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We characterize incentive-efficient merger outcomes when payments can be
made both in cash and stock. Each firm has private information about both its
stand-alone value and a component of the (possibly negative) potential synergies.
We study two cases: when transfers can, and cannot, be made contingent on the
value of any new firm. When they can, we show that redistributing shares of
any nonmerging firm generates information rents and provides necessary and
sufficient conditions for the implementability of efficient merger rules. When they
cannot, private information undermines efficiency more when it concerns stand-
alone values than synergies. Here, acquisitions emerge as optimal mechanisms.

1. INTRODUCTION

Mergers and acquisitions are a ubiquitous feature of the modern corporate
landscape. Indeed, in 2003, over half a trillion dollars of merger activity occurred
in the United States alone (Mergerstat Review, 2004). Invariably, each of these
mergers involves firms acting on private information and subjective beliefs to
structure a financial transaction that unites the assets of the two firms.

Given that asymmetric information problems are endemic to these types of
transactions, when do efficient mergers occur? Are there too many mergers, or too
few? How does the possibility of using stock, cash, and other derivative securities
affect the efficiency of the takeover process? Is the ownership structure of newly
created partnerships affected by the initial information structure?

In this article, we use a mechanism design approach to study these questions.
The main advantage of this approach is its generality: In view of the Revela-
tion Principle, any equilibrium of any conceivable game can be induced by the
truth-telling equilibrium of an incentive-compatible revelation mechanism. Thus,
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our approach allows us to generalize beyond the specifics of any particular game
form to derive the efficiency implications for all games with a common infor-
mation structure. Given that equilibrium outcomes of bargaining games tend to
be quite sensitive to small changes in the game form, the generality of our ap-
proach is especially valuable in the study of mergers, as evolving legal standards
have effectively changed the permissible strategies of bidders and targets over
time.?

The mechanism design approach is perhaps most commonly applied to the
problem of a principal (e.g., monopolist) devising a menu of contracts to maximize
profits from a group of potential agents with heterogeneous private valuations. In
that setting, the mechanism design approach effectively ascribes total commitment
power to a mechanism designer (the principal). Our analysis does not rely on
the existence of a mechanism designer with total commitment power. Instead,
we simply use the tools of mechanism design to identify the class of incentive
compatible, individually rational actions that bidders and targets can take. We
then examine the class of outcomes that these actions induce to ask whether
efficient outcomes can be achieved, and if not, what second-best outcomes may
look like.

We consider the case of a single target firm facing several potential suitors.
Both the target and each of the n potential acquirers have private information,
not only about the synergies they would bring to a merger, but also about one’s
own stand-alone value. In this setting, a merger mechanism consists of both a rule
that identifies the winning bidder (if any), and a set of transfers among the n + 1
parties. The set of transfers includes both cash and stock. Thus, the information
structure of the problem we analyze is both general and realistic.

Our main goal is to identify the impact of private information on merger effi-
ciency. The merger environment we study differs from the classic bilateral trade
model of Myerson and Satterthwaite (1983) and its multilateral extensions stud-
ied by Makowski and Mezzetti (1993) and Williams (1999) in three key respects.
First, in the case of mergers, firms can use shares as well as cash as a means of
payment. Second, whereas most of the analysis in trading models focuses on the
private values case, in the merger environment it is natural to assume that firms
have interdependent values over the merged firm. Third, in the case of mergers,
it is often reasonable to assume that transfers can be conditioned on ex post ob-
servables, whereas in many other cases this assumption may be less reasonable.
We analyze both possibilities.

In principle, the possibility of using shares as a means of payment in addition
to cash is a double-edged sword. On the one hand, stocks provide an additional
degree of freedom that should make it easier to satisfy the incentive constraints
imposed by the presence of private information. On the other hand, the true value
of each firm’s shares is privately known to its owner; hence share redistributions
may well entail additional informational costs.

2 See Gilson and Black (1995) or Weston et al. (2003) for discussions of the evolving legal standards
surrounding the duties of a firm’s management in the course of a takeover process.
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Two key insights emerge from our analysis. First, contrary to what most of the
previous literature suggests, private information about stand-alone values tends
to be much more problematic than private information about potential synergies.
Efficient mergers outcomes are always feasible when stand-alone values are
known and there is private information only about synergies. Intuitively, this is
because an increased willingness to merge by a bidder conveys good news about
synergies, and this increases a potential partner’s willingness to merge. On the
other hand, since firms with higher stand-alone values are more reluctant to merge,
eagerness to merge when stand-alone values are privately known can only convey
bad news, and thus lower the interest of potential partners. The information rents
that are then required to induce positive merger outcomes in this case hinder
efficiency.

The second main insight involves the distinction between mergers and acqui-
sitions. Whereas mergers involve shared ownership in the new firm, we define
acquisitions to be the special case in which one party ends up owning 100% of the
new firm, buying out the potential partner entirely.> We show that acquisitions
are optimal, in the sense of being best suited at achieving efficiency, because they
minimize the frictions generated by private information. Thus our model deliv-
ers predictions about optimal ownership, even though we ignore moral hazard,
making the allocation of control unimportant for realizing or producing synergies
€X post.

To develop these insights, we study two polar situations. First, we assume that
the value of any newly created firm can be verified ex post. This case is practically
relevant, since contractual features of M&A agreements like collars, contingent
value rights, or earn-outs allow a bidder to condition the offer on its ex post stock
price.*

In the case of perfect ex post verifiability, our main contribution consists in
showing that the impact of private information on efficiency depends on the nature
of the private information. Our analysis shows how to transform the general setting
with interdependent values and multiple means of payment into a setting that is
analogous to the private values trade model, so that the negative results of Myerson
and Satterthwaite (1983) and Williams (1999) hold. First, we show that it is never
optimal to transfer surplus among the firms not involved in the acquisition. Thus,
the optimal mechanism never distributes stock or cash among losers, because

3 Our manner of distinguishing mergers from acquisitions departs somewhat from the evolving legal
definitions of mergers and acquisitions (see Gilson and Black, 1995, and Weston et al., 2003).

4 A collar is a contractual feature in a stock-for-stock transaction in which the buyer agrees to reset
the exchange ratio if its stock price drops below the level of the collar. Thus, this feature insulates the
target firm against adverse price changes in the bidder that occur between the announcement and the
consummation of the merger. In contrast, Contingent Value Rights are portfolios of put options held
by stockholders of the target firm that allow them to sell back their shares in the acquirer at fixed prices
in the future. These put spreads insulate the target against price drops that occur after the merger is
consummated. Both these mechanisms protect the target against uncertainty in the acquirer. Earn-
outs protect the acquirer against uncertainty in the target. With earn-outs, buyers make supplementary
payments to sellers after future earnings are realized. See Officer (2004) for collars, Hietala et al. (2003)
for contingent value rights, or Datar et al. (2001) for the relation of adverse selection to earn-outs.
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doing so would generate needless information rents. On the other hand, the stock
in the acquiring firm is equivalent to cash. Given these results, it is possible to
devise sharing rules that transform our interdependent values problem into one of
private values, in which classic impossibility results follow immediately. However,
these results take on a different flavor in the context of mergers. In particular, we
show that if the target perceives there to be a tiny chance that synergy values are
so low that even the best merger would not be efficient, then the first-best merger
outcome can never be implemented, even if this chance is vanishingly small. Thus,
even though the value of any new firm can be verified ex post, the mere possibility
of value destruction mergers forces any conceivable equilibrium in the merger
market to leave some of the gains from merger unrealized. In addition, in a setting
with multiple bidders, the second-best merger outcome almost always involves the
target pairing with the bidder who does not offer the maximum synergies.

These results illustrate that it is not necessary to resort to hubris, private ben-
efits, entrenchment, or other agency costs to take a dim view of the efficiency
of mergers.’ The sole presence of private information can be enough to prevent
efficient merger outcomes, even when the value of any newly formed firm is verifi-
able ex post, and all actors are only seeking to maximize their total wealth. Private
information can not only cause value-increasing mergers to go unexploited, but it
can also cause firms to match with partners that offer smaller synergies than other
potential partners.

The second polar case we consider is when the parties cannot contract on ex post
outcomes. In particular, we assume that the value of any new firm is not verifiable.
This case is reasonable in light of the recent theoretical and empirical work in
the finance literature, which highlights the fact that observed market prices may
deviate from privately known stand-alone values, making it difficult to distinguish
misreported stand-alone values from simple market corrections.®

In this case, our results are substantially different from the prior literature. First,
in light of the inefficiencies identified above, it seems reasonable to conjecture that
reducing the amount of verifiable information can only make matters worse for
efficiency. But this is not generally so: The specific nature of private information
plays a critical role in determining both whether efficient merger outcomes can
be achieved and what forms of the merger consideration minimize the deviation
from the first-best.

When each firm’s stand-alone value is privately known, and it is common knowl-
edge that a merger is always welfare enhancing, the efficient merger rule can be
implemented only if the gains from merging are sufficiently large. In contrast,
when the private information concerns synergy values, and the firms’ stand-alone
values are observable, it is always possible to design mechanisms implementing
the efficient merger rule. In fact, this can be done by simply redistributing shares.

5 Roll’s (1986) hubris hypothesis of takeovers argues that hubris on the part of bidders causes
them to ignore the market’s assessment of the target’s value and overpay by offering a premium over
prevailing market prices.

6 For theoretical work along these lines, see Rhodes-Kropf and Viswanathan (2004) or Shleifer and
Vishny (2003); for empirical evidence, see Rhodes-Kropf et al. (2005).
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The information structure also plays a key role in determining who buys whom.
Whenever there is more uncertainty about stand-alone values than synergies, the
firm with the higher stand-alone values should own the firm ex post. Conversely,
when synergies are more uncertain, the firm with the higher synergies should be
the owner of the newly created firm.

Thus, when the merger consideration cannot be conditioned on ex post ob-
servable information, the nature of private information is crucial to the overall
efficiency of takeovers. Intuitively, this is because eagerness to merge signals good
news in situations where the uncertainty is about synergy values, and bad news
when the uncertainty is about stand-alone values.

Comparing these two cases illustrates that both the possibility of achieving
efficiency and the nature of incentive-efficient merger mechanisms is sensitive to
the information structure. Mergers with shared ownership are optimal in the case
where synergies are uncertain and stand-alone values are known. Acquisitions,
in which one party buys out the other party entirely, are optimal in the case with
privately known stand-alone values and known synergies.

