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Market Valuation and Merger Waves 

MATTHEW RHODES-KROPF and S. VISWANATHAN* 

ABSTRACT 

Does valuation affect mergers? Data suggest that periods of stock merger activity 
are correlated with high market valuations. The naive explanation that overvalued 
bidders wish to use stock is incomplete because targets should not be eager to accept 
stock. However, we show that potential market value deviations from fundamental 
values on both sides of the transaction can rationally lead to a correlation between 
stock merger activity and market valuation. Merger waves and waves of cash and 
stock purchases can be rationally driven by periods of over- and undervaluation of the 
stock market. Thus, valuation fundamentally impacts mergers. 

ONE OF THE PUZZLES IN FINANCE is why there are periods when mergers are plen- 
tiful and other periods when merger activity is much lower. For example, in 
the period 1963-1964 there were 3,311 total acquisition announcements, while 
in 1968-1969 there were 10,569 acquisition announcements. Similarly in both 
the period from 1979 to 1980 and from 1990 to 1991 there were approximately 
4,000 acquisition announcements while the late 1980s and late 1990s were 
much more active, with 9,278 announcements in 1999 alone (see Mergerstat 
Review 2001). These periods of high activity seem to be correlated with high 
market valuations, as shown by Maksimovic and Phillips (2001) and Jovanovic 
and Rousseau (2001). For example, 1998-2000 saw over $1.5 trillion in an- 
nounced deals per year while 2001, after the market correction, saw half as 
much. Furthermore, casual observation suggests that firms tend to use stock 
in these high activity/high stock market periods as an "acquisition currency." 
In 1990 the percentage of stock as a fraction of total deal value was only 24%, 
while by 1998 the use of stock peaked at 68% of total deal value!1 Further, 
Martin (1996) shows that firms that use stock in acquisitions have lower book- 
to-market ratios than those that use cash. Stock deals were especially common 
in the high-flying high-technology sector where most takeovers involved securi- 
ties. From 1996 to 2000 the computer software, supplies, and services industry 

* Matthew Rhodes-Kropf and S. Viswanathan are with Columbia University and Duke Univer- 
sity, respectively. We thank Michael Bradley, Espen Eckbo, Larry Glosten, Pete Kyle, Augustin 
Landier, Costis Maglaras, Jan Mahrt-Smith, Mit Mehta, Michael Riordan, David T. Robinson, 
Tano Santos, and Daniel Wolfenzon for useful discussions. The anonymous referee's comments 
have improved the paper considerably. We thank participants at the American Finance Associa- 
tion, Columbia University, Duke University, London Business School, National Bureau of Economic 
Research, Oxford University, Rutgers University, and Stanford University workshops for insightful 
comments. All errors are our own. 

1 Source: JP Morgan M&A Research, Thomson Financial Securities Data Company Inc. based 
on announced transactions. 
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group accounted for 16.5% of all transactions, and ex post this industry is widely 
regarded as having been overvalued (see Mergerstat Review 2002). The classic 
example is America Online's acquisition of Time Warner in a stock-for-stock 
deal. While the market value of American Online fell on announcement of the 
merger, the general view today is that America Online got an excellent deal 
as its stock was overvalued (ex post the stock has fallen from $73.75 the day 
before the announcement to $27.28 on March 11, 2002). The technology boom 
also saw companies like Cisco use stock aggressively as a way to undertake 
mergers. 

The inability of financial theory to explain merger waves is noted by Brealey 
and Myers (1996) in their classic textbook Principles of Corporate Finance. In 
their concluding chapter, "What We Do and Do Not Know about Finance," they 
pose the question, "How can we explain merger waves?" and they cite the need 
for "better theories to help explain these bubbles of financial activity" (p. 997). 
We propose that private information on both sides can lead rationally to in- 
creased stock merger activity that is correlated with market valuation. 

Mergers involving securities are inherently different from cash takeovers 
as they involve a valuation problem. The target is offered shares in the bid- 
ding firm at some exchange ratio. Since the target firm receives shares, they 
are concerned about whether the valuation of these bidder shares is appropri- 
ate. Furthermore, the valuation of bidder shares often changes in response to 
the announcement of the takeover itself. Valuation of bids is sometimes so con- 
tentious that courts are used to help determine if the highest bid was accepted.2 
Clearly, valuation is of great practical concern in takeovers and it is difficult to 
determine the true value of an offer. We build on the idea that targets attempt 
to value offers with limited information. 

Our approach is based on a rational model of stock mergers. In our model, 
managers of bidding firms have private information about the stand-alone 
value of their firms and the potential value of merging with a target firm. Man- 
agers of targets have private information about the stand-alone value of their 
company. Both bidders and targets have market values that may not reflect 
the true value of their companies. Furthermore, the possible misvaluations 
have two components-a firm-specific component and a market-wide compo- 
nent. One might think of these as mispriced factors shared by the bidders and 
targets and mispriced factors that are not shared. In equilibrium, stock bids re- 
flect the expected level of synergies between the firms. However, the target has 
limited information about the components of the misvaluation, and therefore 
has difficulty assessing the synergies. 

The target management, on observing the bidders' fractional offers, decides 
whether to accept or reject a bid. The rational target knows whether their own 
firm is overvalued or undervalued, so they are not easily fooled, but they cannot 
determine whether this misvaluation is a market effect, a sector effect, or a 

2 See Kaplan (1993) for a discussion of the Paramount-Viacom merger where valuation is- 
sues were important. Hietala, Kaplan, and Robinson (2003) also analyze the Paramount-Viacom 
merger in detail. 
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firm effect. Fiduciary responsibility requires the target management to accept 
any offer that, given management's information, yields more than the stand- 
alone value. Hence, target management's decision is based on its assessment of 
synergies given the bids and management's own private information. A positive 
assessment of the offered synergies results in acceptance of the bid (and vice 
versa).3 It is this assessment of synergies that is critical in our model. 

Since the target's information and the bidder's bid are both positively related 
to the market-wide component of the misvaluation, the target attempts to fil- 
ter out the market- (or sector-) wide misvaluation effect. The target correctly 
adjusts the bids for potential market overvaluation, but being a Bayesian up- 
dater, he puts some weight on high synergies as well. When the market-wide 
overvaluation is high, the estimation error associated with the synergy is high 
too, so the offer is more likely to be accepted. Thus, when the market is overval- 
ued, then the target is more likely to overestimate the synergies even though 
he can see that his own price is affected by the same overvaluation because he 
still underestimates the shared component of the misvaluation. 

This is because an overvalued target expects that some of this overvaluation 
is due to a market-wide effect and some is due to a firm-specific effect. The 
rational target is, of course, right on average. However, the more the market 
is overvalued, the larger is the target's expectation of his firm-specific misval- 
uation because he cannot tell which effect is causing his own misvaluation. 
Therefore, the target filters out of the bids too little of the market-wide effect 
when the market is overvalued and too much when then market is underval- 
ued (as mentioned, getting it correct on average). Therefore, the bids tend to 
look better when the market is overvalued. The target is not irrational; he can 
simply do no better given his information. 

The opposite effect occurs when the target is overvalued because of firm- 
specific reasons. Since the target cannot tell the difference between firm-specific 
and market-wide effects, the target expects that some of this overvaluation is 
due to each effect. Therefore, the more overvalued he is, the larger is his expec- 
tation of the market-wide effect. Thus, when the target is relatively overvalued, 
he filters too great a market-wide effect out of the bids, making the bids look 
low. 

For example, a manager of a software firm has information about expected 
software sales, but he does not know if his information relates only to his soft- 
ware, or to software sales in general, or to most goods in the economy. Further- 
more, at the peak of an expansion, the software manager may get signals of 
slowing software demand before market participants. Managers will see the 
direct impact on their own firms, but since they do not possess the informa- 
tion of all of the other firms, they will not be able to conclude that a recession 
is imminent. They are unable to distinguish what part of their information is 
shared or specific only to them. Therefore, around those times when an actual 

3 Support for positive synergies has been found by every major study. See Andrade, Mitchell, 
and Stafford (2001) for a summary of the literature. Recently, Hou, Olsson, and Robinson (2000) 
find that synergies are positive using a long-run approach. 
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recession is approaching, targets will be more likely to accept offers from over- 
valued bidders. This effect occurs because macroeconomic information is first 
held in pieces by individual participants in the economy. 

In general, if misvaluation may be related across firms, then the target's 
assessment of synergies will be positively related to the bid but negatively 
related to his own reservation value (the target's true stand-alone value). Thus, 
the target perceives a bid to be high if the synergies are high, the bidding 
firm's stock is overvalued, or the target is relatively undervalued. Therefore, 
our theory predicts that mergers are more likely to occur in overvalued markets 
or sectors, and relatively undervalued targets are more likely to sell. 

We have not assumed that synergies are higher in boom times. Nor have we 
assumed that some managers are willing to sell their firm for less than it is 
worth. Nor is it the case that some managers have limited rationality. Instead 
there is a simple explanation: The target is concerned that instead of synergies, 
bidders have overvalued stock or that the target is relatively undervalued. 
Thus, the target uses all available information to get an expectation about the 
offered value. The target is on average correct and thus increases his firm's 
value by accepting those offers that exceed his reservation price in expectation. 
However, if the market or sector is overvalued, then the target is more likely 
to overestimate the synergies, and if only the target is overvalued, then he is 
more likely to underestimate the synergies. 

Thus, our theory is a Myers and Majluf (1984) setup such that overvalued 
bidders make high stock bids. The stock merger market does not collapse be- 
cause some bidders have positive synergies. In addition, the target (buyer of 
the stock) has some noisy information about the bidder's (who is selling stock) 
valuation. This leads to mistakes that are correlated with valuation. 

Throughout this analysis we allow multiple bidders. Multiple bidders provide 
the target with more information about synergies. This is because the target 
to some extent can filter the common misvaluation of the bidders. We show 
that the target's assessment of any bid decreases if the bids of other bidders 
increase; that is, high bids by other bidders signal an increased likelihood of 
a high market-wide misvaluation. The key limitation of the information from 
other bids is that synergies can also be correlated across firms. 

