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A Theory of Mergers and Merger Waves

Abstract We consider a sequential merger game between Cournot firms with ho-
mogeneous product and quadratic cost. A large slope of the marginal cost function or
a small slope of inverse market demand are both predicted to increase the incentive
to merge. The profitability of any merger increases with the number of mergers hav-
ing already taken place. Thus, mergers tend to occur in waves in industries that have
experienced exogenous shocks affecting firms’ cost or demand. We also show some
mergers that are not profitable for merged firms in the short-run may take place in the
early stage of a wave.
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1    Introduction

Mergers and acquisitions (M&A) often occur in cyclical patterns: Periods of intense
merger activity are followed by periods of relative calm. For example, 1998–2000
witnessed over $1.5 trillion worth of announced deals each year while 2001 saw only
half as much, as the dotcom era came to an end. After a short period of repose,
nevertheless, M&A activities reached another high in 2006; for the first time, the
announced value of M&A reached $4 trillion in one year.1 The trend continued in
mid-2007 until the subprime loan crisis puts an end to this wave. Yet, the value of
M&A in the first two quarters of 2007 still reached $2.7 trillion, 58% higher than the
first half of 2006.2 In this paper, we provide a simple model of horizontal mergers to
explain merger waves and related stylized facts from the empirical literature.

1 The Economist, Economic and financial indicators, Jan 23, 2007.
2 The Economist, Economic and financial indicators, Jul 7, 2007.
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This literature (e.g., Mitchell and Mulherin, 1996; Andrade et al., 2001) has uncov-
ered several important facts about mergers and acquisitions over the 20th century. The
first stylized fact is the wave phenomenon mentioned above. The second stylized fact
identified by empirical studies is that mergers concentrate in industries that are subject
to exogenous shocks. These shocks include: technological innovations, supply shocks
or changed market demand, and deregulation. The third stylized fact is that acquir-
ers’ returns are, on average, negative (see Bradley et al., 1988; Jennings and Mazzeo,
1991; Banerjee and Owers, 1992; Byrd and Kickman, 1992).

These stylized facts are puzzling and hard to reconcile theoretically. A large man-
agement literature has developed attempting to explain the empirical findings. Some,
for example, Mitchell and Mulherin (1996), Andrade and Stafford (2004), have ar-
gued that mergers are an efficient response to exogenous shocks. Others, for exam-
ple, Morck, Schleifer and Vishny (1990), Schleifer and Vishny (2003), Gorton, Kahl
and Rosen (2005), have used managerial incentives or market inefficiency to explain
merger waves.

In contrast to the large number of studies in the management literature, there are
relatively few contributions from economists. Faulı́-Oller (2000) and Qiu and Zhou
(2007) are among the few works on merger waves. Faulı́-Oller (2000) analyzes a se-
quential merger game in an industry consisting of four firms, two with lower constant
marginal cost and two with higher constant marginal cost. It is profitable for low
cost firms to buy high cost firms under some conditions. In addition, mergers may
be strategic complements in some case: it is profitable for a low cost firm to buy a
high cost one only if previously another low cost firm has bought another high cost
firm. Qiu and Zhou (2007) consider an n firm market in which firms have different
marginal costs and obtain similar results.3 These studies have mainly focused on a
setting where firms differ in production costs, and merger takes place when firms with
lower marginal cost acquire those with higher marginal cost.

In this paper, we analyze a sequential merger game between Cournot firms with
homogeneous product and quadratic cost function. The market initially consists of N
identical firms with quadratic cost function. In the pre-merger market, firms engage
in Cournot competition. In face of exogenous shocks, such as supply shock, changed
market demand or a more friendly antitrust policy toward mergers, firms play a se-
quential merger game in which a pair of firms simultaneously decide whether to merge
in each round. After the merger game has been completed, the remaining firms engage
in Cournot competition to maximize profit.

Even this simple model brings forth several interesting results. The first prediction
is on profitability of mergers. There is an incentive to merge when the slope of firm’s
marginal cost function is large or the slope of inverse market demand is small.

3 Nocke and Whinston (2008) also find mergers to be complements in a similar model as Qiu
and Zhou.
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The second prediction is on the pattern of merger activities. The model predicts that,
in the absence of entry, mergers and acquisitions always take place in waves. This is so
as mergers are complements. Whenever it is profitable for the first merger, subsequent
mergers become increasingly profitable. In addition, our model predicts that some
mergers may take place even if they are not profitable by themselves. Here, what
the initial unprofitable mergers have accomplished is simply to get the bandwagon of
mergers started. As the wave of mergers move on, ultimately, all mergers become
profitable.

The last prediction is that market can be fully monopolized when entry is not al-
lowed and there were no outside intervention from the antitrust authority. This is so
as, after the first wave of mergers in which every two oligopolists have merged into a
larger oligopolist, they will have further incentives to consolidate in the post-merger
market, well until the market is fully monopolized.

We also consider an extension in which firms produce differentiated products with
quadratic costs, and obtain similar results. We show that product difference plays a
similar role as increasing marginal cost in enhancing firm’s incentives for mergers.
The results for the extended model are presented in the Appendix.

A large number of empirical studies have found amble evidence that mergers are an
efficient response to exogenous shocks, in the form of changed demand and supply, or
deregulation. We provide a model on the possible mechanism that makes merger an
efficient response to the exogenous shocks. Thus, it contributes to our understanding
of mergers and merger waves, and is an useful addition to the literature.

This paper is related to a large literature on horizontal mergers. Early literature
on horizontal mergers suggests that mergers are rarely profitable for participants. For
example, in a Standard Cournot setting, Salant, Switzer and Reynolds (1983) have
shown that merger is generally unprofitable unless more than 80% of firms merged
into one, known as the Merger Paradox in the literature. Subsequent studies (e.g.,
Perry and Porter, 1985; Heywood and McGinty, 2007) have shown the merger paradox
can be relaxed when firms have quadratic costs.4 Perry and Porter (1985) is the first to
show that quadratic cost may increase firms’ incentive to merge. In addition, they have
pointed out the possibility of bandwagons in the industry.5 Heywood and McGinty
(2007) investigate how cost convexity affects the incentives for an m-firm merger in a

4 Deneckere and Davidson (1985) have shown that any merger is profitable when firms produce
differentiated products and engage in price competition. Banal-Estãnol (2007) shows that in
an uncertain environment where firms have independent private information, the information-
sharing advantage may increase firm’s incentives to merge.
5 In analyzing the effects of changes in productive asset ownership between Cournot
oligopolists, Farrell and Shapiro (1990a) have also pointed out that the purchase of capital of a
small rival by one large firm may make additional capital purchase profitable for other pairs.
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symmetric N firm market.6 However, none of these studies models the merger game
and analyzes merger waves as an equilibrium phenomenon.

