelevance result of Poyago-Theotoky (2001) and Myles (2002), in the sense
that Proposition 3 shows that Cournot and public leadership are likely to arise in mixed duopoly with

subsidization and private leadership in which the irrelevance result does not hold is not likely.

4 Privatization

White (1996) discusses the other irrelevance result than that of Poyago-Theotoky (2001) and Myles
(2002). He shows that the government is able to realize the Pareto-efficient allocation in Cournot mixed
and private oligopoly by setting the same optimal subsidy. In this section, we examine whether or not
this irrelevance hold even in our endogenous timing model.

For this purpose, we first derive the equilibrium of the endogenous timing model in private duopoly.

Because firm 0 maximizes its own profits (1) after privatization, the first-order condition for firm 0’s

8For detail examples of such industries, see Fjell and Heywood (2002).
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profit maximization in Cournot competition gives the reaction function of firm 0, R}(qy, s). This reac-

tion function satisfies

%—1:00 = P(R{(a1,5) + q1) + P'(Ri(q1,8) + a1) Ry (@1, 5) — C'(R (1, 8)) + s = 0.

Firm 1 also maximizes its profits, and thus, its reaction function still remains Ry (qo, s). As in section
2, we define firms’ equilibrium outputs in Cournot competition in private duopoly as follows: ¢ C(s)
and QP9 (s) = qgc(s) +q7 “(s). Further, equilibrium outputs in Stackelberg competition with firm 0’s
leadership (pL) and with firm 1’s leadership (pF) are given as ¢*’(s) and QP (s) = ¢/’ (s) + ¢*(s)
(i = 0,1, j = L, F). Then, we define firm i’s profits as TI?/(s) := TL;(¢% (s),¢%’ (s),5) (i = 0,1,

j = C, L, F). As is well known, the following result is derived in private duopoly.

Lemma 3. For all subsidies, each profit function of privatized firm 0 and private firm 1 in the private

duopoly satisfies the following relationships:
" (s) < IO (s) < TH"(s), TIE"(s) < IO (s) < TI"'(s).

We now examine the decision of the production timing at stage 2, that is, each firm announces
the production period at stage 3. Lemma 3 implies that each firm has the incentive to be the leader.
Thus, each firm always chooses the period ¢; = 1 ( = 0, 1) in this stage, such that for any subsidy,
(to,t1) = (1,1) is realized as the equilibrium in this observable delay game. Therefore, Cournot
competition occurs at t; = 1 (z = 0, 1) in stage 3.

In stage 1, the government sets the subsidy level to maximize social welfare. Then, it recognizes
that Cournot competition appears as the equilibrium, so that its objective function becomes

O]

WP(s) = W (g5 (s), a7 () = /0 P(2)dz = Co (g (5)) = C1 (a7 (5)).

The first-order condition for TV? (s) leads to the following optimal subsidy s**:
s** = argmax WP(s). (7
{s}
Thus, the subgame perfect equilibrium in the private duopoly after the privatization of firm 0 is

characterized in the following proposition.

Proposition 4. Suppose that s** € S. Under privatization, the following subgame perfect equilibrium

is realized:

(g0, q1,5) = (a5 (5™ a1 (5),5™),

11



We now turn to the comparison between the subgame perfect equilibria derived under mixed and
private duopolies. In mixed duopoly, Cournot and public leadership appears in equilibrium. As shown
in Proposition 1, in these market structures, one control variable of uniform production subsidy does
well for the Pareto-efficient allocation. On the other hand, due to asymmetry of cost functions, uniform
subsidy does not always yields the Pareto-efficient allocation in private Cournot duopoly. In this case,
the irrelevance result a la White does not hold. Without any heterogeneity of cost functions, this irrele-
vance is recovered, since Cournot competition in both mixed and private doupoly follows in endogenous

timing, which is the same situation as that of White (1996).

Proposition 5. Suppose that public and private firms face the same cost functions. Then, even if we
consider each firm’s endogenous production timing, when the government utilizes output subsidization,
whether this situation is that of mixed duopoly or private duopoly, identical is the optimal subsidy that

gives the first-best allocation.

Fjell and Heywood (2004) demonstrate that if the privatized firm is still a Stackelberg leader, then
the optimal subsidy of private oligopoly is different from that of mixed oligopoly, and moreover, privati-
zation reduces social welfare. This suggests that after privatization, the first-best allocation may require
a subsidy other than that in mixed oligopoly when a change in the market and competition structures ac-
companying privatization is taken into account. However, Proposition 5 states that the results of White

(1996) hold even though both the private and public firms choose their own production timings.

