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Abstract

When the antitrust authority has imperfect information about firms’ costs, we show
that all firms (including firms not participating in a merger) can influence the antitrust
authority’s merger decision by manipulating pre-merger quantities. As long as the
antitrust authority engages in Bayesian updating, we find that there exists a clear
relationship between the level of synergy generated by a given merger and the type
of error in the merger decision that is more likely to occur. The larger the level
of merger-induced synergy, the greater the likelihood of a Type II error whereby a
consumer surplus-decreasing merger is allowed. The smaller the level of synergy, the
greater the likelihood of a Type I error whereby a consumer surplus-increasing merger
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1 Introduction

We examine whether firms can effectively influence the antitrust authority’s merger review
process by manipulating their quantities when the antitrust authority has imperfect informa-
tion about firms’ costs. Analyzing potential weaknesses of the merger review process becomes
important in light of increasing merger volumes (Andrade, Mitchell and Stafford, 2001; Brak-
man et al., 2013; Shapiro, 2019). According to Shapiro (2019), in 2017, about 15,000 mergers
were announced in the U.S., representing about $2 trillion in total value. There were 2,052
proposed mergers reported to the antitrust authorities, of which 51 received an in-depth
investigation, and 21 were subject to enforcement action. Furthermore, there is evidence
that mergers mainly lead to increased market power rather than cost-savings (Blonigen and
Pierce, 2016). According to de Loecker and Eeckhout (2018), the average global markup has
increased from close to 1.1 in 1980 to around 1.6 in 2016. Although aggregate markups were
more or less stable between 1955 and 1980, there has been a steady rise since 1980, from
21% above marginal cost to 61% above marginal cost in 2016 (de Loecker, Eeckhout and
Unger, 2020). Overall, as per Shapiro (2019), “the clearest area where antitrust enforcement
has been overly lax is the treatment of mergers” (see also Kwoka, 2020).

Previous papers examining the role of asymmetric information in the merger review
process focus either on mechanism design by the antitrust authority to induce the merger
participants to propose the most efficient mergers (Besanko and Spulber, 1993; Cosnita and
Tropeano, 2009; Nocke and Whinston, 2013), or merger participants’ attempt to influence
the antitrust authority’s decision (Lagerlof and Heidhues, 2005). This latter contribution
considers a scenario where the merger participants have soft (non-verifiable) information
about potential efficiency and choose to exert a costly effort to find and submit hard (verifi-
able) evidence to the antitrust authority that reveals the true efficiency. However, Lagerlof
and Heidhues (2005) do not allow firms that do not participate in the merger to actively
influence the antitrust authority’s decision. Our contribution to this literature is two-fold.

First, unlike previous contributions, we allow all firms in the industry, that is, merger



participants and non-participants, to actively attempt to influence the antitrust authority’s
decision. This is important since theory and empirical evidence suggest that outsiders to
a given merger (that is, those firms in an industry that are not participating in the given
merger) benefit from mergers that increase the product price, and lose from mergers that
decrease the price (Stigler, 1950; Farrell and Shapiro, 1990; Duso, Neven and Réller, 2007;
Duso, Gugler and Sziics, 2013).! Thus, a complete analysis of firms’ behaviour during the
merger review process should take into account not only merger participants’ attempts to
ensure that the merger is allowed but also outsiders’ attempts to influence the antitrust
authority’s merger decision. According to Giebe and Lee (2020), both in the U.S. and E.U.,
competitors have been increasingly involved in the merger review process. They provide
evidence of increasing competitor involvement in E.U. merger cases, suggesting that rivals of
the merger participants actively try to influence the antitrust authority’s decision. Outsiders
and merger participants may have opposing incentives regarding how to influence the an-
titrust authority’s decision for a given merger, which has not been captured in the previous
literature. This complicates the analysis and, at the same time, generates novel insights.

Second, the mechanism by which firms influence the antitrust authority’s decision that we
model is novel relative to the previous literature on the merger review process in the presence
of asymmetric information. While practitioners and academics have voiced their concerns
about the difficulties of measuring merger-induced efficiencies, especially in the presence
of asymmetric information (Yao and Dahdouh, 1993; Réller, Stennek and Verboven, 2000;
Renckens, 2007), few papers have modeled potential mechanisms by which firms may attempt
to manipulate the efficiency threshold.

The literature on horizontal mergers builds around the seminal work of Salant, Switzer
and Reynolds (1983) who show that such mergers are generally unprofitable under the stan-

dard assumptions of Cournot oligopoly, a result that has been extended to various modifi-

!Other papers that discuss the effect of mergers on rivals of the merger participants include Banerjee
and Eckard (1998), Clougherty and Duso (2009), and Gugler and Szucs (2016). We note that another set of
papers examines the effect of horizontal mergers while accounting for vertical relationships between industries
(e.g., Ghosh, Morita and Wang, 2022), which we abstract away from in this paper.



cations of the basic model (Stigler, 1950; Kamien and Zang, 1990, 1991, 1993; Gaudet and
Salant, 1991). Farrell and Shapiro (1990) provide necessary and sufficient conditions in terms
of merger-induced efficiencies or synergies for a given merger to be profitable and to decrease
price within a Cournot oligopoly.? Specifically, the latter requires the post-merger marginal
cost of the merged entity to be below a certain threshold. Nocke and Whinston (2010) show
that this threshold is increasing in the level of the pre-merger equilibrium industry output.

In this paper, we show that, by choosing an output level different from the pre-merger
equilibrium output level, firms may manipulate the above-mentioned threshold and thereby
the decision of the antitrust authority, as long as there is asymmetric information. We
derive this result under the standard assumptions of a Cournot oligopoly, in line with some
of the main contributions in the related literature, without relying on specific functional
forms. This mechanism gains importance in light of the following. First, in several industries
with the highest volumes of Mergers and Acquisitions (M&A) activity (e.g., mining and oil
and gas), firms compete in quantities.® Second, recent empirical evidence shows that firms’
efficiency level prior to merging (which is directly related to the pre-merger equilibrium
industry output) determines large post-merger heterogeneities in terms of merger-induced
product price changes (Siebert, 2022), in line with the mechanism outlined in this paper.

It is well understood in the literature that uncertainty about the post-merger marginal
cost can affect firms’ behaviour, thus affecting the profitability of the merger (Amir, Dia-
mantoudi and Xue, 2009; Choné and Linnemer, 2008). Rather than explicitly modeling this
source of uncertainty, which has been done before, we focus our attention on a novel mecha-
nism arising from the pre-merger rather than the post-merger outcomes. It seems important

to examine the pre-merger stage since merger policy does affect firm behaviour in the pre-

2A key element of the Merger Guidelines in the U.S., the E.U. and several other countries that determine
the antitrust authority’s decision is the level of synergies (or cost-savings) generated by the merger, as per the
“efficiency defense.” Advocates of the efficiency defense base their reasoning on the findings of Williamson
(1968) who illustrated that horizontal mergers may increase consumer surplus and social welfare if the
merger-induced increase in productive efficiency is sufficiently large such that it compensates for the effect
of increased market power of the merger participants.

3See, e.g., https://imaa-institute.org/mergers-and-acquisitions-statistics /ma-statistics-by-industries/



merger stage (Mermelstein et al., 2020). As such our results show that even if the antitrust
authority spends adequate resources to accurately estimate the post-merger marginal cost
there would still be room for making errors in merger decisions. Our paper attempts to shed
light on the conditions under which this might happen.

While this mechanism is novel to the debate over the merger review process in the presence
of asymmetric information, the idea that firms may choose to depart from their equilibrium
output levels to strategically manipulate other players’ decisions is not new. In particular,
the mechanism used by firms to manipulate the antitrust authority’s decision in this paper is,
in certain instances, reminiscent of predation in games of imperfect information.* Empirical
evidence shows that firms do sometimes increase output levels beyond the equilibrium level
for several reasons.® In our model, firms may do so to induce a Type II error by the antitrust
authority, by which a consumer surplus-decreasing merger is approved. At the same time, we
also identify conditions under which firms engage in the opposite behaviour, that is, decrease
output levels below the equilibrium level to induce a Type I error by the antitrust authority
whereby a consumer surplus-increasing merger is rejected.’

Since outsiders can only manipulate their output levels after becoming aware of a likely
merger, this mechanism is most applicable to industries where the antitrust authority is
reliant on a relatively short-horizon dataset when doing its merger simulation. Typically,
the latest available data better reflects industry characteristics. This is more likely to apply
to a variety of industries where a rapid innovation rate or high firm turnover makes it difficult

to rely on data from the distant past to simulate current production or demand functions.

4The literature on predation attempts to provide possible explanations for why predatory pricing may
occur in equilibrium. For example, incumbents may choose a higher quantity than the equilibrium to
preempt entry or to force out a rival. Another explanation includes signaling just before an acquisition is
made. Saloner (1987) explores a scenario where an acquirer may expand its output to signal to the target
that it is a low-cost rival and thereby improve the takeover terms.

SBurns (1986) provides empirical evidence for cases where the acquirer has engaged in predation prior to
undertaking an acquisition. See Bolton, Brodley and Riordan (2000) for a discussion of cases where firms
have been found guilty of using predatory pricing.