The remaining part of this paper is developed as follows. Section 2 introduces the
basic model. In Section 3, we analyze the post-merger Cournot equilibrium and de-
rive some preliminary results. In Section 4 we discuss firms’ incentives to merge in a
market with no entry, while in Section 5, we extend the model by allowing entry into
the market. We show that the threat of entry may halt an otherwise irresistible trend
toward monopolization, even in the absence of antitrust interventions. Section 6 con-
cludes. Appendix A includes the proofs of the main results. Appendix B analyzes an
extended model in which firms produce differentiated products with quadratic costs.

2    Basic Model

We consider a standard Cournot oligopoly model with quadratic costs. The industry
initially consists of N identical firms producing a homogeneous good. We assume that
entry is not allowed, but will relax this assumption in Section 5. Firms have identical
cost functions C(q) that are increasing and strictly convex. For tractability, we assume
in particular that

C(qi) = αq2
i + βqi + θ,

where θ � 0 is a fixed cost each firm incurs to produce any output.7

Firms face a demand function P (Q), where Q denotes the total output supplied by
all firms, and

P (Q) = A − bQ.

We assume α > 0, β > 0 and A > β. The model is similar to that of Heywood and
McGinty (2007), however, unlike in that paper, we put no restrictions on b, as we wish
to examine the effect of changes in b on firms’ incentives to merge.

The game consists of two stages. In the first stage, firms make decisions on whether
to merge or not. In the second-stage, the remaining firms engage in Cournot compe-
tition and realize profits. The equilibrium concept we use is subgame perfect Nash
equilibrium.

The merger game in the first stage is a sequential-move game where a pair of firms
simultaneously decide whether to merge in each round. We focus on two firm merg-
ers. Since firms are identical, we do not distinguish between proposer and target, or
between acquirer and acquiree. At the beginning of the game the N firms are randomly
paired with each other. Without loss of generality, we assume firms 1 and 2 are paired

6 Heywood and McGinty restrict the slope of inverse market demand curve to be one, and thus,
do not examine how market demand affects incentives for merger.
7 When α = 0, this becomes the constant marginal cost model of Salant et al. (1983). Thus,
our model incorporates theirs as a special case.
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together, firms 3 and 4 are paired together, etc. When N is an odd number, firm N ,
which is randomly picked, is not paired with any firm.

In the first round, firm 1 and firm 2 independently decide on whether they want to
merge with each other: choosing between “merge” and “not to merge”. Merger takes
place when both firms have chosen “merge”; otherwise, they stay independent in the
post-merger market. After firm 1 and 2 have decided, the game moves to the next
round when firm 3 and 4 make choices. The first stage ends when all paired firms
have made their merger decisions. Two firms have an incentive to merge if the profit
of the merged entity is greater than what they can get by staying independent (not
merging with any firm).8 Note that no firm has the power to block the merger game. By
choosing “not to merge”, a pair of firms end up remaining as independent firms in the
second stage, however, their choices will not stop the merger game from proceeding
to the next round when another pair make merger decisions. This is different from Qiu
and Zhou (2007), in which the entire merger game ends whenever a target firm rejects
a proposal to merge.

After the first stage merger game ends, firms engage in Cournot competition to
maximize profits. We summarize the timing of the game in Fig. 1.

Fig. 1 Timing of Events

3    The Second Stage: Cournot Competition

With N firms and no mergers in the market, the unique symmetric Cournot equilib-
rium is as follows. Each firm produces output

8 This will be true if both firms can take a share of the profit from the merger. In this case, firms
will have an incentive to choose “merge” if merger increases their combined profits.
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q∗ =
A − β

b(N + 1) + 2α
,

and the market price is given by

P ∗ =
bA + 2αA + bNβ

b(N + 1) + 2α
.

Each firm’s equilibrium profit is

π0(N) =
(A − β)2(b + α)
[b(N + 1) + 2α]2

− θ.

Next, we determine the Cournot equilibrium in the post-merger market after some
mergers have occurred. A merger of two firms results in an equilibrium with N − 2
smaller firms and one larger firm (denoted Firm C) with two plants. As each plant
of Firm C has an identical strictly convex cost function, the optimal allocation of
production across its plants is a symmetric one. That is, each plant produces an output
of qC/2, where qC denotes the total output of Firm C. Thus, Firm C has the total cost
function

C(qC) =
α

2
q2
C + βqC + θC .

Here θC denotes the post-merger fixed cost of Firm C, which was formed from two
smaller firms. Clearly, the value of θC relative to 2θ will influence the value of any
merger. We will concentrate on the case in which there is no fixed cost saving, so
θC = 2θ. We will characterize the circumstances under which merger is profitable
in this restricted situation, while keeping in mind that allowing fixed-cost saving will
increase incentives to merge.

In an asymmetric market in which h mergers have occurred, with each merged firm
consisting of two previously independent single firms (i.e., ‘plants’), there are N −2h

nonmerged firms and h merged ones. For the discussion to be of relevance, we assume
N � 4; there are at least four firms initially.

For notational purposes, let nh = N − 2h be the number of nonmerged firms in
the market after the first stage of sequential merger game ends. The superscript h

represents the number of mergers that have already taken place. We denote the profit
of a merged firm by πh

Ci and output by qCi, and denote the profit and output of a
nonmerged firm by πh

ui and qui. At times when there is no risk of confusion, we
simply write qCi as qC , and qui as qu.

A merged firm with two plants chooses qCi to maximize

πh
C(qCi) =

[
A − b

(
nhqu + qCi + (h − 1)qC

)]
qCi −

[α

2
q2
Ci + βqCi + θC

]
,

while a nonmerged firm chooses qui to maximize

πh
u(qui) =

[
A − b

(
(nh − 1)qu + qui + hqC

)]
qui −

[
αq2

ui + βqui + θ
]
.
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The Cournot equilibrium output for a merged firm and a nonmerged firm can then be
derived as:

qC =
(A − β)(2α + b)

[(N − h + 1)b2 + (N + 3)αb + 2α2]
, (1)

qu =
(A − β)(α + b)

[(N − h + 1)b2 + (N + 3)αb + 2α2]
.

The equilibrium market price is:

Ph =
(b + 2α)(Ab + Aα + hβb) + nhαβb + nhβb2

[(N − h + 1)b2 + (N + 3)αb + 2α2]
.

In the asymmetric Cournot equilibrium, the profit for a merged firm is

πh
C =

(A − β)2(2α + b)
(

b2 + 2αb +
αb

2
+ α2

)

[(N − h + 1)b2 + (N + 3)αb + 2α2]2
− θC ,

while the profit for a nonmerged firm is

πh
u =

(A − β)2(α + b)(b2 + 2αb + α2)
[(N − h + 1)b2 + (N + 3)αb + 2α2]2

− θ.

