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Abstract

We consider a model of horizontal mergers in a market consisting of Gbfirms pro-
ducing a homogeneous good with quadratic costs. High cost-savingsafioerger or a
small slope for inverse market demand are both predicted to increase ¢éméiviedo merge.
The profitability of any merger is predicted to increase with the number of mehgeing al-
ready taken place. Thus, an implication of this model is that mergers tendupincgaves.
Another implication is that some mergers that are not profitable for the mergeslifi the
short-run may take place in the early stage of a wave. The model helpotcilecsome of
the most important stylized facts about merger and acquisition activities in tleedfomy

over the last century.

Keywords: horizontal mergers; merger waves; Cournot oligopoly.

JEL classification codes: D43; L41.

1 Introduction

Mergers and acquisitions (M&A) in the US often occur in cgalipatterns: periods of intense
merger activity are followed by periods of relative calmr Egample, 1998—-2000 witnessed over

$1.5 trillion worth of announced deals each year while 2@ gnly half as much, as the dotcom
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era came to an end. After a short period of repose, nevesth A activities reached another
high in 2006; for the first time, the announced value of M&Adked $4 trillion in one yea.
The trend continued in mid-2007 until the subprime loanigiis U.S. put an end to this wave.
Yet, the value of M&A in the first two quarters of 2007 still eed $2.7 trillion, 58% higher
than the first half of 2008. In this paper, we provide a simple model of horizontal mesger
explain merger waves and related stylized facts from thergapliterature.

This literature (e.gMitchell and Mulherin 1996Andrade et al. 2001has uncovered several
important facts about mergers and acquisitions over thie @&btury. The first stylized fact is
the wave phenomenon mentioned above. Historians and M&Aisis have identified five
merger waves in the United States, not including the mosintturry of M&A in 2006 to 2007.
These periods of intense merger activity are: 1897-1907649929; 1965-1969;1981-1989;
and 1993-2000.

The second stylized fact identified by empirical studieh& thergers concentrate in indus-
tries that are subject to exogenous shocks. These shodksieénctechnological innovations;
supply shocks or changed market demand; and deregulatioa third stylized fact is that ac-
quirers’ returns are, on average, negative Bemlley et al. 1988Jennings and Mazzeo 1991
Banerjee and Owers 199Ryrd and Kickman 19923

These stylized facts are puzzling and hard to reconcilerétieally. Currently, there are two

1The EconomistEconomic and financial indicatordan 23, 2007.
2The EconomistEconomic and financial indicatorgul 7, 2007.
3The statistical evidence on whether mergers create valushfireholders is based primarily on short-window

event studies. There are two frequently used event winddwe. shorter one is from one day before to one day
after the announcement of merger, and the longer windownbesgveral days before the announcement and ends at
the close of the merger. In a recent woAgdrade et al(2001) have argued that the empirical finding of average
negative return could be due to negative stock market i@attiequity issue for acquisitions involving at least some
stock financing. According to them, stock financing mergetsally consist of two simultaneous transactions: a
merger and an equity issue. Various empirical studies hameistently shown that equity issue on average results
in negative abnormal returns of around -2 to -3 percent dutie few days surrounding the announcement. Hence,
the finding of negative returns to acquirers on average doeld result of equity issuing as many mergers involve
some sort of stock financing. They then show that merger$ydat@anced by cash have average normal return that

is indistinguishable from zero.



approaches to explain the empirical findings: the behavapproach and the neoclassical ap-
proach. To explain merger waves, theories following betvaiapproach have assumed either
that the market is inefficient or that managers care aboue#ung other than firm profits. For
example, the managerial discretion hypothesislofck, Schleifer, and Vishny1990 attributes
mergers to managers’ self-interest or desire to manageyarléirm, while another hypothesis,
Gorton, Kahl, and Rosgf2005 argues that mergers occur as a defense again takeovedAcc
ing to Gorton et al. because larger size firms are less likely to be acquiredages who prefer
their firms to stay independent have incentives to acquiidlenfirms. The stock-market-driven
merger theory oSchleifer and Vishny2003 andRhodes-Kropf and Viswanath&2004), on the
other hand, assumes that financial markets are not effiédecbrding to them, mergers and ac-
quisitions are driven by stock market overvaluations ofgimey firms. When some firms are
valued incorrectly in the market, rational managers cae takvantage of the situation through
merger decisions.

While being able to explain the negative acquiring firms’ refthowever, the behavioral
approach has difficulties explaining other empirical firgdin First, why merger activities con-
centrated in industries exposed to the greatest exogehogk3 Second, how can the theories
explain mergers that are primarily financed by cash instéatbck? AsHarford (2005 points
out, the overvaluation hypothesis would predict that théhme of payment in a wave should be
overwhelmingly stock. However, the fourth wave in 1981-9 88d the most recent merger activ-
ities in 2006 and 2007 are mainly debt-financed, which came@xplained by the overvaluation
hypothesis.

In contrast with the behavioral approach, the neoclassiegdries argue that mergers are
an efficient response to exogenous shocks by profit-maxigimianagers. These studies (e.qg.,
Mitchell and Mulherin 1996Andrade et al. 2001Andrade and Stafford 2004ave found evi-
dences that mergers cluster by industry and that induskpsriencing the greatest amount of
merger activities are those exposed to the greatest fundahrehocks. They assume that the
structure of an industry, including the number of firms anchfgize, is determined by factors

such as technology, government policy, and demand andysapptlitions. In addition, M&A is



the least cost way to alter industry structure. Hence, merge an efficient response to regime
shifts. However, these neoclassical theories face diffesireconciling the findings of nega-

tive acquirers return. Further, they offer no foundation tfte presumption that merger is an
efficient response to an exogenous shock. Hence, a thednetodel is needed to explain how

profit-maximizing firms react to exogenous shocks throughgeredecisions.