6Mermelstein et al., (2020) take into account how merger policy affects firm behaviour at the pre-merger
stage. While we focus on pre-merger output levels, Mermelstein et al., (2020) examine how merger policy
affects firms’ pre-merger investment decisions without accounting for asymmetric information.



We derive a clear and unambiguous relationship between the level of synergies associated
with a given merger and the likelihood of errors in the antitrust authority’s merger decision.
In particular, we find that if the antitrust authority engages in Bayesian updating, the
larger the synergy the more likely that a Type II error occurs, where the antitrust authority
allows mergers that decrease consumer surplus. Conversely, the smaller the synergy the more
likely that a Type I error occurs, where the antitrust authority rejects mergers that increase
consumer surplus. Thus, by engaging in Bayesian updating, the antitrust authority is able to
avoid more damaging errors whereby either the mergers generating the largest price increases
would be allowed, or the mergers potentially generating the largest price decreases would be
rejected. Hence the importance of being cognizant of the mechanism outlined in this paper
and internalizing it in the merger evaluation process.

The existence of Type I and Type II errors together implies that those mergers that are
realized are more likely to be ones which increase the product price leading to greater market
power for the merging firms. Thus, our mechanism offers a possible partial explanation for the
robust empirical finding in the post-merger review literature that most mergers do increase
product price (e.g., Ashenfelter and Hosken, 2010; Ashenfelter, Hosken and Weinberg, 2014;
Blonigen and Pierce, 2016; Duso, Gugler and Sziics, 2013; Duso, Gugler and Yurtoglu, 2011;
Kwoka, 2014) and ultimately contribute towards increased market power of firms.

Another important policy implication of our findings is as follows. While in the absence
of asymmetric information, the latest available data might better reflect industry characteris-
tics, the more weight the antitrust authority puts on the latest available data, the greater the
incentives and ability of firms to influence the merger decision. This highlights the need for
further research to determine the optimal time horizon for data that the antitrust authority
should use when evaluating potential mergers.

Section 2 presents the model with a general demand function. Section 3 presents the
benchmark case without asymmetric information. Section 4 presents the analysis of the case

with asymmetric information. Section 5 presents the concluding remarks.



2 The Model

We consider a two-stage game with three Cournot oligopolists and an antitrust authority
that must decide whether to allow a merger. As is common to much of the merger literature,
we assume that, due to exogenously given barriers to entry, entry into this industry is not
possible. At the outset (pre-merger stage), each firm i has a constant marginal cost given by
¢; > 0 and sells the amount ¢; for i € {1,2,3}. The inverse demand is given by p (Q) where
Q= Z?:1 ¢;- We make the following standard assumption on demand.

Assumption 1: For any @ > 0 such that p (Q) > 0,

(i) ' (Q) <0,

(i) p' (Q) + Q" (Q) <0,

(i) limg—eo p (@) = 0.

Assumption 1(i) states that demand is downward sloping. Assumption 1(ii) implies
that quantities are strategic substitutes and that each firm’s profit maximization problem
is strictly concave. Assumption 1(iii), in conjunction with ¢; > 0 for all ¢, implies that the
equilibrium aggregate output is bounded.

We consider an exogenously given merger between firms 1 and 2. Firm 3 is the non-
participating firm, referred to, henceforth, as the “outsider.” All post-merger variables are
denoted by the subscript “M.” The post-merger marginal cost of the merged entity is given
by cpr > 0, the post-merger equilibrium quantity of the merged entity is given by ¢, and
that of the outsider is given by ¢3)7, and the post-merger equilibrium total industry output is
given by ()5;. Under Assumption 1 and given constant marginal costs of production pre- and
post-merger for all firms, there exists a unique Nash equilibrium both pre- and post-merger.
We assume that ¢; for ¢ = 1,2, 3 and c); are such that all firms produce positive quantities
in both the pre-merger and post-merger stages. We assume that the antitrust authority uses
a consumer surplus (denoted by CS henceforth) standard, in line with much of the recent
literature. That is, it approves a merger if and only if the merger does not increase price.

Within this framework, Nocke and Whinston (2010) show that a merger that involves



two active firms (that is, two firms producing strictly positive quantities in the pre-merger

equilibrium) decreases (increases) price if and only if

where

c(@Q) =p(@Q) - Z (P (Q) —ci), (2)

with @ denoting the pre-merger industry output level,” and 9¢(Q) /0Q > 0. Since ¢(Q)
as given by (2) depends on the pre-merger industry output level @), which depends on ¢;
for all i (Farrell and Shapiro, 1990), it follows that pre-merger costs of all firms (including
the outsider) can affect the threshold, ¢(Q). Let ¢; denote the level of firm i’s pre-merger
marginal cost such that the merger is CS-neutral for any i.® That is, when ¢; = ¢;, a merger
with a given post-merger marginal cost cj; does not change the price level. We posit the
following Lemma.

Lemma 1: For ¢; > (<)¢; for any i, the merger with post-merger marginal cost cy 1is
CS-decreasing (CS-increasing).

Proof: Under Assumption 1, Farrell and Shapiro (1990) show that 0Q/d¢; < 0 for all i.
That is, an exogenous increase in the marginal cost of an individual firm corresponds to a
lower equilibrium value of the industry output level. Also, as per (2), Nocke and Whinston

show that Jdc > 0 1if the merger mvolves two active firms. 1S 1S because
(2010) h h 8A(Q)/8Q 0 if th ger i | ive fi 9 Thisis b

"We note that (2) may be re-interpreted as follows. The higher the pre-merger markup of the merger
participants, the lower the threshold that c¢p; must go below in order for the merger to be approved. A
higher pre-merger markup of the merger participants implies that the industry is already quite concentrated
pre-merger, such that unless the synergy is sufficiently large the merger raises the price level. For a given
merger, the higher is @), the smaller the merger-induced increase in industry concentration and, therefore,
the less likely is the merger to increase price. The same two-firm merger increases industry concentration to
a lesser extent in industries where the pre-merger output level, @), is greater. This is because the merging
firms constitute a smaller share of the entire industry the larger is ). @@ may be greater in certain industries
either because there exist more firms in the pre-merger equilibrium, or the scale of production of the firms
is larger relative to other industries. Since it is the increase in industry concentration that leads to greater
market power for the merged entity, it follows that the same two-firm merger increases price less in industries
with a larger . This explains Nocke and Whinston (2010)’s result.

8The pre- and post-merger marginal costs of the outsider are assumed to be identical.

For further details, please refer to Section IL.B of Nocke and Whinston (2010).
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the merger-induced increase in market power is greater for lower values of (), whereas the
efficiency gain does not vary with ). These features of the standard Cournot model yield

the following;:

oc Jc(Q) o
Cﬁ(c?) = C@g) a—g < 0 for all i. (3)

Let us begin by considering ¢; = ¢;, for which the merger is CS-neutral given a specific
value of ¢y;. As ¢; increases beyond ¢;, ceteris paribus, ¢ (Q)) decreases as per (3), implying
that given this value of c¢j;, the merger becomes CS-decreasing. Similarly, as ¢; decreases
below ¢;, ceteris paribus, ¢ ((Q) increases as per (3), implying that given this value of ¢);, the
merger becomes CS-increasing. Hence, we can conclude that for ¢; > ¢;, the merger with
post-merger marginal cost ¢, is CS-decreasing, and for ¢; < ¢;, the merger is CS-increasing.ll

Lemma 1 follows from the fact that, given the marginal costs of the other firms, the
lower the pre-merger marginal cost of firm i, the greater the pre-merger equilibrium industry
output level, as shown by Farrell and Shapiro (1990). The greater the pre-merger equilibrium
industry output level, the less likely a given merger to increase price, as shown by Nocke
and Whinston (2010). Nocke and Whinston (2010)’s result allows us to re-interpret Farrell
and Shapiro (1990)’s seminal finding in a specific way which is key to understanding the
mechanism we outline in this paper. Farrell and Shapiro (1990) show that whether a merger
is CS-decreasing depends on whether and to what extent the merged firm’s marginal cost is
less than the most efficient merging firm’s pre-merger marginal cost. This result was derived
for exogenously given pre-merger marginal costs of all firms, including those of the outsider.
Instead of holding constant the pre-merger marginal costs of all firms when determining the
condition for a merger to be CS-decreasing, in our setup, we hold constant the merged firm’s
marginal cost, cj;.

We consider a scenario where the antitrust authority has imperfect information about
some of the pre-merger variables. More specifically, we consider the case where the antitrust

authority has imperfect information about the marginal costs of production of the firms.!’

10We note that our mechanism would remain unchanged if the antitrust authority could observe the pre-



Assumption 2: The antitrust authority observes the total pre-merger quantity sold in the
market, but does not observe the costs of the firms, ¢;, for i = 1,2, 3.

We assume that the antitrust authority works with some estimate or expected value of
cy- Allowing firms to have a different estimate of ¢j; than the antitrust authority would
complicate the notation without generating any novel insights. Therefore, we assume that
firms and the antitrust authority work with the same estimate of the post-merger cost of
the merged entity and set it to c); without loss of generality. We note that, as long as the
production process is such that c;; and ¢; for ¢ = 1, 2, 3 are independent of each other, firms’
and the antitrust authority’s estimates of ¢, are not affected by the strategic behaviour
modeled in this paper. Thus, our framework is consistent with and applicable to cases
where there is uncertainty about the post-merger cost, c,/, as is often the case in practice.
Since firms typically have more information regarding prevalent technologies being used in
an industry than the antitrust authority, we assume that firms know each other’s costs. We
make the following assumption on the prior beliefs of the antitrust authority.

