\ Economics Bulletin

Volume 35, Issue 2

Incentives to merge in asymmetric mixed oligopoly

Kadohognon Sylvain Ouattara
ESCA école de management (Casablanca) / Normandie Univ;, UNICAEN, CREM, UMR-CNRS 6211

Abstract

This paper analyzes mergers incentives in an asymmetric mixed oligopoly consisting of two identical private firms and
one public firm. It is shown that when there is a technological gap between the public and private firms, both of them
will want to merge when the public firm is inefficient and the percentage of the shares owned by private owners after
the merger is relatively high. When all firms have identical technology, public and private firms will want to merge
when the percentage of the shares owned by private owner in the merged entity is relatively low (Artz et al. 2009).
Yet, we show that when the technological gap is high enough, the merger between the public firm and one private firm
often includes complete privatization.

Citation: Kadohognon Sylvain Ouattara, (2015) "Incentives to merge in asymmetric mixed oligopoly", Economics Bulletin, Volume 35, Issue
2, pages 885-895

Contact: Kadohognon Sylvain Ouattara - kadohognon.ouattara@unicaen. fr.

Submiitted: February 17, 2015. Published: April 09, 2015.



L Economics Bulletin

Submission Number: EB-15-00043

INCENTIVES TO MERGE IN ASYMMETRIC MIXED
OLIGOPOLY

Kadohognon S Ouattara
ESCA ECOLE DE MANAGEMENT AND CREM-CAEN

Abstract

This paper analyzes mergers incentives in an asymmetric mixed oligopoly
consisting of two identical private firms and one public firm. It is shown
that when there is a technological gap between the public and private
firms, both of them will want to merge when the public firm is inefficient
and the percentage of the shares owned by private owners after the merger
is relatively high. When all firms have identical technology, public and
private firms will want to merge when the percentage of the shares owned
by private owner in the merged entity is relatively low (Artz et al. 2009).
Yet, we show that when the technological gap is high enough, the merger
between the public firm and one private firm often includes complete
privatization.

Submiitted: February 17, 2015.



1 Introduction

In recent years, many public firms have acquired equity stake in private firms. For example, in the
European automobile industry, the German public firm Volkswagen acquired the Spanish firm SEAT.
Recently (July 2008), the french energy firm GDF merged with SUEZ and becomes a group "GDF-
SUEZ".

The study of mixed oligopolies, where welfare-maximizing public firms interact with profit-maximizing
private firms, has become increasingly popular in recent years (For pioneering works, see Merrill and
Schneider 1966; Bos 1986,1991). A number of these studies assumes that firms have constant marginal
cost and that private firms produce at lower costs (Megginson and Netter 2001; White 2002). This in-
efficiency of public firms is justified by the informational and institutional aspects of the market (Hsin
and Ogawa 2005). On such a market where costs are linear, the public firm has to be less efficient
to guarantee positive output for private firms. If there were any fixed costs, the public firm would be
unable to cover them with a positive price-cost margin, and would incur losses (De Fraja and Delbono
1987). To avoid these situations of natural monopolies, a variety of researchers have assumed that
firms have an identical technology.

The litterature on mergers has extensively analyzed the decision to merge by private firms (Perry
and Porter, 1985; Huck et al., 2001), however there exists few studies on mergers activities in mixed
oligopoly.Among these, Barcena-Ruiz and Garzon (2003) explore the case in which a public and a
private firms merge into a multiproduct firm and show that both firms want to merge when the
shareholding ratio of the public firm’s owner takes an intermediate value and the substitutability
of the goods produced by both public and private firms is sufficiently low. However, Barcena-Ruiz
and Garzon (2003) do not consider the more traditional market with many firms producing identical
products. To fill this gap, Nakamura and Inoue (2007) and Mendez Naya (2008), show that if a
merger improves productivity, the public firm and the private firm will both want to merge when the
shareholding ratio of the owner of the public firm takes an intermediate value after the merger, even
though there exist only a few private firms in the market. Recently, Artz et al. (2009), analyse the
impact of slope of the marginal cost curve in firms decision to merge. When considering a merger
between two private firms, they show that the degree of convexity required to earn profit is larger than
would be the case in the absense of the public firm. So, the presence of the public firm reduces the
set of mergers that will be profitable. Moreover, Artz et al. (2009) show that in mixed triopoly, the
merger between a public firm and a private firm can occur when the percentage of the shares owned
by the government and the degree of convexity are relatively low.

