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Abstract 

This paper uses a unified treatment of real options and game theory to examine the 

occurrence of bidding contests within a competitive environment of imperfect information 

and asymmetric bidders. Competing potential buyers may sequentially perform due diligence 

and incur costs (option premium) to become informed about their firm-specific target value 

(underlying value) before making a bid (exercise price). The first player’s bid reveals a signal 

on its own and the rival’s target value, thereby affecting the value of the rival’s option to bid 

on the target and the probability of a bidding contest. We find that bidding contests are more 

likely to take place between moderately correlated buyers, whereas rather diverse or just very 

similar buyers are less likely to compete. 
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Acquisitions are known to have sometimes a beneficial and occasionally a very 

detrimental impact on a corporation’s performance. Empirical research on this topic indicates 

that, on average, acquisitions create value but most of this added value is reflected in the 

acquisition price. However, the resulting low acquirer returns exhibit substantial variation. In 

bidding contests in particular, heterogeneity between rival bidders and information 

asymmetry between them determine the acquisition premium (Bradley, Desai, and Kim 

(1988); Fishman (1988)). The real options-game model presented here examines the bidding 

process, the likelihood of a bidding contest and the expected value appropriation for the 

acquirer. The implications of the model are built on signaling by heterogeneousi players. The 

information about target value that is revealed to a rival by a bid depends on the 

(dis)similarity of resources of the rival bidders. The bidding strategy, the likelihood of a 

bidding contest and the expected acquisition price are determined by new and less obvious 

parameters such as volatility and correlation between bidders’ resources. 

Firms often invest aggressively in due diligence before making acquisitions. Early, 

detailed, and rigorous transaction screening yield a significant advantage in placing a 

successful bid to many deals or avoid that the other deals are being taken too far through the 

process. The due diligence investment of an interested bidder can in this sense be considered 

as the purchase of a real option on the target’s value. The due diligence costs (option 

premium) a potential buyer needs to incur reveals the target value (underlying value) and are 

thus a prerequisite before making a bid (exercise price). A potentially interested bidder will 

only perform due diligence and incur the associated cost if this is justified by the real option 

value. The opportunity to bid on a target, however, is not an exclusive but rather a shared 

option, where the acquisition price is determined by competition between potential buyers.  

The specific acquirer’s assets, resources and capabilities and their fit with those of the 

potential target determine the actual value for each potential buyer (Barney (1986)). A public 
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opening bid might reveal an attractive takeover target for rivals and provokes closer scrutiny 

of the target by other bidders. The extent to which an opening bid affects an uninformed 

rival’s beliefs concerning its target value and its expected gains from the acquisition depends 

on the bidders’ resources. For instance, a high bid indicates a high value for the initial bidder 

and a similar rival is likely to assign a high value to the target as well, whereas this bid would 

give no indication on the value for an unrelated rival. 

Fishman (1988) and Hirshleifer and Png (1989) also relate the expected gains in a 

bidding contest to the costs associated with acquiring information. Fishman (1988) offers the 

interesting insight that the price of a target in a bidding contest may exhibit a jump when 

some contestants have imperfect and costly information. We contribute insights from option 

theory to Fishman’s model and show that uncertainty and correlation between bidders 

determine the information revealed by the opening bid. Our model builds on Fishman (1988) 

and presents a two player setting, where the initial bidder may decide to make a pre-emptive 

or an accommodating bid after performing due diligence. When the bid provides an 

accommodating signal, the second bidder invests in due diligence and an English auctionii 

unfolds. However, when the initial bidder has offered a pre-emptive bid, the costs of due 

diligence are higher than the second bidder’s option value on the target. The rival will abstain 

from entering a bidding contest and the first bidder acquires the target at the pre-emptive bid.  

Our model provides several novel implications that can in principle be tested. In 

contrast to common beliefs, value appropriation is not strictly decreasing with the level of 

relatedness between bidders (correlation) but follows a U-shaped form. The opening bid 

provides a double signal to the rival. When correlation is high (bidders are similar), the 

opening bid signals high target value for the rival, inducing him to invest in due diligence and 

potentially join in a bidding contest. However, at the same time, due to the great similarity, 

acquisition prices will be high and value creation will be bid away in the contest, making the 
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second player less inclined to invest in due diligence. When rival bidders are different 

(correlation is low) the second player is less likely to invest as well, since the bid signals low 

target value. As a consequence, both very low and very high levels of correlation enhance the 

ability to make a pre-emptive bid and increase the initial bidder’s value appropriation. 

Intermediate levels of correlation may result in a bidding contest and low value appropriation. 

Furthermore, value appropriation increases in case of higher uncertainty and higher expected 

value for the initial bidder. Greater uncertainty to the second bidder increases the likeliness of 

a bidding contest and reduces the value appropriation.  

The remainder of the article is as follows. In Section II, we provide a brief review of 

background literature on bidder heterogeneity and information asymmetry to support the 

economic fundamentals of our model. In Section III, we present our real option-game model. 

The model’s results are discussed in Section IV, and Section V elaborates upon the model’s 

implications. Section VI summarizes this paper and its main findings. 

 

II. Literature on Value Appropriation in Acquisitions: Heterogeneity and Imperfect 

Information 

From empirical research it is clear that acquisitions may create value, but there is 

substantial variation in how this value is split up between target and acquirer.iii A successful 

tender offer increases the combined value of the target and acquiring firm by about 7 to 10% 

on average (Bradley, Desai, and Kim (1988); Seth (1990); Stulz, Walkling, and Song (1990)). 

Further evidence suggests that acquiring firms on average earn a return close to zero, though 

there is tremendous variation in these returns (e.g., Berkovitch and Narayanan (1993)). The 

underlying causes of this variation in acquisition returns have enjoyed continuous attention in 

the empirical literature. However, further theoretical development explaining the variation in 

value appropriation is desirable (Fuller, Netter, and Stegemoller (2002)).  



 4

Recently, several articles have used real options and games to explain the occurrence 

and returns of mergers (Smith and Triantis (1994), and Smit (2001)). Lambrecht (2004) 

shows that firms have an incentive to merge in periods of economic expansion when mergers 

are motivated by economies of scale, which provides a rationale for the procyclicality of 

merger waves. Morellec and Zhdanov (2004) have developed a model that is consistent with 

the general empirical observation that target shareholders’ returns are larger than returns to 

bidding shareholders and that returns to bidding shareholders can be negative if there is 

competition for the target acquisition.  

The existence of information asymmetry between rival bidders has a significant 

influence on competition for deals and the size of the acquisition premium (Barney (1988)). 

For instance, a buyer’s initial stake (toehold) results in a financial and strategic advantage 

and to higher bidder returns (e.g., Grossman and Hart (1981); Shleifer and Vishny (1986); 

Franks and Harris (1989); Stulz, Walkling, and Song (1990)). In addition, those returns could 

be attributed to the information advantage provided by the initial shareholding (Burkart 

(1995)). Bradley, Desai, and Kim (1988) have shown that bidder returns were higher before 

the acceptance of the 1968 Williams Act, which requires a bidder to disclose private 

information about the target. A larger part of the value creation goes to the acquirer when 

buying a private firm or a subsidiary rather than a public firm. In addition to the lack of 

liquidity, this can be explained in part by limited information that is available, higher 

information costs for rivals, and consequently lower competition for the target. This is 

consistent with the findings of Fuller, Netter, and Stegemoller (2002), who show that acquirer 

returns are more positive for larger non-public targets and more negative for larger public 

firms. In our model, information on the idiosyncratic target value is acquired at a cost, such 

as consultancy and banker fees related to due diligence, but essentially creates an option to 

acquire the target. We show that a bid may reveal part of this information to potential rival 
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bidders, and that the information revealed depends critically on the heterogeneity between 

bidders (correlation). 

Heterogeneity as a result of the specific match between the target’s and the acquirer’s 

resources creates the ability of a buyer to avoid bidding away all the value creation through 

high takeover prices (Chatterjee (1986,1992); Barney (1988)). The target will have different 

values for heterogeneous buyers. Capron and Pistre (2002), for example, show that acquirers 

earn abnormal returns only when they can transfer their own unique resources to the target, 

which prevents the competitive bidding process from fully unfolding.iv Parenting advantage 

(Campbell, Goold, and Alexander (1995)), complementary resources (Harrison, Hitt, 

Hoskisson, and Ireland (2001)) and absorptive capacity (Zahra and George (2002)) might be 

considered as partly inimitable valuable resources and are therefore important factors in 

explaining the appropriation of value creation in acquisitions.  

