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Abstract

We investigate how the corporate (profit) tax rate affects the optimal degree of
privatization in a mixed duopoly with a minimal profit constraint for the private
firm. We show that the profit tax rate directly affects the behavior of the partially
privatized firm, and therefore affects the behavior of the private firm through
strategic interactions. Regardless of whether the constraint is binding, the optimal
degree of privatization increases with the corporate tax rate. The reason is that an
increase of corporate tax rate reduces the profits flowing to foreign investors, which
mitigates the welfare losses of privatization. Furthermore, the optimal degree of
privatization decreases (increases) with the foreign ownership share in the private
firm if the constraint is ineffective (effective). This result suggests that a minimal
profit constraint can be crucial in the optimal privatization policy.
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1 Introduction

Privatization policy and corporate taxation policy are two important issues for
governments. In many industries, we observe a considerable number of public
enterprises coexisting with private enterprises (mixed oligopolies)." In planned and
transitional economies such as China, Vietnam, and Russia, the presence of the
public enterprises is further significant, with many state enterprises competing
against private enterprises (Cai and Li 2011; Huang and Yang 2016; Huang et al.
2017; Fridman 2018). The optimal privatization policies in these mixed oligopolies
attract extensive attention.”> Corporate tax, one of the main taxes in many developed,
developing, and transitional economies, changes firms’ behavior under imperfect
competition, thus affecting the privatization policy of the government, particularly
in the presence of foreign competition. To improve the current understanding of
how privatization and corporate taxation policies are connected, this study
investigates their relationship in a mixed duopoly with the consideration of foreign
penetration.

On markets where public firms compete against private firms, Matsumura (1998)
shows that the optimal degree of privatization is neither zero nor one under
moderate conditions in domestic duopoly markets. In addition, the literature on
mixed oligopolies has investigated several important issues of privatization under
the framework of free entry markets (Matsumura and Kanda 2005; Cato and
Matsumura 2012; Chen 2017; Fujiwara 2007; Sato and Matsumura 2019b),
international markets (Chang 2005, 2007; Lin and Matsumura 2012), demand-
boosting activities (Han and Ogawa 2012), vertical related markets (Chang and Ryu
2015; Matsumura and Matsushima 2012; Wu et al. 2016) and so forth.

Another strand of the literature on mixed oligopolies discusses the relationship
between tax-subsidy and privatization policies. Mujumdar and Pal (1998) show that
production tax affects the behavior of private firms, which in turn affects the
behavior of public firms through strategic interactions.” White (1996) investigates
the optimal subsidy policy and finds that the privatization policy is irrelevant under
the optimal subsidy policy (privatization neutrality theorem).*Cato and Matsumura
(2015) discuss the relationship between the optimal import tariff and the optimal
degree of privatization and show that a higher tariff rate reduces (increases) the

! Examples of public and semi-public enterprises include the United States Postal Service, Deutsche Post
AG, and Japan Post in the overnight delivery industry; NTT in the telecom industry; Areva, Electricite de
France, and Petro China Company in the energy industry; Volkswagen and Renault in the automotive
industry; and Japan Postal Bank, Kampo, Korea Development Bank, Korea Investment Corporation, and
the Industrial and Commercial Bank of China in the financial industry.

2 For examples of mixed oligopolies and recent developments in this field, see (Pal and Saha 2014;
Fridman 2018; Futagami et al. 2019; Sato and Matsumura 2019a; Escrihuela-Villar and Gutiérrez-Hita
2019), and the works cited therein.

3 For a related discussion in free entry markets, see Cato and Matsumura (2019).

4 Cato and Matsumura (2013) show that the privatization neutrality theorem holds in free entry markets
by considering an optimal production subsidy and entry license tax. However, this theorem is not robust,
because it does not hold unless the private firm has zero foreign ownership, both public and private firms

have the same cost function, and there is no excess burden of taxation. See Matsumura and Tomaru (2012,
(2013) and Lin and Matsumura (2018).
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optimal degree of privatization in free entry (non-free entry) markets.” Tomaru and
Wang (2018) find that the optimal subsidy yields efficient production allocation if
privatization is not implemented. Lin and Matsumura (2018) show the privatization
neutrality does not hold in the presence of cost asymmetry between public and
private enterprises. However, no study has investigated corporate tax policy.

In this study, we propose a mixed duopoly model in which a state-owned public
firm competes against a private firm with foreign investment. By introducing
corporate tax policy and a minimal profit constraint for the private firm, we
investigate the relationship between privatization and corporate tax policies.® In a
private oligopoly, corporate tax does not affect firms’ output levels. However, the
corporate tax rate directly affects the output level of a partially privatized firm and
thus, affects the output of the private firm through strategic interactions. We then
investigate how the tax rate affects the optimal degree of privatization. We find that
regardless of whether the constraint is binding, the optimal degree of privatization
increases with the corporate tax rate. The main reason for this result is as follows.
Privatization of the public firm generates two counteracting welfare effects: an
efficiency enhancing effect which shifts production from the public firm to the
private firm, and a profit grabbing effect which raises the profits flowing to the
foreign investors. The government then strategically chooses the degree of
privatization that balances these two effects. An increase in the corporate tax rate
reduces the profit grabbing effect and thus induces the government to realize a
higher degree of privatization.