Our paper contributes to the literature on mergers in mixed oligopoly by assuming that firms
have asymmetric technologies and variable marginal cost. In fact, the analysis of mergers incentives
in mixed oligopoly has been developed under the assumption that firms have identical technologies.
There are no existing studies on the case of asymmetric technologies. To fill this gap, we investigate a
mixed tripoly model where firm’s technologies are different and we analyse the impact of this in firm’s
incentives to merge. In our model, public firm may have a more efficient technology than private firms.

We show that public and private firms want to merge when the shareholding ratio of the public
sector is relatively low after the merger, and when public firm is less efficient than a private firm. The
studies on the decision to merge by public and private firms in a mixed triopoly show that complete
privatization through merger will not take place (Nakamura and Inoue 2007; Mendez Naya 2008; Artz
et al. 2009). Nevertheless, we show that when the technological gap is high enough, these mergers
include complete privatisation. In addition, there is no possibility of merger when the public firm has
a technological forwardness.

The paper is organized as follows. Section 2 sets up the model. In section 3, we present the
equilibriums of the different scenarios, and conclusions are drawn in section 4.



2 The model

We consider an industry consisting of three firms with a single homogeneous output. One of the firms
is a welfare-maximizing public firm (denoted by index 0), and the other two are profit-maximizing
private firms (denoted by indexes 1 et 2). Let ¢p and ¢; denote the quantities of the public firm and
private firm 4, respectively (¢ = 1,2). The inverse demand function is given by

p=1-0@Q.
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where @ is the total output of the good (Q = go +Zqi ). The cost function of firm 4 is represented
i=1

by the quadratic cost function:

Cj =6;q; {j=0,1,2} (1)

where ¢; > 0. This cost function generates linear marginal cost curves with slope 24;. This formu-
lation of the cost function allows firms to have different technologies'. However, we assume that both
private firms have identical technologies (67 = d2) and are therefore symmetric. The profit function of
a firm j is given as:

T =pg; —8;q; (j=0,1,2) (2)

As it is usually assumed in mixed oligopoly models, each private firm chooses its output level in
order to maximize (2). On the other hand, the public firm chooses its output to maximize the social
welfare. The social welfare (W) is defined as the sum of consumers’ surplus (denoted by CS) and
producers’ surplus®. Therefore, social welfare is given by:

2
W=CS+ Y m (3)

Jj=0

We suppose that firms have possibility to merge. Furthermore, we assume that mergers which result
in a monopoly are prohibited by antitrust laws. Hence, starting with a premerger market structure
M, ={0,1,2} three mergers are possible, leading to the post-merger market structures

M, ={(1,2),0} — Merger between two private firms.

M. ={(0,1),2} — Merger between public firm and private firm 1.

Mg ={1,(0,2)} — Merger between public firm and private firm 2.

Since the two private firms are identical, market structures M, and My are symmetric. Without
loss of generality, we will not analyze the market structure My. When firms ¢ and j merge, the merged
firm (éj) retains two plants, one of which is owned by firm (¢) and the other by firm (j) before the
merger. We assume that the merged entity may allocate its production among its two plants in order
to minimize its total production cost. This reflects the underlying advantage of being able to direct
output across two plants.In this context, the cost function of the merged firm is expressed as:

I This cost function allows us to not restrict our analyse only to the case where private firms are more efficient than
the public firm. It also consider the case where the public firm would be most efficient.

2We consider here that all firms are domestic and that government assigns equal weight to consumers’ surplus and
profit of each firm, whether private or public.
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i=1,2etj=0,1,2eti#j (4)

where ¢;; = ¢; + g;. The profit of the merged firm is:

5i6;
5 +0; 1

(mij) = Pgij — i=1,2ej=0,1,2¢eti#£j (5)

To characterize technology differences, we define an indicator of asymmetry representing the dif-
ference between the public degree of convexity (dp) and private degree of convexity (d;). This indicator
is denoted 6, where 6 = 69 — §;. Without loss of generality, we normalize dy to 1, therefore §; =1 — 6.
Yet Cp = g2 and C; = (1 —6)q?. We must have 6 < 1. Furthermore, 6 can be negative when the public
firm has a more efficient technology. We speak of "technological forwardness of the public firm" when
0 < 0 and "technological backwardness of the public firm" when 6 > 0.

We propose a two stages game with the following time. At the first stage, the merger decision is
taken and then, given this decision, all firms simultaneously set their output at the second stage. To
obtain a subgame perfect equilibrium, the game is solved by backwards induction.