In our model, we analyze the effect of heterogeneity on the information signaled to 

rivals by the opening bid, and we develop implications for the likelihood of bidding contests 

to occur.  

 

III. Option and Game Model 

In this section we develop our real option-game model in which players sequentially 

retrieve information on the target value and we determine the optimal Bayesian Nash 

equilibrium under an accommodating or deterrent bidding strategy. 

 

A. Assumptions of the Option-Game Model 

We assume a two-player setting of the bidding game. Contests with more than two 

bidders seldom occur.v In our model, Player A is the first to investigate the target value at 

time t = 0; at t = 1, Player A is informed about its target value and offers its initial takeover 
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bid. Player B observes this public bid and can infer some information on the target value for 

both itself and the rival, enabling him to better assess the expected acquisition price and real 

option value obtained by performing due diligence. Player B will only invest in due diligence 

if the option value to bid on the target exceeds the costs of due diligence, I.vi If Player B 

decides to invest in due diligence, the target becomes the subject of a bidding contest between 

informed players at t = 2. The winning bidder’s value appropriation is contingent on its 

rival’s value (= acquisition price). If Player B does not invest in due diligence, Player A 

acquires the target at its binding opening bid. 

We assume that common beliefs about expected target values, uncertainty around 

those values, and correlation between rivals’ target values are available to all participants in 

the game. The decisions are based on those common beliefs and observed players’ actions. 

We denote the present or expected value of the uncertain target value by ( ))2()0( 0 AA VEV =  

and ( ))2()0( 0 BB VEV =  for Players A and B respectively.vii The volatility or uncertainty can 

be different for both players and reflects the extent to which the actual value can deviate from 

the expected value; it is given by Aσ  and Bσ . The correlation between bidders’ target values 

is denoted by ρ. 

The information search period has been standardized to one.viii In the due diligence 

process small pieces of information on the acquisition value emerge, gradually reducing 

uncertainty, until at the end of the search the player knows its private actual target value, 

denoted by )2(*
AA VV =  and )2(*

BB VV =  for Players A and B, respectively. We assume a risk-

neutral world, in which the resolution of uncertainty about the actual target value during the 

process of information search is represented by the geometric Brownian motion in Eq. (1). ix 

 

BAifortdZtVtdV iiii ,    )()()( == σ  (1)



 7

 

The Brownian motions of the actual target values, )(tZ A  and )(tZ B
x, are correlated 

by a factor ρ , with 11 ≤≤− ρ . The correlation reflects the degree of uniqueness of the rival 

bidders’ resources and capabilities. When ρ  equals 0, the two prospective buyers do not 

share any resources or capabilities that contribute value in the acquisition. For increasing 

values of ρ  a larger proportion of value creation in the acquisition results from similar 

capabilities and resources, and competition would become more intense in a bidding contest. 

For instance, tax shields in management buyouts can be obtained by many investors and stem 

from similar resources, whereas improving operations requires idiosyncratic capabilities 

(Kaplan (1989)). For 1=ρ , competitors are identical in their value creation competences and 

a bidding contest would transfer all value creation to the present shareholders. In case of 

negative correlation, a resource of the target or acquirer that has greater value to one player 

than initially expected will likely have a lower value for the competitor. An example would 

be the case of an inefficient business unit of a target that is making huge losses. If one player 

cannot perform the required restructuring, while the rival bidder is an expert in transforming 

inefficient businesses into successful ones, this would result in negative correlation between 

the rival bidders’ value of this resource. 

Finally, we assume -similar to most tender offer literature (e.g., Bradley, Desai, and 

Kim (1988); Burkart (1995))- that managers of bidding firms seek to maximize their 

shareholders’ wealth, that there are no transaction costs in bidding, that offers cannot be 

withdrawn (binding bids) and that all takeover bids are public information. Furthermore, we 

assume that a player who does not know its actual target value will never enter a bidding 

contest solely on the basis of common knowledge.xi Any bid must exceed the seller’s 

reservation price, RES, which is the price at which current owners are willing to sell their 

stake in the target. It is assumed to be equal to the target’s stand-alone value, or to the 
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financial market value in the case of a listed firm. We do not consider free-rider problems, as 

did Grossman and Hart (1980), and assume that current owners are rather passive in the 

transaction. 

 

B. Option Value for Second Bidder 

At t = 1, Player A has conducted due diligence and has offered a bid, bA, thereby 

signaling its value to Player B who is contemplating investment in due diligence. The real 

option for Player B to bid on the target resembles the exchange option of Margrabe (1978), as 

the uncertain target value to Player A (= price) is exchanged for the uncertain target value to 

Player B, but it also incorporates the information offered by Player A’s initial bid, Ab . Player 

A’s bid provides a lower bound to Player A’s target value distribution, AV ′ , which is at least 

as large as the bid.xii Furthermore, correlation between the players’ target values determines 

the bid’s impact on Player B’s update of its target value and uncertainty. When firms are 

similar, a high bid indicates a high value for Player A and therefore a high value for Player B 

is more likely as well. At time 1 the value of Player B’s option to bid on the target is given by 

Eq. (2), where we take the truncation of the price distribution into account, or AA VV ′>* .xiii 

 

( ))|)0),2()2(max()1( AABQ VVVEC ′−=  (2)

 

To obtain a closed form solution for the option value of Eq. (2), we first examine the 

impact of the opening bid Ab  on Player B’s beliefs on the target’s value distribution for both 

players. At time 1 Player A has complete knowledge on its target value. Player B can infer 

some information on Player A’s value, as the lognormal distribution of the value at time 1 is 

now truncated by the lower bound AV ′ . The paths of the Brownian motion )(tZ A  that attain a 
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value at t = 2 below ( ) AAAA VEk σσ /))(ln()Vln( 2
2
1+−′=  are not feasible anymore. Hence, the 

expected target value of Player A conditional on its implied bid, )|)2((1 AA VVE ′ , is given by 

the truncated expectation in Eq. (3). 

 

( ) ( )kNkNVVVE AAAA −−=′ σ)0()|)2((1  (3)

 

Thus, Player A’s bid results in an upwards update of Player B’s beliefs about Player 

A’s expected target value. Moreover, when rivals’ target values are correlated, the bid reveals 

that certain due diligence outcomes on the value of the shared resources are not feasible. This 

affects Player B’s expected target value, as some values of )(tZ B are more likely to occur if 

the lower paths of )(tZ A  have not been attained. In case of positive correlation Player B’s 

expected target value will increase by a bid of Player A, while the update is downwards for 

negative correlation. Eq. (4) provides Player B’s updated expected target value after 

observing Player A’s bid. 

 

( ) ( )kNkNVVVE BBAB −−=′ ρσ)0()|)2((1  (4)

 

If BA ρσσ >  Player A’s bid has a larger impact on the expected value to Player A 

than to Player B. Player B’s shared resources are not sufficiently valuable to overcome the 

unique value creation that Player A might realize.  

Player B’s option value to bid on the target can now be expressed in terms conditional 

on the lower bound on Player A’s value revealed by its initial bid.xiv,xv 

 

)(/),,()|)1(()(/),,()|)1(()1( 2121121211 eNeeMVVEdNddMVVEC AAAB ρρ ′−′=  (5)
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The parametersxvi of the standard bivariate and univariate normal distribution functions M 

and N are given by 
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The variance of the ratio )1(/)1( AB VV  is given by BABAAB σρσσσσ 2222
/ −+= , while 

the correlation between the ratio )1(/)1( AB VV  and the variable )1(AV  is given by 

( ) ABAB /1 /σσρσρ −= .  

Let us consider some properties of this option. For a bid close to zero, or when no bid 

is offered, the option value collapses to the Margrabe simple exchange option given by 

)()0()()0( 11 eNVdNV AB − . For very low bids, the signal provided by Player A’s implied bid is 

weak and does not much alter Player B’s beliefs about its own or Player A’s expected target 

value. For higher bids, the influence on option value depends on uncertainty and correlation, 

which both affect the probability of a successful takeover and the updated value for the 

players. For very high bids ( ∞→′AVlim ) the option can take one of two values. If 

AB σρσ < , the option value converges to zero. A high bid increases the expected target value 

to Player A by far more than to Player B, and Player B will surely lose in a bidding contest. 