We also investigate the relationship between foreign ownership share in the
private firm and the optimal privatization policy. Foreign ownership in private firms
plays an important role in mixed oligopolies because it affects the behavior of the
public firm directly, therefore affecting the behavior of private firms through
strategic interactions between the public and private firms.” How the effect of
foreign ownership share on privatization changes with corporate taxation policy and
minimal profit constraint is another issue worthy of discussion under a mixed
oligopoly. We show that without the minimal profit constraint, the optimal degree of
privatization decreases with the level of foreign ownership share in the private firm.
However, the inverse is true when the minimal after-tax profit constraint is effective.
This result suggests that the minimal after-tax profit constraint of the private firm
may be crucial for the optimal privatization policy. Several studies have explored
the impact of foreign ownership on privatization policy (Wang and Chen 2011;
Wang and Tomaru 2015; Barcena-Ruiz et al. 2020), but under different frameworks
from ours. Thus, our paper is a novel contribution to the existing literature.

Our paper makes two important contributions to the existing literature on
privatization policy. First, we introduce corporate taxation in the model of

5 Chang (2005, (2007) also provides important contributions in terms of the relationship between the
optimal degree of privatization and various other policies such as industrial and trade policies.

6 We assume that if the minimal profit constraint is not satisfied, the private firm exits or does not enter
the market.

7 See (Corneo and Jeanne 1994; Fjell and Pal 1996; Barcena-Ruiz and Garzén 2005a, b; Lin and
Matsumura 2012), and Xu et al. (2016). Ghosh and Sen (2012) and Ghosh et al. (2015) discuss foreign
firms and foreign ownership in differentiated product markets and provide important contributions.
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privatization. Corporate taxation is the third largest source of federal revenue in the
U.S. and the central government in Japan and the largest tax revenue source for the
Tokyo Metropolitan government in Japan. The corporate tax rate in China averaged
29 percent from 1997 until 2018, reaching an all-time high of 33 percent in 1998
and a record low of 25 percent in 2008 (Urban Institute & Brookings Institute, and
Trading Economics).® By investigating the relationship between these two
important policies, our paper provides a better understanding of how they are
connected and how they interact. We also show that privatization and corporate tax
policies play a complementary role in the absence/presence of the minimal after-tax
profit constraint as well as when both policies are endogenous. It is worth noting
that the minimal after-tax profit constraint affects the relationship between the
optimal privatization policy and the share of foreign ownership of the private firm,
leading to opposite policy implications with and without the constraint. Our paper
greatly enriches the existing literature and generates insightful policy implications
for governments.

The rest of this paper proceeds as follows. Section 2 formulates the mixed
duopoly model. Section 3 investigates how the corporate tax rate affects the optimal
privatization policy. Section 4 introduces the minimal profit constraint. Section 5
endogenizes both the degree of privatization and the corporate tax rate. Section 6
concludes the paper.

2 The model

We consider a mixed duopoly model in which one state enterprise, firm 0, and one
private enterprise, firm 1, compete against each other.” Firm 0 is owned by domestic
(local) investors, including the government.'® The foreign ownership share in firm 1
is p € [0,1]. Firms produce homogeneous products for which the inverse demand
function is p(Q), where p is the price and Q is the total output. We assume that p is
twice continuously differentiable and p’ <0 as long as p > 0. Each firm i’s cost

8 For a discussion on privatization, capital income taxation, and foreign ownership of private firms, see
Huizinga and Nielsen (2001).

° Qur results hold in more general mixed oligopolies with n-private firms as long as all private enterprises
are identical. Introducing heterogeneity among private firms significantly complicates the analysis. For
discussions on heterogeneity among private firms, see Kim et al. (2019) and Haraguchi and Matsumura
(2020c).

10 The assumption that the investors in privatized firms are domestic is standard in the literature (Cato
and Matsumura 2012; Chang 2005, 2007; Chang and Ryu 2015; Lee et al. 2018; Wu et al. 2016; Xu et al.
2016, 2017), and may be realistic. On the other hand, foreign investors may hold stakes in private firms.
For example, the foreign private ownership share in the Postal Bank is about one-fifth of the Mitsubishi
UFJ Financial Group. For discussions on foreign investors in privatized firms, see Lin and Matsumura
(2012) and Sato and Matsumura (2019b).
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function is c¢;(g;) where ¢; is firm i’s output. We assume that it is twice
differentiable, ¢, > 0, and ¢/ >0."