5 Subsidization policy and privatization with lobbying

Although the above discussion on optimal subsidy and privatization may attract our interest, we should
bear in mind that it presumes that the omniscient government has a free discretion over the determination
of the level of subsidy. Past literature on subsidized mixed oligopoly assumes that the government has
perfect controlability over setting subsidy and thus can set the optimal subsidy. Yet, this may not be
the case when lobbying by interest groups and a highly complicated political process are considered.
Many papers on lobby activities and campaign contribution have shown that production subsidies and
export subsidies are likely to be excessive. This section attempts to examine the effect of privatization
for given higher level of subsidy than optimal one.

Unfortunately, in our present setting, what we can say is limited due to its generality of demand

and cost functions. To make our discussion clear, we specify these functions. The inverse demand is

12



assumed to be linear and is given by P = a — (). Following DeFraja and Delbono (1989) and ohter ex-
isting works, we also assume that the firms face the symmetric quadratic cost functions, C;(¢;) = %kqf
The simple calculation yields s* = a/(k +2). As stated in the previous section, symmetry of cost func-
tions equalizes the optimal subsidy in mixed Cournot duopoly s* with that in private Cournot duopoly
s** and this level of subsidy leads to the Pareto-optimal allocation in these two types of duopoly, which
implies that when the government can set the subsidy s* = s**, privatization does not make any change
in welfare and the profit of private firm.

Suppose that the government is forced to set the level of subsidy to s > s* = s** by the lobbying
activities of the owners of the private firm. For this level of subsidy, before and after privatization of
the public firm, Cournot competition is the only equilibrium outcome of our endogenous timing game.
Based on this, the difference between welfare of private and mixed duopoly is

(k3 + 3k + k+ 1) {a — (k +2)s}?

WP(s) = W™(s) = Wh(s) = W™Cs) = =y

< 0.

This is because the excessive subsidy stimulates not only the exsiting private firm but also the privatized
firm, which results in a large amount of total production costs. Similarily the difference of private firm’s

profits is

€ (5) — 1€ () = (k+2){(k+2)s —a} {(2k*> + Tk + 4)s + (2k* + 6k + 1)a} “0
(k + 3)2(k? + 3k + 1)?
Thus, privatization with lobbying activities decreases social welfare as well as the profit of the private
firm. This decrease in profits gives owners of the private firm incentives to oppose to and to hamper
privatization.
Figure 2 illustrates the relationship between welfare before and after privatization. In this figure the
thick curve represnts welfare in mixed duopoly, W™, and the thick broken curve represents welfare in

private duopoly. This figure demonstrates that privatization decreases social welfare for all the range of

subsidy.” The above results are summarized as Proposition 6

Proposition 6. Suppose that lobbying activities result in excessive subsidy (s > s*). Then, privatization
decreases not only the profit of private firm but also social welfare. Moreover, it decreases welfare even

though subsidy is not excessive (s < s*).

We should notice that our results in this proposition rely on symmetry and specificity in functions.

In fact, we can not confirm whether or not privatization deteriorates social welfare for s > s* in general

%In this figure, the range (s,5) is set S. s is the subsidy such that the private firm is not active in Cournot and private

leadership. 5 is such that the public firm is not active in private leadership.
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Figure 2: Comparison between mixed and private duopoly

models. One of the reasons is indeterminancy of whether s* is larger than s**. Suppose that s* is
smaller than s**. In this case, welfare in mixed duopoly is decreasing in s for s > s* and that in private
duopoly is increasing in s for s* < s**. Then, we cannot exclude the case where the maximal of welfare
in private duopoly is larger than that in mixed duopoly for s = s**. Nevertheless, we can easily show
that the profit of the existing private firm always decreases for the relevant range of subsidy even in our
general model. This implies that privatization in subsidized mixed duopoly with lobbying activities is

likely to be opposed.