Assumption 3: The marginal cost of firm 3, cs, is given by cy with probability A and cp,
with probability (1 — \), where 0 < A < 1 and ¢ < ¢3 < cg.

Lemma 1 and Assumption 3 together imply that, given c,;, the merger is CS-decreasing
(CS-increasing) if and only if ¢3 is given by ¢y (). Moreover, we restrict attention to the
range of cy such that the merger is profitable for the merger participants. It should also
be noted that due to the assumption ¢;, < ¢3 < cp, the model is non-trivial. Given our
assumptions, we derive the following results on the profitability of the merger.

Lemma 2: Under Assumptions 1 and 3,
(i) the merger is profitable for the merger participants, firms 1 and 2, for cs € {cp,cu};
(ii) the merger is profitable for the outsider if c¢3 = cy and not profitable if c3 = cy.

Proof: See Appendix A.1.

merger costs of the merger participants, c1, and co, but not the costs of the outsider. This would reflect
the fact that during a merger review, the antitrust authority investigates the merger participants thoroughly
and is, therefore, more likely to have more accurate estimations of the pre-merger costs of these firms rather
than that of the outsider which is not directly under investigation.

10



The timing

Initially, Nature draws the cost of firm 3, c¢3, which is given by ¢y with probability A and
cr, with probability (1 — A). The first stage of the game is the pre-merger stage in which
each firm 7 chooses its quantity, ¢;, for ¢ = 1,2,3. Firms 1 and 2 propose to merge. At the
end of the first stage, the antitrust authority observes the total quantity of the industry and
decides whether to allow the merger. Let the superscript £ denote the two possible cases
that may occur, i.e., k = H if cs=cy and k = L if c3 = ¢;.

The pre-merger profit of each firm is given by:

T = p(Q) ¢ — ciqi, for i=1,2,3. (4)

In the second stage, depending on the antitrust authority’s decision, we have either two
firms (if firms 1 and 2 have merged) or three firms (if the merger is rejected).
If the merger is allowed, let ¢%,, denote the post-merger output of the outsider and let

78 s denote the post-merger profit of the outsider in the second stage. That is,

Tanr = P (Qnr) @5ar — €35
The discount factor is identical across firms and is denoted by ¢ such that the discounted
present value of the outsider’s profit over the two stages, i.e., before and after the antitrust
authority makes its merger decision, is given by 7% + é7%,,. The post-merger profit of the
merged entity is given by:

mh = p(Qum) &y — cudly.

The discounted present value of firm 1’s profit is given by 75 + dan%,, where o € (0,1)
represents the share of the post-merger profits that accrue to the owners of firm 1. Similarly,
the discounted present value of firm 2’s profit is given by 75 + & (1 — ) 7%,

If the merger has not been allowed after the first stage, the second stage profit of each

11



firm is given by (4), and the discounted present value of profits of each firm is given by

7k 4 6k for i = 1,2, 3.

3 Benchmark Case: No Asymmetric Information

Let’s first consider the benchmark case where the antitrust authority can observe all marginal
costs. In the first stage, the game is equivalent to the standard Cournot game with no merger.
At the end of the first stage, depending on the average marginal cost of the outsider, cs3, the
antitrust authority allows or rejects the merger. In the second stage, firms either compete
in an oligopoly with three firms or one with two firms. We determine the Subgame Perfect
Nash Equilibrium for each value of the average marginal cost of the outsider in the following
Lemmas.

Lemma 3: If c3 = cy, the antitrust authority does not allow the merger, and the following
occurs in equilibrium during each of the two periods:

(i) firms 1 and 2 choose (qi'*, ¢i™*) and obtain profits (wi* wi*) while the outsider chooses
g™ and obtains profits w&'*;

(i) the industry output is denoted by Q* = qF* + ¢* + ¢f'*, and the consumer surplus is
given by CSH*.

Proof: In the second stage, whether or not the merger is allowed, firms choose the standard
Cournot equilibrium quantities. Knowing that the merger is always CS-decreasing when
c3 = cg, which follows from Lemma 1, the antitrust authority rejects the merger in the first

stage. Therefore, all firms choose the standard Cournot equilibrium quantities in the first

Hx*

i

stage as stated by Lemma 3(i), and obtain the profits associated with these quantities,
fori=1,2,3. W

Lemma 4: If c3 = ¢, the antitrust authority allows the merger, and the following occurs
mn equilibrium:

(i) in the first period, firms 1 and 2 choose (qF*,qk*) and obtain profits (wl* wL*), while the

12



outsider chooses q¥* and obtains profits wi*;

(i) in the first period, industry output is denoted by QY* = ¢* + ¢f* + ¢&* and consumer
surplus is given by C'S™*;

(iii) in the second period, the merged firm chooses q¥F and obtains profits w%;, while the
outsider chooses qky; and obtains profits wiiy;

(iv) in the second period, the industry output is denoted by Q% = qif + ¢X7; and consumer
surplus is given by CSL;.

Proof: Knowing that the merger is always CS-increasing when c3 = ¢y, which follows from
Lemma 1, the antitrust authority allows the merger in the first stage. Therefore, in the second
stage, firms choose the standard Cournot equilibrium quantities associated with an oligopoly
with two firms, as stated in Lemma 4(iii). In the absence of asymmetric information, the
merger decision cannot be influenced. Therefore, all firms choose the standard Cournot
equilibrium quantities in the first stage, as stated in Lemma 4(i) and obtain the profits

associated with these quantities, 7* for i = 1,2,3. W

4 Asymmetric Information

In the case of asymmetric information, the firms choose their first-period quantity strate-
gically. We explore different Perfect Bayesian Equilibria: pooling, separating and semi-
separating equilibria. We allow all firms to strategically choose their quantities in order to
manipulate the antitrust authority’s decision. We assume that firms are aware of the an-
titrust authority’s prior beliefs, as embodied in Assumption 3. Even if the antitrust authority
knows that the merger participants know the true cost of the outsider, it does not gain any
information by asking the merger participants for information. This is because, by Lemma
2, the latter always have an incentive to state that c3 = ¢, so that the merger is allowed.
Although our setting reflects a scenario where the outsider distorts the quantity because

there is private information about its cost, the mechanism outlined here can be interpreted

13



more broadly. In practice, antitrust authorities appear to rely on outsiders for soft and
hard evidence on how to appropriately define the market, on the details of the production
functions, and more generally, to check for any “blind spots” in their analysis. This enables
outsiders to try to change the authority’s “model” of the industry. Frequently, outsiders’
costs (and thereby production functions) are one such blind spot for the antitrust authority
since outsiders are not directly under investigation. Thus, the mechanism outlined here may
be interpreted to be an attempt to change the supply side of the industry model used in the

antitrust authority’s analysis.!!

4.1 The Equilibria

Separating Equilibria: We find that a separating equilibrium exists only when the firms’
discount factor is sufficiently low. To influence the antitrust authority’s decision, firms must
bear a cost in the pre-merger stage (by straying away from their equilibrium quantities),
whereas the benefits are only obtained in the post-merger stage. Thus, a low discount
factor decreases firms’ incentive to influence the antitrust authority’s decision. The exact
conditions under which we derive the separating equilibria are presented in Appendix A.2.
Henceforth, we focus on the equilibria that prevail for higher values of the discount factor

where a separating equilibrium does not exist.

Pooling Equilibria: We begin by noting that firms can choose from a continuum of output
levels, i.e., quantities are continuous variables within our setting. We show, in Appendix
A.9, that firms always have an incentive to engage in infinitesimal deviations preventing the
existence of pooling equilibria in our model.

Before proceeding, it is useful to note that if a pooling equilibrium did exist, after ob-

serving the industry output, the antitrust authority would reject the merger if and only

' Moreover, our mechanism may, in certain cases, be equivalent to modeling a scenario where the outsiders
attempt to influence the demand side of the industry model. For instance, in the case of linear demand,
changes in the constant marginal costs of firms have a similar impact on the equilibrium as changes in the
choke price of the inverse demand function.

14



if
AC ST 4 (1 = N)OSEr < A\CSH* 4 (1 — \)CSH, (5)

where C'S* denotes the post-merger consumer surplus if c; = ¢y, and CS¥;, CS7* and

CS™* are as defined in Lemmas 3 and 4. Inequality (5) is satisfied if and only if A > X, where

5 CSk — 8™ ©
~ CSkp — CSL CSHe — CS

We note that \ € (0,1) since by Lemma 1, and Assumptions 1 and 3, we have C'St* > C'St*
and C'SH* > CSi*. Although pooling equilibria do not exist in our setting, the threshold h)

plays an important role in our discussion of semi-separating equilibria below.

Semi-separating Equilibria: We begin by presenting the equilibrium that prevails if the
level of synergy associated with the merger is relatively small, i.e., ¢)s is large (referred to
henceforth as EI). Then we present the equilibrium that prevails if the level of synergy is
relatively large, i.e., ¢js is small (referred to henceforth as EIT). We note that there exists
a continuum of equilibria similar to EI and EIL. Our analysis focuses on EI and EII since
these equilibria generate the highest payoffs for all firms.