This paper is an attempt to fulfill this task. The model depelbhere is a standard Cournot
model with homogeneous products and quadratic cost funcie believe the focus on hor-
izontal mergers is without loss of generality, as horizbmargers are the most common in
practice. For example, all merger waves in the 20th centucg@ the conglomerate merger
wave in 1965-1969 were primarily mergers of firms in the saraekat in attempt to increase
scale. In our model, the market initially consists of N idealtfirms with quadratic cost function.
In the pre-merger market, firms engage in standard Cournopettion. In face of exogenous
shocks, such as supply shock, changed market demand or drreoddy antitrust policy toward
mergers, firms react optimally through merging and acqaisstto increase operation scale and
market power. After merger, firms, both merged and non-nteagpes, engage in Cournot com-
petition and maximize profit. In the post-merger equilibmniuthe merged firm will be different
from non-merged firms, as it is “larger” in the sense that imbmes the production capacity of
member firms. As a result, the merged firm necessarily enyst production cost than an
outside firm at any given output.

Even this simple model brings forth several interestingiites The first prediction is on
profitability of mergers. There is an incentive to merge wtiencost saving advantage is large
or the slope of inverse market demand is low. This is diffefemm previous researches on
horizontal mergers, for exampl&alant, Switzer, and Reynold$983. In a standard Cournot
setting,Salant et alhave showed that merger is generally unprofitable unless than 80% of

firms merged into oné.

4When products are differentiateBeneckere and Davidsq1985 have shown that any merger is profitable
when firms engage in price competition. A recent workBanal-Es&nol (2005 shows that in an uncertain envi-
ronment when firms have independent private informatioa,itformation-sharing advantage may increase firm’'s

incentives to merge.



The second prediction is on the pattern of merger activifidse model predicts that, in the
absence of entry, mergers and acquisitions always take ptagaves. Whenever it is profitable
for the first merger, subsequent mergers becomes incréagirajitable; and waves of mergers
will take place. In addition, our model predicts that somegees may take place even if they are
not profitable by themselves. Here, what the initially uripable mergers have accomplished is
simply to get the bandwagon of mergers started. As the waveenfers move on, ultimately,
all mergers become profitable. Hence, while retaining tisei@mptions of market efficiency and
profit-maximization, our model can explain negative resufior acquiring firms as well as merger
waves.

The last prediction is that market can be fully monopolizdtew entry is not allowed and
there were no outside intervention from the antitrust atityroT his is so as, after the first wave
of mergers in which every two oligopolists have merged intarger oligopolist, they will have
further incentives to consolidate in the post-merger maxkell until the market is fully monop-
olized. Therefore, our work also contribute to the debateftectiveness of antitrust policy and
enforcement. In a recent workyandall and Winsto(2003 have questioned the effectiveness of
antitrust policy and whether its enforcement increasespaaition to the benefit of consumers.
They argue that the antitrust policy is ineffective as thitrarst authorities have difficulties sort-
ing out mergers that may stifle competitioBaker (2003, on the other hand, argues that it is
hard to gauge the gain from antitrust enforcement as itsgsgirbenefit comes from the deter-
rence on anticompetitive conduct that is never observed.n@ulel provides support tBaker
on the deterring effect of antitrust policy and enforcemémintervening merger cases that may
significantly alter market concentration and stifle contpeti the antitrust authority may help
to prevent monopolization in many industries, which migadhappened without the threat of
antitrust interventions.

We do not claim our model can explain all merger activitieserger waves, nor do we intend
it to replace current theories. Instead, we believe our rnedecomplement to existing theories.
Previous neoclassical theories have found amble evidéatertergers are an efficient response

to exogenous shocks, in the form of changed demand and swuppdgregulation. We provide



a model on the possible mechanism that makes merger an rfffieigponse to the exogenous
shocks for profit-maximizing firms. Thus, it contributes tor ainderstanding of mergers and
merger waves, and is an useful addition to the literature.

Our work is related t®erry and Portgl 985 andKamien and Zan@l1991) that show merger
could be profitable when firms have a quadratic form cost fanctA more closely related work
is Heywood and McGinty2007) who show that for reasonable degree of convexity of firmstco
functions, merger becomes profitable even when the markegldy segmented. However, the
Heywood and McGintynodel is more restricted than ours, as they only analyzedheexity of
cost on profitability of mergers but abstain from any diseussf the slope of market demand.

The remaining part of this paper is developed as follows. ti®&@@ introduces the basic
model. In SectiorB8, we discuss firms’ incentives to merge in a market with noyentthile
in Section4, we extend the model by allowing entry into the market. Wewnshmat the threat
of entry may halt an otherwise irresistible trend toward pplization, even in the absence of

antitrust interventions. Sectidnconcludes with a summary of the main findings.

2 Basic model

We consider a standard Cournot oligopoly model with quacl@ists. The industry initially
consists ofN identical firms producing a homogeneous good. We assumeetiiat is not al-
lowed, but will relax this assumption in SectidnFirms have identical cost functio®Xq) that

are increasing and strictly convex. For tractability, weuase in particular that
C(a) = aqf + Bai +86,

wheref > 0 is a fixed cost each firm incurs to produce any output.
Firms face a demand functid® Q), whereQ denotes the total output supplied by all firms,
and
P(Q) =A-DbQ.

SWhena = 0, this becomes the constant marginal cost mod&asént et al(1983. Thus, our model incorpo-

rates theirs as a special case.