3 Equilibriums

3.1 Pre-merger equilibrium: M, = {0, 1,2}

We consider a mixed triopoly, assuming that the merger has not yet occurred. In this case, the private
firm ¢ and the public firm choose respectively ¢; and gg to maximize profit and social welfare:

Q¥)? | &
Tia = Patia — (1—0)(¢2)?, Wo =22l 43 ne, (i=1,2)

2
(6)
The first order conditions of the maximization problems give the following Cournot equilibrium:

=0

2 _ 3-20 640
Gia = 13=6p doa = 13"6g> DPa = 1376

i = BSA0 o @o=? g (1207680499 (7)
ta = (13-66)2° 0a = 13766)2° a = T 2(13-60)2

The following corollary are immediate consequences of (7).

Corollary 1

(a) For every value of 6 < (>)1, the private firm i has a lower (higher) output than the public
firm.

(b) For every value of 6 < (>)0.13, the public firm’s profit is higher (lower) than the private firm’s.

In contrast to the mixed oligopoly literature, the public firm’s output is not always higher than that
of private firms (a). Here, private firms can produce more than the public firm when the technology
difference is very high (§ > %). According to (b), the public firm that seeks to maximize welfare may
have higher profit than does a private profit-maximizing firm. Given that the public firm takes into
account consumer surplus, it produces more than any private firm when the technology difference is
low. In this context, private firms have a smaller potential market and restrict their output (relative
to the case where all firms are private). Thus, this lead to a larger market share and higher profit for
the public firm, unless 6 is very great. This result extends that of Kamaga and Nakamura (2007) for
the specific case where all firms have the same technology (6 = 0).



Consumer surplus and social welfare strictly increase with parameter 6, while price decreases as 6
increases. This means that price is much lower if the public firm has a "technological backwardness"
(9 > 0). The intuition behind of this surprising result is quite straightforward. When parameter 6
increases, the public firm decreases her output and private firms increase their output. Nevertheless,
the decrease of public output is less than the increase of any private firm. Thus, the total output
increases and price decreases.

The profit of two private firms increases with parameter 6 while the profit of the public firm
decreases with this parameter.

3.2 Post merger equilibrium
o My =1{(1,2),0}

We consider now the case where the two private firms decide to merge into a new private firm
denoted 12. The objectives of firm 12 and public firm are given by:

1-0 2 (Qv)*
(m12)6 = po(qu2n) — T(‘h?b) Wy, = 5 T (m12)p + Tob (8)
Thus we get the following equilibrium:
__2 _ 290 _4-20
q12b = g”35>» qob = g 3¢ Py = 339
_ _6-20 _ (0-2)? _ 30%-200+36
(T12)p = B=30)2° Tob = 8_39)% Wy = T2(8-30)%

The output of the merged firm is smaller than that of its pre-merger constituent parts. In response
to the merged firm strategy (the merged firm reduces her output), the public firm increases her output.
This happens because the reduction in output by the merged firm increases the importance of consumer
surplus to the public firm causing it to further increases output. In addition, the total output decreases
and the price increases®. However, the merger reduces the total welfare. Furthermore, when firms have
identical technology (6 = 0), the public firm produces the same output as the merged firm.

o M.=1{(0,1),2}

Finally, we consider the case where a private firm and a public firm decide to merge. Following
Matsumura (1998), we assume that when the public and the private firms decide to merge, the merg-
ing firm (01), is partially owned by private and public owners. If we denote «, the private owner’s
shareholding proportion in the merged firm, the objective function of the merged firm is given by:

Vo1 = (1 — Ot)WC + 01(71'01) (9)

where « € [0,1]. In this case, the objective function of the outsider is:

T2¢ = Pcq2¢ — (1 - 0)(qQC)2 (10)
Thus, we get the following equilibrium:
- (26—3) _ 2a—20—0a+2 _ (20-3)(20—2a+0a—2)
qoic = Go—dat20a-7) 92c = 9-2)(60—4at+20a—7)° De = (9-2)(60—2a+200—7)
_ (20-3)%(0—20a+0a—1) _ —(20—2a+0a—2)
(To1)e = (0—2)(60—4at200—7)2" T2e = 9-2)(60—4at20a—7)2

W. — 804 a+120%4—20% 0> —680°0—920°+13602 > +2120%a+2510% —280 0> —2840 v —2860+20a > +136a+116
¢ 2(0—-2)%(60—4a+20a—T)2

Proposition 1 When public and private firms merge:

3 All this changes can be obtained by differentiating the equilibrium values of Mj; and M,. For example, py — pa =

—290+6602+36



e The output of the merged firm decreases (increases) relative to its pre-merger constituent firms
2
as a > (<) =37 20-5)

e The output of the outsider decreases (increases) relative to its pre-merger as

2
<G @ -9

Proof (see appendix 1)

This proposition shows that there exists a critical value of « such that the output of merging firms
is equal of its pre-merger constituent firms. For low values of private owner’s shareholding, the output
of the merged firms decreases relative to its pre-merger constituent firms.