Our findings contribute to the literature that examines mergers and acquisi-
tions from a mechanism design perspective. Hansen (1985) first considered the
case of multiple firms competing to acquire a target firm, and showed that an
(English) auction in which bidders offer fractions of the merged firm generates a
higher expected profit for the target than any auction in which only cash is used.
Cremer (1987) has then pointed out that, with a combination of cash and shares,
the target can extract virtually all gains from trade. Samuelson (1987) points out
that these results hinge critically on there being no uncertainty about stand-alone
values. Rhodes-Kropf and Viswanathan (2000) have considered different securi-
ties, and have shown that securities whose valuation is more sensitive to changes
in the bidder’s private information generate a higher expected revenue. Finally,
DeMarzo et al. (2005) have also analyzed mechanisms in which only securities
based on the value of the merged firm can be used. All these articles have fo-
cused on revenue-maximizing mechanisms, occasionally allowing for moral haz-
ard in the determination of the value of the merged firm. All these results,
however, have been established under the assumption that the stand-alone val-
ues of all firms are known.” Our results indicate that these findings are not
robust to the introduction of private information about the firms’ stand-alone
values.

Our article also contributes to the literature on mergers and acquisitions more
broadly.® Our work contrasts with recent work by Shleifer and Vishny (2003),
in which managers of target firms knowingly accept overvalued shares because
they think they can sell the shares before the market learns their true value. Their
model hinges on market inefficiencies, whereas our analysis implicitly assumes that

7 Rhodes-Kropf and Viswanathan (2005) consider a second price auction in a model of mergers
where bidders have information about both the joint value of the asset and the stand-alone value of
their firm.

8 The theoretical literature on mergers and acquisitions is vast: see McAfee (1994); Rhodes-Kropf
and Robinson (2005); Gort (1969); Jovanovic and Rousseau (2002); Maksimovic and Phillips (2001),
or Gorton et al. (2000) for a variety of treatments along different lines.
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managers are reluctant to accept potentially overvalued shares. With uncertainty
about stand-alone values and synergies, our model is reminiscent of the pioneering
analysis of Myers and Majluf (1984). In fact, the classic Myers and Majluf analysis
is a special case of our more general framework in which there is only one-sided
asymmetric information. When asymmetric information is two-sided, as in our
model, no pecking order emerges. In general, unlimited amounts of cash will not
solve the two-sided asymmetric information problems we study.

The rest of the article is organized as follows. Section 2 describes the model. In
Section 3 we study the verifiable case, and Section 4 is devoted to the analysis of
the nonverifiable case. Section 5 concludes. The Appendix contains all proofs.

2. THE MODEL

In this section, we describe our formal model, which draws on the existing em-
pirical evidence regarding the nature of interactions between firms in the merger
market for its main features. In a sample of 400 large merger transactions in the
1990s, involving a total of over one trillion dollars in transaction value, Boone and
Mulherin (2007) find that half are bilateral negotiations, whereas the remainder
are structured as auctions. In the latter setting, a potential target is courted by an
average of seven firms willing to sign confidentiality agreements. Of these seven
firms, an average of about two submit private bids. Only after the winner of the
private auction is announced does the merger event become public information
to stock market participants.

To capture these features, we consider a setting in which a lone target firm
can merge with exactly one of n potential bidders. Because the existing empirical
evidence suggests that around seven firms sign confidentiality agreements, which
allow them to decide whether to enter a formal bid, we think it is important to
consider a setting that is general enough to account for n > 1. However, whenever
the important features of our results can be highlighted within the single bidder
framework, we will set n = 1 to simplify exposition. For the most part Section 3
deals with the case of n > 1, whereas Section 4 restricts attention to the single
bidder case.

Formally, a target firm, which we label firm 0, can merge with at most one of n > 1
potential partners, or “bidders.” We denote the set of biddersby N={1,...,n}. It
will also be convenient to define N as the set of all n + 1 firms, including the target.
Our choice of the words “bidder” and “target” is simply for ease of exposition.
(In Section 4 we use adverse selection arguments to identify who buys whom.)
We assume that managers of the firm act in the interest of existing shareholders
when they make their decisions, so that there is no distinction between a firm and
its owner(s).

If firms 0 and i merge, the total net worth of new firm is

(1) ri = X0+ x;i + yi(wi, v;),

where x; denotes firm j’s stand-alone value, and w; and v; denote the realizations of
private signals observed by agent 0 and i, respectively. The function y; specifies the
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synergy value, i.e., the amount by which the total value r; exceeds the sum of the
two stand-alone values. This term can also be interpreted as the expected synergy,
conditional on the signals (w;, v;). We assume that y; is additively separable and
write, without additional loss of generality,

(2) vi(wi, vi) = w; +v;.

We also assume that all stand-alone values are privately known. Thus agent 0’s
privately known “type” is the vector 0y := (xg, w1, ..., w,); and for each i € N,
agent /’s type is the pair 6; := (x;, v;).

Stand-alone values and synergy signals are all distributed independently, with
respective supports [x;, X;], [w;, w;], and [v;, ¥;]. The important part of this as-
sumption is that the agents’ types 0y, 01, . . ., 0, are distributed independently. As
is well known, under risk neutrality, even an arbitrarily small amount of corre-
lation would remove the frictions created by private information (Crémer and
McLean, 1988; McAfee and Reny, 1992).° The assumption that, for any firm, its
stand-alone value and its signal(s) on synergies are independent is not essential
and is made only to simplify the exposition. We denote the c.d.f. of 6; by F; for
each firm i.

We assume that x; > 0 for each i, but do not rule out negative values for w; and
v;. However, to simplify the characterization of efficient merger outcomes, we
assume that x, + w; > 0 and x; + v; > 0 for each i, so that the total contribution
of a firm to a merger is nonnegative.

We should point out that our model, although fairly general, leaves out some
potentially interesting scenarios. For example, suppose that the n + 1 firms com-
pete in the same oligopolistic industry. In this case, when firms 0 and i merge, the
stand-alone value of the other bidders may also change because the increased con-
centration may lead to increased profits for all firms. Or conversely, the nonmerged
firms may be placed at a competitive disadvantage because the merged firm has
superior pricing power. Furthermore, these changes may depend on the identity
of the merging firms. In this article we rule out this sort of identity-dependent
externalities. (Note, however, that this is an issue only when there is more than
one potential bidder).

A feasible outcome in this environment consists of (i) a merger outcome, (ii) a
set of share redistribution, and (iii) a set of monetary transfers, defined as follows:

1. A (stochastic) merger outcome is simply a probability distribution p =
(po, p15- - -» Pn), Where p; denotes the probability that firms 0 and i merge.
Because p is a probability vector, its elements sum to one (py denotes the
probability that no merger occurs).

9 Mechanisms that achieve full surplus extraction tend to be cumbersome and sensitive to the details
of the information structure. Moreover, they require large payments when the correlation among types
is small; thus they cannot be used in the presence of limited liability constraints or risk aversion. A
full discussion of what kind of allocations can be achieved when types are correlated but risk aversion
and/or limited liability are imposed is beyond the scope of this article.
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2. A set of share redistributions consists of n + 1 matrices s = (s°, s',...,s").
We consider arbitrary redistributions of shares; therefore each s’ = [s]?k] is
asquare matrix of dimension (n 4 1), in which entry s]?k € [0,1] denotes the
fraction of firm j’s value that goes to firm k£ when firms 0 and i merge. (In
accord with the notation above, s° denotes the matrix of redistributions
that take place when no merger occurs.) We adopt the convention that,
when firm 0 and i merge, the new firm takes the name of “firm 0,” and
firm i disappears. Thus the variables sl-ij, j € Ny are irrelevant when i # 0.
The total value in stocks given to agent j is s¢;7; + Y _y..; St % if firm 0 and
i merge, and ), n s,?jxk if no merger occurs.

3. A set of monetary transfers is a matrix t = (¢°, ¢!, ..., "), where t! = (¢},
til, ...ty and t]? denotes the transfer to agent j when firms 0 and i merge

(t(} denotes the cash transfer to firm j when no merger occurs).

The object of our analysis is the set of all “direct revelation mechanisms.” In
the present context any such mechanism consists of three functions specifying
(i) a merger outcome p(#), (ii) a set of share redistributions s(6), and (iii) a set
of transfers ¢(6), for any realization of the type profile 6 := (6, 61,...,6,). With
a slight abuse of notation and terminology, we denote any mechanism by p =
(p,s,t),and call p, s, and ¢, the merger rule, the sharing rule and the transfer rule,
respectively.

By the Revelation Principle, the outcome function of any equilibrium of any
conceivable bargaining game among the n + 1 firms corresponds to the truth-
telling equilibrium outcome of a direct revelation mechanism. Thus by considering
the set of all incentive-compatible revelation mechanisms we are not imposing any
prior restriction on the set of negotiation protocols that the n + 1 parties may want
to engage in. We will focus on the efficient frontier of this set. Specifically, we will
provide necessary and sufficient conditions for the implementability of efficient
merger rules.

Since we do not want to restrict a priori the set of feasible mechanisms, we
allow for the possibility of redistributing shares of nonmerging firms. Although
outcomes with this feature may appear unrealistic, our approach is motivated by
the fact that some real-world contracts do allow for transfers among nonmerging
firms. For example, preliminary merger agreements sometimes include “break-up
fees,” stating that the target has to make payments to a losing bidder.'” Therefore,
it seems reasonable a priori to think that transfers between nonmerging firms
may occur, and arbitrarily restricting contracts to exclude these kind of payments
seems unwarranted.

Indeed, we will show that avoiding the redistribution of shares of nonmerging
firmsis optimal;i.e., it is never necessary to redistribute shares of nonmerging firms
to implement the efficient merger rule. In fact, in all cases in which the efficient
merger rule is nontrivial, redistributing the shares of nonmerging firms undermines
efficiency. Intuitively, this is because nonmerging firms remain privately informed

10 Che and Lewis (2003) discuss economic rationales for break-up fees and other contractual ar-
rangements in mergers.
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about their stand-alone values; and thus transferring their shares to other firms
necessarily entails the payment of information rents. Instead of simply restricting
the set of feasible merger contracts a priori, we arrive at the exclusion of these
transfers by using optimization arguments.

Our main goal is to provide necessary and sufficient conditions for the imple-
mentability of incentive-efficient merger rules. In other words, given an efficient
rule p, we look for the existence of a feasible sharing rule s and a budget-balanced
transfer rule ¢ such that the mechanism p = (p, s, t) is incentive-feasible: In the
revelation game induced by p, truth-telling forms a Bayesian—Nash equilibrium
(i.e., u is incentive compatible) and yields nonnegative expected surplus for all
types of all agents (u is individually rational).