We assumeax > 0, B > 0 andA > 3. The model is similar to that dileywood and McGinty
(2009, however, unlike in that paper, we put no restrictionshpmas we wish to examine the
effect of changes ib on firms’ incentives to merge.

With N firms and no mergers, the unique symmetric Cournot equihiigias follows. Each

firm produces output
* A— B
9T bNT1) 20

and the market price is given by

o _ DA+ 2aA+bNB
~ b(N+1)+2a

Each firm’s profit in equilibrium is

_ (A=B)*(b+a)
"%m‘ﬁmN+n+2m2_

Next, we look at the Cournot equilibrium when the market beesrasymmetric due to a
single merger. A merger oh firms results in an equilibrium witlN — m smaller firms and one
large firm (denoted Firm C) witim plants. As each plant of Firm C has an identical strictly
convex cost function, the optimal allocation of productamross its plants is a symmetric one.
That is, each of then plants produces an output qf /m, wheregc denotes the total output of

Firm C. Thus, Firm C has the total cost function

_a

C(de) = - + Boic+ Bu(m).

Here 6:(m) denotes the post-merger fixed cost of Firm C, which was formeah fn smaller
firms. Clearly, the value ofic(m) relative tom8 will influence the value of any merger. As we
are interested in the impact of production cost-savings erger activity, we will concentrate on
the case in which there is no fixed cost savingisoen) = m6. We characterize the circumstances
under which merger is profitable in this restricted situatihile keeping in mind that allowing
fixed-cost saving will increase incentives to merge.

Let n = N — m be the number of outside firms (also referred to as non-meigead) who

haven't merged with any other firm. Leg(m) (respectively,/(m)) denote the profit of Firm
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C (respectively, a non-merged firm), in an equilibrium whistsingle merger af firms. When
there is no risk of confusion, we may simply usé and 1. After anm firm merger, Firm C

maximizes profitg by choosing the outpulc, where

n
A—b (Z ] +qC>
=1

Each outside firmh maximizes profitg: by choosing output;, where

T =

G — [0+ Boc+ ]

=

G — [aof+ B + 6]

n
A—b ( Z q; + qc>
j=1
Solving for the Cournot equilibrium gives output quantittés

_ (A—B)(2a +b)
N2+ 202 + 4ab+ 2% (bn+ b+ 2ar)’

dc 1)

(A= B)(5 +b)
(N2 + 202 + 4ab+ 22 (bn+ b+ 2a)]’

a =
and an equilibrium price of:

(2a + b)(Ab+ Bb+ 249 | nBh? 4 209BD
[N+ 202 + 4ab+ 22 (bn+ b+ 2a)]

Plugging the price and output into the profit function, wethetprofit for Firm C as

(A— B)2(2a +b)(b?+2ab+ ab 1 20%)

m m
®= — 6c 2
(N2 + 202 + dab+ 2% (bn+ b+ 20r)]2 ’ @

and the profit for an outside firms as

e (A= B)?(22 1 b) (D> + ab+ 2ab 4 20%) o -
N2 4+202+4ab+ Z(bnt+b+2a))2

It is worth pointing out that whem =1 andn = N — 1, the two profit functions are identical and

are the same as the pre-merger equilibrium profit function,

_ o _ (A=B)*(b+a)
e =rh=10(N)= b(N+1)+2a7 °



To determine whether there is an incentive riofirms to merge, we examine the difference
in total profits for an m-plant firm before and after the mey@(m) = rg¢ — mn®, wherer® is

the profit for one firm in the pre-merger Cournot equilibriunhatis,

1 (A—B)2(2a +b)(b2+2ab+ 92 + 28y WA B)2(b+ q)
D*(m) = [nb2—|—2b2—|—4ab+2ﬁa(bn+b_|_za)]2 N [b(N+ 1) + 202 +mo — 6.

WhenD*(m) > 0, total profit for the merged firm is greater than total profirember firms

before merger, and there is an incentive to merge. Otherwisenot profitable to merge.

3 Two-firm mergers

3.1 First merger

Whenm = 2, the profit difference is:

(A—B)*(2a +b)(0*+292+a?) 2(A-B)*(b+a)

D(2) =
INE? +Nab-+3ab+2a2]? [b(N+1) +20a]?

+20—6c

As noted above, we assume there is no fixed-cost savingd so@ = 0. If, in addition, firms
had a constant marginal cost, so that 0, the profit difference would be

(A-BP[1 2
o2 =5

ThenD*(2) > 0 requires thal < %1—_1 = 2.4142, so there would no incentives to merge unless,
there were only two firms in the market initially and a mergetd result in full monopolization.
However, once increasing marginal costs are allowed fohawe the following result, which

is proved in the Appendix:

Proposition 1. For any market size, N, there is a valegN) such that a 2-firm merger is prof-
itable if and only if

o
b > &(N).

Hence, firms’ incentives to merge depend on two factors: thedcptic cost parameter

and the slope of the inverse market demand cbrvi is not surprising that the cost parameter
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a affects the incentives to merge, as one would expect costggato increase the profitability
of mergers, andr determines how fast plant-level costs rise with output, lagelce how much
cost-saving there is from being able to spread output owaarakplants. It is less obvious how
the slope of market demand curve plays a role, but the iotuitirns out to be fairly simple.
A merged firm can increase its markup of price over marginat edher by increasing price or
reducing marginal cost. When market demand is highly priastil,b is low, output reduction
by the merged firm helps reduce its marginal cost but doeswaotases market price much. The
little changed price in turn gives non-merged firms lessnitiges to expand their outputs, thereby
reducing the negative effect of free-riding by non-mergeudi

An implication of this result is that any exogenous chanbasihcrease the ratim/b enhance
firms’ incentives to merge, and may lead to mergers that woatdhave been profitable prior to
the change. This is consistent with empirical evidences. ekample,Mitchell and Mulherin
(1996 have showed that deregulation, oil price shocks, foregnpetition, and financial inno-
vations can explain most takeover activities in the 1980s.edent article on Airline mergers
appearing in The Economist also cited “DARKENING economauds, oil at $114 a barrel” as
the main cause that results in the proposed merger betwdemdmel Northwest, and may lead
to more mergers in the indust?y.

