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Rand Journal of Economics 

Vol. 15, No. 3, Autumn 1984 

Noncooperative behavior by a cartel 
as an entry-deterring signal 

Joseph E. Harrington, Jr.* 

Recent work has investigated the effect of a potential entrant's uncertainty about postentry 
profits on the likelihood of his entering the market. It has always been assumed that the 
potential entrant knows the type of postentry solution, but lacks information on cost or 
demand parameters. This study investigates a case where the potential entrant is uncertain 
as to whether the postentry solution will be cooperative or noncooperative. We find that 
entry is more likely, the greater is the preentry profit rate. In equilibrium, the threat of 
entry then forces the incumbent firms to act more competitively to deter entry. 

1. Introduction 

* A firm will enter an industry if its expectation of discounted postentry profits is 
positive. Information then influences the entry decision of a potential entrant if it provides 
knowledge of the postentry equilibrium. While recent work has focused on the effect on 
the likelihood of entry of incomplete information concerning cost or demand functions, 
it has always assumed that the postentry solution is common knowledge (Harrington, 
1984; Matthews and Mirman, 1983; Milgrom and Roberts, 1982; Saloner, 1982). Whether 
the postentry game will be characterized by cooperative or noncooperative behavior, 
however, is apt to be a major source of uncertainty for a potential entrant, as there is 
likely to be little prior information available concerning the probability of those events. 

Since the profitability of entry is certainly influenced by the type of postentry 
solution, a potential entrant will attempt to learn about the probability that the firms he 
may join can achieve some postentry collusive arrangement. If the ability of firms to 
collude after entry is correlated with the ability of the incumbent firms to collude before 
entry, the potential entrant can learn about the probability of postentry cooperation by 
observing preentry behavior. Looking at this situation from the perspective of the 
incumbent firms, they, being strategic-minded players, will recognize that their actions 
will influence the potential entrant's expectation of the profitability of entry, and, 
therefore, his entry decision. They may find it optimal to take into account the effect of 
their decisions on the likelihood of entry. 

This study will solve an entry game between a duopoly and a potential entrant when 
there is a certain type of informational asymmetry. The two incumbent firms know 
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whether they are able to collude, but the potential entrant does not. Asymmetric 
information is shown to result in entry's being deterred which would have occurred under 
complete information. For the incumbent firms to deter entry, however, they must price 
more competitively to reduce current profits. A high preentry profit rate is endogenously 
derived to be a signal to the potential entrant that entry is profitable. 

2. The model 

* The industry is modelled as a two-period noncooperative game. If the incumbent 
firms are unable to collude, then the players are the two incumbent firms and the 
potential entrant. If, however, they can collude, then the noncooperative game has only 
two players: the duopoly and the potential entrant. Since our objective is to isolate the 
effects of asymmetric information, we assume that all active firms are identical. Hence, 
the potential entrant would be identical to the two incumbent firms if he entered. 

All active firms offer a homogeneous product. The inverse market demand is 
assumed to be linear: 

P' = a - bQ', (1) 

where Q' is the industry output rate in period t. Marginal cost is constant at c and is the 
same across all active firms. This then gives us the following simple form for the variable 
profit function for firm i in period t: 

(a - bQ' - c)q%. (2) 

To enter the industry a firm must incur a one-time cost of d on industry-specific 
capital. Once incurred, this cost is nonrecoverable. The defining characteristic of an active 
firm is that it has already incurred this entry cost. Finally, all firms are assumed to 
maximize expected discounted profits where the discount rate is (1/(1 + r)). 

Our analysis is based on the underlying premise that firms desire to collude with one 
another to achieve the joint profit maximum. The issue is whether they are able to 
communicate effectively to prevent the industry from falling into a less profitable 
noncooperative solution. Let : denote a firm characteristic that is essential to effective 
communication between firms. For purposes of conceptualization, we can suppose that 
before the start of the game each firm makes an independent draw out of some distribution 
on f, where (3can take on a finite number of values. If : is an unobservable characteristic 
of the firm's manager, one can then think of the draw of a firm as when it chooses a 
manager out of the population of managers. 

Only if all active firms are sufficiently similar in terms of this characteristic, as 
represented by identical values for A, are they able to communicate and achieve a 
cooperative solution. Firms do not know the draws of other firms and need not know 
their own. Firms can, however, learn whether they are able to collude by attempting to 
communicate. Such learning can only go on between active firms. Thus, at the start of 
the game, the incumbent firms know whether they can cooperate, but the potential 
entrant does not. Also, all three firms do not know whether they would be able to 
cooperate if entry occurred. 