The budget balance requirement entails the following constraints:

n n

(3) Y sh0) <1 and Y £(0) <0 foralli,je Ny, 6 €.

k=0 j=0

Moreover, since we focus on efficient mechanisms, in equilibrium condition (3)
will hold with equality. The possibility of “wasting” resources, i.e., transferring
them to a third party, is useful off the equilibrium path, in order to punish reports
that are incompatible with observed merger values, but will not occur on the path
of an equilibrium we consider.!!

From now on we will say that a mechanism w is budget-feasible when condition
(3) holds, with equality in equilibrium, and that u is incentive-feasible when it is
budget-feasible and satisfies incentive compatibility and individual rationality.

The net surplus that agent j expects from participating in the mechanism p =
(p, s, t) can be written as

@) w00 = p®) [Zs?j(e')xi - r?(e’)}

iEN()

+ Z pi(0) |:s6j(9’)r,- + Zs,ij(e’)xk + tj(@’):| - Xj,

ieN k#i

where 6’ and 6 denote the profile of reported and true types, respectively, and
the values r4,...,r, and xo,...,x, are determined by the vector 6. (Recall that
ri = xo + x; + w; + v;.) The first term is the value of transfers—both through
direct cash payments as well as any arbitrary reshuffling of ownership—that the
agent receives when no merger occurs. The second term captures the expected
surplus accruing to bidder j when mergers occur, given that a merger may or may
not involve bidder j. The last term, —x;, is there to normalize payoffs so that
nonparticipation yields zero net surplus.

11 This point will be clarified below when we discuss mechanism design with verifiable merger values.
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The social surplus generated by u can be written as

() Z uj(6',0) = Zpi(e,)(’”i — X0 — X;) = Zpi(Q/)(wi + ;).

jeNy ieN ieN

The interim expected surplus of type 0; € ©; of agent j, when all other agents
report their true types, and agent j reports 0’ is

©) U600 = |

®

| uj((05,6-5), (0, 0-;))dF_;(6-,).

=7

Since u;j(0’, #) was defined as net surplus (i.e., after subtracting the stand
alone value x;), the interim individual rationality constraint can be written as
Uj(#;,0;) > 0for each j,and 6.

Whether a certain mechanism satisfies incentive compatibility depends on the
information available to the agents and to the mechanism designer. In particu-
lar, the set of incentive-feasible mechanisms differs depending on whether new
information becomes available after a merger.

The recent literature on mechanism design with interdependent values has em-
phasized the importance of using information generated after the decision is taken
to determine monetary transfers. Mezzetti (2002) has pointed out that, with inter-
dependent values, asking each agent to report the utility generated by the decision
provides valuable information, since such utility depends on the types of the other
agents. The reported utility values can be compared with the values that should
have been observed given the initial reports by the agents, and thus the transfers
can be made contingent on both the ex ante reported types and the ex post reported
utilities. For the quasilinear case, Mezzetti has shown that, using a two-stage mech-
anism, it is always possible to construct budget-balanced and incentive-compatible
mechanisms that implement efficient decision rules (although individual rational-
ity may not be satisfied; additional conditions are necessary). On the other hand,
Jehiel and Moldovanu (2001) have previously shown that, when only ex ante in-
formation can be used, with interdependent values it is generally impossible to
implement efficient decision rules.'?

We will analyze two cases:

1. Verifiable merger values. The designer can make both share redistributions
and monetary payments contingent on the realized total value of any new
firm, as well as on the agents’ reports about their types. We assume that
no information about the stand-alone value of each nonmerging firm
becomes available after a merger.

12 Neither Mezzetti nor Jehiel and Moldovanu consider the possibility of transferring value through
ownership redistributions.
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2. No after-merger information. In this case share redistributions and mon-
etary payments can only depend on the agents’ reports, and thus the
mechanism design problem is the classic, static one.

Of course, the empirical reality behind mergers and acquisitions lies somewhere
between these two extremes. Firms often use contractual features such as collars,
earn-outs, or contingent value rights as part of merger considerations. These con-
tractual features help to tie the value of the consideration to the ex post value
of the newly formed firm. At the same time, ex post litigation is a widely used
tool to levy punishments when mergers are later thought to have been predicated
on false information. The ability to appeal to the legal system for remedies when
false reports occur highlights the tension between these two polar extremes: On
the one hand, the legal system provides punishments and remedies when infor-
mation used to make a merger decision is later shown to be false; on the other
hand, the system is costly and not without error.

The assumption of verifiable merger values in the first case is made only for
simplicity. The crucial assumption is the possibility of writing contracts that are
contingent on information that becomes available after the merger. If the value of
any new firm were not verifiable but merely observable by each merging partner,
we could use a two-stage mechanism a la Mezzetti to make transfers depend
on the realized value of the merger. The assumption of verifiability simplifies
the exposition since it allows the agents to write contracts in which transfers are
contingent on the realized value of the merger, without any need for a second
round of messages.

It is also worth noticing that we treat differently merging and nonmerging firms,
and in particular we assume that the stand-alone value of nonmerging firms is
never observable. There are several reasons why it is reasonable to assume that
the stand-alone value of nonmerged firms is unverifiable. Recent models of merg-
ers and acquisitions such as Rhodes-Kropf and Viswanathan (2005) and Shleifer
and Vishny (2003) assume that a firm’s “true” stand-alone value may differ than
the price observed in markets because managers may possess inside information
about future business plans that it is not known to market participants. Even if
managers were to make forward-looking statements about business plans under
“safe harbor” provisions, these statements would be largely unverifiable since it
would be difficult to distinguish between unexpected failure to meet expectations
from untruthful reports.

3. VERIFIABLE MERGER VALUES

This section is devoted to the analysis of the case in which transfers can be
conditioned on ex post observables. In particular, we assume that the value of any
newly formed firm can be verified ex post, whereas it remains impossible to verify
the stand-alone value of firms not involved in the merger.

Our analysis here ultimately delivers bad news for merger efficiency. We es-
tablish necessary and sufficient conditions for the implementation of an efficient
merger rule (Proposition 1), and show that, if there is only one bidder, the condition
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cannot be satisfied whenever it is not common knowledge that the merger is al-
ways value-enhancing (Corollary 1). We also identify a condition on the support
of all firms types under which, no matter how many firms are involved in the
negotiations, the first-best cannot be achieved (Corollary 2), and show that when
this condition is violated the first-best can be achieved for a sufficiently large
number of bidders.

It is worth emphasizing here that private information about both stand-alone
and synergy values can generate significant distortions from the first best, even
though the ex post verifiability of any newly created firm makes its shares and
cash equivalent means of payment. Thus, even when the cards are stacked in favor
of efficiency, the presence of hidden information causes some of the gains from
merger to remain unrealized in any conceivable equilibrium in the M& A market.
Not only does the presence of private information cause “too few” mergers to
occur in equilibrium, in the sense that mergers with small but positive synergies
go unrealized, but the “wrong” mergers often occur, in the sense that the optimal
acquirer in the presence of informational constraints is not always the acquirer
that produces the largest synergy values.

We arrive at the main result (Proposition 1) in a series of steps. Lemma 1 estab-
lishes the equivalence of stock and cash when the value of the newly merged firm is
verifiable ex post. Based on this equivalence, we derive a critical result (Lemma 4):
Any implementable merger rule can also be implemented without redistributing
the shares of the firms not involved in the merger. In fact, in all interesting cases
(i.e., whenever the merger rule is nontrivial), it is suboptimal to redistribute shares
of nonmerging firms. This “leaving losers untouched” result enables us to show
that, under a suitably chosen rule for allocating the shares of the new firm (de-
fined in condition (23)) the general design problem can be mapped into a private
value framework. This in turn allows us to apply well-known conditions, derived
by Williams (1999) and Krishna (2002), for the implementability of efficient social
decision rules.

3.1. The Equivalence of Stock and Cash. Given the multiplicity of ways in
which payments can be made (using combinations of stock and cash transfers), it
is natural to begin the analysis by asking whether it is possible to restrict the class
of mechanisms that we need to consider. Our first lemma establishes that neither
the set of implementable merger rules nor the distribution of the total surplus
among the agents that is generated by any merger rule depend on how the shares
of any new firm are allocated. This is because the total value of any new firm is
verifiable; hence its shares are equivalent to money. Recall that s/, denotes the
fraction of firm j’s shares that are transferred to firm k in the event that firms 0
and i merge, and let s’] = (sil-o, s"ﬂ, . ,s]?n).

LemmA 1. For any budget-feasible mechanism (p, s, t), and any sharing rule §
such that

50=s" and §‘] :sj, foralli € N, j € No\{i},
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there exists a feasible transfer rule t such that the new mechanism (p, §, t) generates
the same ex post expected surplus functions u;, defined in (4), for all firms j € No.

The equivalence property established in Lemma 1 can be restated as follows.
Consider any mechanism (p, s, t), and any sharing rule § that allocates the shares
of all nonmerging firms as s does, and the shares of any new firm arbitrarily (i.e.,
we may have 3} # s{ ). Then there exists a transfer rule 7 such that the mecha-
nism (p, §, f) generates an equivalent revelation game, in the sense that the pay-
off functions of all agents are the same. Therefore, if the original mechanism
(p, s, t) satisfies incentive compatibility and individual rationality, so does the new
mechanism (p, §, 7). Note that the equivalence between stock and cash has been
established only for the shares of any new firm. As we will see next, the equiva-
lence does not extend to the shares of nonmerging firms, essentially because their
value is not verifiable ex post.

3.2. Leaving Losers Untouched. A natural question in light of Lemma 1 is
whether the neutrality of the ownership structure of any new firm holds for non-
merging firms as well. In particular, is there any loss of generality in restricting
attention to mechanisms that leave all shares of each nonmerging firm with its orig-
inal owner? Formally, we say that a sharing rule s satisfies the “Losers Untouched”
(LU) property if

(7) sw(0) =s5(0) =1 forallke Ny, i, j € N, all .

If it were the case that any implementable merger rule p could also be imple-
mented with a mechanism (p, s, t) where s satisfies the LU property, then the
extra flexibility given by the possibility of redistributing shares through s would
be of no value, and we could narrow down the design problem, without loss of
generality, to the specification of monetary transfers.

It turns out that the way shares of nonmerging firms are allocated does affect
the distribution of the total surplus generated by any merger rule among the
agents, and thus affects the set of merger rules that can be implemented. This
is because the stand-alone value of each nonmerging firm remains unverifiable
ex post; therefore incentive rents have to be paid in order to elicit truth-telling.
We will show, as an immediate implication of our next lemma, that the expected

information rent earned by agent i depends negatively on the fraction s/; of firm i
that he or she retains when his or her firm does not merge. Therefore, changing s/,
changes the distribution of the total surplus generated by any given merger rule.