In EI, the c;,—type outsider chooses ¢i* while cy—type outsider chooses ¢2* with proba-
bility ¢ and g% # ¢&* with probability (1—¢y). Firms 1 and 2 choose ¢F* and ¢Z* such that
the total output is ¢&* + ¢&* + ¢b* = Q¥ if outsider chooses ¢*, and ¢F* + ¢&* + g& # Q™
if the outsider chooses g&.'? In this equilibrium, when it observes a quantity different from
Q'*, the antitrust authority knows it is coming from cy—type outsider and always decides
to reject the merger. On the other hand, when the antitrust authority observes QX*, it does
not know the type of the outsider and therefore sometimes chooses to allow the merger, and
sometimes chooses to reject it. Let’s define ¢, = Pr(merger/Q**) as the probability that

the antitrust authority allows the merger after observing Q**.

12Firms 1 and 2 could also randomize their quantities. However, as they prefer the antitrust authority
to allow the merger, by choosing a quantity different from ¢I* and ¢Z* in this semi-separating equilibrium,

they will make it less likely that the antitrust authority allows the merger.
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In EII, the cy—type outsider chooses ¢’* while the c;—type outsider chooses ¢f* with
probability ¢; and @i # ¢i’* with probability (1 — ¢;). Firms 1 and 2 choose ¢/'* and
¢ such that the total output is ¢f* + ¢&* + ¢&* = Q"* if the outsider chooses ¢i’* and
qi™* + g5 + @l # QU* if the outsiders choose gi. After observing @) # Q7*, the antitrust
authority knows it is coming from the c;—type outsider and therefore decides to allow the
merger. However, after observing Q”*, the antitrust authority does not know whether the
outsider is a cy—type or a ¢, —type, and therefore sometimes decides to allow the merger and
at other times decides to reject it. Let’s define ¢,,,, = Pr(nomerger/Q*) as the probability
that the antitrust authority rejects the merger after observing Q7*.

Propositions 1 and 2 present these equilibria, EI and EII, respectively, in more detail.

Before presenting Proposition 1, it is useful to define the following thresholds of ¢:

5 o_m(a et e ™) w4 as") )
H = THx - Hx g
3M 3

where ¢l ™% = arg max 7 (¢F*, ¢1*, ¢3). We note that SH represents the threshold such that
if 0 is below gH, we obtain the separating equilibrium. Recall that a separating equilibrium
exists as long as the firms’ discount factor is sufficiently low since firms must bear a cost in
the pre-merger stage by straying away from their equilibrium quantities, whereas the benefits
of influencing the merger decision are only obtained in the post-merger stage. Thus, EI is
only reached if o > SH, as stated in Proposition 1.

Two other thresholds that play an important role are 01y and dop:

5. = ¢ulmilet® e ag)—milanas ™ o )+ (A= m)mlaf a5 a5 ™) —mi (05" 5" )] 8)
1H = (an = IT*)(1-2¢ 1) ’

where ¢ is such that ¢; + ¢&* + ¢l ™ = Q**, and

_ ¢ulmalar*af* ab*)—ma(af* q2,a5 ")+ (1—¢p) [ma(qf* gk ,qdl @) =72 (g * ,q2,q5T ™)) (9)

O2m = (—e)r i —nf*)(1-20p) ’
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where ¢y is such that ¢F* +go + ¢4/ ™ = QL*. In our analysis, we allow all firms to stray away

from their equilibrium quantities in the pre-merger stage in order to influence the merger
decision. Let us consider firm 1, which is one of the merger participants. Firm 1 knows that
the outsider’s cost is ¢y by Assumption 2. If the probability that the outsider chooses ¢i*,
i.e. ¢y, is sufficiently high (specifically ¢, > 1/2, as stated in Proposition 1), then firm
1 does not deviate from EI and, thus, chooses ¢f* since this maximizes the chance of the
merger being allowed.

Even if ¢, < 1/2, firm 1 does not deviate as long as § < 6,57 where 0,5 is given by (8).
If § is too high, then firm 1 would try to counter the outsider’s move since there is a high
likelihood that the outsiders would not choose ¢i* (given ¢, < 1/2), thereby jeopardizing
the merger. However, as long as § < 0y, the pre-merger cost to firm 1 from countering the
outsider is weighted too heavily for it to be worthwhile. Thus, as long as § < &, once again
firm 1 does not deviate from EI and, thus, chooses ¢-*.

By similar reasoning, for firm 2 to not deviate from EI we would need either ¢, > 1/2
or § < 8y, where o is given by (9).

To sum up, as long as § is no greater than the thresholds 6,5 and o5, firms 1 and 2 do
not deviate from EI, as shown in the proof of Proposition 1.

Now let us turn our attention to the antitrust authority. In Appendix A.4, we determine

the condition under which the antitrust authority is indifferent between allowing or rejecting

the merger after observing Q**. Then, using Bayes’ rule, we obtain

3o P
A+ (1= A)
which implies that in EI
_ AN
¢H - (1_}\\))\7 (10)

where A is defined by (6). Moreover, we note that X is a function of ¢y, /)\\(CM>, which
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13 The equilibrium in Proposition 1 occurs when A\ > /):(CM), or,

is decreasing with cy,.
equivalently, cp; > cp(A) and the equilibrium in Proposition 2 occurs when ¢y < cpr(A).
We re-interpret the conditions in Propositions 1 and 2 in the next subsection to highlight
the role played by cj;, which is further illustrated in Figure 1.

Proposition 1 (EI): For A > X, and either for 6y < § < min{81s7, dorr} if b < 1/2, or
for 6 > Ou if ¢y > 1/2, we have a semi-separating equilibrium in which in the pre-merger
stage

(i) the cp—type outsider chooses q-* and firms 1 and 2 choose qF* for i = 1,2;

(ii) the cy—type outsider chooses qi* with probability ¢, and g ™™ =£ g&* with probability
(1 — ¢y), and firms 1 and 2 choose ¢=* for i =1,2.

The antitrust authority does not allow the merger after observing Q # Q* and allows

the merger after observing Q™ with probability ¢,,, where
_ Irif(ar* a5, a3 ™) — mif (ar*, 957, 057)
Qbm Y Hx Hx : (11)
Tsm — 73

Proof: The proof has been relegated to Appendix A.4.
While Proposition 1 presents the equilibrium that occurs for ¢p; > ¢pr(\), Proposition 2
presents the equilibrium that occurs when cy; < cjp/(\). Before presenting Proposition 2, it

is useful to define the following thresholds of 4:

3, = Ty (g™, gd, a5 ™) — i (g™, gb, a5™)

7TL* _ 7TL* ) (12)
3 3M
Lmax — L¢ Lx ,Lx
Where qs = argmaxmsg (Q1 » 42 7Q3)7
5 = oplmi(af™ a5 a8™) —m1(q1,95" a5 ) +(1 =) [m1 (a1 * 98" a5 ™) =71 (q1,95" * a5 ™)) (13)
1L = (anly—nF*)(26,—1) ’

13Gee Appendix A.3 for the proof that N is decreasing in cp;.
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where ¢ is such that ¢; + ¢&'* + ¢Z™> = QH*,

5., = ool af™ af ") —ma(af" g2, a8+ (1= )Ira(ai™ a5 a5 ™) —ma(af" q2,05 )] (14)
2= (ankr—m5*)(2¢,-1) ’

where ¢, is such that ¢/7* + ¢o + q;% max — OH* and

[\

_A(1=X
oL = (1=M)X’

where \ is defined by (6). The roles played by the above thresholds are similar to those of
their counterparts used in Proposition 1.
Proposition 2 (EII): For A < X and SL < 8 <min{011,0.} if ¢, > 1/2 or § > gL if
¢; < 1/2, we have a semi-separating equilibrium in which in the pre-merger stage

(i) the cg—type outsider chooses qi™ and firms 1 and 2 choose qI'* for i =1,2;

(i1) the cp,—type outsider chooses qi'* with probability ¢; and gk™> # ¢i* with probability
(1—¢,), and firms 1 and 2 choose q™* for i =1,2.

The antitrust authority allows the merger after observing Q # QF*, and does not allow

the merger after observing Q™* with probability ¢,,,

¢ _ 1mp(ef™, g a5 ™) — m5(af, a5 65"
" (<5 = ki)

Proof: The proof is similar to that of Proposition 1 (EI), and has, therefore, been relegated
to Appendix A.5.

We note that in both equilibria, EI and EII, the antitrust authority may make either
Type I or Type II errors with some positive probability. A natural question that arises is
under what conditions are each type of error more likely to occur? We address this question

next.
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4.2 Role of synergy

We show that the magnitude of the synergy from the merger plays an important role in
determining which type of error occurs. Recall that, given ¢; and ¢y, the lower the post-
merger marginal cost of the merged entity, c;;, the larger the synergy from the merger.
Propositions 1 and 2 together provide the set of conditions for which the equilibria exist.
Recall that oy, 07, 01p, 0o, 012, and day, are given by (7), (12), (8), (9), (13) and (14)
respectively, and they depend on the post-merger marginal cost of the merged entity, c,,.
Lemma 6: We have that EH 1§ decreasing in cyr, and SL 18 1ncreasing in Cyy.
Proof: See Appendix A.6.
Moreover, we show in Appendix A.7 that as long as 71 (¢7*, ¢5*, ¢4 ™) > 71 (q1, ¢5*, ¢4 ™),
we have that 0, H, s H, 017, and 07, are decreasing with c,;. Figure 1 illustrates Lemma 6 by

showing the threshold values of § as functions of ¢y, as well as the cutoff value c¢j;(\). To sim-

plify the graphical representation, we denote 6z = min{0,, dor} and d; = min{d,z, dar}.