We shall let a denote the probability that the two incumbent firms are able to 
n 

collude: a = z Pr(o3 = (j, (32 = 33), where (i is firm i's draw on : and : can take 
j=1 

on n possible values. Let y denote the probability that all three firms can collude: 
n 

e = Pr(o3 = (j, 032 = (3j, 03 = (i). Obviously, y is required to be less than a. Finally, 
= il 

the probability that three firms can collude, given that the two incumbent firms can 
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collude, can be derived by Bayes rule to be (-y/a). These probabilities make up the prior 
beliefs of the three firms on these events.' 

3. The solution concept 

U A solution to the game is made up of three parts. First is the solution to the game in 
the preentry period between the two incumbent firms. If (1 * (2, so that they are unable 
to cooperate, it is assumed the duopoly ends up at the Cournot-Nash equilibrium where 
each firm produces ((a - c)/3b). If they are able to cooperate (that is, (1 = (2), then the 
firms can choose any symmetric pair of output rates. Since any preentry solution different 
from Cournot-Nash signals their ability to cooperate, however, the duopoly will either 
choose the two-firm cartel solution, where each supplies ((a - c)/4b), or the two-firm 
Cournot-Nash solution.2 It will then not affect our results to assume a priori that the 
duopoly can choose only between those two solutions when #I = (32. 

The second part of the solution concerns the postentry game, if entry occurs. If the 
three firms cannot cooperate, then they settle at the three-firm Cournot-Nash solution.3 
If they can cooperate, they can choose any symmetric solution. It will, however, be 
optimal for them to select the three-firm cartel solution, where each supplies 
((a - c)/6b). 

Of course, the solutions to the pre- and postentry games are really subsidiary to our 
main interest, which is the entry game between the duopoly and the potential entrant. 
Before the start of the game, the two incumbent firms will learn whether they are able to 
collude, and then each will choose an output rate. Equivalently, we can think of them as 
choosing a solution for the preentry period. The strategy of the duopoly can then be 
thought of as a mapping from the events, {1{(1 = (2 }, {(31 * (2 } }, to the set of possible 
preentry solutions, {Cournot-Nash, cartel}. If (1 * (2, then the strategy is degenerate, as 
it must be Cournot-Nash since the two firms are unable to collude. The potential entrant 
will observe the preentry behavior of the duopoly and then make a decision on entry. 
His strategy is then a mapping from the possible preentry signals, {noncooperation, 
cooperation}, to a decision on entry, {enter, do not enter}. 

The equilibrium concept we shall use for the entry game is Kreps and Wilson's 

' While we have posited the ability of firms to communicate effectively as the source of their ability to 
cooperate, this is not in itself necessary for our results. What is important are the two assumptions underlying 
this story. First, active firms know whether they are able to collude. Second, two firms are uncertain as to 
whether they can cooperate if one or both are not active, and each firm holds a prior probability on that event. 

2 If each firm is supplying at a rate over ([(a - c)/4b], [(a - c)/3b]), then they can increase current profits 
by each reducing output to ((a - c)/4b) while unaffecting future profits, since the same signal of cooperation 
is sent. 

3The observant reader will have noticed that the same postentry solution occurs when only one firm is 
noncooperative (that is, 1,I = 132 # 03) as when all three firms are unable to cooperate. The three-firm Cournot- 
Nash solution certainly makes sense in the latter case as it is a Nash equilibrium. We want to show that it makes 
sense in the former case as well. Suppose 1,I = ,B2 # 13 and the two incumbent firms choose to cooperate in the 
postentry period. Since the game has two noncooperative players, the two-firm cartel and the entering firm, the 
Nash equilibrium is the two-firm Cournot-Nash solution. Both players supply ((a - c)/3b), which entails each 
incumbent firm's producing ((a - c)/6b) and earning a profit rate of ((a - c)2/ 18b). Now suppose the two 
incumbent firms choose to act independently and noncooperatively in the postentry game unless all three firms 
are able to collude. When 1I = 132 # 13, the Nash equilibrium will then be the three-firm Cournot-Nash solution. 
Each incumbent firm earns a profit rate of ((a - c)2/ 16b), which exceeds that earned when they do cooperate! 
We conclude that unless 13I = 132 = 13, all three firms will act noncooperatively in the postentry game and the 
Nash equilibrium is the three-firm Cournot-Nash solution. This result is reminiscent of that found by Selten 
(1973). He discovered that when there are outsiders to a cartel, the cartel may not be operational in that the 
cartel participants instead choose to act independently. 
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(1982) sequential equilibria. For the strategy of the duopoly to be a part of a sequential 
equilibrium, it must be a best response to the strategy of the potential entrant when 
f1 = f2l 4 The strategy of the potential entrant must be a best response for each of the 
two possible preentry information sets. Specifically, his strategy must tell him to enter if 
and only if his posterior expectation of postentry profits is positive. This expectation is 
over the events that the postentry solution is cooperative and that the postentry solution 
is noncooperative. His posterior beliefs are derived by updating his prior beliefs on the 
information contained in the preentry behavior of the duopoly. We shall require that 
these beliefs be consistent with the optimizing behavior of the incumbent firms. The 
exact meaning of that specification will become more evident in the next section. 