Firm i’s profit is m; = pg; — ¢i(g;). The government imposes a corporate (profit)
tax t € [0,1) and the after-tax profit of firm 7 is (1 — #)m;."”

Domestic (local) welfare W is given by

W= / (2)dz—pO + (1 —t)rng+ (1 = P)(1 — O)my + #(mo +7y) -
————

domestic industry profit tax revenue

consumer Sl]I'pll]S

Following Matsumura (1998), the public firm’s objective is a convex combination
of welfare and its own after-tax profit, @ = a(1 — )7y + (1 — o)W, where « € [0, 1]
represents the degree of privatization.'® In the case of full nationalization (i.e.,
o = 0), firm 0 maximizes welfare. In the case of full privatization (i.e., « = 1), firm
0 maximizes its after-tax profit. The private firm’s objective is its after-tax profit.

The complete information game runs as follows. In the first stage, the
government chooses the degree of privatization to maximize local welfare. In the
second stage, both firms simultaneously and independently choose their outputs. We

"' This model formulation of the cost function covers several popular settings in the literature on mixed
oligopolies. For example, if firms 0 and 1 have the same quadratic cost function, this formulation covers
De Fraja and Delbono’s (1989) model. De Fraja and Delbono (1989) assume that public and private firms
have identical cost functions. However, our model also covers the widely used setup that allows the cost
difference between public and private firms (Matsumura and Shimizu 2010; Kawasaki et al. 2020). If
¢y = ¢ =0and ¢{ > ¢}, then the formulation transforms to Pal (1998) model, another important model
in the literature on mixed oligopolies. See also Mujumdar and Pal (1998) and Haraguchi and Matsumura
(2020a, (2020b). Moreover, our model contains the linear-quadratic cost function discussed by Haraguchi
and Matsumura (2020d). As Matsumura and Okamura (2015) show, constant marginal cost and quadratic
cost models can yield opposite policy implications in mixed oligopolies, which is why we believe that the
formulation covering these models is important.

12 If 7 is negative, then the firm reduces the tax burden of other profitable departments, thus reducing the
tax payment. Therefore, we can see that firm i’s after-tax profit is (1 — )m;, even when it is negative. In
our analysis, the equilibrium profit of firm 1 is non-negative but that of firm 0 can be negative if o is
small, f is large, and ¢/ is small.

Although we focus on a single market, public and semi-public firms often have several departments
and compete over multiple markets. For example, Japan Post competes against private firms in the
overnight delivery market, and owns Japan Post Bank that competes against private banks in the banking
industry and Kampo that competes against private life-insurance companies in the insurance market.
Thus, even if Japan Post has deficits in the overnight delivery market, it may be able to survive. In fact,
Japan post has deficits in the overnight delivery sector for many years but profits from the banking and
insurance departments have been able to offset these poor results. Moreover, it has a department which
operates in a monopolistic framework with no influential competitors and another which competes with
several strong private competitors. Similar structures are often observed in public and semi-public firms
in mixed oligopolies.

Sinopec, the largest state-owned oil refiner in China, also operates in various business sectors within
the oil industry, such as oil exploration, petroleum refining & chemical production, and retail & station
operation. The petroleum refining and chemical production segment, operated by Sinopec Engineering
(Group) Co., Ltd, had deficits in 2005 and 2006, when competing with Petro China. However, the profit
from retail & station operation by Sinopec Fuel Oil Sales Co., Ltd. not only covered the deficit of the
petroleum refining business but also made the group’s overall business profitable.

'3 For empirical evidence on the welfare-related rather than the profit-maximizing objectives of public
enterprises, see Seim and Waldfogel (2013) and Ogura (2018).
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solve this game by backward induction and the equilibrium concept is the subgame

perfect Nash equilibrium. We assume interior solutions in the last stage subgames

(i.e., we assume that both firms produce positive output in the quantity competition
14

stage).

3 Equilibrium

First, we solve the second stage game given the degree of privatization, o. Firm O
chooses gy to maximize Q (i.e., weighted sum of welfare and its own after-tax
profit), which yields the first-order condition as

(1 — g0 + (1 = at)(p — ) — B(1 — 2)(1 ~ )play = 0. (1)

We assume that the second-order condition is satisfied.'®
Firm 1 determines g; to maximize its after-tax profit. The first-order condition of
firm 1 is

p—ci+pq=0. (2)

We assume that p’ 4+ p”¢; <0 (i = 0, 1), which ensures that firm 1’s reaction curve
is downward sloping, and that the second-order condition is satisfied. Firm 0’s
reaction curve can be upward sloping, and we can show that the stability condition
is satisfied regardless of whether firm 0’s reaction curve is upward or downward
sloping (Matsumura 2003).