Of particular interest is the case of h = 1 as we are interested in determining the
condition for the first two-firm merger to be profitable. In this case, the outputs

qC =
(A − β)(2α + b)

[Nb2 + (N + 3)αb + 2α2]
, (2)

qu =
(A − β)(α + b)

[Nb2 + (N + 3)αb + 2α2]
,

and the equilibrium price

P =
(2α + b)(Ab + βb + Aα) + (N − 2)βb2 + (N − 2)αβb

[Nb2 + (N + 3)αb + 2α2]
.

The profit for the merged firm is

π1
C =

(A − β)2(2α + b)
(

b2 + 2αb +
αb

2
+ α2

)

[Nb2 + (N + 3)αb + 2α2]2
− θC , (3)

and the profit for a nonmerged firm is

π1
u =

(A − β)2(α + b)(b2 + 2αb + α2)
[Nb2 + (N + 3)αb + 2α2]2

− θ. (4)
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4    First Stage: Merger Game

4.1 First Merger

To determine whether there is an incentive for two firms to merge, we examine the
difference in total profits for merging firms before and after the merger, D1 = π1

C −
2π0, where π0 is the profit of a firm in the pre-merger Cournot equilibrium. Hence,

D1 =
(A − β)2(2α + b)

(
b2 +

5αb

2
+ α2

)

[Nb2 + (N + 3)αb + 2α2]2
− 2(A − β)2(b + α)

[b(N + 1) + 2α]2
+ 2θ − θC .

When D1 > 0, profit of the merged firm in the post-merger equilibrium, assuming
no other pairs would merge, is greater than total profit of participant firms before the
merger. A single two-firm merger is profitable in the N-firm market. When D1 < 0, a
single merger is not profitable.

As noted above, we assume there is no fixed-cost saving, so 2θ − θC = 0. If, in
addition, firms had a constant marginal cost, so that α = 0, the profit difference would
be

D1 =
(A − β)2

b

[
1

N2
− 2

(N + 1)2

]
.

Then D1 > 0 requires that N <
1

2
√

2 − 1
= 2.4142, so there would be no incentive

to merge unless, there were only two firms in the market initially and a merger would
result in full monopolization. However, once increasing marginal costs are allowed
for, we have the following result:

Proposition 1. For any market size N , there is a value ε2(N) such that the first
two-firm merger is profitable by itself if and only if α/b > ε2(N).

Here firms’ incentives to merge depend on two factors: the quadratic cost parameter
α and the slope of the inverse market demand curve b. It is not surprising that the cost
parameter α affects the incentives to merge, as α determines how fast marginal cost
rises with output. Increasing marginal cost weakens nonmerged firms’ incentives to
expand output to profit from the higher market price after a merger. This enhances the
merged firm’s ability to increase market price by contracting its own output. The larger
α is, the smaller increase there is to nonmerged firms’ outputs after the merger; and as
a result, the higher market price will be. Meanwhile, the merged firm also has lower
marginal cost because of the reduced total output. Thus, larger α increases firms’
incentive to merge. Perry and Porter (1985) are the first to point out that mergers may
be profitable when firms have quadratic cost. Subsequent researches, for example,
Kamien and Zang (1991) and Heywood and McGinty, have made similar findings.
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However, it is less obvious how the slope of market demand curve plays a role. But
the intuition turns out to be fairly simple. A merged firm can increase its markup of
price over marginal cost either by increasing price or by reducing marginal cost. When
the slope of inverse market demand b is small, market price is not very sensitive to
output change. In this case, output reduction by the merged firm reduces its marginal
cost but does not increases market price much. The little changed price in turn gives
nonmerged firms less incentives to expand their outputs, thereby reducing the negative
effect of free-riding by nonmerged firms.

The ratio of the two parameters, α/b, therefore reflects the extent of externality or
free-rider problem associated with a merger. When α/b is high, merger participants
capture most of the profits that result from the merger. The free-rider problem is
minor and the incentive to merge is strong. When α/b is low, merger participants
capture only part of the profit from the merger. Free-riding is a serious problem and
the incentive to merge is weak.

An implication of this result is that exogenous changes that increase the ratio α/b

enhance firms’ incentives to merge, and may lead to mergers that would not have been
profitable prior to the change. This is consistent with empirical evidences. For ex-
ample, Mitchell and Mulherin (1996) have showed that deregulation, oil price shocks,
foreign competition, and financial innovations can explain most takeover activities in
the 1980s. A recent article on Airline mergers appearing in The Economist also cited
“DARKENING economic clouds, oil at $114 a barrel” as the main cause that results
in the proposed merger between Delta and Northwest, and may lead to more mergers
in the industry.9

Note that Proposition 1 only indicates that in the first round, firms 1 and 2 have an
incentive to merge. Or for its part, any two firms will choose “merge” if they know
no other firms will do so. The merger between the two firms is profitable by itself.
Proposition 1, however, has no prediction as to the profitability of the merger if the
two know that some other firms will merge as well. It certainly has no implication
on subsequent mergers after one has already taken place. This is so as a merger af-
fects not only the profit of merging firms but also the profit of those who will remain
independent in the post-merger market. As a result, whenever a merger takes place,
it changes the incentives of those who haven’t merged for further mergers. Focus-
ing on a single two-firm merger, Proposition 1 therefore lacks predicting power on
subsequent mergers after one has already occurred.

To be precise, we look at what happens to the profit of a nonmerged firm after
a single two-firm merger. In the post-merger equilibrium, the profits of nonmerged
firms strictly increase. In the pre-merger equilibrium, each of the N firms has a profit
of

9 The Economist, “Business: Trouble in the air; Airline mergers”, Apr 19, 2008. Vol. 387, Iss.
8576; p.75.
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π0(N) =
(A − β)2(b + α)
[b(N + 1) + 2α]2

− θ,

while after the merger, each nonmerged firm has a profit of

π1
u =

(A − β)2(b + α)3

[Nb2 + (N + 3)αb + 2α2]2
− θ > π0(N). (5)

This result is consistent with the findings of previous researches. Farrell and Shapiro
(1990b) have shown that any mergers between Cournot firms that generate no syner-
gies raise market price. The increase in price, however, gives nonmerged firms an
incentive to expand output and profit from the merger. Hence, merging firms do not
capture all the gains from the merger; and mergers that would increase total industry
profits may not occur in many circumstances.

4.2 Subsequent Mergers and Merger Wave

In above, we demonstrate that the profitability of the first two-firm merger depends
on the slope of marginal cost function and the slope of inverse market demand. This
raises the question of whether further mergers are profitable, given that an initial two-
firm merger is profitable. One obvious way to pursue this question is to ask: If the
market has already seen h � 1 two-firm mergers occur, does it imply that a further
merger by two previously independent firms is profitable?