20



|
1~ | ‘
L OH \ 5L :
N 5 ‘
1 \\ : ‘
RN \ :
‘ |
| . ‘
N \ :
| | ‘
PN V \ ‘
:: : N
by | ‘
\\ |
| \\ ‘
‘V - |
[ N \ \ V \\\ ‘
| N “ _ ) \\ ‘
: N 5[/ \\V\V\ :
‘ . AN |
| N | Equilibrium (EI) /. :
EN | bri \\\ |
AN RN | | .
| i o ‘L” :
N ‘
F% uilibrium\(EIT). | :
AN I ) | V ‘
| N L ) ‘
l N ‘ ‘
| \ :VV: ‘ ‘
IN \ " ‘ VJ
N - 8 |
N . N :
+ R \ | \‘ | ‘
P . \ ‘ z/ |
N \ ‘ |
AN 5 \ ‘ :
| N \ \ \ % ‘
N N N . \ \ “ VV J
N . B ‘
I ‘ ‘ ‘
| . ‘ ‘
‘ | ‘
| ‘ :
| J f
t | |
oH e () CL

Figure 1: Equilibria

In Figure 1, ¢ represents the value of ¢(Q), as given by (2), when c¢3 = cy, and ¢-
represents the value of ¢(Q) when c3 = cp. At ¢y = ¢, there is an asymptote for 8y since
rls — 7l Similarly, at ¢y = ¢~, there is an asymptote for 6, since 747, = w&*.

As noted earlier, Figure 1 illustrates that EI (as per Proposition 1) occurs when ¢, is
sufficiently large, while EII (as per Proposition 2) occurs for lower values of cy;.
Proposition 3: For intermediate values of 9,

(i) the smaller the synergy (i.e., the larger is cyr), the antitrust authority is more likely to
reject CS-increasing mergers (Type I error).
(ii) the larger the synergy (i.e., the smaller is cyr), the antitrust authority is more likely to

allow CS-decreasing mergers (Type 11 error).

Proof: See Appendix A.8.
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Proposition 3 holds both in EI and EII In EI. it follows from the fact that d¢,,(car)/Ocy <
0, as shown in Appendix A.8. When @ = Q**, since the antitrust authority allows the merger
with probability ¢,,(car), which is decreasing in ¢y, it follows that the antitrust authority is
more likely to reject CS-increasing mergers (i.e., Type I error) as ¢), increases. This explains
Proposition 3(i). By converse reasoning, as c¢); decreases, and given that 0¢,,(cyr)/0cyr < 0,
it follows that the antitrust authority is more likely to allow CS-decreasing mergers (i.e.,
Type II error). This explains Proposition 3(ii). Similarly, in EII, Proposition 3 follows
from the fact that 0¢,,,(car)/Ocyr > 0, as shown in Appendix A.8, where ¢,,,(car) is the
probability that the antitrust authority rejects the merger after observing Q*.

Overall, as ¢y, increases, even if we go from EII to EI, the antitrust authority is more
likely to make a Type I error, which is to reject mergers that are CS-increasing. Conversely,
the above reasoning implies that as c); decreases, the antitrust authority is more likely to
make a Type II error, which is to allow mergers that are CS-decreasing.

Thus, we show that there exists a direct relationship between the level of synergy and
the type of error that is realized in merger decisions, as presented by Proposition 3. This is
because no other equilibria apart from the continuum of semi-separating equilibria similar to
EI and EII exist for the parameter values mentioned in Propositions 1 and 2. In particular,
as mentioned there do not exist any pooling equilibria (see Appendix A.9 for a formal proof),
and separating equilibria only occur for lower values of the discount factor. Across the
continuum of semi-separating equilibria, the role of synergy remains qualitatively similar.

Although asymmetric information results in Type I and Type II errors, we note a miti-
gating factor that emanates from Proposition 3. The likelihood of a Type II error occurring
when the synergy is small is low. Most Type II errors occur when the synergy from the
merger in question is larger (although not large enough to increase consumer surplus). As
such, these Type II errors are not as damaging as they could potentially be if they occurred
for mergers associated with lower synergy levels. Similarly, the likelihood of a Type I error

occurring when the synergy is large is low. Most Type I errors occur when the synergy from
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the merger in question is smaller (although not small enough to decrease consumer surplus).
As such, these Type I errors are not as damaging as they could potentially be if they occurred
for mergers associated with larger synergy levels. Thus, the policy implication arising from
Proposition 3 is that by behaving rationally and engaging in Bayesian updating, antitrust
authorities can avoid the most damaging errors when evaluating mergers. Hence the im-
portance of being cognizant of this mechanism and internalizing it in the merger evaluation

process.

5 Conclusion

This paper shows that in industries where the antitrust authority has imperfect informa-
tion about production functions, firms have an incentive to strategically manipulate the
industry output in order to influence the antitrust authority’s decision to allow or reject
a proposed merger. We find that the larger the synergy the more likely that a Type II
error occurs, whereby the antitrust authority allows mergers that decrease consumer sur-
plus, and the smaller the synergy, the antitrust authority is more likely to reject consumer
surplus-increasing mergers (Type I error). Our results highlight that by engaging in Bayesian
updating, antitrust authorities can avoid the most damaging errors (i.e., either allowing those
mergers that would lead to the largest price increases or preventing those mergers that could
have led to the largest price decreases) when evaluating mergers. Hence the importance of
being cognizant of this mechanism and internalizing it in the merger evaluation process.
Another important policy implication of our findings is as follows. While in the absence
of asymmetric information, the latest available data might better reflect industry characteris-
tics, the more weight the antitrust authority puts on the latest available data, the greater the
incentives and ability of firms to influence the merger decision. This highlights the need for
further research to determine the optimal time horizon for data that the antitrust authority

should use when evaluating potential mergers.
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Although, for simplicity, this paper does not explicitly model the cost to the merger
participants of proposing a merger, it would be straightforward to introduce such a cost
in this model. If such a cost is sufficiently large and the merger participants foresee that
the probability of a Type I error is also sufficiently large, some consumer surplus-increasing
mergers may not be proposed in equilibrium despite being profitable. Thus, our mechanism,
if extended to allow such a cost, might be useful for determining conditions under which more
Type II are realized in equilibrium than Type I errors, as has been observed in some related
empirical studies (e.g., Ashenfelter and Hosken, 2010; Ashenfelter, Hosken and Weinberg,
2014; Blonigen and Pierce, 2016; Duso, Gugler and Sziics, 2013; Duso, Gugler and Yurtoglu,
2011; Kwoka, 2014).

A few other avenues for extending our analysis are as follows. It would be useful to
introduce the strategic manipulation of pre-merger output that we present in this paper
into a model of endogenous merger formation in order to examine how it affects the pattern
of mergers that are realized in equilibrium. It would also be useful to examine how this
mechanism operates under different market structures. While in many of the sectors in which
much M&A activity occurs, firms compete in quantities in line with the model presented
in this paper, we would like to extend our analysis to industries with price competition in

differentiated goods as well as consider multi-product firms in future work.
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Appendix

A.1: Proof of Lemma 2

Part (i), if ¢c3 = ¢, the merger is always profitable for the merged entity. By Lemma 1
and Assumption 3, it follows that the merger is CS-increasing, given c¢3 = c¢. Nocke and
Whinston (2010) show that, under Assumption 1, all CS-increasing mergers are strictly
profitable. For further details, please refer to Corollary 1 of Nocke and Whinston (2010).

if c3 = cy, we assume the value of ¢y is such that the merger is profitable for the merging
firms.

Part (ii), for the non-merging firms, nothing changes when there is a merger except the
market price of the product they sell. If this price increases (as when c3 = cp), the non-
merging firms’ profit increases due to the merger. If this price decreases (as when c3 = c¢),

the non-merging firms’ profit decreases due to the merger.ll

A.2: Separating equilibria

We note that there exists a continuum of separating equilibria when the discount factor is
sufficiently small. For clarity, we focus on the separating equilibrium where the cg—type
outsider will produce ¢&* and firms 1 and 2 produce ¢/7* and ¢i’* such that the total output
is Q* = ¢f"* + ¢’ + ¢d*, and the c;—type outsider will produce ¢f* and firms 1 and 2
produce ¢F* and ¢* such that the total output is QX* = ¢I* + ¢&* + ¢&*. Thus, when the
antitrust authority observes Q*, it knows that the outsider is a cy—type, and therefore
it does not allow the merger, while when it observes QL* it knows that the outsider is a
cr,—type, and therefore it allows the merger.