However, we will also show that a merger rule is LU-implementable—i.e., can
be implemented with an incentive-feasible mechanism (p, s, ) where s satisfies the
LU property—if and only if it satisfies a set of monotonicity conditions, spelled out
in (20) and it will be straightforward to check that these monotonicity conditions
are satisfied by any efficient merger rule (defined formally in (22)).

The derivation of these results hinges on the fact that, due to ex post verifi-
ability, the type of each agent becomes one-dimensional in equilibrium. Feasible
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mechanisms can involve large fines whenever the agents report types that are in-
consistent with the total value of any new firm. Since each bidder i expects the
target to report its true type, it cannot be optimal for him to lie about the total
x; + v; of its two pieces of private information, unless the probability of his
firm merging conditional on his report is zero, in which case the lie would go
undetected.

Similarly, since the target expects truthful reporting by all potential bidders, it
cannot be optimal for her to lie about any total xo + w;, unless there is no chance
of merging with firm i conditional on this report. Thus, unless the report 6; implies
that firm i has no chance of merging, agent i must issue a report in which the sum
total of stand-alone values and synergies are correctly reported: Each agent can
misreport the fraction of total surplus due to synergies, but not the overall value.'3

We now move to the formal analysis. The set of undetectable lies'* for any type
0; of bidder i is given by

8) Li(6;) == {x{ +v; = 1;},

where 6; = (x;, v;) and 7; = x; + v;. Similarly, since a target of type 6y = (xo,
wi,...,w,) may report wrong values (xo, w;) only if x{, + w; = x¢ + w;, we can
define the set of undetectable lies by the target firm for any 6, € © as

9) Lo(0y) := {6, € Og | x, + w; = 0; eachi € N},

where o; := xo + w;. Note that each set in (8) and (9) is one-dimensional. Each
realization of x, + w; and x; + v; corresponds to a separate mechanism design
problem. The relevant incentive compatibility constraints for each bidderi € N
and for the target can now be written as

(10) U:(6:,6;) = Ui(6],6;), 6/ € Li(6),
and
(11) U()(@(), 90) > U()(e(;, 9()), V@é € [:0(90).

To see that redistributing shares of nonmerging firms generates information rents
for their original owners, it is useful to redefine the target’s type as

(12) 0o == (X0, 01, ..., On),

13 1t is also worth noting that the incentive problems arise precisely because of the ex post unverifia-
bility of stand-alone values x;. If x; were to become observable in a second stage, then large fines could
be prescribed for a firm reporting %; # x;. This would prevent agent i from announcing any X; # x; for
which the probability of merging is not one, and all incentive problems would essentially disappear.

14 1n all mechanisms that are relevant to our purposes, no agent can have any incentive to lie issuing
a report that ensures a zero probability of merger, as any such report yields zero expected surplus.
Therefore we ignore such reports in what follows.
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where o; := x¢ + w;, and each of the bidder’s types as
(13) Qi = (xh Ti)’

where t; := x; + v;. For each bidder i and each t; € [x; + v;, X; + v;], let [x%, X%]
denote the interval of values of x; that correspond to the line £;(x;, 7;), defined in
(8); that is,

(14) [)_Cri, )_Cti] ={x; € [)_Ci, )_C,'] | dv; € [I_)i, l_),'] such that x; + v; = 1;},

and define

(15) Bl-“(c)zl—Ee_{ > pil(6. ). 0-)sh((, rl-),ei)] ¢ e x5,

jeNo\(i}

and

U () =U((¢, ). (¢, ), ¢ e[x™, x7].

In other words, B (¢) is the fraction of its own stand-alone value that firm i expects
to give away when losing the merger contest, and U (¢) is the interim expected
utility, for type z; of firm i, when reporting ¢ from the set of undetectable lies
given by Equation (8).

Similarly, for each o = (01, ...,0,), let [x], X]] denote the interval of values of
Xo that correspond to the segment Ly(x, o), defined in (9), i.e.,

[J_Cg»)_fg] = {xo S [)_C()v XO] | a(wls ceey wn) S XiEN[wl‘a wl]

such that xo + w; = 0y, i € N},
and define
(16)  B§(0) =1 Ey,[po((¢, 0), 0-0)s0((¢,0). 0-0)], ¢ € [x5, %],
and
U5 (¢) = Uo((¢,0), (¢,0)), ¢ €[x, %]

As before, Bfj(¢) is the fraction of her stand-alone value that the type o of firm
0 expects to give up when no merger takes place as a result of issuing a report ¢,
and U (¢) is the utility associated with that report. The next lemma is based on
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standard mechanism design arguments. The proof is provided in the Appendix,
for the sake of completeness.

LemMA 2. The incentive compatibility constraints in (11) imply that Bf is nonin-
creasing and

(17) Ug (x0) = Ug (%) +/ ' B{(¢)dg, forall xo € [x]. %7 ].

The incentive compatibility constraints in (10) imply that, for each i € N, B is
nonincreasing and

_T

(18) U,-T"(xi)=U,-”'(5ff")+/l B(¢)de, forall x; € [x", X"].

Lemma 2 has two important implications. First, the “envelope condition” in (18)
shows that the information rent of each type (x;, ;) of agent i is determined by the
function B. Since B" decreases with the fraction s/, of firm i that agent i retains
whenever his firm does not merge, his information rent depends negatively on
si;. Similarly, the envelope condition in (17) shows that the target’s information
rent decreases with the fraction of her firm retained when no merger takes place.
Therefore, in order to minimize information rents, the shares of all nonmerging
firm should never be redistributed.

Second, if the LU property holds, the functions defined in (16) and (15) become

(19) Bi()=1-R(.0), and B'()= k(. n)

where Py(xp, 0) = Ep_,[po((x0, 0), 6_9)] is the probability that no merger occurs
conditional on firm 0 announcing type (xo, o) and P;(x;, ©;) = Eo_, [ pi((xi, ©), 6-i)]
is the probability that firm i merges, conditional on its owner announcing (x;, ;).
Since by Lemma 2 incentive compatibility implies that both B and B are non-
increasing, the following monotonicity conditions are necessary for any (imple-
mentable) merger rule p to be LU-implementable:

foreach o € x;cn[xy + w;, Xo + w;], Py(-, o) is nondecreasing
(20)
foreachi € N, v; € [x; +v;, % +v;], P(-, ;) is nonincreasing.

The next result establishes that these monotonicity conditions are also sufficient for

LU-implementability with any mechanism that does not require outside financing,
1.€.,

(21) Ztif(e) <0, forall6 e ®andallje N.
i=0
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Intuitively, this is because, as (17) and (18) show, applying the LU property can
only reduce the information rent of any type of any agent, and thus can only make
it easier to satisfy both budget balance and individual rationality.

LemmMma 3. Suppose that (p, s, t) is incentive-feasible, p satisfies the monotonic-
ity conditions in (20), and t satisfies (21). Then there exists an incentive-feasible
mechanism (p, §, ) where § satisfies the LU property and ¥ satisfies (21).

The proof of Lemma 3 is by construction: The new transfer rule 7 is designed so
that the change in the total value received (both in shares and cash) by each type
of each agent, for each realization of the opponents’ types, generates the lowest
information rent that is consistent with the incentive compatibility and individual
rationality constraints.

3.3. Implementing Efficient Merger Rules. The preceding analysis establishes
that the information rent accruing to an agent is independent of the sharing rule
that is chosen for the merged firm. Consider now the efficient merger rule p* :=
(p§s- - - Pyy), defined as

1, ifv;+w; >max{0,v;, +w;;] #£i},
@) pr<e)={ a2

0, otherwise.
It is straightforward to check that p* satisfies the monotonicity conditions in (20).
Thus, Lemma 3 immediately implies the following result.

LeEmma 4. If the efficient rule p* is implementable by a mechanism that satisfies
(21), it is also LU-implementable.

The goal of this subsection is to establish necessary and sufficient conditions un-
der which the efficient rule p* is implementable. Establishing necessary conditions
for implementability is relatively straightforward: By Lemma 4, we can restrict
attention without loss of generality to mechanisms satisfying the LU property.
Furthermore, Lemma 1 implies that we can allocate the shares of any new firm
arbitrarily. Standard mechanism design arguments imply that the necessary con-
ditions for the implementability of p* are satisfied. In particular, combining the
incentive compatibility, individual rationality, and ex post budget balance con-
straints, we derive the inequality in Proposition 1, which essentially states that
social surplus must exceed the sum of all information rents that have to be paid
under the merger rule p*.

Sufficient conditions for the existence of a mechanism implementing p* are
more difficult to establish. We are in a world of interdependent values, where
the utility of any agent is affected by the types of the other agents. However, by
judicious choice of the sharing rule, we can transform our interdependent values
problem into a private value problem. This allows us to use the results of Williams
(1999) and Krishna (2002) to establish sufficient conditions for p*. And since the
necessary conditions for implementability hold irrespective of the sharing rule,
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we obtain necessary and sufficient conditions for the existence of efficient merger
rules.

Consider the following mechanism. Let o; = xo + w; and 7; = x; + v; be the
true sums of stand-alone values and synergies under the proposed merger, and
for reports Ay = (g, W1, ..., W,) and ; = (&;, 0;) let 6; = X + W; and &; = &; + 0;.
The mechanism uses the reported values and the ex post observed values to de-
termine shares and payments as follows:

e If firm 0 and i merge and the observed value o; + t; is different from the
one announced by the firms, then all firms pay large penalties.

¢ Ifo; + ©; = §; + T; then the sharing rule s is determined by the LU property,
and by

. . Gi
23 sin(0) =1 —s5.(0) = .
(23) 0 =1-546) = -

Note that the denominator in Equation (23) is positive because x, + w; > 0 and
x; +v; > 0. In the truth-telling equilibrium of the mechanism, when the target
and b1dder i merge, the target gets fractio
the remaining fraction + -; the shares of all other firms are left untouched. Note
that, by Lemma 1, there is no loss of generality in analyzing the implementation
problem by fixing the shares in this way, since the choice of sharing rule plays no
role in the necessary conditions for the existence of the efficient merger rule.

Under this sharing rule, the ex post expected payoff functions, when o; and t;
are reported truthfully (whereas the components of the sums xo + w; and x; + v;
may be misreported) can be written as

(24) wp(0:0) =y pi(®@)wi + Y pi(0")](0")

ieN JE€No

for firm O and as

(25) ui(0':0) = pi(@)v; + Y pj(0) ()

JE€No

for each firm i € N. The important point here is that the payoff function of each
agent j € Ny is now independent of the other agents’ types.