We now examine the incentive for any two remaining firms to merge when there
have already been h mergers. Before determining the profitability of mergers, it is
instructive to look at the effect of additional mergers on firms’ output and market
price in equilibrium. In this case,

qC =
(A − β)(2α + b)

[(N − h + 1)b2 + (N + 3)αb + 2α2]
,

qu =
(A − β)(α + b)

[(N − h + 1)b2 + (N + 3)αb + 2α2]
,

Ph =
(2α + b)(Ab + Aα + hβb) + (N − 2h)(αβb + βb2)

[(N − h + 1)b2 + (N + 3)αb + 2α2]
.

Clearly, both a merged firm’s output qC and a nonmerged firm’s output qu are in-
creasing in h. Further, we have that:

∂Ph

∂h
=

b2(2α + b)(α + b)(A − β)
[(N − h + 1)b2 + (N + 3)αb + 2α2]2

> 0, (6)

due to our assumption that A > β. Hence, profits of merged firms and nonmerged
firms are both increasing in the number of mergers having already taken place, πh+1

C >

πh
C , πh+1

u > πh
u .

Now denote the profit difference πh+1
C − 2πh

u by Dh+1, so that
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Dh+1 =
(A−β)2(2α+b)(b2+2.5αb+α2)
[(N−h)b2+(N+3)αb+2α2]2

− 2(A−β)2(α+b)3

[(N−h+1)b2+(N+ 3)αb+2α2]2
.

After rearranging terms we have

Dh+1 ={(−1.5N2 − 3N + 2h + 30.5)α3b4 + 2α5b2 + (−2N + 14)α4b3

+(−4N2 + 3Nh + 2N + h + 28)α2b5 + (−3.5N2 + 5Nh + 5N − 1.5h2

−3h + 10.5)αb6 + [−(N − h)2 + 2(N − h) + 1]b7}Ψ(h),

where

Ψ(h)=
(A−β)2

[(N−h−1)b2 + (N+3)αb+2α2]2[(N−h+2)b2+(N+3)αb+2α2]2
.

To simplify notation, we denote the term in brackets {} in Dh+1 that multiplies Ψ(h)
as Γ(h) and thus, Dh+1 = Γ(h)Ψ(h). Clearly, Ψ(h) is strictly positive for any h ∈
{0, . . . , N/2 − 1}, so Dh+1 > 0 if an only if Γ(h) > 0.

Proposition 1 shows that when α/b is large enough, there is an incentive to merge,
D1 > 0. It turns out this is also sufficient for merger to be profitable in any round h.

Proposition 2. Suppose the first two-firm merger is profitable. Merger is increas-
ingly profitable, that is,

∀h � 1, Dh+1 > Dh.

Whenever there exists an incentive to merge in the first round, there would be an
incentive to merge in every round of the sequential merger game. Hence we have the
following results:

Corollary 1. If the first two-firm merger is profitable, every pair of firms choose
“merge” is a subgame perfect Nash equilibrium of the sequential merger game.

While Proposition 2 demonstrates mergers are increasingly profitable, one may still
wonder whether a pair of firms might deviate by choosing “not to merge” and wait for
the other firms to reduce competition by merging. By choosing “not to merge”, both
firms will stay independent in the post-merger market. But increasing profitability
indicates that regardless of the choice of the other firms, the two strictly prefer to
choose “merge”. To see this point, consider the problem facing two firms, firms 2h−1
and 2h at round h. By choosing “not to merge”, they stay independent in the post-
merger market, and each would get higher profit than a member of merged firms. But
by merging, they can do even better than by staying as two independent firms.

An interesting feature arises in a market initially consisting of odd number of firms.
In this case, firm N is not paired with any firm. As an independent firm in the
post-merge market, firm N gets higher profit than a member of the merged firms,
Π(N−1)/2

u > 0.5Π(N−1)/2
C . While each member of the merged firms would rather
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take firm N ’s position and be the sole independent firm, they will choose “merge” in-
stead of “not to merge” when making merger decision. For should they choose “not to
merge”, there would be only (N − 3)/2 merged firms and everyone would lose from
this choice, including themselves as Π(N−3)/2

u < 0.5Π(N−1)/2
C .

The above result helps to explains why mergers occur in waves. For example, when
an industry is subject to exogenous shock, market demand change or supply shock
that affects production costs, in our model, b decreases or α increases, firms will have
an incentive to merge with each other. As each additional merger makes subsequent
mergers more profitable, we would expect a wave of merger activities in response to
the exogenous shock.

In addition, our model has another implication, that is, mergers may take place
even if the first two-firm merger, say the merger between firm 1 and 2 in the first
round, strictly reduces total profits of the two.

To simplify analysis, we assume N is an even number, so each firm is paired with
another. When α/b < ε2(N), the first merger between firm 1 and firm 2 is not prof-
itable. If firm 1 and firm 2 are myopic, they will have no incentive to choose “merge”
in the first round. In the second round, observing firm 1 and firm 2’s choices of “not
to merge”, it is also a best response for firm 3 and firm 4 to choose “ not to merge”.
This is true for every round. However, this is not the only equilibrium of the game.
It turns out that, as long as the last two-firm merger is profitable conditional on firms
in previous rounds have all merged, there exists an equilibrium in which firms choose
“merge” in every round of the sequential merger game.

Proposition 3. Suppose DN/2 > 0, there exists a subgame perfect Nash equilib-
rium in which all firms choose “merge” in every round of the merger game.

Detailed proof can be found in the appendix, and we only give an equilibrium strat-
egy here. At any round h ∈ {1, . . . , N/2}, given that k � 0 mergers have taken place
previously, firms 2h−1 and 2h choose “merge” if Dk+N/2+1−h > 0; and choose “not
to merge” otherwise. What this implies for firms 1 and 2 is that they should choose
“merge” in the first round as long as DN/2 > 0. In rounds h � 2, firms 2h− 1 and 2h

choose “merge” if h−1 mergers have occurred, or while only k < h−1 mergers have
occurred, their merger would become profitable if all subsequent firms will choose
“merge”.

This result indicates that the condition α/b > ε2(N) is a sufficient but not neces-
sary condition for profitable mergers and merger waves. Merger waves can take place
even if mergers at the early stage of a wave are not profitable by themselves.

4.3 Full-Monopolization

For exposition purpose, we suppose that there are 2k (k ∈ Z++) number of firms in the
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market before any merger has happened, N = 2k. Also suppose there is an incentive
to merge in the symmetric pre-merger market, D1 > 0. Proposition 2 indicates that
the first merger triggers a sequence of mergers, in which two firms form a two-plant
firm. After the first wave of mergers, the market is symmetric with N/2 larger firms,
each of which now consists of 2 plants and has the cost function

C(qC) =
α

2
q2
C + βqC + θC .