The possibility of correlated synergies also provides intuition about how 
merger waves can last in the face of a rational market. With each merger, 
the market updates prices, lowering the probability of a second merger. This 
effect could rapidly eliminate misvaluation and end waves. However, with each 
new merger, the market increases its expectation of the probability that the 
synergies of all firms are high. Thus, subsequent mergers lead to smaller price 
revisions. Therefore, a merger wave that occurs when markets become overval- 
ued may not end until the market realizes the true value of the synergies of the 
early mergers. Thus, waves of financial activity will occur in overvalued mar- 
kets and end with a market crash when participants learn information about 
synergies that leads them to question the gains from the entire sequence of 
mergers. Hence, it is not the case that mergers predict market crashes, but it 
is rather that market crashes are preceded by mergers. 
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We extend our model to consider the possibility of cash bids. Cash bids will 
not be affected by misvaluation. Thus, since management is more likely to 
overestimate the value of stock bids in overvalued markets, waves of activity 
will also coincide with a higher fraction of deals completed using stock. This 
result is consistent with Andrade et al. (2001), who find a much larger positive 
announcement effect on the target for cash offers and a less negative effect 
on the acquirer. We suggest that this does not imply that cash mergers are 
better than stock mergers, but rather that cash mergers are more likely to 
occur in undervalued markets. So, the rational market updates and increases 
stock prices. 

Our paper differs from the other approaches to merger waves. Jovanovic and 
Rousseau (2001, 2002) build on Gort (1969) and provide complete information 
models of merger waves that are based on technological change and the Q- 
theory. Mergers correspond to the purchase of used capital and merger waves 
occur when there is reallocation across sectors. Consequently, high Q-firms buy 
low Q-firms. We suggest it may also be that overvalued firms buy undervalued 
firms. Shleifer and Vishny (2003) provide a more behavioral story of merger 
waves in which it is common knowledge that the market is mispriced but will 
correct itself in the long run. When bidders are overvalued, merger waves with 
stock occur because some managers care only for the short-run market price 
(which does not adjust for the overvaluation of bidders) while others care for 
the long-run value (they are essentially issuing cheap equity to get something 
valuable). Gorton, Kahl, and Rosen (2000) suggest that mergers are a defensive 
mechanism by managers who do not wish to be taken over by others. Thus, in- 
efficient merger waves occur when it looks like an efficient merger wave may be 
arriving shortly (such as just after a technological innovation). Holmstrom and 
Kaplan (2001) summarize the research on takeovers and argue that corporate 
governance issues led to the merger waves of the 1980s and 1990s. Toxvaerd 
(2002) proposes a theory of merger waves based on a dynamic preemption game. 
Persons and Warther (1997) provide a symmetric information model of finan- 
cial innovation where the value of the innovations is positively correlated and 
there is learning. Hence, successful adoption by other agents increases one's 
estimate of the innovation, leading to more adoption; that is, clustering occurs. 
Further, a sequence of unsuccessful adoptions leads to a shutdown of the finan- 
cial innovation. Although this is not a theory of merger waves, it is a theory of 
sporadic activity. 

Our theory shows that merger waves can occur solely because of valuation 
issues. However, we want to emphasize that our theory does not imply that the 
desire to merge could not be caused by innovation, deregulation, or corporate 
governance issues, etc. Rather, we suggest that valuation impacts mergers and 
merger waves regardless of the underlying motivation for the mergers. Fur- 
thermore, we demonstrate why any merger may involve cash versus securities 
in a rational framework. 

This paper is organized as follows. Section I contains the general model. 
Section II demonstrates the equilibrium and considers how firms bid, how the 
target chooses the winner, and the winner's payment. Section III examines 
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mergers and the target's reservation price. Section IV shows how mergers can 
occur in waves. Section V explores the possibility that some bidders can bid 
with cash. Section VI concludes. In other work, Rhodes-Kropf, Robinson, and 
Viswanathan (2004) consider the empirical implications of these ideas. 

I. The Model 

The basic model of a merger is a second-price auction (the specifics of the 
auction are discussed in Sec. II). Intuitively, the competition among firms for 
an acquisition target is similar to the competition among bidders in an English 
(oral ascending bid) auction. However, an English auction is strategically equiv- 
alent to a second-price auction, and a second-price auction offers much greater 
tractability.4 We assume n risk-neutral firms with synergistic values for a tar- 
get firm bid in the auction (where N = {1, ..., n} represents the set ofn bidders). 
The risk-neutral target firm, firm T, considers the bids and decides whether 
to accept an offer. After the auction, the market reacts (as anticipated by the 
bidders and target). Then, in the last period, the value of all firms, including 
the joint firm (if the merger has occurred) is realized. 

A bidding firm, firm i, has a private value Vi for firm T. This is the true value 
of firm T, XT, multiplied by a factor that represents the synergy (1 + si), 

Vi = XT(l + i). 

The synergy, si > -1, but may be positive or negative, so Vi may be greater than 
or less than the target's stand-alone value, XT. Thus, merging the firms could 
add value (positive si) or destroy value (negative si). However, the bidding firm 
does not know the true value of the target, XT or the synergy, si. Instead the firm 
only knows its own value for the target as a merger partner, Vi. All participants 
in the auction believe that the synergies and thus the merger values are inde- 
pendently and identically distributed and drawn from the distribution Fs(s). 
Thus, this is an independent private value auction. However, this assumption 
does not preclude a known common component in the bidders' values. There- 
fore, we can think of the synergies as containing a common and firm-specific 
component, (1 + si) = (1 + X)(1 + wi). Section III will elaborate on this idea. 

The bidding firm also has private information about the value of their own 
assets, X, where firm i has the value Xi > 0.5 The target and the market do 
not know Xi; however, both see the current market value of the firm, Mi > 0. 

4 It is well known that with cash bids, the oral ascending bid auction is strategically equivalent 
to the second-price auction in which the highest bidder wins and pays the bid of the second highest 
bidder. In our more complicated setting, where bidders bid a fraction of the joint firm that they 
will give to the owners of the target firm, similar reasoning will establish that an open ascending 
bid auction is strategically equivalent to an appropriately designed second-price auction in which 
the winning bidder must pay a fraction that depends only on the bids of the other bidders (see 
equation (2) and the paragraph that follows it). Our model employs the second-price auction because 
it is considerably more tractable and eases understanding. The insights and results of our paper 
hold true under the oral ascending auction as well. 

5 The variable Xi could alternatively represent the bidder's beliefs about their true value. 

2690 



Market Valuation and Merger Waves 

The market value of the firm, Mi does not necessarily equal Xi because it is pos- 
sible that the market has misvalued the assets. We assume that there are two 
forms of misvaluation: market-wide (shared) misvaluation and firm-specific 
(not shared) misvaluation. Thus, 

Xi = Mi(l - ei)(1 - p), 

where p represents the market-wide misvaluation and is the same for every 
firm, and Ei is the firm-specific misvaluation.6 Thus, if p or ei are positive, then 
the market is overvalued, and if they are negative then the market is underval- 
ued. The firm-specific misvaluation Ei < 1 is drawn i.i.d with zero mean from 
FJ(e) and market-wide misvaluation p is drawn with zero mean from Fp(p).7'8 
The variables p and Ei are independent. Therefore, E[Xi I Mi] = Mi; that is, on 
average the market correctly prices the firms. 

Target firms also have a market value, MT. This market value is known to 
the bidding firms. The target, however, also knows the true stand-alone value 
of his assets, XT. This value is different from the market value because of the 
same two forms of misvaluation that affect bidders: market-wide misvaluation, 
p, and firm-specific misvaluation, ET. Thus, 

XT = MT(1 - T)(1 -p), 

where p is the same common component that affects the bidders, and ET is 
specific to the target. Since the target, firm T, has a stand-alone value, this 
value functions as a reserve price. Thus, the target may not accept any offer. 

We can think of p and e in different ways. We may think a manager has 
information about how well his own product will sell. The manager's superior 
information provides him an estimate of true value that differs from the market. 
However, the manager does not know how much of his information also relates 
to other firms. For example, when a manager of a shoe store chain determines 
that shoes will not sell well, he does not know if this relates only to shoes, 
or if soft goods in general will not sell well, or if most goods in the economy 
will not sell well. Managers understand how their information impacts their 
own firm, but managers are not macroeconomic experts and therefore do not 
understand what part of their information relates to other firms. In this case 
p can represent the information that relates to all firms in the economy, while 
E relates only to a particular firm. 

We can also think of p as mispriced factors that are shared by the target and 
bidders, and consider E as mispriced factors that are not shared. For example, 
many factors may have been overpriced in the late 1990s, but it would seem 

6 Corollary 4 considers the idea that bidders come from the same sector but from a different 
sector than the target. In this case, (1 - E) = (1 - b)(1 - i), where Ib is the sector misvaluation 
shared by the bidders and 4i is the completely firm-specific error. 

7 The assumption that the errors are drawn identically is not needed for the major results of the 
paper, but eases exposition. 

8 Samuelson (1987) suggests the inclusion of a firm-specific error in a comment on Hansen (1985), 
who has a model of mergers with no misvaluation. 
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that high-tech and internet factors were even more overpriced. Since some firms 
load more on some factors than others, firms have differential misvaluation. 

Although each firm knows if they are undervalued or overvalued, they do not 
know p or ?i. Bidders also have information through Mi,Xi, Vi, and MT about 
the target's and every other bidder's true value, but they do not know the true 
value of any other player. Therefore, they cannot risklessly arbitrage a market- 
wide misvaluation by trading other firms' stock. We assume that some form of 
limited arbitrage allows equilibrium misvaluation. Management is simply not 
the marginal investor. This is true even in their own stock. We assume that 
adverse selection and SEC insider information rules prevent managers from 
buying and selling their own undervalued or overvalued stock in large enough 
quantities to restore efficient pricing. 