On the other hand, if B Aρσ σ> , a high bid indicates an even larger value for Player B than for 

Player A and Player B would certainly win a bidding contest. The option value will then 

become infinitely large. 
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C. Pre-emption or Accommodating Competition 

Player A must deliberate at time 1 whether to quote a high pre-emptive bid or a lower 

bid that allows the rival to enter a bidding contest. The gains from quoting a pre-emptive bid 

are known in advance, while the option value of an accommodating bid strategy depends on 

the unknown target value to Player B. For which level a bid acts pre-emptive depends on the 

value of the alternative of offering an accommodating bid, which we will consider first. 

After due diligence, Player A knows its own target value *)2( AA VV =  and can update 

its beliefs about Player B’s target value based on their common resources and capabilities. 

The value of this shared component in the Brownian motions )(tZ A  and )(tZ B  is thus known 

to Player A, who is informed about the realization of 

( ) AAAAA VEVlZ σσ /))(ln()ln()2( 2
2
1** +−== . Hence, Player A knows the probability 

distribution of Player B’s target value conditional on *)2( AA VV = , and the updated expected 

value equals 

 

)(/)()0()|)2(( *
1 llVVVE BBAB ϕρσϕ −=  (6)

 

where )(xϕ is the standard normal probability density function evaluated at x, where  -∞ < x 

< ∞. If Player A’s value is smaller than expected, VA(0), it is more likely that Player B’s 

value is also smaller than initially expected, VB(0), under positive correlation. The variance in 

the geometric Brownian motion that describes Player B’s possible values is therefore reduced 

as well and is given by 

 

)()()1()( |
2 tdZtVtdV ABBBB σρ−=  (7)
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The Brownian motion )(| tZ AB  is independent of )(tZ A . Player A will make a pre-

emptive bid only if the expected payoff from preventing Player B from participating in a 

bidding contest outweighs the higher purchase price. The value of quoting a low bid and 

facing competition from Player B is given by the option 

 

))0),),2(max((max()1( *
ABAQ bVVED −=  (8)

 

The minimum acquisition price equals the initial bid, Ab . A competitor will enter the 

bidding contest if its target value is higher than this opening bid. When Player A values the 

target higher than Player B, it acquires the target at a price )2(BV ; otherwise, Player B 

acquires the target and Player A’s payoff is zero. The present value of this option at t = 1 is 

given in closed form by 

 

( ) )()()()|)2(()(),1( 121
*

11
** fNbeNeNVVEdNVVD AABAA −−−=  (9)

 

where the parameters are given by 
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Player A’s option value under an accommodating bid strategy is decreasing in the 

level of the bid Ab . In a bidding contest, the likelihood of a successful acquisition depends 

only on Player B’s target value, which is not affected by a higher or lower bid. A higher bid 

only increases the average acquisition price, as the opportunity to acquire the target at the 

rival’s value, which may be lower than the bid, has been forestalled. In an accommodating 

bid strategy, Player A therefore has an incentive to offer an opening bid as low as possible 

and will hence offer a bid equal to the reservation price. 

Player B can obtain the option to bid by investing in due diligence at costs I . Player A 

can avoid a bidding contest when it has the opportunity to offer a pre-emptive bid that results 

in a Player B’s option value that is smaller than the information costs. Player A will follow a 

pre-emptive bid strategy if the pre-emptive bid is lower than the expected purchase price in a 

bidding contest. If Player A offers the pre-emptive bid, Player B infers that the value of pre-

emption exceeds the value of accommodation for the actual  target value of Player A. The 

lower bound on Player A’s target value distribution is therefore not given by the pre-emptive 

bid, Ab~ , itself, but by the implied pre-emptive bid, imp
Ab , at which the value of 

accommodation equals the value of pre-emption. At this implied pre-emptive bid, Player B’s 

option value to bid on the target equals the due diligence costs.  

 

{ }IbCbb AA
imp
A <= ),0(:inf  (10)

 

The pre-emptive bid itself is the difference between the implied pre-emptive bid and 

the value of the option to accommodate at a target value equal to this implied pre-emptive 

bid.  
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),1(~ imp
A

imp
AA bDbb −=  (11)

 

To summarize, Player A may choose a pre-emptive bid and receive the certain payoff, 

AA bV ~* − , or the option value under an accommodating bid strategy, ),1( *
AVD  dependent on its 

actual target value, *
AV . There are three equilibrium regions. If Player A’s target value is 

below the pre-emptive bid ( AA bV ~* < ), it accommodates. For target values between the pre-

emptive and the implied pre-emptive bid ( imp
AAA bVb << *~ ) accommodating is preferred as 

well, despite the fact that its value exceeds the pre-emptive bid. From a certain threshold, 

imp
AA bV >* , offering a pre-emptive bid yields a higher payoff than accommodating 

competition.  

The pre-emptive bid depends on the uncertainty of and correlation between bidders. If 

BA σσρ /1 <<− , a pre-emptive bid exists since Player B’s option value decreases in Player 

A’s bid and will thus become smaller than the information costs. If AB σρσ > , the option 

value increases in the initial bid and pre-emption is impossible, except in the special case 

where the reservation price is already deterrent. The pre-emptive bid decreases in due 

diligence costs, as the implied pre-emptive bid decreases more than the value of the option 

under an accommodating strategy. 

Finally, if Player A accommodates a double signal is provided to Player B: i) Player 

A’s target value is at least as large as the reservation price (= accommodating bid); and ii) an 

accommodating bid implies that Player A could not offer a high pre-emptive bid and Player 

A’s actual value is consequently lower than the threshold level imp
Ab . In the Appendix Eq. 

(A.17), this cap on Player A’s value is accounted for in Player B’s option. Player B’s option 

value increases due to the cap on Player A’s value.  

 



 15

IV. Results of the Model 

In this section we discuss the initial bidder’s decision between the alternative 

strategies -offering a high pre-emptive or a low accommodating bid- and examine Player A’s 

expected value appropriation. In our analysis, we focus on the impact of correlation and 

uncertainty about actual target value.   

 

A. Pre-emptive Bidding: Option Value for Player B 

Player B will invest in due diligence after observing Player A’s bid when its option 

value exceeds the information costs. Player A knows the parameter values of this option and 

can offer a pre-emptive bid to deter Player B from entering the bidding contest. 

Fig. 1 shows the influence of Player A’s implied bid (=lower bound on its value 

distribution) on Player B’s real option value to bid on the target under various parameter 

settings. As noted, in the special case where Player A has offered no bid or a bid equal to zero 

the option collapses to the Margrabe exchange option. In this case, Player B’s option value 

decreases in the level of correlation. In line with conventional wisdom, higher correlation 

decreases total uncertainty about the difference in values that both bidders assign to the target 

(ratio of value and price). In general, heterogeneity between bidders’ resources -measured in 

our context by correlation- leaves room for appropriation of value in competitive bidding. 

     [Insert Figure 1]  

However, when acknowledging the signaling effect of Player A’s implied bid on price 

and value for Player B, the option value of Player B becomes a non-linear function of the 

implied bid, and the impact of correlation on option value becomes more complex. At high 

correlation levels the implied bid has a limited impact on the option value: the likely 

acquisition price increases, but so does the expected target value. However, at low or even 
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negative levels of correlation the bid signals a low target value, and the non-linearity 

becomes more apparent. 

The comparative static analysis presented in Fig. 1 shows three types of curvatures, 

depending on the correlation: strictly increasing, strictly decreasing and initially increasing 

but later decreasing. First, when 0<ρ , the option value is strictly decreasing in the level of 

the implied bid. A higher bid reduces the expected value for Player B, while its beliefs about 

the acquisition price (i.e., the expectation of Player A’s value) increase. Second, when 

BA σσρ /0 <<  the option value is (often marginally) increasing for a low implied bidxvii and 

is decreasing for higher bids. In this case, the total uncertainty for Player A is higher than 

Player B’s uncertainty on the shared target resources. Consequently, a higher bid increases 

Player B’s conditional expected value (since 0>ρ ), but Player B’s belief of the acquisition 

price increases by an even larger amount (since AB σρσ < ; e.g., the curves in Panels D and F 

for 9.0=ρ  and in Panel C for 6.0=ρ ). Third, when AB σρσ >  the option value is strictly 

increasing in the level of the bid. When the uncertainty surrounding the shared resources 

faced by Player B is higher than the total uncertainty faced by Player A, a higher bid reveals 

information for Player B that increases its expected target value by more than the expected 

price. An example is shown in Panel C for the case 9.0=ρ . 