To complete the transformation of the model into a classic mechanism design
environment with private values, we let the variable a denote any deterministic
merger outcome, so that the social surplus generated by decision a, when the type
profile is 6, can be written as

(26) S(a.0)= > v;(a.60),

JjeNo



EFFICIENT MECHANISMS FOR M&A 1013

where

0, if a=0,

w;, if a=i;

0, if a#i,

17()([1,9()): . .
v;,, iIf a=Ii,

f)i(a, 9,‘) = {

and the ex post expected payoff functions of each agent can be rewritten as
(27) uj(a,0)=f)j(a,9,-)+tj, jEN().
Since S(0,0) =0 and S(i, 6) = v; + w;, any rule a* that satisfies

a*(0) € argmax S(a, 6),
(lGNO

corresponds to the ex post efficient merger rule in the sense that p; (6) =1if and
only if j = a*(9).®

The problem of finding a transfer rule for which p* is implementable is now
essentially a special case of more general models with private values studied in
Williams (1999) and Krishna (2002). Williams provides a necessary and sufficient
condition for the implementability of efficient decision rules with Groves mech-
anisms that satisfy ex ante budget balance. Here we simply observe that for any
mechanism with transfers satisfying the weak budget balance condition (21) we can
find a corresponding mechanism satisfying ex ante budget balance (it is sufficient
to add appropriate positive constants to the transfers). Thus Lemma 3 applies, and
we can restrict attention without loss of generality to mechanisms satisfying the
LU rule. Finally, Krishna establishes the equivalence, in terms of inferim expected
surplus functions, of Groves mechanisms satisfying ex ante budget balance with
interim incentive compatible mechanisms satisfying ex post budget balance.

To formalize this argument, first define

(28)

207 = inf B | (@ (p.6-).y) + > (@ (3.6-).60) |, € N
ye®_j(o.7) keNp\ j

where ®_¢(o, 7) denotes the support of the distribution of (v1,. .., v,) conditional
on o and 7, and ®_;(o, t) denotes the support of the distribution of (wy,...,w,,
Vl,...»>Vi—1, Vitl,- - -, Uy) conditional on o and . We have the following result.

ProrosiTioN 1. The efficient merger rule p* is implementable with an ex post
budget-balanced mechanism if and only if for all realizations of o, T we have

(29) nE [Z a»(a*w),ei)} <>z,

iENO iENO

15 Ties are zero probability events; thus we can apply any arbitrary tie-breaking rule. For example,
if a*(6) has multiple elements we select the element with the highest index.
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This condition completely characterizes the environments in which the imple-
mentation of efficient merger rules is possible, but it is not immediately intuitive.
To unpack the intuition behind condition (29), first observe that the inequal-
ity in condition (29) is equivalent to the following four conditions: (i) efficiency,
(il) incentive compatibility, (iii) individual rationality, and (iv) budget balance.
As highlighted in Williams (1999), the class of all efficient and interim incentive
compatible mechanisms is equivalent in terms of surplus distribution to the set of
Groves mechanisms. In other words, for any (p*, t), there is an equivalent Groves
mechanism, which we can denote (p*, t¢), where t“ equals

(30) 10 = 0i(a".6;) — hi(6-1),

J#i

where the 4; is an arbitrary “entry-fee” for agent i. To achieve budget balance,
the sum of all agents’ entry fees must at least equal # times the social surplus.
This is because the standard logic of Groves mechanisms creates the merged firm
only once but requires every agent to receive the social surplus. But the individual
rationality constraint requires that each agent’s entry fee does not exceed the
interim expected surplus of his worst-off type. Combining these constraints yields

(31) nky |:Z V; (a*(@), 91):| < Zhi(eﬂ') < Z Z[(U,f).

iENO iENO iEN@

The inequality in (31) is analogous to the condition that Williams (1999) uses in the
trading model with an arbitrary number of sellers and buyers to determine whether
the efficient trading rule can be implemented. To push the analogy further, we can
exploit the fact that we have transformed our interdependent values model into a
private values model to provide the following two corollaries, which establish the
formal equivalence of our findings to the analysis of Myerson and Satterthwaite
(1983) and Williams (1999).

CoROLLARY 1. Assume thatn=1.If v+ w < 0, p* is not implementable.

This result is equivalent to the impossibility result of Myerson and Satterth-
waite (1983). Indeed, for any realization of (o, t), we can define ¢ ;== § — w and
b:=48+ vforanyd > w;, and reinterpret the model as follows: Agent 0 is a seller
with cost ¢ and agent 1 is a buyer with value b. The gains from trade are b — ¢ =
v + w, and the condition v + w < 0 is equivalent to b — ¢ < 0, which is the “no
gap” condition of overlapping supports in Myerson and Satterthwaite.'®

We can extend the analogy to the private values trading model. The case with n
bidders in our interdependent values merger model is analogous to the case with

16 We are grateful to a referee for suggesting this interpretation.
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one seller and #n buyers in the trading model; therefore, the analysis of Williams
(1999) applies.

COROLLARY 2. Suppose all synergy values are drawn fron the same distribution,
with [v;, %] = [w;. ;] = [, k), and let [v'77, 5] and [w'"?, ®7] denote the
supports of v; and w;, for any realization of (o, 7). If, for some o and t, we have
77,59 = [, 0" =[l.h). i =1,...,n,and | + h <0, then p* is not
implementable.

The inequality / + & < 0 implies that no merger takes place when the target
observes the lowest realizations of the synergy values compatible with (o, 7).
Corollary 2 tells us that it is impossible to implement an efficient merger rule unless
we can guarantee that the synergies from the worst possible merger outcome are
strictly positive. In other words, whenever no bidder can be certain that a proposed
merger is value-enhancing, the efficient merger rule p* is not implementable.

What happens if the inequality in Corollary 2 is violated for all realizations of (o,
7)? We cannot conclude that p* is implementable. To see this, simply observe that
the previous inequality is compatible with the “no gap” condition in Corollary 1.
However, as we describe in the following remark, one can establish a positive
result along the lines of cases 2 and 3 in Table I, following Theorem 4, in Williams
(1999):

RemArk 1. Suppose that max;cy[w'”” + 5] > 0 for all realizations of
(0, 7). Then, if n is sufficiently large, the efficient merger rule p* is implementable.

The proof of this is a straightforward extension of the proof of Theorem 4 in
Williams (1999): Replacing heterogeneous n > 1 with n identical realizations of
the worst type immediately yields the result. We omit the full proof for the sake
of brevity.

These results highlight the fact that despite multiple means of payment and
ex post verifiability we are still in a world in which private information has a
significant impact on merger outcomes. Double-sided asymmetric information is
problematic for mergers, unless the degree of competition is large, even when
transfers can be based on ex post observable information. It is not necessary to
resort to hubris, private benefits, entrenchment, or other agency costs to take a
dim view of the efficiency of mergers: Inefficiencies may well be present even
when all actors are maximizing firm value.

We close this section with an observation about the two-pronged nature of these
inefficiencies. First, asymmetric information causes too few firms to merge; i.e.,
when condition (29) is violated, gains from trade go unexploited with positive
probability. Moreover, when there is more than one bidder, in the second-best
outcome it is often the case that the “wrong” merger occurs. That is, the second-
best outcome generically involves the target merging with a bidder who offers less
than maximal synergies.

In the trading model, this second type of error does not occur if the n buyers are
ex ante identical. In our merger model, however, even an ex ante symmetric model
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will result in an ex post asymmetric realization of o and 7, inducing suboptimal
mergers in almost all cases.

4. MERGERS WITH UNVERIFIABLE FIRM VALUES

In this section we remove the assumption that transfers can be conditioned on
ex post observable information. The crucial implication of this is that stock and
cash are no longer equivalent methods of payment, and any stock transfer will
necessarily generate information rents that hinder the implementation of efficient
merger rules.

The information structure analyzed in the previous section allowed us to col-
lapse private information about stand-alone values and synergies into a single-
dimensional variable. This is no longer possible when the ex post value of the
merged firm is unverifiable. Now what matters a great deal for the efficiency
merger outcomes is whether an agent’s private information concerns its stand-
alone values or its potential synergies.

In this setting, acquisition mechanisms emerge as the best feasible mechanisms
in a wide range of situations. In an acquisition mechanism, one party completely
buys out the other party, leaving them with zero ownership in the firm going
forward.

Our analysis demonstrates the general principle that hidden information about
stand-alone values is more problematic for merger efficiency than hidden infor-
mation about synergies. In one extreme, when all stand-alone values are known,
private information about potential synergies poses no difficulty in the imple-
mentation of efficient merger rules. In fact, efficient merger rules can always be
implemented, i.e., there is no wedge between first and second best, even without
cash transfers.

In the opposite extreme, when each firm’s stand-alone value is privately known,
and there is no uncertainty about the (positive) synergy values, the implementation
of efficient rules requires the synergy to be sufficiently large. This is due to the
adverse selection effect that we described in the introduction: Willingness to merge
conveys bad news about stand-alone values and thus has a negative impact on
the willingness to merge by a potential partner.

These extreme situations illustrate a more general phenomenon that helps us
to answer the question of who should buy whom. Our analysis establishes that,
in general, the party with the greatest informational rents should be the acquirer,
and should own the firm ex post. In general, whenever most of the uncertainty in
value arises from synergies, then the party with the larger contribution to synergies
should own the firm outright. Conversely, the party with the larger stand-alone
value should own the firm ex post when most of the uncertainty surrounds stand-
alone values.

The results in this section are similar to the analysis of partnerships in Fieseler
et al. (2003), in which eagerness to sell one’s share of the partnership is bad news
for the other agent when one’s valuation depends positively on one’s signal, but
is good news when one’s valuation depends negatively on one’s signal. In the
remainder of the section we turn first to the case of known stand-alone values and
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a single bidder. Then we analyze the case of a single bidder with known synergies.
We conclude by offering some empirical observations based on this analysis.

4.1. Known Stand-Alone Values. In this section we show that, if all stand-
alone values xg, x1, .. ., x, are known, the efficient merger rule can always be im-
plemented, without monetary transfers.'” In other words, there exists a mechanism
(p, s, 0) that is ex post budget-balanced, incentive compatible, and individually
rational.

The mechanism (p-, s, 0) can be described as follows. Define X to be the sum of
stand-alone values across the target and all n bidders and notice that, since we have
assumed x; > 0 each i € Ny, we have X > 0. Also define V and W to be the sets
of all possible realizations of v and w; formally, X := Z';:o xj, V= Xienlv;, 0],
and W= x;en[w;, il

If, according to the agents’ reports, no merger generates positive synergies,
then nothing happens, i.e., each owner retains full ownership of his or her firm.
Otherwise, the merger generating the highest synergy takes place, and agent j
receives fraction % of each nonmerging firm, as well as of the new firm. Formally,

X
for all (v, w) and all firms j,

sg(v, w)=1, and s,ij(v, w) = );—]( for all bidders i, all firms k.