The output of the merged firm and that of the outsider (private firm) are strategic substitutes.
Thus, when the merged firm decreases output, the private firm increases output and when the merged
firm increases output, the private firm decreases output. Moreover, the total market output and the
price are respectively decreasing and increasing functions of «.

3.3 The decision by firms to merge

When public and private firms decide to merge, there are two kinds of merger incentive.

Private incentives to merge: The owners of the private firm (7) will want to merge if the profit that
they obtain in the merged entity, c;(m;;), is greater than the profit obtained by the private firm in
the mixed triopoly,r;.

o (mij) > m withi=1,2and j =0,1,2 and i # j. k=b,c,d.

Public incentives to merge: The public firm (0) will want to merge if the welfare after the merger,

is greater than that in mixed triopoly.
Wi > Wy with k = ¢, d.

Proposition 2

2.a) The private owners want to merge with the public firm, only if, after the merger, private owners
owns a high enough percentage of the mixed firm. The merger is always profitable for private
firm regardless 8 when a € [%, 1} .

2.b) The public firm want to merge with a private firm, only if, after the merger, government owns
a high enough percentage of the mixed firm. The merger always increases welfare regardless o
when 6 € ]0.89,1].

Proof (see appendix 2)

Proposition 2.a is illustrated in Fig.1. Fig.1 shows how the decision to merge by private owners
depends on parameters a and 6. o™ is the value of parameter « such that* Ar. = 0. When the point
(0, ) is above the curve representing o™, the private firm will prefer to merge. And when this point
is under the point, it will prefer not to merge.

4 AT, = a(mo1)e — (T1a)-
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Fig.1: Private firm incentives to merge

Proposition 2.a shows that private owners want to merge with the public firm if, after the merger,
the shareholders of the private firm own a high enough percentage of the shares in the mixed merged
firm (o > a™). @™ is an increasing ® function of §. Therefore, when 6 > 0, the private firm would prefer
not to merge for low values of @ (o < 0.43). Let us note that limy — la™ = % This result implies that
irrespective of 6, the shareholders of the private firm will always want the merger when they will have
more than % percentage of the shares in the merging firm.

Proposition 2.0 is illustrated in Fig.2. Fig.2 shows how the decision to merge by public firm depends
on parameters a et . o is the value of parameter a such that’ AW, = 0. When the piont (6, a) is
under the curve representing o*, the public firm will prefer to merge. And when this point is above
the point, it will prefer not to merge.

Fig.2: Public firm incentives to merge
Proposition 2.b shows that even if the merged entity behaves like a private firm by maximizing
profit, the public firm could have an incentive to merge. Indeed, when o = 1, the merger improves the
welfare if the technology gap is high (6 > 0.89). By considering a mixed triopoly and considering that
firms have identical technology, Nakamura and Inoue (2007) and Artz et al. (2009) show that when
«a = 1, the public firm have no incentive to merge with one private firm. We show in this paper that
if costs are asymmetric, the public firm could have an incentive to merge.

‘?%(a’f) >0
AW, = W, — Wy



The following lemma compares o and ™. _ _

Lemmal o% >a™ V0> 0; There exists § € |—o0; 0 such that a® < o™ for 6 < 6.

According to Lemma 1, when private firms technology is at least identical to that of public firm
(0 > 0), o is greater than ™. On the other side, when Parameter # is low than the critical value
5, the reverse happens (a* < ™). The approximative value of ] (value of € such that o™ = a7) is
—0.00038.

Taking into account propositions 6, 7 and lemma 1, we obtain the following proposition:

Proposition 3 The private firm and the public firm will merge when 6 > 0 and o™ < a < .

Fig.3: Public and private firms incentive to merge
Zone 1- Neither the public nor the private firm want to merge
Zone 2- Both, public and private firms want to merge
Zone 3- Only the public firm wants to merge
Zone 4- Only the private firm wants to merge

From this proposition, it can be concluded that public and private firms merge when the share-
holders of the private firm own a high enough percentage of the shares in the mixed merged firm and

0e }5, 1 [ It should be emphasized that the interval in which this merger can occur when public firm

has "technological forwardness" ([5, 0 {) is very narrow, with 0 — 0 ~ 0.00038. In other words, there is

practically no possibility of merger when the public firm has "technological forwardness".