What will happen in the post-merger market? Will there be any further incentives to
merge? The answer is yes. There is definitely an incentive for further mergers and
acquisitions in the market. Without any outside intervention, a second wave of merg-
ers would ensue. Furthermore, new waves of merger will take place after the second
wave, well until the market is fully monopolized. This result is summarized as follows.

Proposition 4. In a Cournot oligopoly market with N firms, where N = 2k, if a
two-firm merger is profitable, then k waves of mergers can take place until the market
is fully monopolized.

Thus, if there ever exists an incentive to merge in a symmetric N-firm market, then,
unless blocked by the antitrust authority, the consolidation process could continue till
there is only one firm left in the market. Of course, this does not imply that full
monopolization will take place in real world, as many factors may prevent it from
happening.

One factor that may hinder firms from continuing consolidation for monopoly is the
threat of potential entry. As more and more firms have merged, competition is reduced
and market price goes up. At certain point, firms currently not in the market will find
it profitable to enter the market. However, as we will show in the next section, merger
becomes unprofitable if it induces subsequent entry. Thus, the existence of potential
entry may stop an otherwise irresistible trend toward monopolization in many indus-
tries. Another factor not analyzed in our model but is of practical concern is that a
firm may become too big to be managed efficiently, which tends to discourage further
mergers by large firms. The final and most important factor is antitrust enforcement
that can block mergers in a highly concentrated market.

In the U.S., firms have been required to notify the antitrust authorities of all mergers
above a certain size since 1976. The antitrust enforcement agency may require addi-
tional information concerning the merger for further investigation. In some cases, the
antitrust authority can challenge the merger and prevent it from being completed. For
example, recently, the Federal Trade Commission has blocked Pepsi’s planned acqui-
sition of 7UP and Coca Cola’s acquisition of Dr Pepper. In 2001, the U.S. Department
of Justice blocked General Dynamics’ merger with Newport News Shipbuilding, the
only other nuclear submarine builder for the U.S. Navy (Baker 2003). Hence, there is
probably little risk of monopolization with the existence of antitrust enforcement.
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However, our analysis does show that one needs to take into account the benefits
from the deterrence effect of antitrust law in quantifying the effect of antitrust policy
on consumer welfare. In a recent work, Crandall and Winston (2003) have questioned
the effectiveness of antitrust policy and whether its enforcement increases competi-
tion to the benefit of consumers. They argue that the antitrust policy is ineffective as
the antitrust authorities have difficulties sorting out mergers that may stifle competi-
tion. Baker (2003), on the other hand, argues that it is hard to gauge the gain from
antitrust enforcement as its primary benefit comes from the deterrence on anticom-
petitive conduct that is never observed. Our model provides support to Baker on the
deterrence effect of antitrust policy and enforcement. By intervening in merger cases
that may significantly increase market concentration and stifle competition, the an-
titrust authority may help to prevent monopolization in many industries, which might
have happened without the threat of antitrust interventions.

5    Merger and Entry

In above we assume that entry is not possible and thus, any merger necessarily reduces
the number of firms and with it competition in the market. This may be appropriate for
industries in which there are barriers that make new entry too costly, but may not be
realistic for many industries in which entry barrier is not prohibitive. In what follows,
we extend the basic model by allowing entry by outside firms into the market under
consideration.

To model firms’ entry and merger behavior, we assume that there are many but finite
potential entrepreneurs who might start a firm in this market. Entrepreneurs may have
different abilities operating a firm and this will have effect on firms’ total cost. We
assume that the total cost of any firm i in the market that is operating m plants and
producing output qi is given by:

C(qi) =
αq2

i

m
+ βqi + θ + Ei.

Each entrepreneur gets a draw of Ei from some distribution F with support [e,∞)
where e > 0. If we think now about the original Cournot-Nash equilibrium with no
mergers but entry, there will be some number of firms, N, that are operating in the
market, and these will be operated by the N potential entrepreneurs who get the N
lowest draws from the distribution.

All firms in the no merger Cournot equilibrium will earn the same gross profit
π0(N), where

π0(N) =
(A − β)2(b + α)
[b(N + 1) + 2α]2

− θ.

But firms’ economic profits Πi (net of Ei) will vary. Without loss of generality, we
number the firms 1, 2, ...., N in order of increasing Ei values. Prior to the merger,
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the number of firms N will be determined by the conditions EN � π0(N) and
EN+1 > π0(N + 1).

Fact 1. No firm will exit the market after any merger.

This is obvious as incumbent firms’ profits can not decrease after a profitable merger.
First, the merged firm will not exit the market. For two firms to have an incentive to
merge, their total profit after the merger must be greater than before the merger and
thus, the merged firm should not exit. Second, in the absence of entry, profit for each
of the nonmerged firms strictly increases after the merger. This implies no incumbent
will exit the market after any mergers.

A merger involves one entrepreneur i paying the other entrepreneur j to exit, with
the merged firm being operated by the remaining entrepreneur i. We assume that
the entrepreneur j who sold his firm can not enter the market again and thus, entry
decision only involves entrepreneurs not currently in the market. This assumption
is made without loss of generality as in real world, any buying-out contract always
includes exclusive clause preventing the entrepreneur from entering the same market
for some period of time.

If firm N is marginal before the merger, π0(N) = EN , it turns out that allowing
entry will have no effect on the incentive for the first merger.

Proposition 5. If firm N with EN has zero profit in the pre-merger equilibrium, then
the incentive for the first merger remains unchanged with or without entry.

Consider a N-firm market with (α, b) and entry barrier due to government regula-
tions. Suppose initially firm N breaks even and (α, b) is such that α/b > ε2(N) and
thus merger is profitable. Now suppose the government deregulate and the entry bar-
rier is removed, Proposition 5 says that merger remains profitable even when potential
entrant might enter the market. In fact, no entry would occur after the first two-firm
merger. The reason is simple. Prior to the merger, the N firms are identical in technol-
ogy, have same marginal cost at any given output. The firm with the highest E breaks
even. If a new firm enters the market after the first two-firm merger, the post-merger
post entry market would have N firms with one firm more efficient than the other N-1
firms. This merged firm would produce more than the other N-1 firms. The profit for
each of the N-1 firm can not be greater than a firm’s profit before any merger and entry.
This would imply the firm with the highest E would have a loss in the post-merger post
entry equilibrium. Therefore, no entry would occur even if in post-merger market, all
firms make positive profits. Proposition 1 still holds, even if entry is allowed.