Since the firms know V with certainty, they are not concerned with the tar- 
get's superior information about XT. If the true value of the synergy depended 
on the target's information, then the bidding firm would need to worry about 
whether the target accepts the offer; that is, the target will accept if the offer 
is too high. This type of adverse selection is the focus of interesting papers by 
Fishman (1989), Eckbo, Giammarino, and Heinkel (1990), and Hansen (1987), 
but is not considered here. Berkovitch and Narayanan (1990) also assume that 
only acquirers have private information about the synergy, although misvalu- 
ation plays no role in their theory. 

To begin we assume that all firms must bid using only their own equity.9 
However, in Section V we consider the possibility of cash bids. The assumption 
of limited cash is justifiable if raising cash is costly. We assume that since firms 
are misvalued, the lemons problem prevents firms from selling their own stock 
for cash. This same problem does not collapse the merger market because some 
firms have large synergies and the target firm has information superior to the 
market. Section V considers cash bids, and shows why there may be waves of 
stock or cash mergers. 

An equity bid consists of an offer of fraction ai of the joint firm. After the 
auction, if the bid is accepted, the total firm value will be Xi + Vi. However, 
since the target and the market know neither Xi nor Vi, they will rationally 
value any offer at E[ai(Xi + Vi) I <T] and E[ai(Xi + Vi) I 'M], where rT and (M 
represent the target's and market's (differing) information set. The contents of 
this information set will be considered further below. Throughout the paper, the 
players will rationally Bayesian update the value of any offer and the market 
will update and condition values on all available information. Thus, even though 
bids may be misvalued, in expectation all prices will reflect expected values. 
Figure 1 provides an overview of the model. 

After the target sees the bids, the target must decide which bid to accept, if 
any. We assume that fiduciary responsibility rules require the target to accept 

9 Rhodes-Kropf and Viswanathan (2000) formalize many of the problems of bidding with secu- 
rities, and Rhodes-Kropf and Viswanathan (2002) extend this idea to auctions financed by secu- 
rities markets. The problems raised in this work do not exist here because bidders have valuable 
assets. 
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only the offer with the highest expected value.10 Thus, the target must reject 
(accept) any offer with long-run expected value less (greater) than XT. Thus, 
we are assuming that managers are long-run value maximizers.11 

II. Equity Auction with Misvalued Stock 

In a second-price auction with equity bids, firms bid by stating a fraction a 
of the joint firm that they will give to the owners of the target firm. The high 
bid is clearly not necessarily from the firm that states the highest fraction, a. 
A firm with very substantial assets (such as IBM) must bid a lower a than a 
low-asset firm (such as a local computer vendor), even if their values for firm T 
are the same. Furthermore, the target's incomplete information about the true 
value of the bidder's assets, Xi, means that the rule used to rank the bids will 
be a function of the bidder's stock market value, Mi, but not Xi. The target also 
has information about his own misvaluation and information from the other 
bids. Thus, the scoring rule is a function of the target's private information and 
all the firms' bids and stock prices, 

Zi - g(ai, Mi, d)T) g(cai, Mi, aj, MjVj i, MT, XT), (1) 

where the highest Z wins the auction. Since all errors are drawn identically, 
and all synergies are drawn identically, we assume that every bidder is scored 
in a symmetric fashion. 

10 This assumption rules out expected revenue-enhancing rules (when F(.) is not regular) that 
require the seller to commit to accepting lower valued offers to encourage better types to bid higher. 

11 In a previous version, we also considered short-run managers who accepted any offer with 
current market value above the current value of their stock, MT. The addition of short-run managers 
adds noise, but does not result in waves. 
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In a second-price auction the winning firm pays a fraction a1 that equals the 
lowest fraction they could have bid and just tied the second highest bidder, 

Z2 g(G2, M2, &1, M1, <T-) = g(li, M1, f2, M2, 'IT-), (2) 

where TT- = aj, Mj Vj 1 or 2, MT, XT. Note that the highest bidder's true will- 
ingness to pay is not a part of equation (2). Thus, the fraction the winner must 
pay does not depend on what they are willing to bid (or the information revealed 
by what they are willing to bid), but rather it depends on what the second high- 
est bidder bid. We can see the strategic equivalence to the oral ascending auction 
since equation (2) is the point at which the second highest bidder would have 
dropped out of the bidding in an ascending bid auction. 

The remainder of this section will determine the equilibrium in the auction 
and the necessary assumptions. The reader who is less interested in the forma- 
tion of the equilibrium is invited to skip to Section III. 

To examine the equilibrium we will first consider the bids, then the proba- 
bility of winning, then the reservation price, and then the expected payment. 

A. Bids 

To determine who wins the auction and what they pay, we must first deter- 
mine how bidders choose to bid. When the target is not accurately informed 
about the asset value of the bidding firms, the natural inclination is to think 
that firms who are overvalued by the market bid a much larger fraction a than 
firms that are correctly valued. Surprisingly, this section will show that under 
a large class of reasonable scoring rules, this is not the case. In fact, all bidders 
will bid the true largest fraction that they would ever be willing to pay, xi vi+ 

In order to determine the equilibrium bids, we must put some more structure 
on the scoring function. The following lemma shows the condition that is both 
necessary and sufficient for bidders to bid the truth, xi+ v, 
LEMMA 1: In a second-price auction, if g(.) is continuous in every bidder's 
a,g(O, Mi, PT) - g(a, Mj, bT) < OVa > 0 and if whenever two bidders achieve 
the same score 

g(aoi, Mi, T) g(ati, Mi, aj, Mj, aK, MKVK # j, MT, XT) 

= g(aj, Mj, ai, Mi, K, MKK i j, MT, XT) 

g(aj, Mj, T), (3) 
then 

Og (oi, Mi, dT) > ag (tj, Mj, (PT) Va, M, (4) 
)oi ooi 

then it is a dominant strategy for bidders to bid 

Vi 
Vi (5) 

Xi + Xi ' 

Proof: See the Appendix. 
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The intuition is that raising the bid increases the probability that a firm wins. 
However, firms are not willing to bid so that if they win they pay more than V. 
And while they will happily pay less than V, their payment is determined by the 
second highest bidder. Therefore, they will not stop increasing their bid unless 
their payment would exceed V, or raising their bid lowers the chance that they 
win. It might seem that if we simply assumed ag > 0, then raising the bid would 
always increase the chance of winning (this is true if Xi is known). However, 
firms have to consider the possibility that increasing their bid affects the scores 
of other bidding firms by altering the target's information about the market- 
wide misvaluation. The only relevant consideration is between two potential 
firms with the same score. Continuity of the scoring function ensures that as a 
increases, bidders tie before they beat another bidder. Either tied firm only has 
the incentive to raise his bid as long as doing so increases his own score more 
than the other firm's score (or decreases his own score less than the other firm's 
score). If this is true, then firms will always gain by increasing the fraction they 
bid until they reach ai = X 

v . To the reader unfamiliar with the second-price 
auction, it may seem odd that bidders bid the truth. Keep in mind that the 
winning bidder will only be charged the fraction that he would have had to say 
to just beat the second highest bidder. Thus, it is as though the winner is just 
beating the second highest bidder in an English auction. 

Note that many odd scoring rules satisfy condition (4). Some targets may be 
tempted to rank bids as is often done in newspapers, where the target's and 
buyer's market values are added together and multiplied by a. This scoring rule 
satisfies condition (4) but it ignores a great deal of the target's information. The 
next section will focus on the scoring rule that chooses the highest bid. 

B. Choosing the Winner 

Thus, firms bid the truth even though the market has misvalued their assets, 
as long as the conditions in Lemma 1 hold. We now focus on how the target will 
choose the winner, that is, pick the equilibrium scoring rule. 

Even though each firm bids ai = x v,, the target cannot determine Vi be- 
cause the target does not know Xi. Therefore, the target must award the firm 
to the highest score, Z1 = g(al, M1, (DT), which may not be the firm with the 
highest value. As we will see in a moment, this is true even when the target 
uses all available information. 

Ex ante, the market's best estimate of the true asset value of a firm is the 
firm's market value. The target, however, has information about his own mis- 
valuation. Since part of the misvaluation is the same for every firm, the target 
has a better estimate of Xi than Mi. Even before the auction, the target's esti- 
mate of any firm's value is E[Xi I Mi,XT, MT]. Thus, if the target is overvalued, 
he assumes (correctly on average) that part of this is due to a market-wide effect 
and part is due to a firm-specific effect.12 

12 Remember, we assumed some limits to arbitrage. Thus, managers do not have the ability to 
complete enough risky arbitrage trades to ensure that the market is correctly valued. 
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After the bids, the target updates his expectation of Xi. The target must 
decide the probability that the firm is overvalued versus the probability that 
the firm has a large synergy. For example, let bidder firm 1 have a market value 
of M1 = $100. If he bids a1 = 20%, then it might be the case that he values firm 
T at least $25. Or it might be the case that the true value of his assets is less 
than $100. If his assets are worth X1 = $80, then he only needs to value firm T 
at $20 in order to be willing to bid 20%. Thus, the question the target must ask 
is what is the probability that the bidder firm has a high synergy (V1 > $25) 
or that the bidder firm is overvalued (M1 > X1)? If the probability of a high V1 
is low, then it is more likely that M1 > X1, and the target will revise down his 
expectation of X1, and therefore he will also expect lower synergies. 

Fiduciary responsibility requires the target to accept only the highest offer. 
This assumption tells us that the largest score should be assigned to the offer 
with the highest expected value. Therefore, the only equilibrium scoring rule 
is any monotonic transformation of 

Zi = g(ai, Mi, (T) = E [ai * (Vi + Xi) I aj, Mj Vj, XT, MT]. (6) 

It may seem that the target should not be concerned with the true value of the 
offer as equation (6) suggests, but rather the target should consider only the 
offer with the highest stock value. With Bayesian updating, we will show in a 
moment that these two scoring rules yield the same outcome, that is, they each 
rank the same bid as the highest bid. 