In the game induced by the mechanism (p, s, 0), agent j’s ex post expected surplus
when the true type profile is (v, w) and the agents report (9, ) is

ij(v, w, v, w)

o RE .
= py(d, w)x; + Zp,» (0, ) [7’( Z X+ S (00 + X + wi + Ui)i| - x;
ieN keN\{i}

LN k/n oA L Xj
= po(0. @)x; + D p (0, 0)x; + Y p (0, 8) i +vi) — x;
ieN ieN

X R
= 7} Zp;“(v, W) (v; + w;).
ieN

It is immediate to see that truth-telling is a best response to truth-telling for all
firms. Furthermore, in the truth-telling equilibrium individual rationality is always
satisfied. Atlast, we observe that all firms are ex post happy to implement the stock
swaps and the merger prescribed by the mechanism as long as the synergies from
the proposed merger v; + w; are positive. This is always the case on the equilibrium
path, thus implying that the mechanism is ex post individually rational.

17 This result generalizes immediately to the case in which x; is i’s private information, but it is
sufficiently costly for i to report &; > x;, whereas reporting &; < x; can be costless. This may be the
case when x; is given by tangible assets and it is costly to engage in fraudulent overvaluation of the
assets.
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We have thus proved the following result.

ProrositioN 2. If the stand-alone values xg, x1,...,X, are commonly known,
the efficient merger rule p+ is implementable with a mechanism that does not use
monetary transfers and is ex post individually rational.

When there is only one potential partner the mechanism is particularly simple
and realistic. If the two firms find out that the sum of the reported synergies is
negative then nothing happenS' otherwise the merger takes place and each agent
i =0, 1receives fraction - of the new firm. It is optimal to ignore the (claimed)
synergy values, using instead only the verifiable stand-alone values.

When there are multiple firms, the problem becomes to select the merger pro-
ducing the highest synergies. Here the difficulty is to make sure that potential
partners do not overstate the value of their synergies in order to increase the
probability of a merger with their own firm. The mechanism avoids this by giving
to each potential partner a fraction of the synergies of the most successful merger.
With multiple potential partners the mechanism is clearly less realistic. However,
a similar result can be approximated when the group of owners engage in cross
selling of shares, each owner acquiring toeholds in other firms.'® The acquisition of
toeholds tends to align the incentives of owners to efficiency, since now each owner
benefits from any merger with positive synergy, and has an interest in making sure
that the merger with the highest synergy occurs.

Many mergers are the result of negotiations involving only two firms, and are
implemented via stock swaps only (i.e., no cash transfers). Proposition 2 suggests
that such a transaction may well be efficient if there is little uncertainty on the
stand-alone values. It also shows why uncertainty on the synergies may not be a big
problem, compared to uncertainty about stand-alone values. When uncertainty is
only about the synergies, we can always arrange the property structure in such a
way that the owners retain their firm when no merger occurs, and get an equivalent
value plus a share of the synergies when a merger occurs. This makes sure that
the owners have a common interest in finding out the highest synergies. This does
not happen when uncertainty is about the stand-alone values, the next case we
examine.

4.2. Known Synergies with One Partner. For simplicity, we focus attention
on the case in which there is a single bidder. Suppose now that the stand-alone
value of each firm is private information, but that the synergy values are known
to be positive: that is, w := w; + v; > 0. The efficient merger rule in this case is
pi(xo, x1) = 1 for each (xo, x1). In any efficient mechanism agent i’s ex post
expected surplus when the true types are x = (xo, x1) and the reported ones are

= (x, x}), is given by

(X', x) = (xo +x1 + )b () +t1(x)—x;, i=0,1.

18 We thank a referee for suggesting this interpretation.
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To simplify the exposition, suppose also that xo and x; are identically distributed
with support [x, ¥], c.d.f. ® and density ¢.!° In this case, under a standard regularity
condition on &, we have the following necessary and sufficient condition for the
implementation of p*.

ProposITION 3. Suppose that% is nondecreasing. Then the efficient merger rule
p* can be implemented if and only if

(32) [ = o()@(p) dy <

SIS

The important implication of Proposition 3 is that, whenever w is positive
but smaller than the critical value w, :=2 ['[1 — ®(¥)]®(¥) dy, no incentive-
feasible mechanism can guarantee that the two firms merge with probability one,
even if there is no uncertainty about the synergies being positive.

This result hinges on the fact that, since we have assumed that the value of the
new firm is unverifiable, the agents’ information rent now depends on both the
merger rule p and the sharing rule s. In the previous section ex post verifiability
made the particular sharing rule immaterial. Since the value of the new firm is
not verifiable ex post, the sharing rule has an impact on each firm’s expected
utility.

The proof of Proposition 3 consists of the following steps. We begin by pointing
out that agent i’s expected information rent is determined by the function §;(x;) =
E, ,[s¢:(xi, x_;)]. That is, the standard characterization of incentive compatibility
in this case yields the envelope condition

(33) Ui(x) = Ui(x) + / [~ S()]ds. forallx;  [x. 7],

This, together with the observation that 1 — S;(x;) > Ofor all x; € [x, X], in turn im-
plies that in any incentive compatible mechanism individual rationality is satisfied
if and only if U;(¥) > 0. Thus the type of each agent who is the most reluctant to
participate, i.e., who earns the lowest net surplus relative to his stand-alone value,
is X.

Taking the expectation with respect to x; on both sides in (33), integrating the
last term by parts, summing across the two agents, and solving for Z}ZO Ui(%)
yields

1 1 X 1 X
> Uix) = Z[ Ui (x;) do(x;) — Z/ O(x;)[1 — S (x;)] dx;.
i=0 i=0vX i=0vX

19 Both Propositions 3 and 4 readily generalize to the case where firms are drawn from different
distributions. The main difference is that instead of a single c.d.f. @, the proofs involve two c.d.f.’s, &
and 5.
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Since individual rationality implies Zil=o U;(x) = 0, and the ex ante expected so-
cial surplus is just the synergy value, i.e., 21‘1:0 [ Ui(x:) d®(x;) = o, we arrive at
the inequality )

1 x
(34) Z/ CD(X[) [1 -5 (Xl')] dx; < w.
i=0vX

In words: the sum of all information rents generated by any incentive feasi-
ble mechanism (p*, s, f) cannot exceed the total surplus « that the merger
produces.

The second step consists in showing that, when the hazard rate £ is nonde-
creasing, the sum of all information rents (the left-hand side of (34)) is minimized,
within the set of all feasible sharing rules, by the “acquisition” rule s4 defined
by

1, ifxo > X1,

(35) S&‘)(Xo, xl) =1- S(ﬁ()q, Xo) = ! .
0, ifxy< x.
Thus p* cannot be implemented at all if it cannot be implemented with a mecha-
nism in which the owner of the firm with the highest stand-alone value buys out
the other firm entirely. Substituting s* into the previous inequality yields (32).
This completes the proof of the “only if” part of Proposition 3.
To establish the “if” part, we show that p* can be implemented when (32) holds
with the sharing rule s and the transfer rule 4 defined by

(&) .
—m(x) — 5 if xg > xq,
(36) ti(x0, x1) = —t{(x1, X0) = o
m(xo) + 5, if xo < xq,
where

Sl = &(s))%ds

67 mw) =g

+ x; = E[min{xo, x1} | X0, x1 > x;].

Given the impossibility of implementing the efficient rule p* when the synergy
value w is small, it is natural to ask which mechanisms maximize the ex ante
expected joint surplus.

The acquisition mechanism defined in (36) is quite intuitive. Remember that
the essential incentive problem is that firms with high stand-alone values are
reluctant to sell. Thus the newly merged firm is sold to the owners claiming to
have the highest stand-alone value, at a price that depends positively on the stand-

w

alone value of the other firm (the term 5 is added to share the surplus). This

provides a countervail to the incentive to exaggerate the stand-alone value, and
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a careful choice of the function m(x;) provides the correct incentives for truth-
telling. Essentially in an acquisition mechanism the “large” firm buys the “small”
firm, at a price that gives the small firm part of the surplus. This appears to be a
common feature of many mergers.

Our last proposition establishes that acquisition mechanisms are optimal even
when full efficiency is not attainable.

ProrosiTioN 4. Suppose that ex post efficiency is not attainable, and assume that

% is nondecreasing. Then the joint expected surplus

1

max Z/X Ui (x;) d®(x;),

(P»S*l) i=0

is maximized, subject to incentive compatibility, individual rationality, and ex post
budget balance, by an acquisition mechanism (p, s*, t4), where s and t* are
defined in (35) and (36), respectively.

The results of this section establish the identity of the bidder and target, as
well as the optimality of cash acquisitions as a takeover mechanism. To answer
the question who buys whom, this section shows that the firm with the highest
stand-alone value should acquire the firm with the lower stand-alone value. To
answer the question how should the deal be structured, this section shows that the
acquirer should buy out the target shareholders with cash.?

4.3. Discussion. The preceding results have been couched in terms of two
extremes: one in which stand-alone values are completely known, the other in
which synergies are completely known. In fact, these are just the two ends of a
continuum, and in general the larger take-away from this section is that whenever
there is more uncertainty about stand-alone values, the firm with the larger stand-
alone values should be the acquirer.

Does this tell us anything about empirical patterns in merger activity? Can we
use these general findings to offer theoretical guidance about when we expect cer-
tain types of mergers to occur? Or, more generally, do our predictions square with
existing empirical evidence on mergers and acquisitions? We end this section by
discussing the empirical insights that arise from distinguishing uncertainty about
stand-alone values from uncertainty about synergies.”!

20 In this article we assume that the potential acquirer has always enough cash. Clearly, if the acquirer
had to raise cash in the capital markets the kind of adverse selection problems discussed in Myers and
Majluf (1984) would appear.

21 Another approach would be to focus on empirical predictions that arise from the contrast of the
verifiable values case (Section 3) with the unverifiable values case (Section 4). This requires a discussion
of the market’s expectations at the time of the merger announcement, which is beyond the scope of
our analysis. However, in light of the role of method of payment in increasing ex post verifiability, as
discussed in Section 2, see Eckbo et al. (1990) for early evidence on how market reactions are related
to the medium of exchange in takeovers.
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The first insight concerns the frequency of merger activity. When most of
the uncertainty surrounds synergies, we have shown that the efficient merger
rule is generally easy to implement. Mergers are feasible even when the ex-
pected synergies are small. In contrast, when most of the uncertainty surrounds
stand-alone values, it takes larger expected synergies to overcome information
asymmetries.