Of course, this result relies upon the assumption that in the pre-merger equilibrium,
firm N is marginal. This may not be true if we allowed the possibility that in the
original no-merger equilibrium,
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π0(N) > EN but π0(N + 1) < EN+1.

In this case, a two-firm merger may induce subsequent entry by firm N+1 into the
market. However, the first merger does not induce entry only if EN+1 is large, for
example, if EN+1 � π0(N), that is, firm N+1 could not profitably enter the pre-
merger market when there were only N−1 firms.

In addition, we know that no entry would occur as long as

(A − β)2(α + b)3

[(N + 2 − h)b2 + (N + 4)αb + 2α2]2
− θ < Ei,

where i is the firm with the lowest E among all potential entrant firms. The left-
hand side is the expected gross profit (before subtracting Ei) for the entrant firm in a
Cournot market with h 2-plant firms and N + 1− 2h single-plant firm. As long as no
entry occurs, there is always an incentive to merge after the first merger. But firms’ in-
centives change when a merger under consideration may induce entry after the merger.

Proposition 6. A merger is unprofitable if it induces subsequent entry.

Proposition 6 implies that entry plays the role of damper on mergers. The intuition
for this result is straightforward. By merging with another firm, a firm wish to reduce
competition and to increase market price. However, entry by an outside firm into the
post-merger market will more than offset the effect of merger. This is so as in the
post-merger post-entry market, there would be the same number of firms as before
the merger but with one firm, the merged one more efficient than the rest. As a result,
competition would be more fierce and market price would be lower than before merger
and entry. Hence, a merger is not profitable if it makes entry profitable.

One implication of this result is that partial or complete monopolization may not
be possible in markets with low entry barrier. Merger increases market price and
also the profit entrant firms expect to get. Thus, entry becomes increasingly likely as
more firms have merged. This frequently discourages firms from further consolidation
in a highly concentrated market where competition is low and profit margin is high.
This result also indicates that the antitrust authority should only worry about anticom-
petitive mergers in markets with severe entry barriers, for in markets with low entry
barriers, entry may stop mergers way before the market is fully monopolized.

6    Conclusion

We have consider a sequential merger game between Cournot firms that have quadratic
costs. According to our model, two equally important factors affect firms’ incentives
for merger: market demand and cost parameters. When the slope of the marginal cost
function α is large or the slope of the inverse market demand b is small, firms will
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have an incentive to merge. Previous studies have already shown the importance of
increasing marginal cost to the incentives for horizontal merger. Our contribution here
is to link the incentives explicitly to the ratio α/b in Cournot oligopoly.

With the sequential merger game, we have also shown that the profitability of a two-
firm merger increases with the number of mergers having already taken place. Thus,
whenever there is an incentive to merge, a sequence of mergers will occur in the mar-
ket. In addition, we have found that in some merger waves, mergers in earlier rounds
could be unprofitable by themselves. However, firms still carry out an otherwise un-
profitable mergers in order to facilitate some further mergers that might otherwise not
occur. Our model helps explain the empirical findings that mergers concentrate in
industries that are subject to exogenous shocks including changed market demand or
supply shock, and that mergers tend to occur in waves.

We have analyzed a model with free entry as well as one with no entry. We demon-
strate that while market can be fully monopolized in the absence of entry and antitrust
intervention, the threat of entry can stop an otherwise irresistible trend toward monop-
olization. In addition, the existence of antitrust enforcement may also help to prevent
monopolization in many industries.
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Appendix A: Proof of Main Results

Proof of Proposition 1. First, note that the profit difference D1 can be written as

(A−β)2[(−1.5N2+N+8.5)αb4+(10−2N)α2b3+2α3b2+(−N2+2N+1)b5]
[Nb2 + Nαb + 3αb + 2α2]2[b(N + 1) + 2α]2

(A.1)
The sign of D1 is determined by its numerator, and this is strictly positive if and only
if

(−1.5N2+N +8.5)αb4+(10−2N)α2b3+2α3b2+(−N2+2N +1)b5 > 0, (A.2)

which can be re-written as:



A Theory of Mergers and Merger waves 211

2α3b2 > K(N)αb4 + L(N)α2b3 + M(N)b5

with K(N) = 1.5N2 − N + 8.5, L(N) = 2N − 10 and M(N) = N2 − 2N − 1.
Note that all three of these functions are increasing in N for N � 2. Now, divide this
expression by α2b3 to get:

2
α

b
> K(N)

b

α
+ L(N) + M(N)

(
b

α

)2

Now, note that the LHS is increasing in ε ≡ α/b, while the RHS is decreasing in
ε. Thus, for any value of N , it is possible to find a value of ε large enough that the
inequality holds. �

Proof of Proposition 2. To prove the proposition, we show that Dh+1 is strictly
increasing in h for h = 0, 1, 2 . . ..

Here though h takes only discrete values, it is useful to treat Dh+1 as a function
of a continuous variable h and show Dh+1 is strictly increasing in h, by showing that
dDh+1/dh > 0. To show the first part, we note that when h = 0,

Γ(0)={(−1.5N2 − 3N + 30.5)α3b4 + 2α5b2 + (−2N + 14)α4b3

+(−4N2 + 2N + 28)α2b5 + (−3.5N2 + 5N + 10.5)αb6

+(−N2 + 2N + 1)b7}Ψ
=[(−1.5N2 + N + 8.5)αb4 + (10 − 2N)α2b3 + 2α3b2

+(−N2 + 2N + 1)b5](α + b)2,

which is strictly positive if α/b > ε2(N), as shown previously.10 Moreover, the con-
dition A > β implies that

Ψ(h) =
(A − β)2

[(N − 1)b2 + (N + 3)αb + 2α2]2[(N + 2)b + 2α]2(α + b)2
> 0.

for h ∈ {0, 2, . . . , N/2}. Thus, D1 = Γ(0)Ψ(0) > 0, as already shown in the
previous proof.

Next, we show that both the two terms Ψ(h) and Γ(h) increase in h. The first part
is easy, as Ψ(h) is clearly increasing in h,

dΨ(h + 1)
dh

> 0.

To show Γ(h) is increasing in h, we differentiate Γ(h) with respect to h,

dΓ(h)
dh

= 2α3b4 + (3N + 1)α2b5 + (5N − 3h − 3)αb6 + 2(N − h − 1)b7.

10 Note Γ(0) equals the product of a positive term (α + b)2 and the LHS term in (A.2).
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Given our assumption N � 4 and h � N/2− 1, it follows that 5N − 3h− 3 > 0 and
N − h − 1 > 0, and

dΓ(h)
dh

> 0.

As both Ψ(0) > 0 and Γ(0) > 0 while Ψ(h) and Γ(h) increase in h, it follows
immediately that for h > 0,

Ψ(h) > 0, Γ(h) > 0.