Lemma 1 tells us that as long as condition (4) holds, then the firms will bid the 
truth, ai = Xvi . If the firms bid the truth then the rational updating scoring 
rule, equation (6), becomes 

Zi = gi(oai, (DT) = E oti V i a+ Vi (i, |(T = E[Vi I ti, ,Tr]. 
_ti 

Therefore, since bidders are bidding the truth, the target is attempting to choose 
the firm with the highest positive synergy value. It would seem that all of 
the information that improves the accuracy of the expectation of the synergy 
improves the scoring rule. However, the following lemma shows that this is not 
the case, and 1 Mi is sufficient to rank the bids. 

LEMMA 2: If the conditions in Lemma 1 hold for scoring rule (6), then 

E[Vi ai, Mi, T] = E Vi Mi Vi,XT,MT (7) 
1 - ai 

and 1i Mi is sufficient information to rank the bids. 

Proof: See the Appendix. 

This tells us that for the expectation of Vi, 1 Mi is a sufficient statistic for 
ai and Mi. Although Mi and ai do not add information above 1ai Mi, this does 
not mean that the best estimate of Vi is 1 i Mi; it is not. However, the target 
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cannot tell the difference between a low Vi with an overvalued stock (positive 
e or p) and a high Vi with an undervalued stock. So, the target gives the same 
score to each. 

Lemma 2 tells us that any scoring rule needs only to be a monotonic transfor- 
mation of 1 a M. Although this may not seem intuitively obvious, it is easy to 
understand why this works. Without misvalued stock, the target would be able 
to award the firm to the highest offer. However, with misvaluation, the target 
may not be able to tell the difference between a firm with overvalued stock 
and a firm with truly high synergies, but an undervalued stock. With any offer 
by the firm, 1 M equals the ratio of the offered synergies and the error in 
the stock price. Since everything is drawn i.i.d, this ratio provides all available 
information about the rank of the bid. Thus, the fact that 1 M is a sufficient 
statistic just tells us formally that the target cannot tell the difference between 
a high bid and overvalued stock and instead he knows only the ratio of the value 
and the error. 

Thus, without synergies, adverse selection would collapse the merger market. 
It may seem that condition (4) (which yields truthful bidding) is assuming away 
adverse selection; it is not. Adverse selection arises because at any given score, 
the target must compare the probability that the synergies are high with the 
probability that the errors are high. If the expected synergies at a given score 
are negative, then the market collapses as the target will not accept a bid with 
a negative value (the next section will further examine the target's decision). 
Condition (4) says that on the margin, raising a increases the expectation of 
Vi (even if the increase is only to a less negative number). Subsection II.D will 
show that condition (4) is similar to but weaker than the standard assumption 
in auction theory of affiliation. 

We asked earlier why the target cares about the true value of the offer. If the 
target can immediately sell their stock, then shouldn't the target accept the 
highest stock offer rather than worry about the true value? Yes. However, the 
following corollary tells us that the market's ranking of the bids is the same as 
the target's management. 

COROLLARY 1: The market's ranking of the bids is the same as the target's 
ranking of the bids. 

Proof: This is a direct consequence of Lemma 2, which showed that 1iaa Mi is 
sufficient information to rank the bids. This conclusion from Lemma 2 is still 
true when the market evaluates the bids, except that the market's scoring rule 
is 

=E Vi ti MiVi,MT . (8) 
1 - ati 

Q.E.D. 

We will see in a moment that the target's greater information does allow him 
to get a more accurate expectation of the value of the bid, but Corollary 1 shows 
that it does not affect the order of the bids. 

2697 



The Journal of Finance 

After the target ranks the bids, he must choose whether to accept any of the 
offers. We assume that the seller commits to a reservation price R that equals 
the lowest expected value the seller would be willing to accept. Therefore, a 
merger will only occur if a firm bids such that their score is greater than R. 
We assume that if only one bidder bids above R, then a merger still occurs, and 
the target charges the bidder the fraction they just would have had to bid to 
achieve a score of R. This is essentially the assumption that when there is only 
one bidder, then all of the bargaining power resides with the bidder. Our results 
are not qualitatively affected by any assumption such that the probability of a 
merger occurring is increasing if the reservation price decreases or the bidder's 
willingness to pay increases. 

This section has shown that the only relevant information available to the 
market is li MiVi, and the only additional useful information held by the 
target is XT. This information will help us determine what the bidder must 
actually pay and it will help us show that the scoring rule does satisfy condition 
(4) as we assumed. 

C. The Firm's Payment 

The Z-score tells us which firm will win the auction, but it does not tell us 
what they pay. If at least two bids are above the target's reservation price, then 
the winner must pay a fraction a that equals the lowest fraction they could 
have bid and just tied the second highest bidder, 

Z2 - g(a2, M2, i1, M1, )T-) = g(&i, M1, a2, M2, )T-), (9) 

where PT- = oj, Mj Vj : lor 2, MT, XT and the subscripts 1 and 2 represent 
the bidders who received the highest and second highest Z-scores. This results 
in a simple definition of a1. 

LEMMA 3: If at least two bids are above the target's reservation price, then the 
winning bidder pays 

V2(1- el) 
(10) l 

Xl(1 - E2) + V2(1 - El)' 

Proof: See the Appendix. 

Therefore, the winning firm's payment decreases if it is overvalued and in- 
creases if the second highest bidder is overvalued. Furthermore, it is easy to 
show that firm-specific misvaluation lowers the target's expected revenue.13 

13 Ex ante the expectations of both errors are zero. However, given that bidder 1 wins the auction 
E[E1 I g > g2] > E[s2 I gl > g2]. Therefore, 

V2(1 - l) V2 

X1(1- 2) + V2(1- El) X1 + V2' 
and bidder l's expected payment is lower than if there were no misvaluation. 
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Equation (10) makes the following corollary to Lemma 3 easy to understand. 

COROLLARY 2: Market-wide misvaluation does not affect the equilibrium frac- 
tion that any firm is willing to offer, and therefore does not alter which firm 
offers the highest bid nor the amount they pay. 

Proof: Lemma 1 showed that the bids could be ranked by l-- M. Substitut- 

ing for M and a shows that ', Mi = XT(1+Si) Thus, the score of every bid is 
1--i (1-ei)(1-p)' 

affected by (1 - p) in the same way and the rank is preserved. Furthermore, 
Lemma 3 shows that the bid fraction required to make the highest offer is 
unaffected by (1 - p). Q.E.D. 

Market-wide misvaluation has no effect on rank because offers are compared 
to each other. However, we will see that the market-wide misvaluation has a 
large effect on overall acquisition activity. This is because the target's evaluation 
of whether to accept any bid is affected by market-wide misvaluation. 

If there is only one bid above the reservation price, R, then as noted above, we 
assume that a merger still occurs and the target charges the bidder the fraction 
they just would have had to bid to achieve a score of R. Thus, the target only 
accepts a bid that has an expected value above R and then charges a lower 
fraction a1. Section III will demonstrate the impact of the target's decision 
rule. 

Overall, possible firm-specific misvaluation alters the firms' payments and 
who wins, but for given stock valuations, market-wide misvaluation does not 
alter how a fully rational target ranks the bids. If every firm is currently over- 
valued or undervalued by some amount, then the fraction that any firm is 
willing to offer is unaffected. However, we will see in a moment that both types 
of misvaluation affect whether the target will accept any bid at all. 

D. Affiliation 

Lemma 1 demonstrated the weakest condition that ensures firms bid the 
truth. We have assumed thus far that the target's scoring rule, equation (6), 
satisfies this condition. For the remainder of the paper we make the following 
reasonable primitive assumption about the distributions of the random vari- 
ables to ensure that condition (4) holds and bidders do indeed bid the truth. 

ASSUMPTION 1: The random variables log(l - p), log(l - ET), log(l - Ei), and 
log(1 + si) for all i have log-concave densities. 4 

The usual assumption in auction theory is that bidder values are affiliated. 
Since the firm synergy values are independent, it would seem that affiliation 

14 We can make the assumptions on the log of these variables because each variable has a 
distribution over the positive real line. 
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is trivially satisfied. However, because of market-wide misvaluation, the suffi- 
cient statistics used by the target are not independent. In fact, the target learns 
something about the synergies from looking at his own misvaluation and from 
looking at all of the bids. Lemma 2 shows that if firms bid the truth, then in 
equilibrium 

(1 
- 
si)(1 - ET) 

E [Vi ati, Mi, (T] = XTE (1 + Si) (1 i (1 -T)( - ) (11) 
_V IO (1 - Pi) 

or equivalently 

(1 + (1 (1 + si)(1 
- 

j i (1 + Si)(1 -T) 
XT ( 

s)(l-8i)(l-p) (1 - ei)(1 + sj) ( - i) 
(1) 

However, as the following lemma shows, the log-concavity assumption ensures 
that the sufficient statistics are affiliated with (1 + si). 

LEMMA 4: Under Assumption 1 the random variables 1 + si, (1 (1 Si) 

(1+si)(E1 -) Vj i, and (l+si)(l-eT) are affiliated. (1--ei)(l+sj) (1 - ei) 

Proof: See the Appendix. 

Affiliation essentially means that the expectation of (1 + si) increases with 
any of the sufficient statistics (see Milgrom and Weber (1982) for a formal 
definition of affiliation). Log-concavity is a standard although not completely 
trivial assumption. Examples of log-concave densities include the multivariate 
beta, Direchlet, exponential, gamma, Laplace, normal, uniform, Weibull, and 
Wishart distributions. For example, if (1 - i), (1 + Si), (1 - ET), and (1 - p) are 
distributed lognormally, then the log of each variable has a log-concave density. 

Lemma 4 can be used to show that condition (4) holds, and will allow us 
to prove a number of interesting theorems.15 Milgrom and Weber (1982) and 
others have shown that in general, little can be said without some form of the 
affiliation property. 