In the base case of Panel A, the target’s (unconditional) expected value for both 

players equals 100 and uncertainty around this expectation is 0.3 ( 3.0=iσ ). By offering an 

implied pre-emptive bid, PA, Player A can deter Player B from bidding because the 

information costs exceed Player B’s option value. Due to non-linearity the S-shaped option 

value functions for different correlation levels intersect. Whether higher correlation facilitates 

or hinders pre-emptive bidding therefore depends on the option value function vis-à-vis the 

level of information costs, I. When a low pre-emptive bid is sufficient (e.g., high costs) the 

effect on price exceeds the signal on value and higher correlation has a negative effect on the 
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option value and the pre-emptive bid. When a high pre-emptive bid is required (e.g., low 

costs) the effect on value dominates the effect on price and higher correlation has a positive 

effect on option value, driving the pre-emptive bid upward. 

Panel B shows that higher uncertainty for Player A ( 4.0=Aσ ) amplifies the S-shaped 

form of the option value function relative to the base case. Player B’s acquisition price is 

more uncertain than its target value. Similar to Margrabe’s exchange option, higher 

uncertainty about the acquisition price would increase option value, since it increases the 

volatility in the difference between players’ actual target values. Interestingly, the bid’s 

signaling effect on price is stronger than in the base case, while its effect on Player B’s value 

has not been altered, thereby reducing option value. When a low pre-emptive bid is sufficient, 

the increased price uncertainty dominates the larger acquisition price and the option value 

rises. In cases where Player A has to make a high pre-emptive bid, the increased price 

uncertainty is dominated by the larger acquisition price and option value decreases. For 

instance in the example of Panel B, the implied pre-emptive bid is lower as compared to the 

base case of Panel A (for 3.0=ρ , from PA to PB). 

Panel C shows the effect of higher uncertainty for Player B ( 4.0=Bσ ) on option 

value. In this situation target value is more uncertain than target price. Now, the bid conveys 

a more significant adjustment in Player B’s expected value. In generalxviii, the option value 

and the pre-emptive bid rise (for 3.0=ρ , from PA to PC). Pre-emptive bidding may even 

become impossible when AB σρσ > . 

Panel D shows the case of higher uncertainty for both players (to 4.0=iσ ) and thus 

combines the effects of the two previous panels. More uncertainty about resources and 

capabilities increases the attractiveness of conducting due diligence, as a greater potential is 

to be explored. With some exceptions, the option values in Panel D are shifted upward 

relative to Panel A, increasing the implied pre-emptive bid (for 3.0=ρ , from PA to PD). 
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Panels E and F show the influence of expected target value on option value. A higher 

expected value of Player A (Panel E) reduces the bid’s signaling function. In general, the 

option value and required pre-emptive bid will be lower (for 3.0=ρ , from PA to PE).xix 

Higher expected value to Player B (Panel F) increases its option value and the implied pre-

emptive bid (for 3.0=ρ , from PA to PF). 

 

B. Accommodation: Option Value for Player A in a Bidding Contest 

The value of accommodating competition depends on Player A’s actual target value 

and its update on Player B’s expected target value (= expected acquisition price). Player A 

will accommodate when this strategy is more valuable than pre-emption. Accommodating 

competition may result in a lower acquisition price and hence larger value appropriation, but 

Player A faces the risk of paying more or even losing the contest. 

Fig. 2 shows Player A’s real option value as a function of its actual target value when 

competition is accommodated. In the numerical example we set the reservation price equal to 

80. If Player A’s actual value, *
AV , equals the reservation price, the option value is zero, and 

the option value increases for higher actual target. The shared resources (correlation between 

the players’ target values) are an important factor for the shape of the function. The impact of 

correlation depends on the initially expected value for Player A and the actual target value 

which is private information of Player A. When Player A’s actual value is lower than initially 

expected (100 in our example) and correlation is positive, Player B’s value -and hence the 

acquisition price for Player A- is likely to be smaller. When actual target value is higher than 

initially expected, the effect of correlation on the acquisition price update is opposite. Player 

A’s option value therefore increases in the correlation level at low actual values due to lower 

acquisition prices, while it decreases in correlation for large actual target values due to higher 

acquisition prices (as can be best viewed in Panels C and E of Fig. 2).xx 
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     [Insert Figure 2] 

Panel B shows the option value when the uncertainty faced by Player A is higher than 

for Player B.xxi Player A’s negative or positive update on the expected acquisition price is 

smaller. As can be observed from Panel A and B differences in option values due to 

correlation are therefore smaller under higher uncertainty to Player A.  

Panel C depicts the case where uncertainty on Player B’s value (or the acquisition 

price) is higher. As usual, higher price uncertainty increases option value, but it has also an 

effect on the updated expected acquisition price. Player A’s update will be larger, which may 

reinforce or offset the option value increase due to the larger uncertainty. When the actual 

target value is lower than expected, the downwards update on the acquisition price will be 

larger under positive correlation, raising option value. When the actual target value is higher 

than expected, the option value will decrease under positive correlation, partially or totally 

offsetting the increase due to larger uncertainty. An extreme example is given by the option 

value curve for 9.0=ρ , where the option value converges to zero for large actual target 

values. The effect of higher uncertainty to Player B on its option value are opposite for 

negative correlation. 

In Panel D uncertainty to both players is increased and the results of previous two 

cases might reinforce or offset each other. In Panel E a larger expected value to Player A 

increases option value for positive correlation and reduces it for negative correlation. A 

higher expected value to Player B (Panel F) reduces the option value in any case. 

 

C. Deliberation of Player A: Pre-emption or Accommodation 

At t = 1 Player A deliberates between making a pre-emptive bid or a lower bid that 

allows the rival to participate in a bidding contest. The gains from a pre-emptive bid are 

certain, AA bV ~* − . The value of allowing the competitor to enter the contest equals )1(D  from 
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Eq. (9). For low target values, AA bV ~* < , Player A finds it optimal to place a low bid and 

accommodate competition, which is represented by the smooth line in Fig. 3. For values 

imp
AAA bVb << *~  Player A makes a profit when offering the pre-emptive bid, but the value of 

accommodation is higher, as can be observed in Fig. 3. he value of offering the pre-emptive 

bid, AA bV ~* −  (represented by the thin dotted line), is less than the value of accommodating 

competition. The level of the pre-emptive bid Ab~  is given by the value where the diagonal 

dotted line crosses the X-axis. The pre-emptive bid is offered for imp
AA bV >* , when pre-

emption yields a higher return than accommodation. The implied pre-emptive bid is 

represented by the vertical dotted line. 

   [Insert Figure 3] 

Panel A, the base case, shows for each actual target value the expected value 

appropriation for Player A. Due to non-linearities in option value for Player B, a correlation 

level exists above which the pre-emptive bid no longer increases but instead decreases in 

correlation.xxii The pre-emptive bid shifts right in correlation, but from a certain threshold 

level it shifts left again, as can be best viewed in Panel B. This can be explained if we revisit 

Fig. 1. When the option value intersects the cost line, the pre-emptive bid can fall in the low 

cost region (correlation increases the pre-emptive bid) or high cost region (correlation 

decreases the pre-emptive bid). When correlation is very high and the opening bid is equal to 

the reservation price, Player B’s option to bid on the target may be less valuable than the due 

diligence costs. Player A can then appropriate all value creation and no bid premium is 

offered (e.g., the curve 9.0=ρ  in Panels A, B and E).  

When competition is accommodated, the results from Section IV.B Player A’s option 

value apply. For high actual target values the option value to accommodate competition 

decreases in correlation (see Fig. 2). This reinforces the effect of larger correlation on 
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offering a pre-emptive bid for high target values: not only the pre-emptive bid decreases but 

also the alternative of accommodation is less valuable.  

In Panel B (higher uncertainty for Player A) we observe lower pre-emptive bids. As 

the pre-emption lines shift to the left, the first bidder appropriates a higher proportion of 

value. The high or low cost regions are a function of information cost vis-à-vis option value. 