This condition, together with the conditions that dΓ(h)/dh > 0 and dΨ(h)/dh > 0,
indicates that

dDh+1

dh
= Γ(h)

dΨ(h)
dh

+
dΓ(h)

dh
Ψ(h) > 0,

and Dh+1 > Dh for h ∈ {0, 1, . . . , N/2 − 1}. �

Proof of Corollary 1. Here we show that under the condition ε2(N)>α/b, choos-
ing “merge” at any round h is a subgame perfect NE of the sequential merger game.

At first, in the last round, suppose k � 0 mergers have occurred. Given that the
first two-firm merger is profitable and two-firm mergers are increasingly profitable, it
is optimal for the two to choose “merge”. By choosing “not to merge”, the two would
get a combined profit of 2Πk

u. However, by choosing “merge”, they can get Πk+1
C ,

which is strictly greater than 2Πk
u by Proposition 2. Thus, it is optimal to choose

“merge”.
Given the last pair would choose “merge”, we move back to the next to last round.

Suppose k′ � 0 mergers have occurred previously, and the two understand the last
pair will choose “merge”. Hence, by choosing “not to merge”, they would get a total
of 2Πk′+1

u . By Proposition 2, this is strictly less than Πk′+2
C , what they can get by

choosing “merge”. Hence, regardless of what has happened in previous rounds, it is
optimal for the two firms to choose “merge” as well.

The same reasoning implies that at any earlier round h and irrespective of what has
happened previously, it is optimal for two firms to choose “merge”. Firms choose
“merge” in every round is a subgame perfect NE of the sequential merger game. �

Proof of Proposition 3. According to the equilibrium strategy, in any round h ∈
{1, . . . , N/2}, given that k � 0 mergers have taken place in the previous round, firms
2h − 1 and 2h choose “merge” if Dk+0.5N+1−h > 0; and choose “not to merge”
otherwise.

To show this is indeed a subgame perfect equilibrium, we again start from the last
round. In the last round, round N/2, firms N − 1 and N have no incentives to deviate
from the equilibrium strategy. If k pairs have merged and Dk+1 > 0, they have
incentive to merge. They will not have an incentive to merge if only k < N/2 − 1
mergers have occurred and Dk+1 < 0.



A Theory of Mergers and Merger waves 213

Next we move back to the next to last round, h = N/2 − 1. Suppose k mergers
have taken place previously. If Dk+1 > 0, then firms N − 3 and N − 2 prefers to
merge as this increases their profit irrespective of what will happen in the last round.
If Dk+1 < 0 but Dk+2 > 0, the two firms expect to get a total profit of 2Πk

u from
choosing “not to merge”, as their choice will result firms N − 1 and N choosing
“not to merge” in the last round. However, if they choose “merge”, they expect firms
N − 1 and N − 1 to choose “merge” as well, and thus, will bring them a total profit
of Πk+2

C > 2Πk+1
u > 2Πu(k). Hence, it is optimal to choose “merge” in this case.

On the other hand, if Dk+2 < 0, it is optimal to choose “not to merge”, as merging
lowers their total profit irrespective of what will happen in the last round.

We can then move backward and use the same argument to show in any round
h � N/2 − 2, firms have no incentive to deviate from the specified strategy. Hence
we conclude that the strategy indeed constitutes a subgame perfect NE of the sequen-
tial merger game, and firms all choose “merge” in equilibrium provided DN/2 > 0. �

Proof of Proposition 4. Note that in a market with N firms, the first two-firm
merger will be profitable if and only if

(−1.5N2+N +8.5)αb4+(10−2N)α2b3+2α3b2+(−N2+2N +1)b5 > 0. (A.3)

To show full-monopolization is possible under this condition, we only need to show
that for a market with N/m firms, where m ∈ {1, 2, 4, . . . , N/2} and each firm has
cost function

C =
α

m
q2 + βq + θ,

the first two-firm merger is profitable. Hence, what we need to show is that (A.3)
implies

(−1.5N ′2 +N ′ +8.5)α′4 +(10−2N ′)α′2b3 +2α′3b2 +(−N ′2 +2N ′5] > 0 (A.4)

where N ′ = N/m and α′ = α/m for m ∈ [2, 4, . . . , N/2].
When m = 2, the condition in (A.4) becomes

1
8

[
(−1.5N2 + N + 8.5)αb4 + (10 − 2N)α2b3 + 2α3b2 + (−N2 + 2N + 1)b5+

+ (N + 25.5)αb4 + 10α2b3 + (−N2 + 6N + 7)b5
]

For the discussion to be meaningful, there should be at least 4 firms in the market,
N � 4. In this case, (−1.5N2+2N+8.5) < (−N2+2N+1) < 0 and (10−2N) � 2.
When N = 4, (−N2 + 6N + 7) > 0 and thus, (A.3) implies (A.4). When N > 4,
(A.3) would also implies that 2α3b + (−1.5N2 + N + 8.5)αb4 > 0. But

(N + 25.5)αb4 + 10α2b3 + (−N2 + 6N + 7)b5

> (N + 25.5)αb4 + 8α2b3 +
b

α
[2α3b2 + (−1.5N2 + N + 8.5)αb4]

> 0
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Consequently, when N > 4, (A.3) implies that (A.4) holds. Thus we can conclude
that if the first two-firm merger is profitable in market with N firms, the subsequent
two-firm merger between merged firm with m � 2 plants is also profitable. �

Proof of Proposition 5. When firm N is marginal, it breaks even in the pre-merger
Cournot equilibrium,

EN = π0(N) =
(A − β)2(b + α)
[b(N + 1) + 2α]2

+ 2θi − θi.

Now suppose firm N+1 enters the market, gross profit for each of the non-merged firm
would be

π1
u(N) =

(A − β)2(b + α)3

[(N + 1)b2 + (N + 4)αb + 2α2]2
− θi < Π0(N).

This implies that EN+1 > π1
u(N) and firm N+1 suffers a loss by entering the market.

�

Proof of Proposition 6. Let h be number of merged firms in the market as defined
in Section 4. Now suppose two incumbent firms merge and firm N + 1 enter the
market, thus resulting in (h + 1) merged firms and (N − 2h − 1) non-merged firms.
In this case, the gross profit for each merged firm would be

π̃h+1
C =

(A − β)2(2α + b)(b2 + 2.5αb + α2)
[(N − h + 1)b2 + (N + 4)αb + 2α2]2

− 2θ.

Meanwhile, the gross profit for a non-merged firm in a market with h merged firms
and (N − 2h) non-merged firms is

πh
u =

(A − β)2(α + b)3

[(N − h + 1)b2 + (N + 3)αb + 2α2]2
− θ.