15 Affiliation ensures that 

-g(ti, T) > Va,M, 
Octi 

since each statistic in the expectation of (1 + si) increases with ai. Thus, gi(O, oT) -gj(ot, PT) < 

0 Va > 0. Affiliation also ensures that 

g(cgj, oT) <O Va, M, 
3ci 

since the expectation of (1 + sj) decreases if ai increases. We see that this assumption is stronger 
than condition (4). The requirements of Lemma 1 are satisfied. 
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III. Mergers 

We have now determined the equilibrium bid and the scoring rule. This sec- 
tion will show how the target's reservation price combined with misvaluation 
leads to increased merger activity in overvalued markets. 

Since the target has a stand-alone value, XT, the target is unwilling to (and 
has a fiduciary responsibility not to) accept any offer that delivers less than XT. 
The scoring rule examined above demonstrated that the highest expected value 
offer is from the firm that bids the highest 1 a M. However, the highest offer 
may have an expected value less than the target's stand-alone value. This can 
occur when expected misvaluations are large relative to expected synergies. In 
this case the target will refuse the offer and no merger will occur. Thus, XT 
is the target's reservation price and the target's acceptance rule is simply to 
accept any offer such that16,17 

E[Vi I i,,Mi, T] > XT. (13) 

This simple rule will cause merger waves, but we begin by focusing on a single 
merger. 

THEOREM 1: Stock mergers are more likely to occur in overvalued markets than 
in undervalued markets. 

Proof: Subsection II.D shows that Lemma 2 allows the target's acceptance 
rule, equation (13), to be rewritten as 

E (1+ si) (1+ si) (1 + si)(1 - j (1 + i)( - (14) E 
(l -8 i)( 1 - p)' (I - ei)(1 +S j) (V[ -- e1) 

The only term that depends on the market-wide misvaluation is (1+s) which 
is increasing in p. Lemma 4 ensures that the expectation of the synergy is 
increasing in (1 (l+S) . Therefore, the more overvalued the market (the larger 
p is), the more likely it is that a bid exceeds the reservation price, and thus a 
merger occurs (and vice versa for undervalued markets). Q.E.D. 

It is not the case that synergies are higher in boom times. It is not the case 
that some managers are willing to sell their firms for less than they are worth. 
Nor is it the case that some managers have limited rationality. Instead there is 
a simple explanation: The target is concerned that any bidder has overvalued 
stock rather than a high synergy. Thus, the target uses all available informa- 
tion to get an expectation of the offered value. The target is on average correct 

16 An earlier version of this paper also considered a short-run manager who accepts offers only if 
E[Vi I aoi, Mi, PM] > MT. Short-run managers are just as likely to value an offer above the current 
market price in bad times as in good. Thus, the addition of short-run managers does not cause (nor 
is it necessary for) merger waves. 

17 Since this is a second-price auction, the target accepts any offer with a value above his reser- 
vation value (given the true bid) but will then charge them a fraction & that is the smallest bid the 
bidder could have made and just been accepted (see Sec. II.C). 
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and thus increases his firm's value by accepting those offers that exceed his 
reservation price in expectation. However, if the market is overvalued, then 
the target is more likely to overestimate the synergies, even though he can 
see that his own price is affected by the same overvaluation because he still 
underestimates the market-wide misvaluation. The target makes the correct 
adjustment for potential market overvaluation once it receives a high stock 
offer, but being a Bayesian updater, it puts some weight on high synergies as 
well. When the market-wide overvaluation is high, the estimation error asso- 
ciated with the synergy is high too, so the offer is more likely to be accepted. 
Therefore, the target accepts more mergers in overvalued markets and accepts 
less in undervalued markets. 

Fully rational firms simply make what turns out to be mistakes in evaluating 
offers. That is, their decision turns out to be wrong ex post even though it was 
correct ex ante. Although firms have an ability to understand the impact of 
their information on their own firms, they cannot determine what part of their 
information relates to all firms. For example, at the peak of an expansion, firms 
are likely to receive signals of slowing demand before market participants. 
Managers will see the direct impact on their own firms, but since they do not 
possess the information of all the other firms, they will not be able to conclude 
that a recession is imminent. Any time macroeconomic news is held in pieces 
by individual participants in the economy, those participants will be unable to 
determine if their information relates to everyone or only to them. 

This does not imply that the target looses money by accepting an offer. In an 
overvalued market, the target can expect his own stock to fall. Thus, accepting 
a merger proposal with a positive synergy will reduce the impact on the target 
when the market corrects. We will also see in a moment that this does not imply 
that the market has an arbitrage opportunity; the prices will correctly react to 
news of a merger. 

A. Who Merges? 

Before we consider the market reaction, there are a few corollaries that elab- 
orate on Theorem 1. 

COROLLARY 3: On average, overvalued firms or firms with large synergies win 
takeover battles and undervalued targets are purchased. 

Proof: Each term in equation (14) increases if firm i has a larger firm-specific 
misvaluation, ei, or if firm i has a larger synergy, si. Therefore, firms with 
greater firm-specific misvaluation or synergies are more likely to be over the 
reservation price. Furthermore, (1 

+(s)(1 -eT) increases if the target specific error, 
ET, decreases. Therefore, targets who have smaller firm-specific misvaluation 
(ET is smaller) are more likely to accept an offer. Q.E.D. 

This corollary elucidates the type of errors that are likely to occur. If the 
bidding firm has a large firm-specific overvaluation, then it is more likely to 
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win, because the target cannot distinguish between a large synergy, si, and a 
large firm-specific error, si. This is easily seen because each relevant statistic 
in equation (14) is a function of (1+), so large si and large Si have the same 
effect on every statistic. 

The smaller a target's firm-specific misvaluation, ET, the larger their estimate 
of every bidder's synergy. This is because the target only knows the total error, 
(1 - p)(l - ET). For a given total error, ifeT is smaller, then p must be larger. The 
target knows that the larger the market-wide component, the greater all of the 
bids will look. So, the target would reduce the expected value of an offer more 
if he knew that the market-wide component was larger. However, the target 
does not know he has a small ET. Therefore, he underestimates p and does not 
reduce the expectation of the offers by as much as he should. His expectation is, 
therefore, more likely to be above the reservation price. In general, the smaller 
a target's ET, the more likely it is that a merger occurs. 

If we allow for the possibility that bidders come from a different sector than 
the target, then bidders may share a component of misvaluation with each other, 
but not with the target. This simple extension will allow us to consider cross- 
sector versus within-sector mergers. We assume for a moment that (1 - ei) = 
(1 - rb)(l - 4i), where fb is the sector misvaluation shared by the bidders and 
4i is the completely firm-specific error, and the target's error (1 - ET) may or 
may not share the sector misvaluation. 

COROLLARY 4: Within-sector stock mergers are more likely to occur in overvalued 
sectors than in undervalued sectors. Furthermore, on average, overvalued sectors 
will purchase firms in relatively undervalued sectors. 

Proof: See the Appendix. 

This corollary provides an additional mechanism by which mar- 
ket/factor/sector overvaluation leads to mergers. If bidders are in an overvalued 
sector and targets are in an undervalued sector (or bidders load more on a factor 
that is overvalued), then targets will confuse high synergies with high sector 
valuation of bidders and accept mergers. This effect would exist even if tar- 
get managers had no private information. This corollary may explain the pur- 
chase during the 1990s by internet or telecom firms of firms with hard assets. 
Such mergers included the acquisition of Frontier Telephone (a long-distance 
provider) by Global Crossing and the acquisition of Time Warner by AOL. This 
corollary also provides an explanation of diversifying mergers in which firms in 
a more overvalued industry buy firms in a less overvalued industry (the market 
realizes these differential overvaluations ex post). 

B. The Effect of the Losing Bidders 

The following corollary shows that sector overvaluation is less likely to con- 
fuse targets when there is more than one bidder from a sector. 
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COROLLARY 5: The larger the bids of the losing bidders, the lower the probability 
of a merger occurring. 

Proof: In equation (14) the conditioning variables (1 +s,)( Vj i all de- 

crease if the bid of another firm (1 
+ 

j)( increases. Affiliation ensures that 
ceai the b1i - p) 

this decreases the expectation of Vi and therefore decreases the probability of 
a merger. Q.E.D. 

The bids of the losing firms are relevant to the target because they provide 
information about shared misvaluation. If all of the bids are high, then the tar- 
get suspects that this is because all the bidders are overvalued, or the target is 
undervalued. Therefore, he lowers his estimate of the synergies from the win- 
ning firm. Thus, more competing firms provide more information and increase 
the accuracy of the target. However, the following corollary shows that when 
the synergies have a common component, (1 + si) = (1 + X)(1 + wi), then there 
is a limit to the information that can be learned from competing bids. 

COROLLARY 6: If the synergies have a common component, then the bids of the 
losing firms are less informative about the synergies. 

Proof: See the Appendix. 

Although increased competition reduces the information asymmetry and 
therefore the effects of market-wide misvaluation, if the synergies have a com- 
mon component, then there is a limit to the information that can be gleaned 
from the competing bids. 

The intuition for Theorem 1 and Corollaries 3 to 6 is that although the target 
is rational and thus correct on average, the noise in the model leads to different 
types of mistakes by the target. The target sees Mi = (1 s) from the 

(1- E)(1 -p) 
bidder. If either the market-wide or firm-specific error, p or Ei, is larger, then 

(1 + S) is larger, but the target does not know if a larger (1 p) is due to a 
(1- ?i)(1 - ) (1 Ej)(l p) 

larger synergy, (1 + si), or a larger error, p or ei. Thus, if (1 (1l) is larger, then 
the target assumes that the synergy, (1 + si), is somewhat larger and that the 
misvaluation, (1 - Ei)(1 - p), is somewhat smaller (affiliation ensures that this 
is true). The target also uses all of his information from the other bids and his 
own misvaluation to try to determine if the increase is due to a shared effect. But 
the target's information is noisy and confounded by correlated synergies. Thus, 
an increase in si, p, Ei, or (1 - eT) all increase the expectation of the synergy. 

All of these results tell us that a simple lack of information can lead us 
to find exactly what our intuition would expect: Merger activity increases in 
overvalued markets and sectors, and overvalued firms buy undervalued firms. 