Increased uncertainty to Player A shifts the minimum of the U-shaped value appropriation 

function to a lower correlation level.xxiii  

Panel C of Fig. 1 shows that it is more difficult to deter competition under higher 

uncertainty for Player B. As Player B’s option value increases, the pre-emptive bid shifts to 

the right. As can be confirmed from Section IV.B, the value of the accommodation option is 

higher for low target values and it might even exceed the value of pre-emption in the base 

case.  

Panel D again unites the previous both cases. The value of Player B’s option to bid on 

the target increases in uncertainty, raising the pre-emptive bid. A higher uncertainty to both 

players also results in a higher value of the accommodation option. For high actual target 

values, the value appropriation will be less than in the base case where pre-emption occurs. 

However, for smaller actual target values, the value of the option to accommodate 

competition will be more valuable than in the base case where a pre-emptive bid is offered or 

competition is accommodated. The increased uncertainty to both players shifts the minimum 

of the U-shaped value appropriation function to a higher correlation. 

A higher expected value to Player A (Panel E) facilitates offering a pre-emptive bid 

and raises the value of the option to accommodate competition under positive correlation, so 

value appropriation will be larger. A larger expected target value to Player B (Panel F) 

reduces Player A’s expected value appropriation. The pre-emptive bid will be higher, and the 

option to accommodate competition becomes less valuable. 
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To summarize, the value appropriation by the initial bidder decreases with a higher rival 

option value to bid on the target or lower information costs, resulting in higher pre-emptive 

bids, or with a lower value of accommodating competition. For high target values, value 

appropriation takes a U-shaped function in correlation. It initially decreases until correlation 

reaches a certain level; from that level on, value appropriation rises with correlation.  

 

V. Discussion of the Model Results and Model Extensions 

The value of a target depends on its resources and the related and complementary 

resources of the potential acquirer. Potential acquirers differ in their resource base and part of 

the value created in the acquisition is unique. The uncertainty around the expected value and 

the correlation between potential bidders are determined by the match between the resources 

of the target and potential acquirers. The degree of correlation and (asymmetric) uncertainty 

depends on the proportion of shared and unique resources of acquirers. When the initial 

bidder controls more unique, potentially valuable resources (rather than shared resources) its 

expected target value is likely to be higher and correlation lower. Part of the value creation in 

the acquisition cannot be replicated by rivals. In many cases unique resources increase 

uncertainty about target value (e.g., the acquirer possesses a unique technology with an 

uncertain match with the target). It is hard for outsiders to make inferences on the value of 

these unique resources in relation to the target. Likewise, the holder of unique resources has a 

more complicated task to assess the use and value of its unique resources within the target. Of 

course, there are situations in which the addition of unique resources to a player’s bundle of 

resources may reduce the uncertainty about its target value. For instance, a high quality 

(unique) distribution channel that can be used for the target’s products may decrease 

uncertainty. 
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From finance and strategy literature, it is known that firms need unique, idiosyncratic 

skills to generate abnormal returns in acquisitions, since for common resources competition 

drives up the takeover price and, as a consequence, value appropriation is low or non-

existent. Imperfect and costly information might change this result. In order to compete for 

the target, a rival must incur due diligence costs that it expects to recover. The initial bidder, 

who is informed about its target value, therefore has a strategic competitive advantage, as it 

can affect the rival’s beliefs about expected gains from the acquisition. A key feature of our 

model lies in the opening bid, which contains a signal on both the initial bidder’s and the 

rival’s target value. The ability of the first bidder to influence the later entrant’s behavior by 

setting the appropriate opening bid depends on the degree of relatedness between bidders and 

the bidders’ uncertainty.  

The extent to which value-creating capabilities in the acquisition are shared or, on the 

contrary unique, has a sophisticated effect on value appropriation. When the first bidder 

offers the opening bid, the second bidder updates its own expected value of the acquisition in 

a potential bidding contest. The impact of this update depends on correlation between the 

bidders. On one hand, the rival’s expected target value increases in the level of correlation 

and on the other hand, the acquisition price in the contest will also be closer to its target 

value. A certain tradeoff in both effects exists, in which bidding contests are most likely 

when there is an intermediate level of correlation. For low correlation, the opening bid 

reveals only a high acquisition price, not a higher target value to the rival. High correlation 

implies that both players’ target values are closer to each other and that value creation will be 

bid away in a contest. For intermediate correlation, the opening bid provides an upwards 

update on target value, while leaving room for favorable due diligence outcome on the 

acquisition price and for value appropriation. 
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Larger asymmetries in uncertainty between players can strengthen or weaken the 

signal of the opening bid. Increased asymmetric uncertainty can therefore offset the increase 

in option value as caused in general by higher uncertainty. When a player’s target value is 

surrounded by larger uncertainty, this player has more power in the first stage of the bidding 

game in which players decide on investing in due diligence. 

Our model provides a number of interesting new implications. The likelihood of 

bidding contests to occur depends on correlation. A bidding contest between players 

operating in different industries is not very likely as correlation is low. Similarly, we do not 

expect bidding contests between rivals who possess different experience/skills, when one 

bidder is a strategic buyer and the other a financial investor, or when one bidder is aiming for 

a vertical acquisition while the other is pursuing a horizontal acquisition. Likewise, a bidding 

contest is not likely to take place between similar firms within an industry, as the due 

diligence costs are too high as compared with the potential gains. The highest probability of a 

bidding contest occurs when rivals are characterized by intermediate correlation (e.g., 

financial bidders who pursue different strategies for the target, strategic bidders in the same 

sector that differ in their resource base, a high cost-high quality vs. low cost player). Thus, we 

expect bidding contests to unfold when the target is under scrutiny of several players that 

differ in some aspects but are not completely different. 

The likelihood of bidding contests depends also on the uncertainty both players face. 

When the second bidder is more uncertain about its target value, the option to perform due 

diligence is more valuable, lowering value appropriation for the initial bidder. On the other 

hand, if the second bidder has higher uncertainty about the acquisition price (=initial bidder’s 

target value) and observes a high opening bid as well, he is less induced to retrieve 

information, resulting in higher value appropriation for the initial bidder. We expect that a 

bidding contest is less likely to unfold and that the initial bidder captures the highest amount 
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of value appropriation when the initial bidder is a young firmxxiv or operates in a different 

sector than the target (high uncertainty about its target value). Bidding contests are also less 

likely when potential rival bidders are larger, mature firms (low uncertainty due to experience 

in matching resources) or when information costs are high (e.g., the target is a complex firm 

to value). 

A typical young firm is less likely to experience a rival bidder but is more likely to 

join a bidding contest as a second player, as the first bidder’s offer triggers his interest. As a 

consequence, outsiders are the main opponents within bidding contests. An outsider, more 

uncertain about its value and to a lesser extent correlated with the first bidder, may show up 

in the takeover battle. Within bidding contests, we expect that initial bidders will be those 

with high expected value and considerable uncertainty, while we expect rival bidders also to 

be faced with high uncertainty and to be related to some extent with the first (not too little, 

but neither too much). 

The timing of the rival bidder’s decision to invest in due diligence is exogenous in our 

model. However, our results do not change when we consider endogenous timing, because 

firms are inclined to invest sequentially in order to optimally use the revelation of 

information. To show this, consider the possible timing game presented in a matrix in Fig. 4. 

(i, ii) When firms invest sequentially the value of the first entrant is given by Fi, and the value 

of the second to enter the bidding contest by Si. (iii) When both players decide to invest 

simultaneously in due diligence, there is no information revelation and the payoff is given by 

the value of the Margrabe exchange option Ni minus the due diligence costs. (iv) When both 

rivals defer, the game is repeated in the next period (Di). 

  [Insert Figure 4] 

Simultaneous investment in due diligence (NA, NB) is not a Nash equilibrium. In order 

to benefit from the information revealed by a bid it is always preferred that the rivals invest 
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sequentially and thereby potentially avoid unnecessary due diligence investment of the 

second player in the game (Si > Ni). Dependent on the actual payoffs, the three other cells 

constitute an equilibrium. Firms will invest sequentially when Fi > Di.. A coordination 

problem arises in a symmetrical game when there are two equilibria, in which one player 

invests and the other player waits. However, asymmetry in the payoffs might facilitate 

solving the coordination game by finding a unique Nash equilibrium or at least a focal point. 

Note that due to the opportunity to offer a pre-emptive bid Fi is larger than Ni. 