In the post-merger equilibrium, the profits of non-mergeshéirstrictly increase. In the pre-

merger equilibrium, each of the N firms has gross profit of

~ (A=B)?*(b+a)
PN) = N 1) 202 &

while after the merger, each non-merged firm has a profit of

(A—B)?(b+a)?
H= [Nb2+(N+3)ab+2a2]2_9> T(N). (4)

The prediction is consistent with previous resultsSiigler (1950 and Kamien and Zang
(1990, and the reasons are obvious. After a merger, the mergedifitally produces less than

the total output its member firms produced before the mevgach typically results in a price

6The Economist “Business: Trouble in the air; Airline mesjekpril 19, 2008. Vol.387, 1ss.8576; pg.75
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increase. This, however, gives non-merged firms an incembivexpand output and profit from
the output reduction by the merged firm. Thus, mergers thatdvacrease total industry profits
may not occur due to this “free-rider” problenKamien and Zang1990 have made a similar

point in their decentralized merger model.

3.2 Subsequent mergers and merger wave

In above, we have showed the profitability of the first two-fimarger depends on production
cost-savings and the slope of inverse market demand. Tikesrthe question of whether further
mergers are profitable, given that an initial two-firm merigeprofitable. One obvious way to
pursue this question is to ask: If the market has alreadylseeh two-firm mergers occur, does
it imply that a further merger by two previously independims is profitable?

To answer this question, we first derive some more generaltsesn Cournot equilibria in
asymmetric markets. Consider then an asymmetric market iohvihmergers have occurred,
with each merged firm consisting af previously independent single firms (i.e., ‘plants’). For
the discussion to be of relevance, we assiNtie 4; there are at least four firms initially. Hence
the market now consists &f m-plant firms andN — hm single-plant firms. Optimal production

allocation in a merged firm implies the total cost function is

a
C(qe) = EQ% +Bac + .

For notational purposes, I8t = N — hmbe the number of single-plant firms that have not merged
yet. We denote a merged firm by Fil@ its profit byr@ and output bygc, and denote the output
and profit of a non-merged firm ly,; and nﬂi. At times when there is no risk of confusion, we
simply write gcj asqc, andgn asan.

A merged firm withm plants choosegj to maximize
e (0lei; Ic, On) = [A— b (nhQn + i+ (h— 1)Qc>] Qci — [%qgi + BQCi] ,
while a single-plant firm chooseg; to maximize
T (O3 Ac, On) = [A— b ((n“ —1)Gn + G + h%)} oni — [0 + Bani]
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The Cournot equilibrium output for an m-plant firm and a sirgfllent firm can then be derived

as:
h_ (A—B)(2a +b)
©= 2 21 1ab , 4a? ®)
[(""+h+1)b?+2(h+1)ab+ “=——F— + =]
- (A-B)(% +b)
(M +h+1)b2 + 2(h+ 1)ab+ 20Lab 4 da?y

The equilibrium market price is:

(b+2a)(Ab+ 229 4 hpp) 4 20960 | nhph?
[(nh+h+1)b2+2(h+1)ab+MJF‘L‘Z]'

m

P =

In the asymmetric Cournot equilibrium, the profit for mrplant firm is

(A—B)2(2a +b)(b?+ 2ab+ 92 4 20°%)
(44 1)b2 4 2(h+ 1) ab+ 20ELAb  da?12

m

Y

while the profit for a single-plant firm is

_ (A—B)AZ 4+ b)(b2+ab+ 280 1 222
(Nh+h+1)b2+ 2(h+ 1)ab+ AnEbab 4022

m

Note that wherh = 1,n" = N —m= n, 12 equalsrg as in @) and ] equalstg as in @).

We now focus our attention on the casenof= 2. That is, we examine the incentives for
any two remaining non-merged firms to merge when there hagady beerh previous 2-firm
mergers. Note that when= 2, n" = N — 2h andn"! = N — 2(h+1).

Before determining the profitability of mergers, it is ingttive to look at the effect of addi-
tional mergers on firms’ output and market price in equilinti For anyh > 0, n" decreases in

h. In this case,

qg (A—B)(2a +b)
[((N—h+1)b2+ (N+3)ab+2a?)’
. (A~ B)(a +b)

[((N—h+1)b%+ (N+3)ab+2a?]’
(2a + b)(Ab+ Aa 4 hBb) + (N — 2h) (a Bb+ Bb?)
[((N—h+1)b2+ (N +3)ab+2a?] '
Clearly, both a merged firm’'s outpq@ and a non-merged firm’s outpgf are increasing ith.

Ph =

Further, we have that:
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dPh B b?(2a 4 b)(a +b)(A—B) -0 ®)
oh  [(N—h+1)b2+(N+3)ab+2a2)2
due to our assumption that> 3.

Now denote the profit differencall* — 2777 by D'1, so that

oni1_ (A—B)*(2a+b)(b? +25ab+ a?) 2(A—B)*(a+b)?