It is clear that

π̃h+1
C <

(A − β)2(2α + b)(b2 + 2.5αb + α2)
[(N − h + 1)b2 + (N + 3)αb + 2α2]2

− 2θ < 2πh.

Hence we conclude that, whenever a merger may induce entry by outside firms, there
is no incentives for any incumbent firms to merge. �

Appendix B: An Extension with Differentiated Products

We consider a symmetric N firm market where firms produce different brands of prod-
ucts with increasing marginal costs. The different brands of products are substitutes.
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Entry is not allowed. Firms engage in quantity competition to maximize profit. The
inverse market demand for brand i is Pi = A − bqi − γ

∑
j �=i

qj , with γ � b and

A > β. Otherwise, the model is the same as the homogeneous model. When γ = b,
the N brands of products are perfect substitutes, and the model becomes identical to
that in Section 2. However, as long as γ < b, the different brands will not be perfect
substitutes.

In the absence of mergers, firms produce the same quantity and get the same price
in the unique symmetric equilibrium. Each brand produces an output of q0

i = (A −
β)/[2(α + b) + (N − 1)γ], and gets price P 0

i = [2(α + b)A − (A − β)b + (N −
1)βγ]/[2(α + b) + (N − 1)γ]. They obtain the same profit Π0

i where

Π0
i =

(A − β)2(α + b)
[2(α + b) + (N − 1)γ]2

− θ.

Suppose h two-brand coalitions have formed, the post-merger market now consists
of h two-brands firms and N − 2h one-brand firms. For the discussion to be of rele-
vance, we assume N � 4; there are at least four firms initially.

As each brand of a coalition firm has identical cost and demand functions, the op-
timal allocation of production across the two brands is a symmetric one: each brands
produces the same output qC . In the post-merger market, prices for a non-coalition
brand and a coalition brand are, respectively,

Ph
u =

2(α + b)2A − (A − β)(α + b)b + (N − 1)(α + b)βγ − hβγ2

2(α + b)2 + (N − 1)(α + b)γ − hγ2
, (A.5)

Ph
C =

4(α+b)2A−2(A−β)(α+b)b+2(N−1)(α+b)βγ+(A−β)(bγ−γ2)−2hβγ2

4(α + b)2 + 2(N − 1)(α + b)γ − 2hγ2
.

And the profits are, respectively,

Πh
C =

(A − β)2[2(α + b) − γ)[2(α + b)2 + (α + b)γ − γ2]
2[2(α + b)2 + (N − 1)(α + b)γ − hγ2]2

− 2θ, (A.6)

Πh
u =

(A − β)2(α + b)3

[2(α + b)2 + (N − 1)(α + b)γ − hγ2]2
− θ.

After two brands have formed a coalition, they reduce outputs to increase prices.
Meanwhile, the reduction also affects prices of non-coalition brands. Hence, prices of
both coalition brands and non-coalition brands go up after any merger. However, the
increases will not be the same for coalition and non-coalition brands.

Proposition 7. Suppose products are not perfect substitutes, γ<b. After any merger,
prices of both coalition and non-coalition brands go up. Furthermore, prices of coali-
tion brands will be higher than that of non-coalition brands. The more coalitions there
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are, the larger the difference is.

Proof. To show the first part, note that as γ < b,

4(α + b)2A − 2(A − β)(α + b)b + 2(N − 1)(α + b)βγ + (A − β)(bγ − γ2)
4(α + b)2 + 2(N − 1)(α + b)γ

>
2(α + b)2A − (A − β)(α + b)b + (N − 1)(α + b)βγ

2(α + b)2 + (N − 1)(α + b)γ
>

hβγ2

hγ2
= β.

Hence, both Ph
u and Ph

C increases in h.
To show the second part, note the price difference

D(P ) = Ph
C − Ph

u =
(A − β)(γb − γ2)

4(α + b)2 + 2(N − 1)(α + b)γ − 2hγ2
,

and is strictly positive and increases in h. Hence, as the number of coalition increases,
the price difference goes up. �

To determine whether there is an incentive to form a coalition, we examine the dif-
ference in profits before and after merger. Let Π̃1

C = Π1
C/2, then the profit difference

D1 = Π̃1
C − Π0

u. To simplify notation, we let Δ = (α + b). Hence,

D1 =
(A−Δ)2[4Δ3γ2−4(N−2)Δ2γ3−(3N2−10N+11)Δγ4+(N−1)2γ5]

4[2Δ2 + (N − 1)Δγ − γ2]2[2Δ + (N − 1)γ]2
(A.7)

Proposition 8. For any market size N , there is a value η2(N) such that the first
two-firm merger is profitable by itself if and only if (α + b)/γ > η2(N).

Proof. Let K1(N) = 4Δ3γ2−4(N −2)Δ2γ3 +(−3N2 +10N −11)Δγ4 +(N −
1)2γ5. Clearly, D1 > 0 if and only if K1(N) > 0. If we let η2 = (α + b)/γ, we can
rewrite K1(N) as

K1(N) = Δ2γ3

[
4η2 − 4(N − 2) − (3N2 − 10N + 11)

η2
+

(N − 1)2

η2
2

]
, (A.8)

which increases in η2. Hence, there exists η2(N) such that K1(N) > 0 if and only if
(α + b)/γ > η2(N). �

The ratio (α + b)/γ reflects the severity of free-rider problem associated with a
merger. When α/γ and/or b/γ are high, free-ridding is not a serious problem and
merger can be profitable.

Proposition 9. Suppose the first two-firm merger is profitable. Merger is increas-
ingly profitable, i.e., ∀h � 1,Dh > Dh−1.
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Proof. We examine the incentive for any two remaining firms to merge when there
have already been h − 1 mergers. Denote the profit difference by Dh, so that Dh =
πh+1

C − 2πh
u = ΓhKh, where

Γh=
(A−β)2

4[2(α+b)2+(N−1)(α+b)γ−hγ2]2[2(α+b)2+(N−1)(α+b)γ−(h−1)γ2]2
,

Kh =(α + b)4γ3

{
4(α + b)

γ
− 4(N − 2) − (3N2 − 10N − 4h + 15)γ

α + b

+
((h−1)(6N−10)+(N−1)2)γ2

(α + b)2
− (h−1)(2N+3h−5)γ3

(α + b)3
+

(h−1)2γ4

(α + b)4

}
.

For 1 � h � N/2, Γh increases in h, while Kh increases in h if (α + b)/γ > η2(N).
Hence, Dh increases in h as well; merger is increasingly profitable. �

Whenever there exists an incentive for merger in the first round, there would be an
incentive to merge in every round of the sequential merger game. Merger is increas-
ingly profitable.
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