The value of waiting, Di, depends on additional uncertainty besides the incomplete 

information in our model. The actual target value may change as developments in the 

economy or business environment create new opportunities for the employment of the 

combined target’s and acquirer’s resources. Over time not only the target’s reservation price, 

and potential rival bidders’ expected value, but also uncertainty itself and correlation may 

evolve. When the game is repeated in the next period the firms may defer until a sequential 

revelation equilibrium results. Endogenous timing will therefore result in sequential 

investment and will not affect the main results of our model. 

 

VI. Conclusions 

In this paper we use a real options-game model that examines the bidding process, the 

likelihood of a bidding contest and the expected value appropriation for the acquirer. We 

focus on the role of information asymmetry and on heterogeneity in the rival bidders’ 

resource base. A firm’s capabilities and resources, combined with those of the target, 

determine its expected target value, uncertainty around it, and the correlation with rivals’ 

target values. In our model, an uninformed bidder may acquire the option to bid on the target 

by performing due diligence. A potentially interested buyer will only become an informed 

bidder when its option value exceeds the due diligence costs. The initial bidder can affect the 
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rival’s option value since the opening bid provides a signal on its own and on the rival’s 

target value. The first bidder may therefore choose a strategy to bid high and pre-empt rivals, 

or to bid low and accommodate competition, when pre-emption is too costly. 

By considering a bidding contest as a sequential option game within a resource-based 

perspective of bidders, our model introduces the roles of uncertainty and correlation for the 

likelihood of a bidding contest and value appropriation. The extent to which value-creating 

capabilities in the takeover are shared between rival bidders (correlation) has a U-shaped 

effect on value appropriation. Very high levels and very low levels of correlation lead to a 

rise in value appropriation due to pre-emption, under imperfect information. At intermediate 

levels of correlation a bidding contest may occur and value appropriation is lower. The 

magnitude and sign of the bidding signal further depends on the uncertainty both players 

face. 

Our model could be further expanded by including bidding costs, examining the 

endogenous timing of making a bid and determining endogenously which player offers the 

opening bid. Under uncertainty, rivals may defer investment until major macroeconomic 

uncertainties are resolved. 
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Appendix 

A. Derivation of Player B’s option to bid 

Before any due diligence Players A and B share common beliefs on the target value 

for each of them, both given by a lognormal distribution or the solution of a geometric 

Brownian motion from Eq. (1) at t = 1. 

 

( )iiiii ZVEV σσ +−= 2
2
1exp)(   for i= A or B (A.1)

 

We assume that the drift is absent, or the discount rate is equal to zero. The normally 

distributed variables AZ  and BZ  are correlated by a factor ρ . 

After due diligence, Player A offers a bid Ab  and truncates the distribution on its 

target value by the value AV ′  (with AV ′ > Ab ), which is implied by this bid as we will show 

later. AZ  cannot take values below ( ) AAAA VEVk σσ /))(ln()ln( 2
2
1+−′= . The expected value 

is now given by 
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where f(x) is the probability density function of the normal distribution and 

)(/)( kNxf −  gives the pdf. of the truncated distribution. The updated expected value of 

Player B’s target value also depends on the truncation of AZ by k: 
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where g(x,y) is the pdf. of the bivariate normal distribution. 

The value of the option under the risk neutral measure Q conditional on the implied 

bid AV ′  is given by 

 

( )AABQ VVVEC ′−= |)0),1()2(max()1(  (A.4)

 

We can rewrite this to 

 

( )VVVEC
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which in turn can be rewritten by changing the numeraire:4 

 

( ) ( )AAABVAAAABVB VVVVQVVVVVQVC
AB

′>>×−′>>×= )2(|)2()2()1()2(|)2()2()1()1( (A.6)

 

The conditional probabilities can be calculated by adjusting the drift of the geometric 

Brownian motions describing )(tVA  and )(tVB in accordance to the right probability measure 

AVQ  or 
BVQ . The solution is given by Eq. (5) or 

 

)(/),,()|)1(()(/),,()|)1(( 2121121211 eNeeMVVEdNddMVVE AAAB ρρ ′−′  (A.7)

 

where the parameters of the standard bivariate and univariate normal distribution function M 

and N are given by 

 

                                                 
4 See Geman, El Karoui, and Rochet (1995). 
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The variance of the ratio )1(/)1( AB VV  is given by BABAAB σρσσσσ 2222
/ −+= , while the 

correlation between the ratio )1(/)1( AB VV  and the variable )1(AV  is given by
AB
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/
1 σ
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= . 

 

B. Derivation of Player A’s option under an accommodating strategy 

After due diligence, Player A knows the realization of 

( ) AAAAA VEVlZ σσ /))(ln()ln()2( 2
2
1** +−==  and can therefore infer a more precise expected 

value of Player B’s target value, which is given by the conditional expectation 
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Also, the conditional uncertainty on the value )2(BV  is smaller and the standard deviation is 

given by Bσρ )1( 2− . The value of the option is now 
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This can be rewritten by changing the numeraire as 
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By changing the drift under the right probability measure we arrive at 
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where the parameters are given by 
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The option value decreases in the level of the opening bid bA. For a higher opening bid, the 

expected acquisition price increases, while the probability of a successful acquisition is not 

altered. To maximize the value of the bidding contest, Player A will therefore offer a bid as 

low as possible, i.e. equal to the RES.  

 

C. Derivation of Player B’s option to bid when Player A accommodates 

When Player A does not offer a pre-emptive bid, it signals to Player B that its value is 

lower than the threshold, imp
Ab , above which pre-emption is preferred. In addition to the 

minimal price (value for Player A) truncating the value distribution from below, the 

distribution is now also truncated from above, enabling a more accurate valuation of the 
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option to bid on the target. The normally distributed variable, AZ , cannot take values below 
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case, the conditional expected value is given by: 
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The conditional expected value for player B is given by 
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The value of the option for Player B conditional on the bid RES  and the pre-emption 

threshold imp
Ab is given by 
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We can rewrite this to: 
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which in turn can be rewritten by changing the numeraire: 
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The conditional probabilities can be calculated by adjusting the drift of the geometric 

Brownian motions describing )(tVA  and )(tVB in accordance to the right probability measure 

AVQ  or 
BVQ . The solution is given by  
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where the parameters of the standard, bivariate and univariate normal distribution function M 

and N are given by 
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D. Proof that Player B’s option value increases in value when acknowledging that 

Player A accommodates  

The option value E(1) can be written as a function of C(1|bA) with an offer bA equal to 

the reservation price, RES, or the threshold, imp
Ab : 

 

( ) ( )
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)|1()(1()|1()(1)1(
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imp
A

−
−−−
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The value of the option E(1) can only become lower than C(1|RES) when C(1| imp
Ab ) is higher 

than C(1|RES). This cannot happen, as the value of the option C(1|RES) is always larger than 

I, otherwise the RES acts as the pre-emptive bid and C(1|RES)=C(1| imp
Ab )<I. Hence E(1) > 

C(1|RES). When AB σρσ >  Player B’s option value strictly increases in Player A’s bid, but 

then a pre-emptive bid cannot be made and imp
Ab  does not exist. When the reservation price is 

already deterrent, E(1) equals zero. 

 

E. Proof of the existence of a Bayesian-Nash equilibrium 

We assume that Player A has invested in due diligence and is informed about its 

actual target value, *
AV  > RES. This player can offer any bid bA higher than or equal to the 

reservation price, RES. In a possible bid contest it will raise its bid until its target value has 

been reached. Player B can decide to invest an amount I in due diligence, observes then its 

actual target value *
BV  and joins the bidding contest if *

BV  is higher than the opening bid of 

Player A. If Player B decides not to invest, it will not be informed and cannot enter the 

bidding contest. 
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There are multiple equilibria. They are of the form that Player A offers a high bid, Ab′ , 

when its valuation exceeds a certain threshold, AV ′ , and offers the reservation price in the 

other case. The high pre-emptive bid is given by ),1( AAA VDVb ′−′=′ . Player B will invest in 

due diligence when Player A’s opening bid equals the reservation price and will enter the 

bidding contest if its actual target value exceeds the reservation price. Player B does not 

invest in due diligence when it observes the high pre-emptive bid. 