[(N—h)b2+ (N+3)ab+2a22  [(N—h+1)b2+ (N+3)ab+ 20272

Simplifying the profit difference equation, we get

DM = {(~1.5N?—3N+2h+305)a%0* +2a°b? + (—2N + 14)a*p?
+(—4N?+3Nh+ 2N + h+28)a?b® + (—3.5N2 4 5Nh+ 5N — 1.5h?
—3h+105)ab® + [~ (N —h)2+2(N — h) + 1]b” }W(h),

where

[((N—h—1)b2+ (N +3)ab+ 2a22[(N—_h+2)b2+ (N+ 3)ab+ 2a22’

To simplify notation, we also denote the term in bracKgtin D" that multipliesW(h) asr (h)
and thus D" = (h)W(h). Clearly,W(h) is strictly positive for anyh € {0,...,N/2— 1}, so
DML > 0ifan only if ' (h) > 0.

Propositionl shows that whew /b is large enough, there is an incentive to mefye;> 0. It
turns out this cost saving is also large enough to triggejaesgce of mergers in the symmetric

N-firm market.

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

vh>1, D™l ph

Therefore, whenever there exists an incentive to mergedrsyimmetric N-firm market, a
sequence of mergers and acquisitions would be triggereldfirst merger, with each additional
merger makes any further merger even more profitable. Tpiagxwvhy mergers occur in waves.

For example, when an industry is subject to exogenous simoaiet demand change or supply
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shock that affects production costs, in our motdelecreases, ar increases, firms will have an
incentive to merge with each other. As each additional nrergekes subsequent mergers more
profitable, we would expect a wave of merger activities irpoese to exogenous shocks that
changed firms’s cost, or market demand.

In addition, our model has another implication, that is, gees may take place even if a two-
firm merger strictly reduce the total profit of merged firms.sée this, it is helpful to treat a wave
of mergers as a sequential-move game. Each additional maagees previous mergers as well
as subsequent mergers more profitable. This is true as theagdumber of firms after mergers
will reduce competition in the market, pushing up market@and increasing firms’ profit.

We consider a market with N firms with each pair of firms semdyanaking merger deci-
sions. Without loss of generality, assume N is an even numhsrbefore, we focus on two-
firm mergers. In the sequential-move game of mergers, firrasrfinke merger decisions and
then compete in output to realize their profits. Figure 1 shtwe timing of events. We de-
note theMy,Mz..., My, as two-firms mergers in the sequence. Fer1,2,...,N/2, let firms
(2Mj — 1,2Mj) be the two single-plant firms that can choose whether to “sfeog “not” to
merge into firmM;. Firms take turns to make choices, with firmg being the first to move and
firms N — 1,N the last to move. Whenever two firmi8M; — 1,2M;) play “not”, the game ends,
with M;_; merged firms in the market while the rest of firmé2- 1,2Mj,...,N remaining as
single plant firms. After the merging game ends, firms engageournot competition to maxi-
mize profits. For example, if firm,2 choose not to merge, no merger would take place and the
game ends with no mergers and each firm would get a profi’@fl). On the other hand, if all
pairs of firms, firms 1 and 2, ., and firmsN — 1 andN choose “merge”, the game ends wiili2
mergers and each merged firm realizing a profiﬂ@ﬁ‘fz.

We already know thab"* = ' (h)W(h) andW(h) > 0 for all h, and will also show in the
appendix thaf (h) is strictly increasing irh. Thus, for some paramete(d, a,b), it may be the
case that mergevl; is not profitableP! < 0, while mergeM, (k > ) is profitable given mergers
1,...,M_1 have occurred. The extreme case of this scenario idN& > 0 (orf(N/2—-1) >

0), whileDJ < 0 (orT(j — 1) < 0) for j < N/2. The following result shows that even in this case,
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Firm 1&2 merge 3&4 merge .- - .-+ N-3&N-2 merge N-1&N  merge Q’@'/z/ﬁrm)

not not not not
competition competition competition competition
nO(N)/firm realize profit realize profit realize profit

Figure 1: Timing of events

merger wave may still take place.

Proposition 3. Suppose 2 > 0, all firms play “merge” in the unique subgame perfect Nash

equilibrium of the sequential-move game.

The conditionDN/2 > 0 implies that, conditional on all the other firms in the markave
merged, it is profitable for firnN — 1 andN to play “merge.” However, the condition does not
state that the two-firm mergers between firm 1 and 2, between3iand 4, etc., are profitable
by themselves. Suppose tHat < 0 butDN/2 > 0; the first two-firm merger is not profitable,
but the last merger would be profitable had all the previouss gaayed “merge.” In this case,
we would expect a sequence of mergers to take place with @anof firms (M; — 1, 2M;)
choose “merge.” In fact, as long as the last two-firm mergpragitable, DN/2 > 0, every pair of
firms playing “merge” is the unique subgame perfect Nashliéguim of the sequential merger
game, even iD" < 0 for all h < N/2. Hence, mergers and merger wave can take place even
if the mergers at the early stage of the wave are not profifaplthemselves. This is true as
firms understand that, as the wave complete and competti@auced, all merged firms will get
higher total profit than in the pre-merger market. This eixigléghe puzzle that the announcement

period abnormal returns to acquirers are negative on agerag
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Schleifer and Vishny2003 suggest that merger and acquisitions are driven by stockeha
valuations. According to them, financial market is ineffintiand thus, some firms may be valued
incorrectly. Managers of firms understand the market inefiices, and take advantage of them
through mergers and acquisitions. In their model, acqgifirm may be overvalued by the stock
market before the acquisition while the target firm may beeuwalued. Another theory pro-
posed byGorton et al(2005 suggest that mergers and merger waves can occur when nnanage
prefer to their firms to remain independent rather than aeduiThey have assumed that large
firms are less likely to be acquired. Therefore, managersenggage in unprofitable defensive
acquisitions, thereby reducing the chance of being acdyeanother firm.