6 Concluding remarks

In this paper, we investigate the endogenous timing in mixed duopoly with subsidization by using the
observable delay game by Hamilton and Slutsky (1990). First, we find that for not so much low level of
subsidy, Stackelberg competition with public leadership and Cournot are likely to appear as equilibrium
outcomes and that with private leadership does not become an equilibrium outcome. This is contrary
to the results of Pal (1998), Tomaru and Kiyono (2005), and Matsumura (2003a). Second, we show
that the government can achieve the Pareto-efficient allocation in Stackelberg with private leadership
by providing firms with the lower level of subsidy than the optimal one in Cournot mixed duopoly. This

result implies that if private leadership is in subgame perfect equilibrium of our endogenous timing
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game with subsidy, there is some possiblity that irrelevance result a la White (1996) does not hold.
However, we show that public leadership and Cournot are in equilibrium of mixed duopoly and that
Cournot is in equilibrium of private duopoly. Along with the results of Poyago-Theotoky (2001) and
Myles (2002), these findings indicate that the irrelevance results a la White (1996) hold even when we
consider the endogenous timing. Finally, we examine the effect of privatization on profits of the private
firm and social welfare for the higher level of subsidy than the optimal subsidy. It is shown that such
privatization always decreases both of them.

We make some remarks on our model and findings. This paper assumes that public and private firms
compete in quantity. As Barcena-Ruiz (2007) presents the endogenous timing model where these firms
compete in price, we can easily extend our model to price competition. In the linear demand model of
differentiated goods, simple calculation shows that welfare curves W™ and W™ are on the left of
curve W™ which alters the outcomes of Proposition 2; (a) (tg,t1) = (1,2),(2,1) for s < s*, (b)
(to, 1) = (1,2) for s = s*, (c) (to,t1) = (1,1),(1,2) for s* < s < sF, and (d) (to,t;) = (1,1) for
s > sCF, Further, we assume that the number of the private firm is one. In Pal (1998) which investigates
mixed oligopoly without any subsidy, the result depends crucially on the number of private firms. He
shows that public and private leadership are in equilibrium of mixed oligopoly with a small number
of private firms but that only the private leadership is in equilibrium with a large number of private
firms. In the model of linear demand and symmetric quadratic cost, we can show that one private firm
always has an incentive to deviate from Cournot and public leadership under the optimal subsidy level.
It indicates that there is no symmetric equilibrium on the private firms.

Finally, we discuss the possibility of extention. we adopted the observable delay game by Hamilton
and Slutsky (1990). There may be circumstances under which this game is inadequate to examine
endogenizing the production timings. Saloner (1987) and Matsumura (2003a) use the two-period model
to analyze the manner in which each firm decides how much output to produce in each period. It
is of interest that we investigate how formulations other than that of Hamilton and Slutsky (1990),
like Saloner (1987) and Matsumura (2003a), change the results. In addition, we consider only full
privatization. In reality, many privatized firms are owned by private and public sector. It might also be
interesting to examine how our results such as Proposition 2 are altered when we apply the approach of
Matsumura (1998) that models such partial privatization. Considering these problems remains an issue

for future research.
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Appendix

Proof of Proposition 1

First, we prove that the Pareto-efficient allocation can be realized in all three games. For this, we
show that there exist subsidies such that both firm’s marginal costs are tantamount to price in Cournot
competition and two types of Stackelberg competition. Let us consider the case where the government
sets the production subsidy to s¢ = —¢"¢(s¢)P'(Q™" (s)) in Cournot game. Under this level of
subsidy, the first order condition of private firm is given by

oIl

e P(Q™(s9)) + P'(Q™(s)a" (s) — C1(ai"“ (s9)) + s 4" (s,

= P(Q™(s9)) = C1(4"“(s)).-

Thus, along with the fact that the public firm is welfare-maximizer, the Pareto-optimal allocation can
be attained in Cournot game.

In the case of Stackelberg competition with public leadership, similarily apply subsidy s” =
L (sP) P/ (QME (D).

0= ZZV Q™ (s")) = C'(a" (s") + {P(@Q""(s")) - C'(a" (s")} -

= P(Q™"(s")) = C"(ai" (s7)).

ORy
3%

In the case of Stackelberg competition with private leadership, suppose that the government selects
= —P'(Q™ ()¢ (s)[1 + R (¢ (s'"))]. Then both the public and private firms’ first-order

conditions (2) and (5) are given as
P(Q™(s™)) = Cylag™ (s7)) = P(@Q™T(s7)) = C1(g" (s™)) = 0.

Hence, in any of two Stackelberg games, the Pareto-optimal allocation is acchieved.