4 Conclusion

This paper explores the incentives for mergers in an asymmetric mixed oligopoly consisting of a single
public firm and two symmetric private firms. When considering the merger of a public firm with a
private one, we show that both firms decide to merge if 8 > 6 and the shareholding ratio of private
firm is @ € (o™, a®). This happens because when the public firm is less efficient than a private firm,
the gains in efficiency resulting from the merger are greater than the deadweight loss that results
from market power after the merger. Moreover, when 6 > 0.9, both firms want to merge even if the
merged firm is owned only by private sector. This result is fairly remarkable in that it expands the
result obtained by Artz et al. (2009). They show that in mixed triopoly where firms have identical
technology, the merger can occur when « is relatively low. Yet, we show that when the technological
gap is high enough, the merger between the public firm and one private firm often includes complete
privatization.



Two interesting extensions of our model remain. One is to explore the model where private firms
are owned by foreign shareholders. This situation would have an impact on the firm’s decision to
merge and equilibrium outcomes, since social welfare may not include the profits of the foreign firm .
The other extension is to endogenize the decision to merge. Assuming a model with two symmetric
private firms and one inefficient public firm with linear cost, Kamijo and Nakamura (2009) show that
the only stable market structure contains a merged public-private firm. Kamaga and Nakamura (2007)
obtained similar results by considering that firms have identical technologies with increasing marginal
cost. The introduction of asymmetry across the firm’s technologies is important for further research
of endogenous mergers in mixed oligopoly.

APPENDIX

Appendix 1:
Change in output for merged firm: go1. — (goa + ¢1a) =

2 10a—90a+262a—2
(13—60)(60—4a+20a—7)
Setting this expression equal to zero, yields to: a = Mm. If a > m — The output

of the merged firm decreases. If o < (9_2)%729_5) — The output of the merged firm increases.

10a—90a+20%a—2

Change in output for outsider: go. — gop = — (0=2)(60—13)(60—1a T20a=7)
Setting this expression equal to zero, yields to: a = W—Z)?m' Ifa< W — The output

of the outsider decreases. If a > W — The output of the outsider increases.
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Fig.4: Graphical representation of azw_m?m

Appendix 2:

Proof of proposition 2.a: The owners of the private firm will want to merge if the profit that they
obtain in the merged entity a(mp1)., is greater than the profit obtained by the private firm in the
mixed triopoly (m14). Let Am. = a(mo1)e — (714)

[a?(0 — 2)(—32400 + 277602—104093+14404+1393)
+(28416 — 44800°432400° —11040* +1446° —625)

Ap - L +21160°—21280 — 9120°+1446"+784
Te =~ (2-6)(66—13)2(66 —da 1 20a—7)2
If we denote ™, the value of parameter « such that ArY = 0:
[ 284160 — 44800°+32400° —11046*+1446° —625
o — 1 L+(20-3)(60 —13) V=20 6186 + 28 8250°—20 9686°+83600" —17280°+1446°+6001

2 (6—2)(—32400+ 277602 — 104063+ 14467 +1393)
The sign of Am. depends on that of its numerator. Since this numerator is a quadratic and convex

function of o and is equal to zero when « = o™, therefore a(mo1)e > (714) if and only if a > ™.

"Fjell and Pal (1996), Pal and White (1998) et Fjell and Heywood (2002) analyzed a mixed oligopoly that includes

foreign firms. l



Proof of proposition 2.b: Since the public firm aims to maximize the social welfare, it has an

incentive to merge if the welfare gain is positive after the merger. Let AW, = W, — W,

a2(0 — 2)°— (15540 + 11840° —3926°+486*+739)
—4a(0 — 2)(1630 — 800 +120°—101)

ATV — +4346 — 3126 +726°—200

We =~ 2(0—2)%(60—13)2(60—4a+20—7)2
If we denote ™, the value of parameter o such that AW, = 0:

w _ 1 —2576+3236% 2667 +30"+ 101 4 (6—5)(6—12) (5 v/2) V—6926+76262—4156°+11267—1265+248
o =3 (2991 739219931 941 29 (§—2)2
The sign of this expression depends on that of its numerator. Since this numerator is a quadratic

and convex function of « and is equal to zero when o = v, therefore W, > W, if and only if a < a.
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