Before presenting Proposition A(i), it is useful to define the following threshold values of

0. Let
st — mala” et es") — (e a5, 43) 5
- Lx Lx ) ( )
T3 — T3y
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where ¢ is such that ¢ + ¢f* + ¢& = Q~,

5 = W?(qf*’q§*7q3{{*) — 7T3H<Q{{*>qg*’a?{{) 16
H — Hx Hx* ) ( )
Tap — 73

where ¢4 is such that ¢f* + ¢i™* + ¢& = Q*™,

5= m(gt™ 5™ a5") — i@, a5 a5™) (17)
- antls — gl ’

where ¢, is such that q; + ¢'* + ¢4'* = Q**, and

mo(qf™, i, ¢&*) — maaf™*, @2, ¢5*)
(1 — a)rllx — wlt* ’

Oom = (18)

where ¢, is such that ¢f’* + ¢ + ¢* = Q*. Further, let us define §;; = min{d, dop }-
Proposition A(i): For 6 < min{6F, 85, 0, }, we have a separating equilibrium in which

(i) the cy—type outsider chooses to offer qi'* in the pre-merger stage and firms 1 and 2 offer
g for i = 1,2, such that the industry output is Q"*, and the antitrust authority rejects the
merger;

(ii) the c—type outsider chooses to offer qi* in the pre-merger stage and firms 1 and 2 offer
qF* for i = 1,2, such that the industry output is QL*, and the antitrust authority allows the
merger.

Proof: From choosing the quantity ¢=*, the c;,—type outsider obtains w* + d7k*,. However,
if it deviates (and pretends to be a cy—type) it chooses ¢& such that ¢l* + ¢2* + ¢ = Q'

where ¢f* < ¢& < ¢b*, and thus its payoff becomes 7% (¢F*, ¢f*, q¥) + ork*.1* Thus, the

cr,—type outsider will not deviate if w2* + drls, > wh(ql* ¢&* ¢%) + d7l* or, equivalently,
if § < 0% where 6% is given by (15). As firms 1 and 2 always prefer a merger, they will not

deviate either.

From choosing ¢4*, the ciz—type outsider obtains 7 + §wi*. If it deviates and chooses

1 Given that quantities are continuous, the cz-type firm 3 could choose a quantity different from g, which
may also lead to a separating equilibrium. However, that would be a different separating equilibrium.
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¢3! such that ¢f*+¢2*+gH = Q'*, where ¢i'* < gif < ¢l its payoff becomes & (¢f*, ¢, g2+
dmil. Thus, the cy—type outsider does not deviate if 7&* + o i* > 7l (¢f*, ¢&*, @27 ) + dm il
or, equivalently, as long as § < 6% where 6% is given by (16). Firms 1 and 2 always prefer a
merger, and thus, might have an incentive to deviate. In equilibrium (when both firms 2 and
3 choose ¢i* and ¢i™*), firm 1 will obtain 7 (¢f'*, ¢i’*, ¢2*) + d7* from choosing ¢/* while
it will obtain 7 (q1, ¢3'*, ¢1*) + darmtl* if it chooses q; such that ¢; + ¢'* + ¢i* = Q*. Firm
1 will not deviate if m;(gf*, ¢5'*, i) + dmi™* > m1(qu, ¢i*, ™) + darmll* or, equivalently, if
d < 01 where 015 is given by (17). Similarly, firm 2 will not deviate if 6 < do where dop
is given by (18). Therefore, none of the firms will deviate if § < min{d%,5,}. W
Proposition A(i) is intuitive. For influencing the antitrust authority’s decision, the out-
sider must bear a cost in the pre-merger stage (since wi* > wl(qf*, ¢b*,¢%) and wi* >
78 (g, ¢4, g¥)), whereas the benefits are only obtained in the post-merger stage. Thus, a
low discount factor decreases the outsider’s incentive to influence the antitrust authority’s
decision. Instead, the outsider reveals its true cost in the pre-merger stage. If the antitrust
authority knows that the discount factor of firms in an industry is sufficiently low, it need
not be concerned by this source of asymmetric information when making merger decisions.'®
Furthermore, as long as 0 € [min{6%, 65}, max{dF,52}], there is no separating equilib-
rium. Let us consider the separating equilibrium presented in Proposition A(i). This cannot
be an equilibrium when § € [min{0%, 67, max{dF,57}] as c,—type the outsider has an in-
centive to deviate and offers ¢ in the pre-merger stage in order to obtain 7 (ql*, ¢2*, q%) +

Lx* Lx Lx
omg™ > 3™ + 0msyy.

A.3: Proof that )\ is decreasing in ¢,

5Note that this is not the unique separating equilibrium for low values of 6. Indeed, there exists a
continuum of equilibria for which cy—type firm 3 chooses ¢ such that ¢f7* + ¢i'* + ¢4 = Q¥ < Q¥* and
cr—type firm 3 chooses ¢& such that ¢f* + ¢2* + ¢& = Q¥ > QF*. Nevertheless, the equilibrium in which
the antitrust authority observes QX* and Q¥* is the more reasonable one as it is the least cost one: both
cg—type and cp—type firm 3 obtain the highest payoff from not deviating as they choose their optimal
quantities.
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We show that \ is decreasing in cj;. We have

~ Ccskr—csL
)\ - Lx L H Hx* )
CSLr—CSL*+CSH*—CSH

so that
acsil

dcpr < 07

N acskx
o\ ek (CsHr—Csi)+H(Cs g ~Cst)

(CSLF—CSL*1OSH*—0SH*)2

8CM

as CSH* > CStx CSty > C0SL* 9CSLy /ey < 0 and OCSH* /0y < 0. W

A.4: Proof of Proposition 1 (EI)

Lx*

The cy—type outsider must be indifferent between choosing ¢2* and g¥. Thus, its expected

payoff from choosing ¢&* must be equal to its expected payoff from choosing g%

5]5 [ (QI*7Q2*7QS >+57T§{]\Z]+<1_¢ )[ <Q1*JQ2*JQ3 )+67T§{*l (QI*7QQ 7%3)"‘57'('?3
from choosing qé* from choosing @é‘

such that the equilibrium value of ¢,, is given by (11) where g = ¢f ™2,
The cy—type outsider which does not choose ¢g+* could choose any value of ¢&. However,

Hmax —

by choosing g; = arg max 7 (¢F*, ¢1*, ¢3), the cy—type outsider would obtain the highest
payoff with g& = ¢l ™3 < ¢l* such that the antitrust authority observes ql* + ¢i* 4 ¢ max
Q" and, thus, ¢, = %SH, where dp is defined by (7).

We verify that 0 < ¢,, < 1 as long as 6 > 5. We note that the cy—type outsider could
choose any value of g within a range in the neighborhood of g™, In order to keep our
analysis simple, we focus on the semi-separating equilibrium where the cy—type outsider
chooses ¢ max,

Next, we show that firms 1 and 2 do not deviate from ¢&* and ¢2*. When the outsider

is cr,—type, they always choose ¢f*. Since firm 1 (and firm 2) knows that the outsider is

cr,—type by Assumption 2, firm 1 will not deviate as long as the following holds:

bmlmi (a1, b, a4) + Sl + (1 — ¢,) [m1 (a1, ™, ) + 0my*] > milqu, ¢4, q&) + omi™.
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The above inequality is always satisfied since firm 1 prefers the case where there is a chance
for the merger to be allowed rather than the case where there is no chance for the merger th
be allowed. The reasoning is similar for firm 2.

When the outsider is ci—type firm, it chooses ¢-* with probability ¢, and ¢ ™ with
probability (1 — ¢ ). Since firm 1 knows that the outsider is cy—type by Assumption 2, it

does not deviate (and thus chooses ¢*) as long as the following holds:

bulmi(al*, ab*, a5*) + dpoamif + (1 — ¢,,)0mi™*] + (1 — o) [m(ar™, a5, g5 ™) + om (] >

¢H[7T1(q17 qg*a qg*) + 67]-{1*] + (1 - ¢H)[7T1(q17 q§*7 q?j;{ma,x) + ¢m5a7TJ\H4* + (1 - ¢m)57rllq*]7

where the deviation ¢; is such that q; +¢2* + ¢’ ™ = Q*, with ¢ > ¢/* and ¢ +¢&* +¢%* >

Q'*. The previous inequality simplifies to the following:

dplmilat*, o, ab*) — mi(q, %, ad*)] + (1 — o) [mial™, a&*, ¢ ™) — mi(qu, a&*, g ™)]

+0¢ (amyy” — m{") (20 — 1) 2 0.

H max

As mi(qt*, ¢5*, q8*) > miq, ¢5*, q8%), if mi(ar™, &%, g7 ™) > w1 (qr, g5, ¢ ™) and ¢p >

1/2, this inequality is always satisfied.'® However, if ¢ < 1/2 we must have

1-

O < 5018 (19)

where 6, is given by (8). Inequality (19) is satisfied as long as 0y < 01p. Similarly, for firm

2, we need to have SH < 0o, where 0oy is given by (9). Thus, if ¢; > 1/2, none of the firms

will deviate, whereas if ¢,; < 1/2, firms 1 and 2 will not deviate if EH < min{6,x, d2x }.
The antitrust authority is indifferent between choosing to allow the merger or to reject

it after observing QX*. Let’s define u = Pr(cy/Q), such that

plCS™ +6CSH] + (1 — p)[CS* + 6CSE] = plCS™ +6CS™] + (1 — )[CS" +5CSH.

allow merger after QL* reject merger after QL*

6Note that in the case of a linear demand function, we have 7 (¢F*, ¢2*, ¢ ™8%) = 7, (qu, g5, g ™).
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The above equality implies that p = A Using Bayes’ rule, we obtain the following:

Pr(cy /QV) = - PrQ"fen) Prles) Pur
r(QT Jerr) Pr(cm)+Pr(Q* fer) Pr(cr) Gy + (1 — )\)

Thus,

PrA

A:ngAJr(l—A)’

or, equivalently, ¢, as defined by (10). We check that ¢, > 0 is always satisfied and ¢, < 1
for A > A.