This, in turn, implies that we should expect to see more mergers occurring when
merger activity is being driven by synergy-related considerations. We should ex-
pect fewer mergers when the bulk of the uncertainty in the merger surrounds
stand-alone values of existing assets. This squares with the empirical observa-
tion that productivity shocks in industries produce merger waves (see Gort, 1969;
Rhodes-Kropf et al., 2005; Harford, 2005), since it is often argued that productiv-
ity shocks create new ways of recombining existing assets to create valuable, but
uncertain, synergies.

This interpretation also squares with the empirical evidence in Mitchell and
Mulherin (1996) and Mulherin and Boone (2000) on industry clustering. These
authors show that merger activity clusters at the industry level, and argue, us-
ing event-study techniques, that it is predominantly driven by the desire to realize
synergies. They also show that spikes in industry activity follow industry deregula-
tions. One interpretation of these findings in light of our results is that regulation
allows stand-alone values to become more readily observable, but impedes the
realization of synergies. When synergies arise, this creates a pressure to dereg-
ulate the industry, and in response to industry deregulation, a spate of mergers
ocCurs.

The second insight concerns the role of liquidity constraints in shaping merger
outcomes. In the case when the uncertainty mostly surrounds synergies, liquidity
constraints should only affect the means of payment, not the amount of merger
activity that should occur. This is because stock and cash are equally feasible
means for acquiring a target firm when the bulk of the uncertainty surrounds
synergies. On the other hand, liquidity constraints should also affect the amount
of merger activity that occurs when the bulk of the uncertainty surrounds the
value of stand-alone assets. This fits with the empirical observation that in times
when merger activity is high, i.e., during merger waves, the amount of stock-
financed merger activity spikes dramatically, because in our model cash is not
necessary when only synergies are uncertain. It is also broadly consistent with the
observation that when liquidity is tight, i.e., during economic downturns when most
mergers involve industry consolidation, the acquisition market is often dominated
by financial buyers who purchase assets at steep discounts.

In broad terms, the analysis of this section squares well with some of the dif-
ferences between expansionary and contractionary merger waves described in
Andrade and Stafford (2004). Pushing these insights into full-blown empirical
predictions is beyond the scope of this article. In particular, we do not model
liquidity constraints, and a more-detailed specification of what market partici-
pants know is required than our theory offers. But these insights nonetheless of-
fer some tantalizing links to the data, which we hope can guide further empirical
work.
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5. CONCLUSIONS

This article uses a mechanism design approach to study how private information
impacts the overall efficiency of mergers and acquisitions. We study a very general
and realistic situation in which a single target faces many potential bidders, with
all parties holding private information about both their own stand-alone values
as well as their contribution to the overall synergies of a potential transaction.

We focus on two cases: when the value of the new firm is verifiable ex post
and when it is not. In the first case, using shares of nonmerging firms as means of
payment generates information rents for the owners and thus hinders the imple-
mentation of efficient rules. Thus, the optimal merger rule never involves redistri-
bution of failed bidders’ shares. We identify a particular sharing rule that allows us
torecast the interdependent values merger problem as a private value framework,
allowing us to provide necessary and sufficient conditions for the implementation
of efficient merger rules. Our main finding from this part of the analysis is bad
news for merger efficiency: When all parties are always uncertain about the ef-
ficiency of merging or the number of firms is large, the first-best cannot can be
implemented.

When ex post values cannot be verified, the results hinge critically on the nature
of private information. Private information about synergy values never hinders
the implementation of efficient merger rules, but asymmetric information about
stand-alone values creates a gap between first- and second-best, which cannot be
overcome, even in cases where it is common knowledge that the merger synergies
are always positive.

This difference can be understood intuitively as follows. In the case of unknown
synergies, types that are more optimistic about the value of a new firm are also
more eager to merge. Thus an agent’s willingness to merge is good news for his
or her potential partner, and this facilitates the design of efficient mechanisms. If,
instead, there is private information about the firm’s stand-alone values an agent’s
willingness to merge is bad news for his or her potential partner because types
with lower values have less to gain from merging.

Our results show that asymmetric information alone can give rise to a theory
of optimal ownership even when there are no issues with ex post control rights,
no private benefits, and no agency costs. In the presence of private information
about stand-alone values, the best possible merger outcome is a cash acquisition in
which the firm with the greatest amount of uncertainty about stand-alone values
buys the other firm. This is implementable as long as the expected synergies are
sufficiently large. In contrast, when synergies are uncertain, mergers with stock are
implementable even without cash, for any level of positive synergies, no matter
how small.

Therefore, our theory provides new insights into the patterns of merger activity
that we observe across industries and over time. Our theory suggests that industry
shocks in expansionary periods lead to merger waves because they give rise to new
(hence relatively uncertain) synergies among firms. During these times, mergers
are easy to implement and the method of payment becomes unimportant. This
helps to explain the widespread use of stock as a means of payment during these
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episodes. In contrast, mergers that involve industry consolidation are less about
exploiting uncertain synergies and more about reducing overcapacity; liquidity
plays an important role in these mergers, which helps explain why financial buy-
ers, instead of industry buyers, are relatively more common here. Building more
detailed empirical predictions and tests from these insights is a promising task for
future work.

APPENDIX

Proor oF LEmMA 1. Consider any feasible mechanism (p, s, ) and any feasible
sharing rule § that differs from s only in the ownership structure of any new firm
50. = (800+ 801> - -+ 80,)» I € N. Define 7 as

7i(0) = £(0) + ri[s6,;(0) — 55,(0)].

Note that the new transfer rule 7 depends on the yeriﬁable Values ST
Since s and § are both feasible, we have )y, 50;(0) = >_ oy, 50,(¢) = 1; hence

Z;;(g) — Zt;ﬁ(e) =0, forallf €®,ie N.

j€ENy JENo

Thus 7 is budget balanced.

Nowlet @;(6',0|i)and it;(0’, 6 | i) denote agent j’s surplus, conditional on firm
0 and i merging (or no merger, for i = 0) in the revelation game induced by
(p,s,t)and (p, 3, f), respectively, when the agents’ types are 6 and they report 6'.
Since s° = 5%, we have 2;(0’, 6 |0) = i;(0', 0 | 0). Furthermore, for eachi € N, we
have

1 (0'.010) =rs(0)+ Y sy +7(0) —x;
ke N\{i}

=ri%,(6") + Z 810"k + £5(0") + ri[50,;(6") — 50,(6")] — x;

KEN\(i}

= ris(i)j(e’) + Z sf{j(e’)xk + tj-(@) —X;
KENNLE)

= ;(0.010).

Therefore,

1,(6.0) =Y @) (0. 01) = 3 pi(0)a; 6.0 1i) = (9", 0).

ieNy ieNy

Thus agent j’s ex post expected surplus functions #;(6’, #) and it;(#’, 0), in the
revelation game induced by (p, s, t) and (p, §, ), respectively, are the same. W
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ProorF oF LEMMA 2. For any o € X;en[Xy+ w;, X + w;], define CJ(¢) =
US(¢) +¢Bj(¢), ¢ € [x?, x7]. The inequalities in (11) imply

U5 (¢) = G7(¢") — ¢ Bf(¢)
=05+ - 0Bj(), ¢ elx”, %],

which in turn implies

(Al) (' =-0B@)=2U5@)-Ui() = =0)Bj), ¢.¢ ex,x]

The two inequalities in (A.1) immediately imply that B] is nonincreasing, hence
continuous almost everywhere. Taking ¢’ > ¢, dividing by ¢’ — ¢, and letting
¢ — ¢ yields

(A2) d%g({) =—-Bj(¢)ae.

Since B is bounded, (A.1) also implies that U] is Lipschitz, hence absolutely
continuous. Therefore we can integrate both sides in (A.2) and obtain (17). The
proof of the second half of the lemma is analogous. |

Proor orF LEMMaA 3. Suppose that (p, s, t) is incentive-feasible, satisfies weak
budget balance, and without loss of generality (by Lemma 1) suppose that
500(0) =1forall® € ©,i € N. Consider a new mechanism (p, §, 7) where

1. the sharing rule § is determined by the LU property, defined in (7), and by
the fact that agent 0 becomes the sole owner of any new firm, §,(6) = 1
foralld € ®,i € N;

2. the transfer rule 7 is designed so that the change in the total value received
(bothinshares and cash) by each type of each agent, for each realization of
her opponents’ types, leaves the lowest information rent that is consistent
with the incentive compatibility and individual rationality constraints.

More precisely, for each i € N the transfer functions are defined as follows:

BO) =00+ > su@®w—[1- 50 - f AN@)de — (5. ). 04),

ke No\{i}

HO) =d @+ Y sp@n—[1-s@)]x - / " A@) de (5 7). 6.)

keM\(i.j)
J € N\{i},

1O =10+ Y su@n— [ A©)d— (& 6).00)
k Xi

eN\{i}
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where
AQ)=B'@)-PR@u), ¢el.5]

For agent O transfers are given by

100) = 100) + 3 sto(@)xi — [1 = s0(6)]x0 — / Y A9 (o)de — (%5, 0). 6-s),

keN
BO) =60+ Y sio(0)x — / AT dg — uo((55. 0), 6-1),
ke N\{i} X

where

AJ()=Bi(¢) - [1- R o). ¢elxf.x5]

It can be checked that the transfer rule 7 satisfies weak budget balance, i.e.,

Y H(0)<0. 6e0, jeN
iENO

because the original transfer rule ¢ does, all shares of all firms sum up to one, and
all functions AJ(-) and A7 (-) take nonnegative values for all o, 7;, and i € N.

Denote the payoff functions in the initial mechanism as u;(¢’, 0), and in the new
mechanism as u}(0’, 6). We have

ui(6',0) = ug(6',6) — / AG(£)de —uo((x§. o). 0-);

hence

70

(A3 UG = Uit — [ A — n((35.))

0

and
Uy (60) = Up(6p) — //XU A () ds — Up((x5. o))

= [ m@w- [ gea

Z/OPO(;,a)d; > 0.

/
0
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By the last inequality IR holds, and by the equality in (A.3) IC holds, because the
original mechanism is incentive compatible. The proof that incentive compatible
and individually rational hold for each agent i € N is analogous. |

ProoF oF ProposiTioN 1. Lemma 3 implies that, when we require only ex ante
budget balance, we can restrict attention to mechanisms that satisfy the LU prop-
erty. Furthermore, by setting (without loss of generality) the sharing rules for
the merged firm as in the text, the problem becomes a standard private value
problem. The proof now simply adapts the results of Williams (1999) to our set-
ting to show that condition (29) is necessary and sufficient for the existence of a
Vickrey—Clarke-Groves (VCG) mechanism that satisfies ex ante budget balance.
The result then follows from Proposition 5.6 in Krishna (2002), which states that
a VCG mechanism satisfying ex ante budget balance exists if and only if there
exists an efficient, incentive compatible, and individually rational mechanism that
satisfies ex post budget balance.