In contrast to the behavioral theories, none of the existimgclassical theories can explain
the stylized fact of average negative announcement peeinns. Therefore, the empirical ev-
idence seems to be in favor of the managerial incentive agpilan. However, this need not be
S0, as negative abnormal return does not have to contraitt-mpaximization by firms, as the
current model shows. Our model predicts that there are ¢aselsich the exogenous shock is
not sufficiently large to make early mergers profitable, batger wave can still take place. This
means that some mergers, especially those at the earlycftdgewave, may reduce the merged
firms’ total profit initially, while at the same time, profitf@utside firms strictly increase. This
may result in a negative announcement period return for¢haieing firm, as an efficient stock
market reacts to the short-run unprofitable mergers. Houwvegethe wave moves on, merged
firms’ profit gradually increase. Thus, our model also predicat operation performance would
improve over time, whereas the behavior theories predistuect improvement in operating per-
formance post-merger.

This prediction of improved performance over time is comsiswith the empirical findings
by some recent works on firms’ post-merger performance. Q@pethesis of these studies is
that if mergers truly create value for shareholders, theggaiould eventually show up in the
firms’ operating cash flows. Using samples from the Utgaly, Palepu, and Ruba¢k992
and Switzer (1996 have reported statistically significant improvement ie ffost-acquisition

industry-adjusted operating cash flow#nn and Switze(2001) also find evidence of significant
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improvements in industry-adjusted, operating cash flons-fakeover from a sample of U.S.
mergers. Using a sample of takeovers in the UK over the peré@b—-1993Powell and Stark

(2005 report modest improvements in operating performance. celethe empirical evidence
suggest that mergers and acquisitions do increase firmfgrpgance and are profitable for firms

involved in the mergers.

3.3 Full-monopolization

For exposition purpose, we suppose that there 'tk 2 Z., .. ) number of firms in the market
before any merger has happendt= 2¢. Also suppose there is an incentive to merge in the
symmetric pre-merger markeéb! > 0. Proposition2 indicates that the first merger triggers a
sequence of mergers, in which two firms form a two-plant firfteAthe first wave of mergers,
the market is symmetric witN /2 larger firms, each of which now consists of 2 plants and has

the cost function
a
C(dc) = 56 +Bac+ 6.

What will happen in the post-merger market? Will there be amgher incentives to merge? The
answer is yes. There is definitely an incentive for furthergaes and acquisitions in the market.
Without any outside intervention, a second wave of mergerslavensue. Furthermore, new
waves of merger will take place after the second wave, weill ine market is fully monopolized.

This result is summarized as follows.

Proposition 4. In a Cournot oligopoly market with N firms, where=N2¥, if a two-firm merger

is profitable, then N2 round of mergers can take place until the market is fully npmtiaed.

Thus, if there ever exists an incentive to merge in a symmeétsfirm market, then, unless
blocked by the antitrust authority, the consolidation gssccould continue till there is only one
firm left in the market. Of course, this does not imply that fabnopolization will take place in
real world, as antitrust authorities can block large meygerconcentrated market.

In the U.S., firms have been required to notify the antitrusherities of all mergers above

a certain size since 1976. The antitrust enforcement ageragyrequire additional informa-
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tion concerning the merger for further investigation. Im&ocases, the antitrust authority can
challenge the merger and prevent it from being completed.ekample, recently, the Federal
Trade Commission has blocked Pepsi’s planned acquisitigituefand Coca Cola’s acquisition
of Dr Pepper. In 2001, the U.S. Department of Justice blo¢kederal Dynamics’ merger with
Newport News Shipbuilding, the only other nuclear subnehuailder for the U.S. NavyHaker
2003. Therefore, there is probably little risk of monopolizatiwith the existence of antitrust
policy. However, our analysis does show that one needs titdk account the benefits from

deterrence of antitrust law in quantifying the effect ofiiast policy on consumer welfare.

4 Merger and entry

In above we assume that entry is not possible and thus, argensaenecessarily reduces the
number of firms and with it competition in the market. This niseyappropriate for industries
in which there are barriers that make new entry too costly,ntray not be realistic for many
industries in which entry barrier is not prohibitive. In wilfallows, we extend the basic model
by allowing entry by outside firms into the market under cdagation.

To model firms’ entry and merger behavior, we assume thag trer many but finite potential
entrepreneurs who might start a firm in this market. Entnegues may have different abilities
operating a firm and this will have effect on firms total cost &sume that the total costs of any

firm i in the market that is operating plants and producing outpgt are given by:

ag?

C(g) = W+qu + 6 +Ei.

Each entrepreneur gets a dranpfrom some distributiorr with support]e, ) wheree > 0. If
we think now about the original Cournot-Nash equilibriumhwiio mergers but entry, there will
be some number of firms, N, that are operating in the markettzese will be operated by the
N potential entrepreneurs who got the N lowest draws frondtsiibution.

All firms in the no merger Cournot equilibrium will earn the sagross profitrg, where

_ (A=B)*(b+a)
" [b(N+1)+2a2
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But firms’ economic profit$1; (net of E;) will vary. Without loss of generality, we number the
firms 1 2,....,N in order of increasing; values, then firm N will be the marginal firm, in that it

is making just enough to keep its entrepreneur in this ingiust
En = °(N).
Fact 1. No firm will exit the market after any mergers.

This is obvious as incumbent firms profits can not decreaseymeerger equilibria. First,
the merged firm will not exit the market. For two firms to haveraentive to merge, their total
profit after the merger must be greater than before the marggthus, the merged firm should
not exit. Second, in the absence of entry, profit for eachehtim-merged firms strictly increases
after any merger. This implies no incumbent will exit the kedrafter any mergers.