These two first-order conditions yield the equilibrium outputs in the second stage.
Let ¢5(«), ¢} (), and Q%(2) be the equilibrium outputs of firm 0, firm 1, and the total
level, respectively, in the second-stage subgame, where the superscript S denotes the
second stage. Totally differentiating (1) and (2), we obtain

Ogp (' +2p — )X <07a_f]f _W'a +p)X - 075_QS _ =X <0,
Ot X2 O Xz Oat X2
(3)
where
(1 —1t)- 1—1¢
X, _p ( ) - [q0 + B( )q1] <0, (4)

1 — ot

Xo =(p' =X+ (p"qr +p') - (1 = 0)p" = (1 = at)eg + B(1 — ) (1 = 1)p'] > 0,
(5)

' For this assumption, we exclude the case in which ¢ = ¢/ = 0 and ¢ = c}. Note that in this case, a

corner solution in the quantity competition stage emerges (i.e., ¢; = 0 in equilibrium) when « = 0.
Moreover, « is equal to zero in equilibrium in this case (Matsumura 1998).

'3 This second-order condition holds if |p”| is small relative to |p/| or ¢ is sufficiently large.
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Xs =a(1 = 1)(p"qo +p') = f(1 =) (1 = )p"q1 + (1 —ar)(p — c5) <0. (6)

The results presented in (3) are standard in the literature on mixed oligopolies.'®
Next, we investigate how ¢ affects the equilibrium outputs in the second stage
given o. Totally differentiating (1) and (2), we obtain

Oq0 _ (W'qi+2" = )Xy Oq1 (g +p)Xa 00 (P —c])Xa

, (7)

or X, T ot X, ©Ot X,
where
(1 —a) - [—agy+ B(1 —a
x, = PL=) 1 zoat (L — )] (8)

If o« =1, then X4 = 0. Therefore, neither gg nor g, depends on ¢, which implies
neutrality of the profit tax if both firms are private.

From (1), we find that if a<1 and p > ¢} (p<c}), then X4 >0 (X4<0)."”
Therefore, from (4), (5), (7), and (8), we obtain the following lemma.

Lemma 1 (i) Suppose that ao<1. Then qg and QS are increasing (decreasing) in
t and q} is decreasing (increasing) in t if p > ¢y (p<cp). (ii) If o = 1, then g3, ¢3,
and QS are independent of t.

We explain the intuition behind Lemma 1. As ¢ increases, the weight of 7; in W
increases, and the difference between domestic welfare and total welfare (including
the surplus of foreign investors) decreases. Moreover, as ¢ increases, the weight of
mp in firm 0’s payoff decreases. For these two effects, as ¢ increases, the behavior of
firm O is closer to marginal cost pricing that maximizes total welfare given g, and o.
Therefore, if p > ¢, (p <cj), then a marginal increase in # makes firm 0 more (less)
aggressive. This is why ¢j is increasing (decreasing) in # and ¢ is decreasing
(increasing) in ¢ as long as p > ¢;, (p <cy).

Although ¢ does not directly affect the payoff of firm 1, ¢ affects gy and thus
affects ¢, through strategic interactions. Because firm 1’s reaction curve is
downward sloping, the change in g; has the opposite sign as the change in go.
Because the direct effect dominates this strategic effect, the change in Q has the
same sign as the change in gq.

This mechanism does not work when o = 1 because firm 0 does not care about
the outflow of firm 1’s profit to foreign investors and consumer surplus; thus, g, g3,
and Q° are independent of  (i.e., neutrality of the profit tax).

Next, we investigate how f affects the equilibrium outputs in the second stage
given o. Totally differentiating (1) and (2), we obtain

90 _ (Wl +20" = e)Xs B _ (Pl +p0Xs 00 (- )Xs 9)
B X B X, B

16 Because we assume the second-order condition on the stage of quantity competition for firm 0, we
obtain dQ*/d*qy = X3 <0.

17 From (1), we obtain (p — cy) = [((1 — £)p')/(1 — ar)] - [~ago + B(1 — &)qi]. Thus, p > ¢} if and only
if —ago + B(1 — a)g1 <O. Therefore, X4 > 0 if and only if p > cj,.
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92 Y. Liu et al.

where
Xs = —(1—1)(1 —a)p'q >0. (10)

The equality in (10) holds if and only if o = 1.
From (5), (9), and (10), we obtain the following lemma.

Lemma 2 (i) If o<1, then q5 and Q5 are increasing in ff and ¢} is decreasing in p.
(ii) If o = 1, then qg, qf , and Q° are independent of .