Player B is deterred by the bid Ab′  since Player A will only offer this bid when its 

valuation exceeds the threshold AV ′ . At any actual target value higher than this threshold, 

Player B’s option value is lower than its cost. The minimal value of this threshold AV ′  to be 

deterrent is given by imp
Ab , which is defined by the following condition: 
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The accompanying pre-emptive bid is given by )~,1(~~
AAA VDVb −= . For any value imp

AA bV >* , 

Player B is deterred by the pre-emptive bid, as  0)(),1( * <
∂

∂
A

A

A V
b

bC holds for all imp
AA bV >* . 

When, on the other hand, the second part of the condition in (A.19) does not hold, the 

knowledge that AA VV ′>*  could invite Player B to enter the bidding contest rather than deter 

him. In this case a maximum level of the threshold exists and is given by the conditions: 
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The optimal Bayesian-Nash equilibrium is given by the following set of strategies. 
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Player A’s strategy: offer an accommodating bid, RES, when the actual target value, *
AV , is 

less than the threshold imp
Ab  and offer a pre-emptive bid, Ab~ , when the actual target value, *

AV , 

exceeds the threshold, imp
Ab . 

Player B’s strategy: when observing an accommodating bid, RES, invest in due diligence and 

join a bidding contest and when observing a pre-emptive bid, Ab~ , do not invest in due 

diligence and do not join a bidding contest. 

 

Proof 

Suppose that imp
AA bV >*  and Player A still offers an accommodating bid. Player B will then 

enter the bidding contest and Player A’s payoff is the lower option value D(1), instead of the 

higher pre-emption value, AA bV ~* − . Pre-emption would be preferred. Suppose that imp
AA bV <*  

and Player A offers the pre-emptive bid. Player B will not enter the bidding contest and 

Player A’s payoff will be AA bV ~* − , while the value of accommodating D(1) is higher. As a 

consequence, Player A’s strategy is optimal. 

Suppose that Player B does not invest in due diligence and observes an 

accommodating bid. Its payoff will be zero, while if it would have entered, it would receive 

the positive amount of E(1) – I. Investing in due diligence is preferred. Suppose that Player B 

does invest in due diligence and observes a pre-emptive bid.  Its payoff will be the negative 

amount of IbC A −)~|1( , while not investing would have yielded a payoff of zero. As a 

consequence, Player B’s strategy is optimal. Note that in case of positive correlation 

)1(~* DbV AA >−  for all imp
AA bV >*  and that )1(~* DbV AA <−  for all imp

AA bV <* . 

This forms the optimal set of strategies, as the payoff to the first player is maximized 

by choosing the pre-emptive bid Ab~  and threshold imp
Ab . By choosing a higher threshold AV ′  

the value of either entering a bid contest or pre-emption is reduced for any actual target value 
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imp
AA bV >* . If Player A would still choose to pre-empt, its payoff is reduced, as the pre-

emptive bid has increased. If Player A does not pre-empt anymore, but accommodates, its 

payoff is reduced as well. The value of accommodation is less than the value of pre-emption 

with the lowest pre-emptive bid Ab~ , as 1)()1(
* <

∂
∂ imp

A
A

b
V

D . This condition might not hold in case 

of negative correlation and high implied pre-emptive bids. We will address this issue in the 

next subsection of this appendix.  

Summarizing, Player A will not offer a bid other than RES or the pre-emptive bid Ab~ . 

A bid higher than Ab~  would yield a lower payoff for Player A. Player B will still not join the 

bidding contest, and Player A has only raised its acquisition price. A bid between RES and Ab~  

would also yield a lower payoff. Player B will enter the bidding contest and only the expected 

price is raised, but the probability of a successful takeover is not altered. Finally, a bid lower 

than RES is not feasible, as the present owners will only sell at a bid of at least size RES. We 

refer to Fishman (1988) for an in-depth analysis of the equilibrium concept. 

 

F. Additional remarks for the case with negative correlation 

In the case of negative correlation, Player A’s value of the option to accommodate can 

become so large at high actual target values that it exceeds the payoff of the pre-emptive bid. 

The likely outcome of Player B’s due diligence is a target value smaller than the reservation 

price, as the players are negatively correlated. Hence, for low and high actual target values an 

accommodating bid is offered, while for intermediate actual target values the pre-emptive bid 

is offered. The pre-emptive bid, Ab~ , and the high threshold above which accomodation is 

preferred again, AV~ , are given by 
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{ }IbEbb AAA <= ),0(:inf~ , { }AAAA bVDVV ~)1(:inf~ −>=  (A.21)

 

When Player A has offered the accommodating bid, Player B knows that Player A’s 

actual target value is between the reservation price RES and the threshold imp
Ab  or above the 

higher threshold AV~ . Player B’s option value can now be written as 

 

( ) ( ) ( )
)(1)()(

)~|1()(1()|1()(1()|1()(1)1(
312

321

kNkNkN
VCkNbCkNRESCkNE A

imp
A

−+−
−+−−−=  (A.22)

 

The probability that Player A’s value is above the threshold AV~  and offers the 

accommodating bid is given by N(k3), where ( ) AAAA VEVk σσ /))(ln()~ln( 2
2
1

3 +−= . As the 

option value of Player B C(1|bA) is strictly decreasing in the bid bA when correlation is 

negative, it is clear that C(1|RES) > C(1| imp
Ab ) > C(1| AV~ ) and therefore E(1) is always larger 

than C(1|RES). Player B will therefore always invest in due diligence when Player A offers 

an accommodating bid. The following set of strategies forms a Bayesian-Nash equilibrium in 

case of negative correlation. 

Player A’s strategy: offer an accommodating bid, RES, when the actual target value, *
AV , is 

less than the threshold Ab~  or above the threshold AV~ and offer a pre-emptive bid, Ab~ , when 

the actual target value, *
AV , lies between  the thresholds imp

Ab  and AV~ . 

Player B’s strategy: when observing an accommodating bid, RES, invest in due diligence and 

join a bidding contest and when observing a pre-emptive bid, Ab~ , do not invest in due 

diligence and do not join a bidding contest. The proof is analogous to the case of positive 

correlation. 
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It could occur that A
imp
A Vb ~≥  and the pre-emptive bid will never be offered. This is the case 

when 1)()1(
* >

∂
∂ imp

A
A

b
V

D . 
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Footnotes
                                                 
i Bernardo and Chowdry (2002) also link a firm’s resources to its real options. A firm will make specialized or 

general investments, depending on what it expects to learn about its resources. 

ii The target is then acquired at the second highest player's value. For an excellent overview of auction theory see 

Krishna (2002). 

iii There are several alternative explanations with respect to how value creation is distributed between target and 

acquirer. Market power, hubris, overpayment, and other factors play a role (Chatterjee (1992); Seth, Song, and 

Pettit (2000); Capron, Mitchell, and Swaminathan (2001)). Moreover, agency-related and free-rider problems are 

important variables as well (e.g., Grossman and Hart (1980); Bagnoli and Lipman (1988); Stulz (1988); Lang, 

Stulz, and Walkling (1991); Slusky and Caves (1991); Jennings and Mazzeo (1993); Song and Walkling (1993); 

Burkart (1995); Hartzell, Ofek, and Yermack (2004)) but our model does not consider these problems. For a 

more comprehensive discussion on value appropriation in acquisitions, we refer to Bruner (2002), Capron and 

Pistre (2002) and King, Dalton, Daily, and Covin (2004). 

iv Distinctive competences provide an isolating mechanism and allow acquirers to capture the value creation 

brought about by these unique resources (e.g., Chatterjee (1986), Singh and Montgomery (1987); Barney (1988); 

Bradley, Desai, and Kim (1988); Jarrell and Poulsen (1989); Nathan and O’Keefe (1989); Slusky and Caves 

(1991)). 

v For instance, in the study of Bradley, Desai, and Kim (1988) 65 out of 73 multiple bidder contests involved 

only two bidders. 

vi In a takeover, a potential acquirer has to invest resources in searching for an appropriate target, evaluating 

potential sources of value and preparing the actual bid. These costs include fees to counsel and to investment 

banks, management time and the cost of obtaining the required amount of financing. Initial investigation of and 

identification of valuable targets may be a very costly activity (e.g., Chowdry and Nanda (1993); Burkart 

(1995)).  

vii In a risk neutral world, the present value equals the expected value, if the discount rate is zero. For simplicity, 

we do not apply a risk-free time discount, as the entire acquisition game takes place within a short time horizon. 