C. Price Reaction 

The fact that a merger occurs provides information about the true value of 
the target and the bidding firm. In a rational setting, participants recognize 
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how the market will react to news of the merger. For simplicity we will assume 
that the market learns of the merger after the auction.18 Thus, we examine the 
change in market prices on the announcement day. 

COROLLARY 7: On the announcement of a stock merger the target's and acquirer's 
market price could rise or fall. If the target's reservation price does not bind then 
the market price of the second highest bidder falls. 

Proof: See the Appendix. 

A transaction is more likely if p > 0, e8 > 0, si > 0, and ET < 0. Therefore, 
conditional on an accepted offer, the expectations of p, e1, si, and -ET are greater 
than zero. Prices must adjust until the prices once again equal the expectations 
of true value. For example, E[p I merger] > 0 pushes all prices down. 

If a takeover is rebuffed then the target's price could fall ifE[ET I no merger] > 
0 is the largest effect. Furthermore, the bidders' stock prices should rise since 
the expectation of p and e1 is less than zero when the bids are refused. 

Thus, it is easy to see why empirical work finds that the winning firm's stock 
price falls and the target's stock price rises on a takeover announcement.19 This 
simply suggests that the market expects the winning firm to be overvalued, 
the target to be undervalued, and expects the synergies to be small or that 
competition gave most of the synergies to the target. It is also interesting to 
note that the losing bidder should have a permanent negative change in his 
stock price, and bidders in failed acquisitions should have a positive stock price 
change. 

Therefore, taken together, the resulting data could make it appear that 
takeovers destroy value. However, all of our stock movements are the result 
of rational updating. Firms are attempting to create synergies in an environ- 
ment with limited and asymmetric information. The stocks move not because 
any firm is destroying value by merging, but because in the attempt to create 
value, they are revealing information about what their price should have been. 

IV. Merger Waves 

Now that we understand individual mergers and market reactions, we can 
develop an understanding of merger waves. To do this we consider a sequence 
of potential mergers. 

The model begins at time zero with prices and realizations of each variable. 
Then at each of m sequential time periods, an auction occurs for an acquisition 
candidate. Each firm has only one chance to merge. The market does not know 

18 To model how the market values change throughout the auction is a paper in and of itself. At 
each point in the auction the bidder's market value depends on what he bids, what others bid, and 
the differing probabilities about who will win! Thus, we consider the reaction post announcement. 

19 See McCardle and Viswanathan (1994) for an industrial organization model of price reactions 
around mergers. 
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the identity of the participants in the merger contest until after it is over.20 After 
each auction, market prices react to the observed information. We assume that 
the event merger or no merger and all bids are observed at the end of each 
period.21 At the end of m periods, true values are revealed. 

In order to discuss merger waves, we must define a wave. The expected prob- 
ability of a merger occurring in the first period depends on the distributions of 
the errors and the synergies. If every variable received a new realization each 
period (drawn from the same distribution each period), then the expected prob- 
ability of a merger occurring in every period would be the same. We call this 
the unconditional expected probability of a merger. We will use this expected 
probability as the benchmark for a wave. 

DEFINITION 1: A merger wave is defined as a sequence of time periods (two or 
more) in which the probability of a merger occurring is above the unconditional 
expected probability of a merger.22 

Thus, a merger wave will be caused by realizations of the errors and synergies, 
and merger waves will be affected by market reactions. 

THEOREM 2: A high enough realization of the market-wide misvaluation, p, will 
cause a merger wave, even though given a merger in the first period, the market 
reduces prices until in expectation, there is no market-wide misvaluation left in 
prices. 

Proof: See the Appendix. 

Theorem 1 showed that mergers occur more often the more the market is over- 
valued. Thus, a large enough realization ofp will begin a merger wave. However, 
the merger wave will occur only if the market stays overvalued. However, the 
rational market updates correctly. Corollary 7 shows us that after a first-period 
merger, prices move until (1 - p)/E[1 - p I merger] is the common mispricing. 
This reduces the probability of the second merger since E[1 - p I merger] < 1. 
Although the E[(1 - p)/E[l - p I merger]] = 1, the realization may not be one. 
If (1 - p)/E[1 - p I merger] is lower, then another merger is more likely to oc- 
cur, and it is lower if the misvaluation in the first period is higher. Therefore, 
merger waves can be caused by an overvalued market. 

However, after the first merger contest, prices will react and alter the errors. 
Thus, markets might adjust prices and rapidly end waves. We do not think this 
is an accurate characterization of waves. Synergies are most likely correlated 

20 As noted above, it would take an entire paper to consider how market prices and thus in- 
formation and bids change with the market's perception of the probability of winning and the 
synergies. 

21 All results hold if we assume that the highest bid is not observed or that no bid is observed. 
22 Therefore, when looking at historical data we will never know if a time period with a large 

number of mergers was a merger wave or just a high number of positive realizations. However, the 
more mergers we see, the more likely the time period is a wave. 
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across mergers, in which case, merger waves can also be caused by high real- 
izations of the common synergy, A. As the next theorem shows, this possibility 
will make the market unable to fully self-correct and end waves even when the 
waves are caused by overvaluation. 

THEOREM 3: The higher the expectation of the common synergy component, the 
less the market learns about market-wide misvaluation from a merger. The po- 
tential of a common synergy component extends the life of a merger wave that is 
caused by misvaluation. 

Proof: Whether or not there is a common component to synergies, Corollary 7 
shows us that after a merger E[p I merger] > 0, so prices must decrease until 
(1 - p)/E[1 - p I merger] is the common mispricing. When there is a common 
component to synergies, then each merger increases the expectation of X (see 
the Appendix). The higher the expectation of X, the lower the expectation of the 
market-wide misvaluation conditional on another merger, E[(1 - p)/E[l - p I 
merger] I merger] (see the Appendix). Therefore, each new merger decreases all 
prices at a decreasing rate. If there is no common synergy component, then the 
countereffect will not exist, and prices will decrease much faster. Q.E.D. 

Overvaluation that causes a merger wave may not be fully corrected by a 
market that rationally updates. Each subsequent merger signals less and less 
information about market-wide overvaluation, as the market increases its ex- 
pectation about a common synergy factor. Hence, the first merger leads to a 
significant downward revision in the market index, but subsequent mergers do 
not move the index as much. Therefore, a merger wave may be followed by a 
market crash when the participants learn information about the synergies that 
leads them to question the gains from the entire sequence of mergers. 

On average, after a merger, firms are correctly priced. Hence, we should not 
expect a wave or any ex post drift in prices. In fact, a second merger is less 
likely than the first because of the market correction, but if the market is 
still overvalued, then a merger is more likely than it would be in expectation 
unconditionally. Thus, this is not a theory of clustering in the statistical sense. 
Rather, mergers occur at the same time because they are correlated with market 
overvaluation. 

We could also model the stock prices, synergies, and errors as following a 
random walk. For example, we could assume that at the end of each period, a 
value is drawn that is added to the synergy and whatever error is currently 
left in the prices. This would increase the noise in the model and allow merger 
waves to last longer, but would not qualitatively change the results. However 
it is interesting to consider the model in the light of this realistic additional 
noise. Prices could randomly become better or worse at any time but merg- 
ers or their lack would cause prices to mean revert. However, as Theorem 3 
made clear, they would not immediately mean revert, particularly with this 
additional noise. Thus, as fundamentals move away from market prices, possi- 
bly combined with a positive shock to the common synergy factor, then merger 
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activity may increase. Since the market is unsure if the increase in activity 
is due to common synergies or due to overvaluation, prices could drift further 
and further from fundamentals, leading to more and more activity. However, 
we would slowly expect prices to mean revert. In this case, we should expect 
ex post downward drift after mergers. Eventually, the market will learn of the 
true synergies, and if they are lower than expected, the market will crash, end- 
ing the wave. Although a wave is not expected on average, in a long data set we 
should be unsurprised to find periods where prices drift upward and merger 
activity increases, followed by a market correction that ends the wave. 

V. Equity Versus Cash 

Up until this point in the paper, we have only allowed firms to bid with their 
own stock. If the firm knows that its stock is undervalued, then it may prefer 
to switch to a cash bid. We assume that only some firms have access to cash. 
We will show that when markets are overvalued, mergers are more likely to 
occur and those that occur are more likely to use stock. When markets are 
undervalued, mergers are less likely to occur and those that occur use cash. 

For simplicity (and since balance sheets are public information), we assume 
that it is common knowledge which firms have access to cash. Managers are 
rational. Thus, if managers receive a stock offer they perceive as worth accept- 
ing from a bidder who has access to cash, they will simply request a similar 
amount in cash and remove the lemons (those with overvalued stock). With 
costless access to cash, there is no reason for bidders not to comply unless the 
true value of their offer is less than the perceived equity value. Therefore, in 
equilibrium, targets will only accept cash bids from firms that have costless 
access to cash. 

Since only some firms can access cash, the market for stock mergers does 
not disappear. Rather, those firms with cash always use cash and those firms 
without access must use stock. 

THEOREM 4: If the target only accepts offers with an expected value greater than 
the target's true value, XT, but not all firms have access to cash, then, (1) mergers 
are more likely to occur in overvalued markets than in undervalued markets, 
and (2) the method of payment will include a greater fraction of stock deals in 
overvalued markets than in undervalued markets. 

Proof: Any accepted bid must be perceived to be greater than XT by the man- 
agement of the target. Cash bidders will bid up to Vi, which equals XT(l + si). 
Therefore, for a cash bid to be accepted, 

XT( + Si) > XT, (15) 

or si > 0.23 Management's cash acceptance rule is unaffected by misvaluation 
because they know their true value and thus ask only for positive synergies. 