Again, from (1) we find that 8 directly affects the behavior of firm O unless a = 1.
An increase in f§ increases the outflow of firm 1’s profit to foreign investors. To
reduce this outflow, firm O increases its output as f increases. Although f§ does not
directly affect firm 1’s payoff, f affects gy and thus affects g; through strategic
interactions. Since firm 1’s reaction curve is downward sloping, the change in g; has
the opposite sign as the change in ¢go. Because the direct effect dominates this
strategic effect, the change in Q has the same sign as the change in go.

We now investigate the first stage. The first-order condition for the government is

aws  oWdqgy oW dqgs 1 Xy

—_— = - —Xg = 11
do  Oqo du  Oq, du 1—oar Xo © ’ (11)

where

Xo = —a(l = 0)[B(1 = )q1 + qo] (P"q1 + 20" = ¢f) + (1 = at)qs (P + p'). (12)

We assume that the second-order condition is satisfied. Let «f be the equilibrium
degree of privatization.

Because X; <0 and X, > 0, (11) is satisfied if and only if X = 0. When o = 0,
Xo = q1(q1p” +p') <0, and thus, dW5/de >0 at o = 0. Therefore, we obtain
of > 0. Prior studies on mixed oligopolies also show this result (full nationalization
of one firm is not optimal) in various contexts, and our finding suggests that this
well-known result holds with the addition of a profit tax."®

When o = 1, we get,

Xe = (1= 0){lg1 —q0 — B(1 = t)q1]p"q1 + [q1 — 2q0 — 2B(1 — t)q1]p’
+[B(1 = 1)g1 + qo]c}}.

Then of =1 if and only if [g1 —qo— (1 —1)q1lp"q1 + [¢1 — 2q0 — 2B(1 —
Hqilp’ + [B(1 — t)g1 + qo)c] <0. In other words, of <1 if and only if [q; — g0 —
B = D)qilp" a1 + a1 — 290 — 2B(1 — )qu]p’ + [B (1 — 1)q1 + qo]c] > 0.

Suppose that «f <1; then, we obtain o«f from Xs = 0. Totally differentiating
X¢ = 0 at the equilibrium point, we obtain

'8 However, the optimal degree of privatization can be zero in different contexts such as in a free entry
market (Matsumura and Kanda 2005), in the presence of an excess cost of public funds (Sato and
Matsumura 2019b), and if the government chooses a privatization policy over time (Sato and Matsumura
2019a).
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ﬁi B 6X6/at
dr aXG/aO(.

(13)

We obtain the following result.

Proposition 1 The optimal degree of privatization oF increases with the corporate
tax rate t as long as of <1.

Proof See the Appendix. O

We explain the intuition behind Proposition 1. As firm 0 becomes more
privatized, firm 1 produces more output, which improves welfare. However, as part
of these profits accrue to foreign investors, higher profits flow out of the domestic
economy with increased privatization, which is harmful for local welfare. This trade
off determines the optimal privatization policy. The outflow of profits declines as
the corporate tax rate increases; thus, the negative effect of privatization declines.
Consequently, the optimal degree of privatization increases.

We now discuss how f affects the optimal degree of privatization. Totally
differentiating X¢ = O at the equilibrium point, we obtain

dof  0Xs/op  —a(l — 1) qi(p'qi +2p' )

do” _ , 14
df ~  oXs/ou X, /0 <0 (14)

From (14), we obtain the following result.

Proposition 2 The optimal degree of privatization oF decreases with the foreign
ownership share B as long as of <1.

Proof See the Appendix. O

Lin and Matsumura (2012) show this result with a linear demand assumption
when ¢ = 0. Proposition 2 states that this result also holds with nonlinear demand.
The larger the 5, the more is the outflow of the profit of firm 1 to foreign investors.
Therefore, the government chooses a smaller « to restrict this outflow.

Finally, we present a result that is useful for the discussion in Sect. 5. Let WE(z)
denote the equilibrium local welfare in this game.

Lemma 3 If B > 0, then WE(t) is increasing in t.
Proof See the Appendix. O

When = 0, W is independent of ¢ because corporate tax is only a transfer from
domestic investors to the government. However, if f > 0, then W is increasing in ¢
when ¢y and ¢, are exogenous, because a higher tax rate increases the transfer from
foreign investors to the government and thus improves welfare. Lemma 3 states that
this holds true even if o is endogenous, and thus gy and ¢, are endogenous.'®
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4 Minimal-Profit constraint

In the previous section, we assumed that the private firm stays in the market
regardless of government policies. However, if the corporate tax rate is too high, the
private firm may exit the market or may not enter the market. In this section, we
impose the minimal after-tax profit constraint to the private firm, firm 1.
Specifically, we assume that firm 1 enters the market if and only if

(1-0)m>F, (15)

where F is a positive constant. We may interpret F as the opportunity cost of staying
in or entering the market. The investors of firm 1 may obtain the after-tax profit F if
firm 1 enters markets in other countries, and F' thus represents an opportunity cost as
limited management resources need to be used for this market. We believe that this
is a realistic assumption. Because F is an opportunity cost, the tax revenue from firm
lis #(pg1 — c1), not t(pq, — ¢; — F). F may represent entry expenses that cannot be
included in the deduction, such as illegal bribes to the local government. In this
case, the after-tax profit of firm 1 is (1—1¢)(pg1 —c1)—F, not
(1=1)(pgq1 —c1 — F).*°

The game runs as follows. In the first stage, the government chooses o. In the
second stage, firm 1 chooses whether to enter the market. In the third stage, firms
face Cournot competition when firm 1 enters.