Introducing a discount rate would not alter the model’s results. 
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viii Takeover contests can last weeks or even months. Bradley, Desai, and Kim (1988) report that for their sample 

of multiple-bidder contests the ultimately successful offer was made on average more than six weeks after the 

initial offer. 

ix Alternatively, we could have assumed that the actual target values are lognormally distributed at t = 2, but the 

Brownian motion describes precisely the due diligence process. 

x The notion of time in the Brownian motions ZA(t) and ZB(t) relates to the information that is released at a certain 

stage in the due diligence process (between begin t = 0 and end t = 1) and should not be confused with the 

decision at discrete time in the overall model, where Player A first investigates between time 0 and 1 and Player 

B investigates between time 1 and 2. If viewed in this way, the Brownian motions should be defined as ZA(t) and 

ZB(t-1). 

xi Barney (1986) and Fishman (1988) make this assumption as well: without being informed, acquirers can create 

value only when they are lucky. 

xii As we will discuss later, Player A’s bid signals that its actual target value is strictly higher than the bid and at 

least equal to the implied bid, AV ′ . 

xiii In Eq. (2) the option value is updated for the information on the minimal acquisition price revealed by bA. In 

the Appendix Eq. (A.17) we present the option value for Player B when there is also information in the type of 

bid (pre-emptive or accommodating). 

xiv The derivation of Eq. (5) and Eq. (9) can be found in the Appendix. 

xv In Section III.C and in Eq. (A.17) of the Appendix we present a solution that updates this option value for both 

the minimal value for Player A and the signal given by whether it follows an accommodating or pre-emptive 

strategy. 

xvi Note that kd B −= ρσ2 and ke A −= σ2 , which enables us to further simplify Eq. (5). 

xvii The maximum is, however, often located close to a bid of zero and the curve seems to be strictly decreasing. 

xviii Only in the special case of negative correlation a decline in Player B’s value might offset the increase in 

volatility. 

xix For negative correlation option value might decrease as compared to the base case, since the bid’s adverse 

effect on Player B’s expected value is smaller. 

xx In the case of negative correlation, the option value converges for higher target values to the maximum value 

appropriation, RESVA −*  (or a 45 degree line), as it is becoming less and less likely that Player B’s value would 
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exceed the reservation price. For positive correlation the value of the option is always less than this 45 degree 

line, as the acquisition price is likely higher than the reservation price. 

xxi In the simple case (not depicted) when no correlation is present, ρ = 0, the higher uncertainty has no influence 

on the price and the same option value would result. 

xxii The value appropriation for actual target values where a pre-emptive bid is chosen is minimal for this 

correlation level. In Panel A a correlation of 0.63 would minimize value appropriation for large actual target 

values. 

xxiii The minimal value appropriation under pre-emption is now attained at a correlation of 0.41 instead of 0.63 in 

the base case. Panel B shows that the pre-emptive bid for a correlation level of ρ = 0.6 is lower than for ρ = 0.3 

and value appropriation is accordingly higher.  

xxiv Bernardo and Chowdhry (2002) suggest, for example, that younger and smaller firms still have a lot to learn 

about (the value of) their resources and therefore face higher uncertainty than more mature and larger firms. 
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Figure 1. Second bidder’s (Player B) option value to enter a bidding contest after observing the first bidder’s 

offer (Player A) at time 1. 

Panel A. Base Case      Panel B. Larger Uncertainty to Player A: 
        Option value increases and decreases compared to base case 

 
 
Panel C. Larger Uncertainty to Player B:    Panel D. Larger Uncertainty to Both Players: 
Option value increases compared to base case   Option value increases compared to base case 
 

 
 
Panel E. Larger Expected Value for Player A:   Panel F. Larger Expected Value for Player B: 
Option value decreases compared to base case   Option value increases compared to base case 
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Figure 2. First bidder’s (Player A) option value to accommodate competition at time 1. 
 
Panel A. Base Case      Panel B. Larger Uncertainty to Player A: 

Option value increases and decreases compared to base case 

 
 
Panel C. Larger Uncertainty to Player B:    Panel D. Larger Uncertainty to Both Players: 
Option values increases and decreases compared to base case Option value increases or decreases compared to base case 
 

 
 
 
Panel E. Larger Expected Value to Player A:   Panel F. Larger Expected Value to Player B: 
Option value increases and decreases compared to base case Option value decreases compared to base case 
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Figure 3. First bidder’s (Player A) expected value appropriation of a bidding contest with opportunity to 

pre-empt or accommodate rival bidder (Player B) at time 1. 

 
Panel A. Base Case      Panel B. Larger Uncertainty to Player A: 
        Value appropriation increases compared to base case 

 
 
Panel C. Larger Uncertainty to Player B:    Panel D. Larger Uncertainty to Both Players: 
Value appropriation increases and decreases compared  Value appropriation increases and decreases compared 
to base case       to base case 

 
 
Panel E. Larger Expected Value to Player A:   Panel F. Larger Expected Value to Player B: 
Value appropriation increases compared to base case  Value appropriation decreases compared to base case 
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Figure 4. Timing of the due diligence investment game  
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Figure 1. Second bidder’s (Player B) option value to enter a bidding contest after 

observing the first bidder’s offer (Player A) at time 1. 

Fig. 1 shows the value of the second bidder’s option to enter a bidding contest as a function of the first 

bidder’s implied opening bid. In each panel the curves represent different correlation levels between 

Player A’s and Player B’s target value. Panel A shows the standard case where both players’ expected 

value equals 100 and uncertainty is 30%. In Panel B, only uncertainty for Player A has risen to 40%, 

while in Panel C only uncertainty for Player B has increased to 40%. In Panel D both players’ 

uncertainty has increased to 40%. In Panel E Player A’s expected target value rises to 110, while in 

Panel F Player B’s expected target value is 110. In all panels, we assume a due diligence cost of 7. 

The level of the implied pre-emptive bid is given by that implied bid at which the option value equals 

the costs. A dotted line represents option value if the second bidder does not purchase the option to 

enter the bidding contest. A continuous line represents the option value when the second bidder will 

purchase the option and enters the bidding contest. 

 

Figure 2. First bidder’s (Player A) option value to accommodate competition at time 1. 

Fig. 2 shows the value of the first bidder (Player A)’s option value to allow competition (Player B) to 

enter the takeover contest at time 1 (accommodation) as a function of its actual target value. If the 

second bidder enters a bidding contest, the first bidder’s payoff of the potential acquisition is affected 

as the rival raises the takeover price. Panel A shows the standard case where both players’ expected 

value equals 100 and uncertainty is 30%. In Panel B only uncertainty for Player A has risen to 40%, 

while in Panel C only uncertainty for Player B has increased to 40%. In Panel D both players’ 

uncertainty has increased to 40%. In Panel E Player A’s expected target value rises to 110, while in 

Panel F Player B’s expected target value is 110. In all panels, the reservation price equals 80. 
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Figure 3. First bidder’s (Player A) expected value appropriation of a bidding contest 

with opportunity to pre-empt or accommodate rival bidder (Player B) at time 1. 

Fig. 3 shows the first bidder’s (Player A) expected value appropriation in the bidding contest with the 

opportunity to pre-empt or accommodate the rival bidder (Player B) at time 1. Expected acquirer 

return is certain if the pre-emptive bid is quoted (represented by the dotted line), and uncertain when 

competition is accommodated. In the latter case, it is equal to the expected value of the real option to 

accomodate competition (represented by the continuous line). The pre-emptive bid is given by the 

intersection of the dotted line with the X-axis. Panel A shows the standard case where both players’ 

expected value equals 100 and uncertainty is 30%. In Panel B, only uncertainty for Player A has risen 

to 40%, while in Panel C only uncertainty for Player B has increased to 40%. In Panel D both players’ 

uncertainty has increased to 40%. In Panel E Player A’s expected target value rises to 110, while in 

Panel F Player B’s expected target value is 110. In all panels, the reservation price equals 80. 

 
Figure 4. Timing of the due diligence investment game  

A player can either wait or invest in due diligence. When both players invest they receive the option 

value of a bidding contest reduced by the due diligence costs. The value of entering first is given by 

the expected value of either a deterrence or an accommodating strategy reduced by the due diligence 

costs. The value of entering second is given by the value of entering the bidding contest when it is 

optimal to invest in due diligence. The deferral value is the present value of the next period’s game. 
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