23 This rule allows managers to accept a cash bid with a value below their current stock price. 
While this is optimal, it does not seem realistic. It is more reasonable to assume that stockholders 
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Theorem 1 tells us that the manager is more likely to perceive that a bid 
is greater than XT if the market is overvalued, p > 0. Therefore, when the 
market is overvalued, management perceives stock bids to be more valuable 
but management's perception of cash bids is unaltered. Thus, stock bids are 
more likely to win in an overvalued market and cash bids make up a higher 
fraction of completed deals in an undervalued market. Q.E.D. 

This theorem demonstrates why it is rational for more mergers to occur in 
stock when the market is overvalued and in cash when the market is under- 
valued. This is not as obvious as it sounds, because we are not simply saying 
that bidders with overvalued stock would like to bid with stock. They would, 
but why would targets accept? Our point is that in any rational model, the 
participants will choose every action correctly on average. Therefore, the tar- 
get will correctly reject stock offers that are not valuable enough on average. 
However, the target will make ex post mistakes. The mistakes are correlated 
with market-wide misvaluation. 

Therefore, not only should we see waves of stock mergers in overvalued mar- 
kets, but in undervalued markets we should see less activity, and that activity 
should be in cash. This result is consistent with Andrade et al. (2001), who find 
a larger positive announcement effect on the target for cash offers and a less 
negative effect on the acquirer. We suggest that this does not imply that cash 
mergers are better than stock mergers, but rather that cash mergers are more 
likely to occur in undervalued markets. So, the rational market updates and 
increases stock prices. 

VI. Conclusion 

The evidence that waves occur is clear. That as of yet the explanation of waves 
is incomplete is also clear. There are a number of reasons why any given wave of 
mergers could occur. For example, deregulation could release pent-up demand, 
or a new technology could require the redeployment of assets. However, we 
believe that these reasons do not tell the whole story. Furthermore, these ideas 
tell us nothing about why the medium of exchange is stock or cash. In this 
paper, we lay out a valuation effect that is important and we show that this 
effect can cause a wave even without deregulation or innovation. 

Our idea is that even fully rational participants make mistakes, that is, their 
decision turns out to be the wrong decision ex post even though it was correct 
ex ante. We focus on how these mistakes could be correlated with specific types 
of misvaluation. When the market is overvalued, the target rationally reduces 
the expected value of a given stock offer, and thus, the target values the offer 
correctly on average. However, the target is more likely to overvalue the offer the 
greater the market overvaluation is even though the target's own stock is affected 
by the same market overvaluation. Thus, market overvaluation increases the 

will sue (and win) if the value of the offer is less than the current stock price. Eliminating this kind 
of merger only magnifies our result, because cash offers would be rejected more often when the 
market was overvalued. 
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chance that a merger occurs. Therefore, a wave can occur due to misvaluation 
even if there is no underlying reason for mergers. Furthermore, waves can be 
halted by undervaluation even if assets truly should be redeployed. Thus, the 
impacts of misvaluation are significant. 

Misvaluation also influences the medium of exchange. We believe that in 
most cases, for a stock merger to occur, the target's management must expect 
the deal to increase value. Managers make errors when evaluating stock offers 
(although they get it right on average) but not when evaluating cash offers. 
Therefore, the medium of exchange will contain a higher fraction of stock offers 
when the market is overvalued and completed deals are more likely to be in 
cash in undervalued markets. Furthermore, markets will react more positively 
to news of a cash merger than to an equity merger. 

We believe that valuation, or rather misvaluation, has a fundamental impact 
on all mergers. Valuation affects not only the likelihood that the merger occurs 
but also the medium of exchange. We show how merger waves and waves of 
cash and stock purchases can be driven by periods of overvaluation and under- 
valuation of the stock market. 

Appendix 

Proof ofLemma 1: In our second-price mechanism, the winning bidder must 
pay the smallest fraction they could have bid and just achieved the score of the 
second highest bidder. Consider an ai such that 

g(ai, Mi, T) - max g(aj, Mj, M (T)> 0. (Al) 
vj 

Over the interval [0, ai], g(aj, Mj, (T)Vj are continuous functions of ai on 
a compact set. Therefore, g(aj, Mj, (T)Vj are of bounded variation, and 
max g(aj, Mj, (PT) is continuous in ai. Thus, since 

g(0, Mi, T) - max g(aj, Mj, MJ T) < 0, (A2) 
vi 

there must exist at least one point where 

g(&, Mi, PT) - max g(oj, Mj, (T) = 0. (A3) 
vj 

At any a where this is true, we know 

M(a, Mi, PT) > (j, Mj, o(T) Vj. (A4) 
a a' 

Therefore, 3 a unique a (call this alpha 6i) such that 

g(56i, Mi, (T) - max g(oj, Mj, (T) = 0. (A5) 
vj 

Note that 0 < a&i < ai. 
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Bidder i maximizes 

maxE[{Vi - i(Xi + Vi)}l(max[g(aj,Mj,.T)]<g(ai,Mi,.T)} I Xi, Vi] (A6) 

or 

maxE 
V 

X - a i lmax[g(aj,Mj,T)]<g(a,Mi,T)} I Xi, Vi (Xi + Vi). (A7) 
X + Vi Vj 

Using the definition of &i from above, this can be rewritten as 

(xi - Ai + vi 
maxE+Vi -&i l (i<ai}Xi, Vi (Xi + Vi). (A8) 

_ Xi q- iVi 

Ifai > yv then reducing ci to xiVi only eliminates cases where xi - i < 0 Ifi > Xj+v 
(remember &i is unique and does not change with ci). Similarly, if aci < XVi 

V~ &i > 0 Therefore, it then increasing ai to xv only adds cases where - i > 0. Therefore, it 

is a dominant strategy to set ai = xv.i Q.E.D. 

Proof of Lemma 2: 

E [Vi I ai, Mi, (T] = E [XT(1 + Si I Oi, (T] (A9) 

=XTE (1 +si) , Mi Vi, XT, MT (A10) 
1 -ai 

ai Mi XT - 
=XTE (1 + si) a MVi i- MT (All) 

1 - ai MT MT 

If Lemma 1 holds, then ai = , so 

ai Mi (1 - si)(1 - eT) 
1 - ai MT (1 -) (A12 

XT T = (1 - T)(1 - ). (A13) 
MT 

Therefore, 
- (1 + si)(1 - eT) E [Vi ai, Mi, (PT] = XTE (1 + si) MiVi, (1 - T)(1 

- 
P), MT . 

(1 - Ei) 

(A14) 

Furthermore, (lsi)1-eT) (1 ) + si), and (1 - ET)(1 - p) are independent of Mi and 

MT. Therefore, 

-F (1 s)(l 
- 8T) E [V I i, Mi, M T] = XTE (1 + i) Vi, (1 - T)(1 - p) (A15) 

(1 - ei) 
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- Oti Mi XT = XTE (+si) - 
i 

' 

(A16) 
1 - ai MT MT 

=E Vi Mi Vi,XT, MT . (A17) 
1 - Oi 

Note that XT and MT do not depend on the bidder. Therefore, the only bidder- 
specific information relevant for the expectation of Vi is 1 a Mi. Since every 
variable is drawn identically, the bidders are scored symmetrically, and 1-Mi 
can be used to rank the bids. Q.E.D. 

Proof of Lemma 3: The second highest Z-score is 

g(a2, M2, a1, M1, 4T-) = E [V2 I a2, M2, &1, M1, T-]. (A18) 

However, Lemma 2 demonstrated that the only relevant bidder-specific infor- 
mation for the score is 1 M. Therefore, 

g(a2, M2, 1i, M1, M T-) 

-- a 
=E V2 M2 M2, M1, MjVjj lor2,XT,MT . (A19) 

1-0a2 1 - i 1-aj 

So equation (9) can be written as 

O2 a Mj, Vj :o Z2 - E V2 2 M2, M, J Mjj j lor 2,XT,MT 
- - 2 1-U1 1 - lcj 

=E V1 M1A M 2, M j j M j lor2,XT, MT (A20) 
1 - t 1 - 2 1-aj 

Since everything is drawn identically, the scoring rule is symmetric, and these 
scores will equate when 

1 M1 = 02 
M2. (A21) 

1-1 1 -a2 

Rearranging shows that the highest bidder must pay 

a2 02 M2 
et= 

l 
0~2 * (A22) 

M1+, M2 1 -a2 
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Substituting 1- = v andXi = Mi(1 - ei)(1 - p) into equation (A22) shows 

V2 V2 
X 2 (1-- e2)(1 - p) 

V2 Xi V2 M - + M2 + M1 + XM2 (1 - 1)(1 - p) (1 - 2)(1- p) 
V2(1 - e1) (A23) (A23) 

X1(l - 2) + V2(1 - El)' 

Q.E.D. 

ProofofLemma 4: To prove that the relevant variables are affiliated, we use 
the log-concavity assumption from Section II.D. Before we use this assumption 
we first define log-concavity. 

DEFINITION: A random variable x has log-concave density f(x) if logf(x) is 
concave. 

The assumption of log-concavity is standard in economic problems where 
inference is involved. Caplin and Nalebuff(1991) discuss the origins and impli- 
cations of this idea and list its applications in economics. Distributions with log- 
concave densities include the multivariate beta, Direchlet, exponential, gamma, 
Laplace, normal, uniform, Weibull, and Wishart distributions. Log-concavity 
implies that the distribution is unimodal. 

We note two implications of log-concavity. 

IMPLICATION 1: If x has log-concavity density, then so does -x. 

IMPLICATION 2: If x and y have log-concave densities, so does x + y. 