If F is sufficiently large, then the government chooses a public monopoly and
o = 0.2' Otherwise, the government chooses o under the constraint (15). To
examine the property of mixed oligopolies, we focus on the latter case. Henceforth,
we restrict our attention to the case where p — ¢f, >0 in equilibrium.

The previous section provided the analysis of the third stage game. We now
present results on the relationship between the private firm’s profit and the degree of
privatization. Let 7§ () denote the equilibrium profit of firm 1 in the second-stage
game.

Lemma 4 (i) The private firm’s profit ( m}) increases with the degree of
privatization ( o). (ii) Given o, the private firm’s after-tax profit ( (1 — t)nf)
decreases with the corporate tax rate (t). (iii) Given a(<1) and t, the private firm’s
profit ( 7}) decreases with the foreign ownership share in firm 1 ().

Proof See the Appendix. O

Lemma 4(ii) is quite intuitive, and we explain the intuition behind Lemma
4(i) and (iii). An increase in the degree of privatization makes the public firm (firm

19 When P > 0, t affects W through two routes. One is the transfer effect mentioned above; the other is
the effect of the change in gy and g;. Lemma 3 implies that the former effect dominates the latter effect
even when the two effects impact W in the opposite directions, as long as « is endogenous.

20 If F is the deductible entry cost, the natural constraint becomes (1 — 7)(n; — F) >0, and our analysis
cannot be applied to this case.

2! If F represents a bribe, F should be included in the local social welfare, and thus the government may
prefer a mixed duopoly to a public monopoly even when F is large.
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0) less aggressive, which is beneficial for the private firm (firm 1). This yields
Lemma 4(i). Similarly, a decrease in the foreign ownership share in the private firm
makes the public firm (firm 0) less aggressive, which is beneficial for the private
firm (firm 1). This yields Lemma 4(iii).

Lemma 4(i) states that (1 —#)7(«) is increasing in «. We define o' by (1 —
t)n$(af) = F. Let o€ denote the equilibrium degree of privatization in this game
(the superscript C indicates constraint).

If of <of, then the constraint (15) is not binding. Therefore, o¢ = of and
Propositions 1 and 2 hold. If ot > o, then the constraint (15) is binding. From the
concavity of the welfare function, we obtain o€ = of. From Lemma 4(ii), an
increase in # reduces (1 — )7} («) given o and B. To compensate for this reduction in
firm 1’s after-tax profit, the government must increase o (Lemma 4(i)). From
Lemma 4(iii), an increase in f3 reduces (1 — #)n§ () given o and ¢. To compensate
for this reduction in firm 1’s after-tax profit, the government must increase o
(Lemma 4(i)). These discussions lead to the following Proposition.

C

Proposition 3 Under the minimal after-tax profit constraint, the optimal degree of
privatization ( o) (i) increases with the corporate tax rate (t); (ii) increases with
the foreign ownership share in private firm ( 5) as long as the constraint is binding.

Proposition 3(i) states that Proposition 1 is robust. The optimal degree of
privatization increases with the corporate tax rate regardless of whether the minimal
after-tax profit constraint exists. With the minimal after-tax profit constraint, the
government must keep the after-tax profit in firm 1. A higher tax rate reduces the
firm 1’s profit. To compensate for this negative effect, the government must increase
the degree of privatization, which makes firm 0 less aggressive and thus increases
firm 1’s profit.

Proposition 3(ii) states that Proposition 2 may not be robust. When the minimal
after-tax profit constraint is (is not) effective, the optimal degree of privatization
increases (decreases) with the foreign ownership share of the private firm.
Therefore, we obtain the opposite policy implication with and without the
constraint. With the minimal after-tax profit constraint, the government must keep
the after-tax profit in firm 1. A larger foreign ownership share in firm 1 makes firm 0
more aggressive, which reduces firm 1’s profit. To compensate for this negative
effect, the government must increase the degree of privatization, which makes firm
0 less aggressive.