Therefore, for A > /):, o > EH, with either SH < min{ng,ng} if ¢, < 1/2 or any gH
for ¢ > 1/2, for Pr(cy/Q") = ¢pp)/ (oA + (1 — X)) and Pr(c,/Q™*) = 1, there exists a
semi-separating equilibrium in which the c; —type outsider always chooses ¢*, the cy—type
outsider chooses ¢f* with probability ¢, and ¢lf ™ =£ ¢l* with probability (1 — ¢,), and
firms 1 and 2 always choose ¢I* and ¢X*. The antitrust authority does not allow the merger

after observing Q # QL* and allows the merger after observing Q** with probability ¢, . B

A.5: Proof of Proposition 2 (EII)

In the second semi-separating equilibrium, the cy—type outsider chooses ¢i’* while the
cr,—type outsider chooses ¢4 * with probability ¢; and g4 # ¢¥* with probability (1—¢, ). In
all cases, firms 1 and 2 choose ¢f7* and ¢’* such that the total output is g/ *+¢&* +¢H* = Q*
if the outsider chooses ¢i'* and ¢f* + ¢i* + @i # Q"* if the outsider chooses gi!. After ob-
serving qi™* + ¢i* + @& £ QM*, the antitrust authority knows it is coming from the c;,—type
outsider and then decides to allow the merger. However, after observing Q7*, the antitrust
authority does not know whether the outsider is cy—type or ¢, —type.

H=x

The c;,—type outsider must be indifferent between choosing ¢i’* and g&. Let’s define

G = Pr(nomerger /QH*), thus

D75 (@03, 057) + 075" ]+ (1= @)y (@, 0", @3™) + omsng] = my (@™ @ @) + Oy,

-~ -~

from choosing q?{-l* from choosing 6\3{{
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which is equivalent to

Ik (e g @) — k(e a8, ad")
Cbnm - S ( Lx Lx ) .

T3 — T3m

The ¢z —type outsider who does not choose ¢’* could choose different values of . However,
by choosing g™ = arg max 7% (qi™*, ¢5'*, q3), c;—type outsider would obtain the highest
payoff with gif = gl max > ¢lI* such that the antitrust authority observes qf7* +¢4* + gbmax >
Q"* and, thus, ¢,,, = 147, where &;, is defined by (12). Recall that 7% (q/™*, g, g5 ™) >
(g™, ¢, @d7) is always satisfied as ¢l ™ = arg max 7% (¢f™*, ¢d*, ¢3).

We verify that ¢, > 0 and ¢,,,, < 1 as long as § > ;.. There exists a range of ¢4’ that
cr,—type outsiders could choose around ¢ ™. To keep our analysis simple, we consider that

c,—type outsider chooses g% ™2,

We show that firms 1 and 2 will not deviate from ¢7* and ¢i’*. The cy—type outsider

always chooses ¢’*, thus knowing that the outsider is cy—type, firm 1 will not deviate if
Gumlmi (@™, a3, a5") O ]+ (L= @) [ma (a1, 02, g5™) +oam ] > mi(qn, a5, g5™)+damiy,

where g +¢*+q* = Q¥ > QF*. Thus, player 1 chooses q; > ¢f* such that m (qy, ¢2'*, ¢i*) <

71 (g, gl gd*). This inequality is satisfied only if

1
Opm < 5511{,

where 015 is defined by (17). This is satisfied if 0L < O1p Similarly for firm 2 if 01 < Sap.
The cr,—type outsider chooses ¢i'* with probability ¢; and ¢&™* > ¢Z* with probability

(1—¢;). Thus knowing that the outsider is ¢, —type, firm 1 will not deviate and thus choose
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qi i

drlmilal™, @37 @5™) + Gpn0nt* + (1 — ¢y )0amif] + (1 — ¢p) [mi(af™, ¢, ¢f ™) + dami;] >

¢L [ﬂ—l(QM qg*? Q?{{*) + 60{’”%/;] + (1 - ¢L)[7T1 (Ch Q2 ’q?f/max) + ¢nm57rf* + (1 - ¢nm)5a7(%4*]

where the deviation ¢; is such that ¢ + ¢f'* + ¢-™> = Q¥* and thus ¢; < ¢/* and

¢ + @ + ¢d* < QM*. Inequality becomes

oplmilal™, @™, ¢5") — m(q, 3™, a3™)]

(1 - ¢L)[7T1( 7q2 ’q?fzmax) —m (q17 q2 7q§,max)} + ¢nm6(a7rM W{I*)(l - 2¢L> >0

If ¢, < 1/2, the inequality is always satisfied when m(qf7*, ¢iT*, k™) — 711 (qq, ¢i1*, g ™) >

0. If ¢, > 1/2, we need to have

o)li—*

Prm

where ;7 is given by (13). This is satisfied if EL < 017 Similarly for firm 2, we need to have
01 < o Thus, if ¢; < 1/2, none of the firms will deviate, whereas if ¢, > 1/2, firms 1 and
2 will not deviate if SL < min{gl L, 0o L}

The antitrust authority is indifferent between choosing to merge or not after observing

Qf*. Let’s define p = Pr(cy/Q"*), thus

(—~
—_

W[CS™ +6CSH] + plCS* +80S5] = (1 — p)[CS" +508™] + u[CS" + 6057,

TV TV
merger after QH* no merger after QH*

which is equivalent to having =1 — A Using Bayes rule

Hxy _ Pr(Q™*/cr,) Pr(cr) (1-M¢
Pr(c/Q) = Pr(Q*Jer) Pr(cr)+Pr(QT* [er) Pr(en) — 6,(1— A)ik

Thus,

N _(=NMe
1-A= ¢L(1f,\)i,\v

35



or, equivalently,

We check that ¢; > 0 and ¢; <1 for A < .

Therefore, for A < X, o > EL and EL < min{glL,ggL} if ¢; > 1/2, for Pr(cr/Qf*) =

1-Noy,

Yy and Pr(cy/Q"*) = 1, there exists a semi-separating equilibrium in which the

cg—type outsider always chooses ¢4'*, c;—type outsider chooses ¢i’* with probability ¢,

Hx

and ¢l # ¢! Hx

with probability (1 — ¢;), and firms 1 and 2 always choose ¢/* and ¢&'*.
The antitrust authority allows the merger after observing @ # Q* and does not allow the

merger after observing Q%* with probability ¢,,,,. B

A.6: Proof of Lemma 6

We show that SH is decreasing in c;;, and SL is increasing in cp;. Recall that

S = i (qf* a5 qff ™) il (gf* a5 ad )
H = H* H * 9

so that
9y _ _ mi(af a5 af ) il (af b af) Omdly <0
Ocyr (Wfﬁ—wf*ﬁ dcar ’
Hx -
as Omyyy/Ocy > 0. Similarly,
5= m§ (g a8 ak o)~ (o i ad)
L = Lx_ Lx 9
T3 —T3p
such that
05y _ mi(af" a5 af ™)~k (af"* af af"™) Omizy (g
ocar (ﬂ?{‘*—w?{‘j{‘/[)Q Ocyr ’

as Orlkx /0cyr > 0. B

A.7: Proof that 0,4, 52H, 017, and dy; are decreasing with c),

We also show that d; H, 09 H, 017 and dy;, are decreasing with c;;. Let’s rewrite 01y as defined
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by (8) as follows

g — o (cm)(N1—Na)+No
LH = (anT (car)—m 1) (1-2¢ 5 (car)) ’

where Ny = m1(q{*, ¢5*, ¢3*)—m1(q1, ¢3*, ¢5*) > 0and Ny = m1 (g™, 5%, @5 ™) —m1(q1, 457, &' ™).
Thus,
ﬂ_H*
Oy ¢>}{(a7rAH{*(CM)—W{J*)(N1+N2)—(¢H(N1—N2)+N2)CY(C)3TAA§(1—2¢H(CM))
den (1=26¢ 4 (can))?(ampf (ear) —m{'*)? ’

with ¢ < 0, Onflr /dcy < 0, and arlil*(cy) — 7i* > 0. If Ny > 0, and N; — Ny > 0,
for ¢u(car) > 1/2, 01g < 0 and 0615/0cyr < 0. If ¢py(en) < 1/2, S1z > 0 and the
sign of 9815 /0cyy is not clearly defined. There is an asymptote at ¢y (cy) = 1/2, where
¢H(C]11i§,£l’ 1/2_(_51 n = +0o. We can also determine that when ¢, — 00, the limit of 61y is

positive or null. Therefore, d, is decreasing for ¢ (car) < 1/2. Proofs are similar for doz,

SlL and SQL.