Now define Si = log(1 + si), ui = -log(1 - ei), UT = -log(1 - ET), and m = 
log(l - p). Then 

f(Si, ui, Si + Ui - m, Si + ui - (Sj + uj)Vj # i, Si + ui - UT) 

= g(Si, ui)f(Si + ui - m, Si + ui - (Sj + uj)Vj # i, Si + ui - UT I Si, Ui) 

= h(Si) l(ui)f(Si + ui - m I Si, ui)f(Si + ui - (Sj + uj)Vj # i I Si, ui) 

x f(Si + ui - UT I Si, Ui) (A24) 

Consider the term f(Si + ui - m Si, ui), let t = Si + ui - m, Si = x, ui = y, and 
note that 

f(t I x, y) = f(t x + y)= fm(t -x - y). 
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Since m has a log-concave density, so does -m. Let t' > t, x' > x and y' > y. The 
monotone-likelihood property requires that 

f(t I x, y)f(t' x', y') > f(t I x', y)f(t I x, y) 

X log f_m(t' - x' - y') - log f-m(t - x' - y') 

> log f-m(t'- - y) - log f-m(t - X - y) 

d log f-m(t - x' - y') d log f-m(t - x - y) (A26) 
dt dt 

which is true from the log-concavity of -m as t - x' - y' < t - x - y. 
Similar arguments prove the monotone-likelihood property for f(Si + ui - 

(Sj + uj)Vj 
- i I Si, ui) and f(Si + ui- UT Si, Ui) (we use here the fact that the 

sum of log-concave densities is log-concave). Using both part (i) and part (ii) of 
Milgrom and Weber's (1982) Theorem 1, it follows that Si, ui, Si + ui - m, Si + 
ui - (Sj + uj), and Si + ui + UT are affiliated. Since subsets of affiliated vari- 
ables are also affiliated (see Theorem 4 in Milgrom and Weber), it follows that 
Si, Si + ui - m, Si + ui - (Sj + uj), and Si + ui - UT are affiliated. Then, noting 
that si = eSi - 1, therefore, Theorems 3 and 5 in Milgrom and Weber imme- 
diately imply Theorem 1 in our paper (we note that the information in the 
variables that we condition on is not changed if we take logs). Q.E.D. 

Proof of Corollary 4: If the bidders and the target share a sector misvalua- 
tion, then Theorem 1 tells us that mergers are more likely to happen in that 
sector since p subsumes any shared misvaluation. With the assumptions that 
(1 - ?i) = (1 - rb)(l - qi), and that the target does not share the sector misval- 
uation, (1 - T) = (1 - fT)(1 - 4T), then the conditioning variables (1 + 

(sL p) 
an (1 Xl-^+si~) i(l Si(l ^r(l 0r(1 E 1)(1 P 

and (1 + i)(1 - T) become (1 +s) and (1 + S)(1 - fT)(1 T) . It is straightfor- (l- E) (1-kb)(1- i)(1-P) (1 - fb)(1 - )' 
ward to show that these variables are still affiliated; assuming, of course, 
that the variables log(l - 0) and log(l - 1) have log-concave densities. Thus, 
since (1 +_ ) and (l+(s)(1 - VT)(1 - T) are increasing in 1b, bidders from (1 -frb)(l -4K(1 - p) (1 - *b)(1- k1) 

the same overvalued sector as the target are more likely to win than bid- 
ders from other sectors. Furthermore, (1+Si)(,1 

- T)(1 )T) is decreasing in fT, 

therefore targets from relatively undervalued sectors are more likely to accept 
offers. Q.E.D. 

Proofof Corollary 6: If(1 + si) = (1 + X)(1 + wi), then in equation (14) the con- 

ditioning variables (1+s)(1-)j $ i all become (l+ J ')((1- j i. It is again 
straightforward to show that these variables are still affiliated as long as we 
assume that the variables log(1 + X) and log(1 + oi) have log-concave densities. 
Thus, the target is able to learn from the other bids about 1- , but cannot tell 
the difference between a high market-wide synergy and a high market-wide 
overvaluation. Q.E.D. 
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Proof of Corollary 7: Note that acceptance of the merger implies that 

(1-- )( + s) (1 + si)(1 - j) (1 + si)(1 - eT) E (1 + si) - ) (1 -)(l - ) ' (1 - ) > 1. (A27) 

Hence, Lemma 4 implies that acceptance occurs if and only if 

(1+Si) (1 + 
si)(1-ej)v i (1 + si)(1-T) _C 

(1 -s-ei)(l--p) 
> c 

(1 -? i)(1 + sj) (1 - i) 

<t Si + ui - m - log C > 0, (A28) 

where c(-) is a nonincreasing function of (l+s)(1-) V'j - i, and (l+Si)(1-eT) and 
(1_-ei)(1-t-sj ' (1- i ) 

Si, ui, and m are defined above. Hence, 

m < Si + ui - logC == p = 1 - e > 1 -eSi+ui-logC (A29) 

From this it directly follows that 

E p I p > 1 -eSi+u-logc,(1 sl)(l 
- 

)j i, (1 + - 
> Ep] = 0. 

'(1 - ei)(1 + j) S(1 - ei) 

(A30) 

Conditional on an accepted offer, it can be similarly shown that E[e1 I merger] > 
O, E[T I merger] < 0, E[82 I merger] > O, E[si I merger] > O, E[R I merger] > 0 
therefore, the proofs are omitted. 

Market prices must adjust until they are once again equal to the expecta- 
tions of true value. The expression E[p I merger] > 0 pushes all prices down 
until (1 - p)/E[1 - p I merger] is the common mispricing that is not corrected. 

E[el merger] > O, E[e2 | merger] > 0, and E[eT I merger] < 0 have similar ef- 
fects on the bidders' and target's firm-specific mispricing. And, E[si I merger] > 
0 pushes both the winning bidder's price and the target's price up. Q.E.D. 

Proof of Theorem 2: Theorem 1 showed that a large enough p will ensure 
that the probability of a merger in the first period is above the ex ante expected 
probability. From Theorem 1 we know that a merger occurs in the first period 
if 

E [(1 + si) I ai, bi, c] > 1, (A31) 

where al = (1+-)' b= (1 1+s)( ) i, and cl = (1+s)(lT). In the second 

period there will be a new target and new bidders. Therefore, there will be new 
realizations of the errors and synergies. Let s2 and 82 represent the synergy 
and firm-specific error in the second period (where the superscript represents 
the second period). There is, however, only one realization of p. We know from 
Corollary 7 that the first period tells the market that 

(A32) 
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if there is a merger, and 

E[p I p < 1- ei+ui-lg, b, cl] < E[p] = O (A33) 

if there is not a merger. Therefore the market will move all prices after the first 
period. Let 

1 - p2 (1 - p)/E[1 - p p > 1 - eS+u-logC, b, C], (A34) 

if there is a merger in the first period, and let 

1 - p2 _ (1 - p)/E[1 -p I p < 1 - eS+ui-lOgc, b, c] (A35) 

if there is not. Therefore, (1 - p2) is the market-wide error left in prices after 
the market reacts to the news in the first period. Note that the truncated dis- 
tribution of a log-concave variable is log-concave. Therefore, log(1 - p2) has a 
log-concave distribution. Furthermore, this is true regardless of what informa- 
tion is known after the first period (Si, ui, C, bl, cl, etc.), because integrating 
over the unknown information Si, ui, (given bl, cl, or no information or some 
intermediate information) does not change the log-concavity. Therefore, we can 
assume that after the first-period, all of the first-period information is released, 
or only the fact that a merger occurs, or anything in between. 

In the second period, acceptance of the merger implies that 

E(l^s2 (1 + S2) (1 + s2) jV (1 (1 
- ) Ti;> 1. E (1 +s2) (1-e)(1 - -( e p2 ) ?)(()1 - e ( 2) 

(A36) 

Since all of the variables are log-concave, Lemma 4 (with m = log(l - p) and 
equation (A24) conditional on p < 1 - eSi+U-logC, bl, cl) ensures that everything 
we know about period one mergers is also true in period two although the 
market-wide misvaluation has changed. First, note that if there is a merger in 
the first period, then p2 < p, so the market reduces prices. Therefore, a merger 
in the second period is less likely to be caused by market-wide misvaluation. 
Second, regardless of whether there was or was not a merger in the first period, 
p2 is an increasing function of p. Therefore, a high enough realization of p will 
cause the probability of a merger in the second period to be above the ex ante 
expected probability. Thus, a high enough p will cause a merger wave. The same 
logic will hold for the third, fourth, or nth period. Q.E.D. 

Proof of Theorem 3: The proof that the expectation of X increases with every 
merger is similar to the proof of Corollary 7. Acceptance of a merger proposal 
occurs only if the inequality in equation (A27) is satisfied. Hence, Lemma 4 
implies that acceptance occurs if and only if 

(1 +si) d/ 
1 - \ 

V 
(1- i) d 1-p' 1+sj 

=? Si + ui- logD > 0, (A37) 
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where d(.) is some nonincreasing function of its arguments, ui, and UT are de- 
fined above, and since 1 + si = (1 + ()(1 + wi), Si = A + Wi, where A = log(1 + 
A) and Wi = log(1 + wi). Therefore, 

A > logD - Wi - ui = ~ = eA - 1 > elogD-Wi-ui - 1 (A38) 

It follows directly from this that 

E[1. I > elogD-W,-u - 1, bi, ci] > E[]. (A39) 

The proof that the E[p I merger] is smaller if X is larger follows almost di- 
rectly from equation (A30) above. The conditional expectation of p is a mono- 

Si+ui -log c((l+sixlej -. (l+s)(1-ET) 

tonic increasing function of 1-e + l 
(1-e-ig(l+sj)Ji (1-i) ). The common 

synergy component is in si and sj. Therefore, the common component is not 
a part of the first argument in the function c(-) because it cancels out. Fur- 
thermore, c(.) is a nonincreasing function of its arguments and the second 
argument of c(.) is increasing in A. Thus, if the common synergy component 

Si_ ui -log c((+siX-l-j) ? . (l+SiX-feT)) 
is larger, then 1- e S+u gc((l+el+S sVJ'l (1X- ) is smaller. Furthermore, the 
conditional distribution of Si + ui is increasing in bl and cl in the sense of 
first-order stochastic dominance. Therefore, the conditional distribution of 

eSi+uilogc ((l+si)(1-ej) V . (l+siXl-eT) 

1- eS i+i-ogc(_( Xlji, (1-?) T ) is smaller in the sense of first-order stochas- 
tic dominance, and hence the conditional expectation of p is lower. Q.E.D. 
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