A merger involves one entrepreneyraying the other entreprenepto exit, with the merged
firm being operated by the remaining entrepreneMve assume that the entrepreng¢who sold
his firm can not enter the market again and thus, entry decaidy involves entrepreneurs not
currently in the market. This assumption is made withous lofsgenerality as in real world, any
buying-out contract always includes exclusive clause g the entrepreneur from entering
the same market in some period of time.

If the N-firm is marginal before the merger,
m°(N) = Ey,
it turns out that allowing entry will have no effect on the@mtive for the first merger.

Proposition 5. If firm N with By has zero profit in the pre-merger equilibrium, then the inoen

for the first merger remains unchanged with or without entry.

Consider a N-firm market witha(, b) and entry barrier due to government regulations. Sup-
pose initially firm N breaks even and (b) is such thatr /b > £>(N) and thus merger is profitable.
Now suppose the government deregulate and the entry barrenoved, Propositioh says that

merger remains profitable even when potential entrant nagter the market. In fact, no entry
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would occur after the first two-firm merger. The reason is smgPrior to the merger, the N
firms are identical in technology, have same marginal coangitgiven output. The firm with
the highest E breaks even. If a new firm enters the market #igefirst two-firm merger, the
post-merger post entry market would have N firms with one firarerefficient than the other
N-1 firms. This merged firm would produce more than the othdr fikms. The profit for each
of the N-1 firm can not be greater than a firm’s profit before amygar and entry. This would
imply the firm with the highest E would have a loss in the postger post entry equilibrium.
Therefore, no entry would occur even if in post-merger marak firms make positive profits.
Proposition 1 still holds, even if entry is allowed.

Of course, this result relies upon the assumption that irpteemerger equilibrium, firm N
is marginal. This may not be true if we allowed the possipititat in the original no-merger
equilibrium,

m(N) > Ey  but mO(N+1) < Eny1.

In this case, a two-firm merger may induce subsequent entfiyrbyN+1 into the market. How-

ever, the first merger does not induce entry onkgf. 1 is large, for example, if
EN+1 > nO(N)7

that is, firm N+1 could not profitably enter the pre-merger keaitvhen there were only N-1
firms.
In addition, we know that no entry would occur as long as

(A—B)*(a+b)®
[((N+2—h)b%2+ (N+4)ab+2a?|

2—9<Ei,

wherei is the firm with the lowestE among all potential entrant firms. The left-hand side is
the expected gross profit (before subtractigfor the entrant firm in a Cournot market with
2-plant firms andN + 1 — 2h single-plant firm. As long as no entry occurs, there is always
incentive to merge after the first merger. However, once geranay induce subsequent entry,

this reduces firms’ incentives to further merge.
Proposition 6. A merger is unprofitable if it induces subsequent entry.

20



Proof. Let h be number of merged firms in the market as defined in Se8tidvow suppose
two incumbent firms merge and firtd + 1 enter the market, thus resulting (h+ 1) merged
firms and(N — 2h — 1) non-merged firms, the gross profit for each merged firm would be

AL (A—B)%(2a + b)(b* 4 2.5ab+ a?)

[(N—h+1)b2+ (N+4)ab+2a22 26.

The gross profit for a non-merged firm in a market witmerged firms an@dN — 2h) non-merged

firms is

o 2(A—B)?(a +b)3
~ [(N—h+1)b?+(N+3)ab+2a2]2

It is clear that

20 <2m".

i1 (A—B)%(2a +b)(b*+2.5ab+ a?)
[((N—h+1)b2+ (N+3)ab+2a?)?
Hence we conclude that, whenever a merger may induce entutsyde firms, there is no

incentives for any incumbent firms to merge. 0

Entry plays the role of damper on mergers. One implicatiothisf result is that partial or
complete monopolization may not be possible in market wattonfairly low entry barrier. And
the antitrust authority should only worry about anticonipet mergers in market with severe

entry barriers.

5 Conclusion

Empirical research on mergers and acquisitions has foungk smportant stylized facts of
merger activity over the last century. First, mergers oatwaves. Second, mergers concentrate
in industries for which a regime change can be be identifienird] the average stock market
return to acquiring firms are negative.

Various theories have been advanced to explain theseestyferts. These theories have
explained some of the mergers over the last century and tleusekevant to a comprehensive

understanding of what drives mergers and acquisitions. eédew none seems being able to
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reconcile all stylized facts. Therefore, there is room foa#dernative model as we present in this
paper.

We consider a model of horizontal mergers between Cournos finat have quadratic costs.
While retaining the assumptions of profit-maximizing firmsl &fficient stock market, it can still
accommodate all three stylized facts. According to our rhdagth high cost-savings from a
merger or a small slope for inverse market demand increasmdtentive to merge. In addition,
the profitability of any merger increases with the number efgers having already taken place.
One implication following the increasing profitability mhetion is that mergers tend to occur in
waves. Another implication is that some mergers not prdgtédy the merged firms in the short-
run may take place at the early stage of a wave, which expthamfindings of negative average

return without violating the profit-maximization paradigm

Appendix

Proof of Proposition 1.