Propositions 2 and 3(ii) indicate a possible non-monotonic relationship between
the foreign ownership share in the private firm (f) and the optimal degree of
privatization («f). When f is small, 7, is high; thus, the constraint (15) may not be
binding. An increase in B reduces of as long as the constraint is not binding
(Proposition 2). An increase in f§ reduces 7;, and the constraint (15) may be binding
eventually. After that, a further increase in S increases «f. Thus, a U-shaped
relationship between o« and  may emerge.
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5 Endogenous corporate tax

Our previous analysis was conducted under exogenous corporate taxation. However,
the government may extract firms’ profits by imposing specific industry taxes,
requiring bribes, or through foreign currency control in a targeted industry. The
government may strategically reduce the corporate tax rate for specific firms or
industries in order to attract firms, as we discussed in Introduction. Therefore, in this
section, we discuss the outcome under the framework of endogenized ¢ and o.

We consider the following game in which the government chooses both the
corporate tax and the privatization policies. In the first stage, the government
chooses ¢ and o. In the second stage, firm 1 enters the market if and only if (15) is
satisfied. In the third stage, firms face Cournot competition when firm 1 enters the
market.

Consider the final stage. Suppose that firm 1 enters the market. In Sect. 3, we
derived the equilibrium output. From Lemma 3, we find that the constraint (15) is
binding as long as f§ > 0. Again, we focus on the case where a mixed duopoly is
better than a public monopoly for local welfare. The government chooses ¢ and «
under the constraint (15).22

As we show in Sect. 3, of > 0 even when the constraint (15) is not binding. An
increase in « relaxes the constraint, and thus the welfare improving effect of an
increase in o is larger with the constraint than without the constraint. Thus, we
obtain o«f > 0.

We now present our result.

Proposition 4 Suppose that the government chooses both the degree of privati-
zation and the corporate tax rate in the first stage. Suppose that > 0.7 (i) The
optimal degree of privatization is non-decreasing in f3, and strictly increasing in f if
of <1. (ii) The optimal corporate tax rate is non-increasing in P and strictly
decreasing in f if of <1.

Proof See the Appendix. O

Suppose that f§ > 0. Because the minimal profit constraint is always binding
when both the corporate tax rate and the degree of privatization are endogenous, the
changes in an exogenous variable that reduces the private firm’s profits (in our
model, an increase in f§) enhances the privatization policy and the tax exemption
policy in order to attract private firms. Governments often exempt foreign firms
from corporate taxes. Our result is consistent with this causal observation.

22 As long as f§ > 0, the constraint is binding. If the constraint is not binding, the government can
increase W by a marginal increase in f. Moreover, at the equilibrium tax rate, (1 —¢)m; must be
decreasing in ¢ because otherwise, the government can improve welfare by a marginal increase in .

2 If =0, then the equilibrium pair of (z,a) is indeterminate and any pair of (¢,«) that yields the
optimal g is the equilibrium pair of policies.
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6 Concluding remarks

In this study, we investigate the relationship between the privatization policy and
the corporate tax policy. We also investigate the effect of a foreign ownership share
in the private firm on these policies and introduce a minimal after-tax profit
constraint. We show that regardless of whether the minimal after-tax profit
constraint is effective, the optimal degree of privatization increases with the
corporate tax rate, and that the optimal degree of privatization decreases (increases)
with the foreign ownership share in the private firm when the constraint is non-
binding (binding).

In this study, in order to focus on the relationship between privatization and
corporate tax policies, we consider a single market model. The corporate tax rate is
usually common across industries, while the privatization policy differs. Investi-
gating this problem requires a multi-market model. Extending our analysis to a
multi-product model remains for future research.”* Furthermore, the results of this
study are based on the assumption that public and private firms compete on
quantities in the market. Another direction is to check the robustness and generality
of our results under the consideration of price competition.”> Moreover, we assume
that the cost function of the public firm is independent of the privatization policy.
However, the privatization policy may affect the production efficiency of (partially)
privatized firms (Chen 2017). This extension also remains for future research.
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Appendix

Proof of Proposition 1 First, we show 0Xq/da > 0 if of <1. Let

1 lel L
l—oat X,

7.

From (11), we obtain

4 For an analysis of multi-market mixed oligopolies, see (Barcena-Ruiz and Garzén 2017; Dong et al.
2018), and Haraguchi et al. (2018).

% In mixed oligopolies, price competition may emerge in endogenous competition structure models. See
Matsumura and Ogawa (2012) and Din and Sun (2016).
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" ox 0X,
WS (O() = a—;X6 +X7a—a6

Because WS"(oc) <0, X¢g =0 at the equilibrium point, and X7<0, we obtain
6X6/60C > 0.
Next, we show 0X¢/0t <0 if of <1. We obtain

= =l = 0= B = a1 + lan = 200 = 2601 = Dy’ + 81~ D + ol

—a[-B(1 = 1)1 (p"q1 + 2p") + (1 — 1) Bgic]].
As we show after (11), of <1 if and only if
a1 — g0 — P — D)1 ]p"q1 + [a1 — 2q0 — 2B(1 — t)qu]p" + [B(1 — t)q1 + qo)c} > 0.