Next, we prove that s < s¢ = s”. For convenience, we define the output level q; as
P(gy +4qi) = Cilgf),  i=0,L (8)
From the definition of s¢ and sZ, we obtain
s@ = =" (sO)P(Q™ (7)) = —4i P'g5 +ai) = —ai" (M) P(Q™F (s7)) = s
In addition, s" = —P'(¢* + ¢*)q* [1 + Ry”(q*)]. Since R}(-) < 0, we have s¥ < s¢ = st [ ]
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Proof of Lemma 2

To prove (a) and (b), we first show that ¢7*%(s) < ¢i*C(s) if s < s* and gL (s) > ¢ (s) if s > s*.
Define f(s) := s + P(Q™“)¢!"“ (s). Notice that f(s*) = 0 and the differential of this function f is

positive. In fact,

f'(s) =1+ [P'(Q™(s) + P"(Q™ (9))a" ()] ai"”"(s) + P"(Q™ (5))ai"" (s) - 41"“" (),
G- [P'(@Q7(s) + P"(Q™ ()" (5)]

— 1" ymC mC ., mCl

i T Ry () 2 + P(QC()al" (5) - 4" (5),
%

— q0 1" ymC mC ., mCt

=~ Ry Q) ),

— 1+ (1 _ Ra(qinc(s))) ] %_];01 "¢ AymC mC mC/

B 1_ Rg(q{n(}(s)) . WRol + PH(Q™ (s))a"™ () - ¢i" " (s),

> 0.

Thus, by the private firm’s first-order condition (3), we obtain the following fact;

sZs° = PQ"(s)-Cd"() 20
Further, evaluating W /dqq at ¢5"C (s), we find
oW OR
B = P(Q™(5)) — C'(ap"“ (s)) + [P(Q"“(s)) = C"(a"“ ()] - 8—1’
o q0=q5" (s) 7
OR
= [P(Q™(s)) = C"(a"“ ()] '8—1’
q0

Thus, the second-order condition of the public firm as a leader gives

*

s = g s) S @)

®
AV
VIIA

We now procede to proof of Lemma 2 (a) and (b). Since private firm 1 as a Stackelberg leader can
choose its output to prevent its profit from becoming lower than H{”C, and ﬁ1 is strictly concave, we
obtain TT"“ (s) < TI7*F'(s) for any s. In order to prove the relationship between IT7*C (s) and TI7*" (),
we define 11 (qo, s) := I (qo, R1(qo, s),s). We should notice that T (g7’ (s),s) = II7"“(s) and
[Ty (g (s), s) = 7 (s). Then, from the definition of Ry,

o1 oI,  0oIl; OR; Ol OR; 0l
L _olh ol ol ol o 0f Ol o
dq0  9Oq0  Odq1 Oqo  Oqo 990 Oqo
Since ¢ (s) < ¢¢(s) if s < s* and ¢*"(s) > ¢C(s) if s > s*, we get TIT*V(s) < TIPC(s) if
s < s* and TIPE(5) > 7Y (s) if s > s*. [ |
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Proof of Proposition 2

Consider the following four cases: (a) s > s*, (b) s = s, (¢) sCF <« s < s and (d) s < sCF.
(a) s > s*

In this case, we know that W™E(s) > W™ (s) > W™F (s) and I (s) > TI7C(s) > T (s).
Thus, an act of production at period 1, i.e. t; =1 (: = 0, 1), is a dominant strategy for both the firms.
For s > s*, the equilibrium is (¢, #1) = (1,1).

(b) s = s*

In this case, we find that W™E(s) = W™C(s) > W™ (s) and IPF (s) > TI7C(s) = OPE(s).
The public firm’s best responses are tg = 1 for ¢; = 1 and £ty = 1 and £y = 2 for ¢; = 2. On the other
hand, those of the private firm are ¢; = 1 and ¢t; = 2 for {y = 1 and ¢; = 1 for {; = 2. Thus, the
equilibrium is (¢p,¢1) = (1,1), (1,2).

(¢) s¢F < s < s*

In this case, social welfare and the private firm’s profits satisfy W™ (s) > W™C(s) > W™ (s),
F (s) > ¢ (s) and TI7*E(s) > TI7C(s). The public firm’s best responses are ¢y = 1 for t; = 1
and to = 1 for t; = 2, and those of the private firm are ¢ = 2 for ty = 1 and ¢; = 1 for ¢y = 2. Thus,
the equilibrium is (¢o,¢1) = (1, 2).

d) s < s9F

In this case, we find that W™ (s) > W™C(s), W™E(s) > W™mC(s), TP (s) > T (s) and
7 (s) > TI7"Y(s). The public firm’s best responses are ty = 2 fort; = 1 and tg = 1 for t; = 2,
and those of the private firm are ¢t; = 2 for {; = 1 and ¢; = 1 for {5 = 2. Hence, the equilibrium is

(toatl) = (1?2)7 (27 ]-) |
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