A.8: Proof of Proposition 3

For a given & such that 6 < § < min{d,p,dx}, and A > /):(CM), EI (Proposition 1) is such
that the c;—type outsider always chooses ¢&* and the cy—type outsider chooses ¢-* with
probability ¢, (cyr) and ¢l ™ with probability (1 — ¢ (car)). The antitrust authority does

not allow the merger after observing Q # Q** and allows the merger after observing Q**

with probability ¢,,(cy). We have that ¢4 (cy) is decreasing with ¢, since

9y _ 1A X (cm)
90m — 1=A M) < ().

demr A (1-Xewr))

Thus, as c)s increases, the probability that the cg—type outsider chooses ¢&* decreases,
and the probability that the cy—type outsider chooses ¢ ™ increases. It is, therefore,
more likely that the antitrust authority observes @ # Q**, and does not allow the merger.

After observing Q = Q*, the antitrust authority allows the merger with probability ¢, (cas),
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which decreases with ¢, since

O (enr) _  whl(gl* qb* gt ™) —nll (¢F* qb* qb*) ol

deny S(mike —mil*)2 depp < 07

as Ol /dcy > 0. Therefore, as ¢ increases, the antitrust authority is more likely to make
a Type I error, which is to reject mergers that are CS-increasing.

For a given ¢ such that SL <6 <min{diz,0s.}, and A < /):(CM), EII (Proposition 2) is
such that the cy—type outsider always chooses ¢4* and c;,—type outsider chooses ¢&* with
probability ¢; (cyr) and ¢F ™ with probability (1— ¢, (car)). Note that ¢, (cas) is increasing
with cj;. The antitrust authority allows the merger after observing @ # Q** and does not

allow the merger after observing Qf* with probability ¢,,,,(car). We have that ¢, (ca) is

increasing with ¢y, since

0¢r, _ A Nlem) 0
Jcy (1=2) X(ear)?

Thus, as ¢ increases, the probability that the c;,—type outsider chooses ¢i* increases, and
the probability that the c;,—type outsider chooses g™ decreases. It is therefore less likely
that the antitrust authority observes Q # Q*, and thus it is less likely to allow a merger.
It is more likely that the antitrust authority observes Q”*, and does not allow the merger

with probability ¢,,,,(ca) which is increasing with ¢, since

Obpmlens) _ wh(qfl* qfl* gk ™) —nl (gf* qd!* ql*) On Ly,

Oy S(nlr—mly)? Ocyr

>0,

as Ok, /Ocy > 0. Therefore, as ¢ increases, the antitrust authority is more likely to make
a Type I error, which is to reject mergers that are CS-increasing.

Overall, as ¢); increases, even if we go from EII to EI, the antitrust authority is more
likely to make a Type I error, which is to reject mergers that are CS-increasing. Conversely,
the above reasoning implies that as cj; decreases, the antitrust authority is more likely to

make a Type II error, which is to allow mergers that are CS-decreasing. Bl
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A.9: No pooling equilibria
Lemma 5: In a pooling equilibrium, on the equilibrium path, the antitrust authority allows
a gwen merger if A < \ and rejects the merger if \ > A
Proof: Lemma 5 follows from (5) and (6). W

Lemma 5 is intuitive. If A is sufficiently small, it is more likely that the outsider has the
low-cost cr,. Therefore, the antitrust authority is faced with a merger that is more likely to
be CS-increasing.

In a pooling equilibrium, on the equilibrium path, the antitrust authority observes @,
and thus the on-equilibrium path belief is Pr(cy/ @) = A. We define the out-of-equilibrium

belief as follows
n, for Q>Q

Pr(cy/Q) = -
ng for Q<@

That is if the antitrust authority observes ) > @ (resp., @ < @) it believes that outsider’s
marginal cost is cy with probability 7, (resp., ny) and ¢y with probability (1 — ;) (resp.,
1 —mny), where 0 < n,, < 1 for k = H, L. The antitrust authority allows the merger if the

following holds:
N, [CST* +5CSE + (1 —n,)[C S 4+ 5CSE] > 1, [CS™T* +6C ST+ (1 —n,)[CSH* +6C S,

or, equivalently, if 7, < X, where )\ is given by (6). This leads to the following Lemma.
Lemma A(i): After observing Q < @ (resp., Q@ > @), the antitrust authority allows the
merger for any out-of-equilibrium belief ny < h) (resp., n. < h\ ) and rejects the merger for
any ny > h) (resp., g > X)
Proof: Lemma A(i) follows directly from the above discussion. B

Lemmas 5 and A(i) together imply the following: (i) On the equilibrium path, the an-
titrust authority allows the merger after observing @ it A < X; (1) For any out-of-equilibrium

belief n, > X, the antitrust authority rejects the merger after observing () < @; (7i1) For any
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out-of-equilibrium belief 7; < /):, the antitrust authority allows the merger after observing
Q> 0.

We find that there do not exist any pooling equilibria for any value of \. We show that
for A < X, the ¢, —type outsider always has an incentive to deviate, while for A > \ the
cy—type outsider always has an incentive to deviate. These results are summarized by the
following Proposition.

Proposition A(ii): When quantities chosen by firms are continuous variables, there do not
exist pooling equilibria for any value of .

Proof: Let us first consider the scenario where A < X, Ny > X and Ny, < X. Under these
conditions, by Lemma A(i), the antitrust authority allows the merger after observing either
Q= @ or () > @, and does not allow the merger after observing () < @

To determine whether there exists a pooling equilibrium with @, we need to consider
the incentives of each firm i to deviate for + = 1,2,3. On the equilibrium path, the firms
choose their quantities such that ¢f + ¢ + ¢5 = @ Notice that if @ = Q" we would have
ar et et =0

Let us consider the incentives of the ¢, —type outsider. The c;—type outsider wants the
antitrust authority to prevent the merger and, therefore, may decide to choose g3 (unilateral
deviation) such that ¢f + ¢ + ¢z < @ Firm 3’s payoff in the first stage would, thus, be
75 (g, 45, q3) where firms 1 and 2 produce ¢} and ¢;. After observing Q < @, the antitrust
authority would decide not to allow the merger as ny; > . On the other hand, if the
cr,—type outsider does not manipulate the industry output, that is, chooses g3, it would get
i (g5, 45, ¢;) in the first stage, followed by 74, in the second stage (given that, by Lemma
5, the antitrust authority would allow the merger since A\ < X) Thus, its present discounted
value of profits would be given by 7% (qf,q5,q3) + onki;. Therefore, a condition for the

cr,—type outsider not to deviate must be the following:
75 (0, 63, 5) + Oy > maxmi (gl a3, s) + 07" (20)
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We note that (20) is never satisfied since Irigmré(qf, ¢, q3) = 7¥(qt, 45, q3) and wly, < wi*
by Lemma 2(ii). The ¢, —type outsider could choose g3 very close to (but not equal to) ¢3,
which would make the deviation profitable. Thus, @ = Q* cannot be an equilibrium as the
cr,—type outsider always has an incentive to deviate.

Second, let us consider the scenario where A > /):, and 0y > X and Ny < X. Under these
conditions, by Lemma A(i), the antitrust authority does not allow the merger after observing
either @ or ) < @ and allows the merger after observing ) > (:2\ To determine whether
there exists a pooling equilibrium with @, we need to consider the incentives of each firm
1 to deviate for + = 1,2,3. On the equilibrium path, the firms choose their quantities such
that ¢f +¢5 + ¢35 = @ Notice that if @ = Qf*, we would have ¢fT* + ¢&* + ¢iI* = QH*.

Let us consider the incentives of the cy—type outsider. The cy—type outsider wants the
antitrust authority to allow the merger and, therefore, may decide to choose g3 such that
9+ +q3 > @ Firm 3’s payoff in the first stage would, thus, be 7 (¢}, ¢3, ¢3) where firms
1 and 2 produce ¢j and ¢;. After observing ) > @, the antitrust authority would decide to
allow the merger as n; < . On the other hand, if the ¢y —type outsider does not manipulate
the industry output, that is, chooses ¢3, it would get w2 (¢}, g3, ¢3) in the first stage, followed
by m£* in the second stage (given that, by Lemma 5, the antitrust authority would not
allow the merger since A > X) Thus, its present discounted value of profits would given by
w8 (qt, g5, q3) + dmi*. Therefore, a condition for the cy—type outsider not to deviate must

be the following;:
w5/ (0l 63, 5) + Om > maxl! (a7, a5, 4s) + 075 (21)

We note that (21) is never satisfied since maxwi (¢}, ¢35, ¢3) = 78 (¢}, ¢35, ¢3), and 7w&* < 7il*
a3

by Lemma 2(ii). The cy—type outsider could choose g3 very close to (but not equal to) ¢3,

which would always make the deviation profitable. Thus, @ = Q** cannot be an equilibrium

as the cy—type outsiders always have an incentive to deviate. B
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Because both types of firms (cg— and ¢, —types) have opposite interests regarding the
realization of the merger, we cannot find a pooling equilibrium in which both types of
firms choose the same quantity. One type will always have an incentive to deviate under
any set of conditions. It follows from the proof of Proposition A(ii) that the lack of pooling
equilibria arises because the quantities chosen by firms are continuous variables, which makes

it impossible for (20) and (21) to be satisfied.
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