Thus, from the assumption that p”¢; + p’ <0 and ¢ > 0, we obtain 0X¢/0f <0 when
of < 1. These two facts and (13) imply Proposition 1. O

Proof of Proposition 2 In the proof of Proposition 1, we have already shown that
0Xg/00 > 0 if of <1. This and (14) imply Proposition 2. O

Proof of Lemma 3 Suppose that ¢ increases marginally, from 7, to 7,. We will show
that this change increases W.

Suppose that o <1 and p — ¢, > 0 when 7 = 1,. Given «, this change increases
the resulting gy (Lemma 1(i)). Suppose that the government increases o to keep the
resulting gy unchanged. Note that ¢; remains unchanged if gy remains unchanged
because neither ¢ nor « affects g; directly, and both affect ¢, through the change in
qo- Because g3 (a, ) is decreasing in o (and thus g3 (1) <g5(1,7) for any «<1 and
t €10,1)) and g3(1,7) is independent of ¢, the government can choose such an o as
long as of <1. Because Q, qo, and g; remain unchanged, CS, my, and ©; remain
unchanged. Thus, W increases by f(, — t,)m;. Given f;,, the above « is not the
optimal «. Nevertheless, W increases with an increase in ¢, and much more if the
government chooses the optimal o.

Suppose that o <1 and p — ¢, <0 when ¢ = t,. Given o, this change decreases
the resulting go (Lemma 1(i)). Suppose that the government decreases « to keep the
resulting go unchanged. Because ¢g(o,f) is decreasing in o and of >0,
¢°(0,1,) > ¢5(oF, 1,). Due to the continuity of ¢°(, ), there exists an o/ such that
qg(oc/,t;,) = qg(ocE,ta) if t, — 1, is sufficiently small. Because Q, go, and ¢, remain
unchanged, CS, 7y, and 7; remain unchanged. Thus, W increases by f(#, — #,)7;. o
is not the optimal «. Nevertheless, W increases with the increase in ¢, and much more
if the government chooses the optimal o.

Suppose that of = 1 when ¢ = t,. Suppose that the government keeps of = 1
after the change in 7, which does not affect Q, ¢qo, and ¢; (Lemma 1(ii)). Thus, W
increases by f(t, — t,)m; through the change in t. O

Proof of Lemma 4 From (3), we find that an increase in « increases ¢g; and reduces

. 1 . 7| exists. LTy s i ing in o.
Both increase m;. No other effect on m; exists. Therefore, n] is increasing in
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This implies Lemma 4(i).
We obtain

o[(1 — 1)m]
ot

The first term in (16) is negative, the second term is non-positive if p > ¢{, (Lemma
1) and the third term is zero from (2). These imply Lemma 4(ii).

Lemma 2 states that an increase in f§ decreases ¢; and increases Q as long as
o< 1. Both reduce nf . No other effect on 7; exists. Therefore, nf is decreasing in f3.
This implies Lemma 4(iii). O

0 0
:—n1+(1—t)p’q1§+(1—t)(p’q1+p—c1)§. (16)

Proof of Proposition 4 Given that the constraint is binding when the government
chooses the optimal o and ¢ simultaneously, we take the total derivative of the
constraint (i.e., (1 —t)m; = F).

— (pqy — cr)dt + (1 = 0)p'q1dQ + (1 — 1)(p — ¢})dg, =0,

—(pq1 — c1)dt + (1 — 1)p'qidgo = 0,

X (p" 2 —
—mdt+ (1 —1)p'q {— 1(Plq1 +2p Cl)}d(x

X5

X (" 29—
+ (1= 1p'q) { Wt 2 C‘)]dt
X
X<(p" 2w —
+(1-0)p'q [— spla +2p cl)]dﬁzo.
X
From these, we obtain
dO(E X5
Bx (17)
di* (1=0p' g Xs(p"q1 +2p' — ) (18)

dp— Xom + (1= 0p'qXa(p"qy +2p' =€)

From (10), X5 is non-negative and positive if a<1. Since X; <0, we obtain
Proposition 4(i).

Since X5 > 0 and the equality holds if and only if « = 1, the numerator in (18) is
non-negative and strictly positive if « <1. Then, we show that the denominator in
(18) is positive, which implies Proposition 4(ii).

Because X5, m; and (1 — #)p'q1(p”q1 + 2p" — /) are positive, the denominator in
(18) is positive if X4 > 0. From the discussion in footnote 17 and X4 in (8), we obtain

o P1=3) [Foa + B = 2] _ (0= )1 =)
- .

1 — ot 1—1¢

This is positive because we assume p > cj,. O
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