First, note that the profit differend®(2) can be written as

(A—B)?[(—1.5N?+ N +8.5)ab*+ (10— 2N)a?b® + 2a3b? + (—N? + 2N + 1)b°]

A.l
INb?2 + Nab+3ab+ 2a2)2[b(N + 1) + 2a]? (A1)

The sign ofD(2) is determined by its numerator, and this is strictly positivand only if
(—1.5N2+N+8.5)ab* + (10— 2N)a?b® + 2a30? + (-N2+ 2N + 1)b° > 0, (A.2)

which can be re-written as:
2a°%b? > K(N)ab* 4 L(N)a?b® + M(N)b®

with K(N) = 1.5N2 — N +8.5,L(N) = 2N — 10 andM(N) = N> — 2N — 1. Note that all three of

these functions are increasinghhfor N > 2. Now, divide this expression hy?b® to get:

a b b
20> K(N) -+ L(N) + M<N>(5)2
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Now, note that the LHS is increasingén= a /b, while the RHS is decreasing & Thus, for any

value ofN, it is possible to find a value &f large enough that the inequality holds. 0

Proof of Proposition 2. To prove the proposition, we show thatt? is strictly increasing in
h for h € {0,1,...,N/2}. Thoughh takes only discrete values, it is useful to tr&dt™! as a
function of a continuous variable and showD"! is strictly increasing irh, by showing that
dD"1/dh> 0.

First, we note that wheh =0,

[(0) = {(—1.5N*— 3N+ 30.5)a*b* + 2a°b* + (—2N + 14)a*b
+ (—4N? + 2N 4 28)a®b® 4 (—3.5N? +- 5N + 10.5)ab® 4 (—N? +- 2N + 1)b" }W

= [(~1.5N2+N+8.5)ab*+ (10— 2N)a?b® + 2a30? + (—N? + 2N + 1)b°| (a + b)?,

which is strictly positive ifa /b > £(N), as shown previously.Moreover, the conditiod > 3
implies that

(A—B)?
[(N—1)b2+ (N +3)ab+2a?)2[(N+2)b+ 2a]?(a +b)

W(h) = 5 > 0.

forhe {0,2,...,N/2}. Thus,D! =T (0)W(0) > 0, as already shown in the previous proof.
Next, we show that both the two terr&h) andr (h) increase irh. The first part is easy, as

W(h) is clearly increasing i,
d¥(h+1)
dh

To showf (h) is increasing irh, we differentiatd” (h) with respect td,

> 0.

dr(n

S = 2a%b*+ (3N +1)a?b® + (5N — 3h— 3)ab® + 2(N—h—1)b’.

Given our assumptioN >4 andh <N/2—1, it follows that N —3h—3>0andN—-h—-1 > 0,

and
dr(h)
dh

"Noter (0) equals the product of a positive tefim -+ b)? and the LHS term ink.2).

> 0.
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As bothW(0) > 0 andl"(0) > 0 while W(h) andl (h) increase irh, it follows immediately
that forh > 0,

This condition, together with the conditions ttat(h) /dh > 0 andd¥(h)/dh > 0, indicates that

dD+? dW(h) dr(h)
an "W T an

W(h) >0,
andD™! > DM forhe {0,1,...,N/2—1}. 0

Proof of Proposition 3. To prove this result, we note that the profit for a merged ﬁl@nis

strictly increasing irh. After the last merger has been completed, all merges bepoofieable,
22Ny > P —omt > > P —om)/2 = DN2 > o,

even if the merger is not profitable at the time when it tookcela
Applying backward induction, it immediately follows thaa@h pair of firms play “merge”
when it is their turn to play the game. Hence, we concludedkdong aDV/2 > 0, a wave of

mergers will take place, evenlif” may be negative fan < N/2. 0O

Proof of Proposition 4. Note that in a market witiN firms, the first two-firm merger will be

profitable if and only if
(—1.5N?+ N +8.5)ab*+ (10— 2N)a?b® + 2a°b? + (—N? + 2N+ 1)b° > 0. (A.3)

To show full-monopolization is possible under this coratitiwe only need to show that for a

market withN/mfirms, whereme {1,2,4,...,N/2} and each firm has cost function

_aon
C—mq +Bg+ 6,

the first two-firm merger is profitable. Hence, what we neectmwsis that A.3) implies
(—15N?+ N +85)a" + (10— 2N)a"?b* +2a"b? + (—N2+2N"°] >0  (A.4)
whereN’ =N/manda’ = a/mforme [2,4,...,N/2].
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Whenm= 2, the condition inA.4) becomes

é [(—1.5N2 + 2N+ 34)ab® + (20— 2N)a?b® + 2a°3b? 4 (—2N? + 8N + 8)b°]

1
o [(_1.5N2+ N +8.5)ab®+ (10— 2N)a203+ 2a30% + (—N2+ 2N + 1)b°+
+ (N+255)ab* + 100203 + (N2 + 6N +7)b5]

For the discussion to be meaningful, there should be at4efashs in the marketN > 4. In
this case,
(~15N?+2N+85) < (-N?4+2N+1) <0, (10-2N)<2.

Clearly, (A.3) implies thata > b. WhenN = 4, (—~N?+ 6N +7) > 0 and thus, A.3) implies
(A.4). WhenN > 4, (A.3) would also implies that
2a%b+ (—1.5N*+N+8.5)ab* > 0.

But

(N +25.5)ab*+ 10a%b® + (—N? 46N + 7)b°
> (N+255)ab*+8a2b® + g[zoﬁb2 +(~15N?+N+85)ab?|

>0

Consequently, wheN > 4, (A.3) implies that AA.4) holds. Thus we can conclude that if the first
two-firm merger is profitable in market witR firms, the subsequent two-firm merger between

merged firm withm > 2 plants is also profitable. 0

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

equilibrium, ,
_ _ (A=B)*(b+a)
En=100N) = i 1) 02 T 20 &

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

(A—B)*(b+a)® 0
N) = - M- (N).
TN = (N7 DB (N d)abizaze &< N
This implies thaEn.1 > mH(N) and firm N+1 suffers a loss by entering the market. 0
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