In any Groves—Clarke mechanism truth-telling is a dominant strategy and the
payments are given by

1 (6:,0_;) = Zf)j(a*(eia 0-i), gj) — ki

j#

where k; is a constant. The only issue is whether we can find constants &; for which
individual rationality and ex ante budget balance are both satisfied. Since the
expected sum of all transfers is

E [Z r,(e)} =E [Z > wi(a(©).6) - k/}

€Ny JENy i#] JENy

:nE|:Z (9)9] > ki,

ieNy ieNy

ex ante budget balance requires

nE (Z v (a*(0), 9,~)) =Y ks

ieNy ieNy

individual rationality requires ZE-U’T) —kj > 0for all j € Ny; hence,

k=Y zZyr

iEN[) ieNo
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Combining the two inequalities yields the condition
nE (Z a*(6), 6;) ) >z
ieNy ieNy

To see that this is also sufficient, note that the Groves—Clarke mechanism where
k = Zl("’r) implements the efficient mechanism. [ ]

Proor oF CorOLLARY 1. When n = 1 condition (29) becomes
Ej [max{v + w, 0}] < E}"[max{v + w, 0}] + E} "[max{v + w,0}],V o, T,

where EJ7 is the expectation taken over (v, w) conditional on (o, 7). This can be
rewritten as

(A4)  Ej;[max{v+w,0}] < E; (max{(w + v), 0} + max{(w + v), 0}),V o, 7.

In particular, this must hold for w”* = w and v** = v. We claim that for each pair
(w, v) we have

(A.5) max{(w + v), 0} > max{(w + v), 0} + max{(w + v), 0},

with strict inequality for some v, thus implying that inequality (A.4) cannot be
satisfied. Inequality (A.5) clearly holds if at least one term on the right-hand side
is zero. If they are both positive, then the inequality becomes

w+v>v+w+v+w,

which holds strictly because v + w < 0. [ |

Proor oF CoroLLARY 2. The proof of Corollary 2 hinges on the fact that since
[ + h < 0,no merger takes place if 6 is such that zyf-w) =/, foralli € N, in which

case Z(()”) = 0. On the other hand, if v; = [ then there is no chance of a merger
with firm 7, and the expected social surplus is the expected value of a merger for
the remaining n — 1 firms. Let G(-) denote the c.d.f. of any sum v; + w;. Then, the
c.d.f. of max ey {v; + w;} is G*1(-), and the expected social surplus when v; = ¢
is

2
Z 2/ 2dG"(2)
0

for each i, so that

2%h
Z 7 ZZ _n/ 2dG"\(z).
JjeN

JEN
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On the other hand, the c.d.f. of max;cn{v; + w;} is G"(-), so that the expected
social surplus is

2h
Ey |:Z f),-(d*(@),@,-)] Z/(; ZdGn(Z).

ieNy

Thus in this case condition (29) becomes

2 2
(A.6) n/ zdG"(z) < n/ 2dG"\(z),
0 0

which can never be satisfied, since the distribution on left-hand side stochastically
dominates the one on the right. Although the above argument holds for a specific
set of realizations of o and 7, the inequality in condition (A.6) will be satisfied for
a positive measure set of realizations of ¢ and 7. It is worth observing explicitly
that the impossibility result holds for any number of potential partners. |

Proor oF ProposiTiON 3. We first show that the condition is necessary. The first
step is to show that a mechanism (p*, s, t) satisfies both incentive compatibility
and individual rationality only if

1 X
(A7) > / O(x)[1 — Si(x)] dx; < o,
i=0 VX

where S;(x;) = E. [s (xi, x)]-

Fix a mechanism (p*, s, t). The interim expected surplus from reporting x;, when
the true stand-alone value is x;, and the other agent reports x_; truthfully, can be
written as

Ui(xfsxi) = Ex [t] (], x-) + (@ + x-)s;(xf, x-)] = [1 = S (x)].
By standard arguments in mechanism design, as those used in Lemma 2, we have

that (p*, s, t) satisfies incentive compatibility if and only if

1. the function S; is nondecreasing;
2. the function U;(x;) = U;(x;, x;) satisfies the envelope condition

(A8)  Ui(xi) = Ui(ff)+/i[1 — Si(y)ldy, forallx; € [x.X].

Xi

Taking expectations of both sides in (A.8), integrating by parts on the right-hand
side, solving for U;(X;), and summing across the two agents yields

1 1 X 1 Xi
(A9) > U(x)= Z/ l]i(xi)dq)(xi)—Zf O (x;)[1 — Si(x;)] dx;.
i=0 i=0 vX; i=0 Y%
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Moreover, since the shares must sum up to one and the monetary transfers to zero,
we have

1
> au( (xo+x1+w)zso,(X)+Zt(X)—le—w

i=0

hence 21‘1:0 ff U;(x;) d®;(x;) = w. Substituting this into (A.9), we obtain

1 1 X
Y Ux)=w— Z/ O(x;)[1 — S (x;)] d;.
i=0 i=0vX

Finally, individual rationality requires 0 < Zil:O U;(%;). Thus (p*, s, t) satisfies
both incentive compatibility and individual rationality only if the condition in
(A.7) holds.

The second step is to show that when the ratio ¢(()) is nondecreasing, the sum of

all information rents is minimized by the following sharing rule?’:

4 _ 1, if x; > x_;,
s (i, x—) = .
0, if x; <x_;.

To prove this, write the information rents as
Z/ [1— S (x)]P(x;) dx;
= / D (x0) dxo — / So(x0) @ (x0) dxo

f/ 1—sm(xl,xo)]d<I>(x0)d)(x1)dx1

= /x ®(x0) dxog — /5{ SOO(X(), xl)j(( O)) d®(x0) d®(x1)
+ f ' / ' sdo(xo. x1) j((;l)) dd(xp) dd(x1)

= /: ®(xo) dxo + /: /: So0(X0, X1) [(q;((:)) - j((;cj))} d®(x) dO(x)).

It ‘;’fx)) is nondecreasing, the expression is minimized by setting s, (xo, x1) = 0
when x; > xo, and equal to one otherwise. This is exactly what the acquisition
mechanism does. Substituting s4 into (A.7) yields the inequality in (32), i.e.,

22 Again, ties have probability zero and can be broken in any way.
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Z/X D(s)[1 — P(s)]ds < w.

We thus conclude that (32) is necessary for the implementability of p*.

We now come to the sufficiency part. Our task is to show that whenever (32) is
satisfied there is an incentive compatible, individually rational, budget-balanced
mechanism implementing the efficient outcome. Consider the mechanism (p*, s,
t4), where the transfer rule 4 is defined by

@ .
—m(x—) = =, ifx > x,

tAx, x) = w
m(x,-) + E, if x; < x_;,

ff(l — ®(s))*ds

(A.10) m(t) = o0y

Notice that m(¥) is increasing, since

2 (ff(l — ®(s))? ds)
(1-o@®)

(A1) (1) = ()

where u(t) = 115%)(:)' Notice further that

lim m(t) = x.

=X

We now show that, if (32) holds, the pair (s*, t4) implements p*. First, it is straight-
forward to check that g} (xo, x1) + 1{'(x1, x9) = 0 for each pair (xo, x1); thus ex post
budget balance holds. Individual rationality is satisfied for all types if it is satisfied
for type x. Since we have

U(X)z/xx <w+x+x—m(x)—§>dc1>(x)—x

2 x fxx(l — ®(s))*ds
-5 ( 0~ a(0)P )dq’(x)

S / O (s)(1 — B(s)) ds,

our assumption implies U(x) > 0.
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To check incentive compatibility observe that the interim utility of a type x;

announcing %; is

U (&%) = / I |:60 +x_+x —m(x_;) — g] do(x_;)

=i

<[ (i + 5 ) deoe- -
=2+ / (5t — m(x_)) dD(x_s) + (m(E) — x)[1 — BE)].

Using (A.10) and (A.11), the first derivative becomes

PG5 (5 1y~ 2m(e )0t + mi0l1 - 03]
= (% — %) (%),

which is positive for %; < x; and negative for %; > x;. This concludes the
proof. [ |

Proor ofF ProposiTiON 4. The interim expected surplus function for agent i

when x; is announced, x; is the true value and the other agent is telling the truth
is

Ui(x}. xi) = Exq [ p(x]. x})s0;(x]. x))(x; + xj + )]
+ E {[1 = p(xf, )]s (], x) Y + E {[1 = p(xf, x,)1s%: (%), x;)x;}
+G(x)—x;, i,j=0,1, i#],
where
T(x) = Ex [p(xf. 50 (5. x7) + (1= plaf xp)ed ()]
The standard characterization of incentive compatibility implies
(A12) Ui(x) = =1+ Eq[p(xi, x;)s5;(xi x7) + (1 = p(xi, x))siy (xi, x,)].
Notice that, since p(x;, x;)s¢;(xi, x;) + [1 — p(xi, x;)]s%(x;, x;) < 1, we have

U: (x,-) <0.
Suppose first that the joint surplus

1
(A.13) Y ElUi(x)] = wE[p(xo, x1)]
i =0
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is maximized by a mechanism such that s%(x;, x;) < 1. A straightforward adap-
tation of the argument in the proof of Lemma 3 implies that we can con-
struct a mechanism with s?i (xi, x;) = 1, which still achieves the same joint sur-
plus. The simple idea is that setting s%(x;, x;) = 1 minimizes the information
rents.

Therefore, we can limit attention to mechanisms that satisfy the LU property
s%(x;, x;) = 1 for each pair (x;, x;). This implies

U/(x;) = —Ex,[ p(xi, x;)(1 — 53 (xi. ) ];

hence
1 1 1 X
S Bl =Y U - Y [ o) dx
i=0 i=0 i=0 X

1 1
=3 U@ + f > @)y [Pl ) (1 = sh o )]
i=0 =0

1 @) ;o o)
=20+ [ [ -sbemno) + G0 —shion )]
x p(x;, x;) dP(x0) dP(x1).

Using the equality in (A.13), solving for Z}ZO U;(x), and invoking individual ra-
tionality yields

19 [ o S sk 1)~ S0 = s 20)

x p(xi, x;) dP(x) dP(x1) > 0.

The optimization program can now be rewritten as maximizing the joint surplus,
subject to (A.14). To see that the acquisition sharing rule is optimal, note that the

constraint in (A.14) must be binding and, if < ¢() is nondecreasing, replacing any s

with s creates a slack. Finally, the payment function can be constructed as in the
proof of Proposition 3. |
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