4. Equilibrium 

* One of our objectives is to determine whether the steady-state number of firms is 
reduced because of asymmetric information. That is, is entry that would have occurred 
under complete information deterred? We shall then assume that if the two incumbent 
firms are able to collude and the potential entrant knew this, he would enter. This 
requires that (3) be true: 

(,y/a)[((a - c)2/12b) - d] + ((a - y)/a)[((a - c)2/16b) - d] > 0, (3) 

where ((a - c)2/ 12b) is the profit rate if postentry collusion occurs, while ((a -_c)2/ 16b) 
is the three-firm Cournot-Nash profit rate. It is also assumed that the potential entrant's 
prior expectation of postentry profits is nonpositive: 

-y[((a 
_ 

c)2/12b) - d] + (1 - ly)[((a - c)2/16b) - d] _ 0. (4) 

Hence, he would choose not to enter on the basis of his prior beliefs. Entry will then be 
optimal only if he receives favorable information in the preentry period. 

If (3) and (4) hold, then the unique sequential equilibrium strategies where r is 
sufficiently small (r -' (7 - 3(Qy/a))/2) are:5 

(if (3 = (2, then the Cournot-Nash solution 
duopoly: (5) 

'if 31 # (2, then the Cournot-Nash solution 

(if observe cooperative behavior, then enter 
potential entrant: (6) 

if observe noncooperative behavior, then do not enter. 

If (3 * (2, then the incumbent firms have no choice but to settle at the noncooperative 
solution. Even when they can collude, however, they would prefer to choose the Cournot- 
Nash solution. To show that this strategy is part of a sequential equilibrium, we must 
prove that it is a best response to the strategy of the potential entrant. Given that strategy, 

4 Since there is only one element in the strategy set when B # ,B2, this strategy is a best response for 
/1 * 02- 

5 Since ('y/a) E (0, 1), then r < 2 is a sufficient condition for r < (7 - 3('y/a))/2. Hence, for any reasonable 
length time period and rate of time preference, this condition will be met. This condition is more likely to be 
met the less heavily future profits are discounted (that is, the lower is the value for r) and the lower is the 
conditional probability of postentry collusion. If r > (7 - 3('y/a))/2, then the sequential equilibrium strategies 
are the same except that the duopolists prefer the two-firm cartel solution when they are able to collude. In that 
case, strategic entry deterrence does not take place since all the private information of the incumbent firms is 
revealed by their preentry behavior. That is, the potential entrant is able to learn that ,B, = ,B2 as he observes the 
duopoly at a cooperative solution. 
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the duopoly is faced with two alternatives: (1) choose the cartel solution and induce 
entry; and (2) choose the Cournot-Nash solution, deter entry, and earn the cartel profit 
rate in period 2. The latter policy earns discounted profits of: 

((a - c)2/9b) + (1/(1 + r))((a - c)2/8b) (7) 

for each incumbent firm. Alternatively, they can choose the cartel solution in the preentry 
period and earn ((a - c)2/8b) each. Of course, the potential entrant will then enter, in 
which case there is a probability of ((a - y)/a) that he will "disrupt" the cooperative 
arrangement and the industry will end up at the Cournot-Nash solution. The expected 
profits from choosing the cartel solution in the preentry period are then: 

((a - c)2/8b) + (1/(1 + r))[(Qy/a)((a - c)2/12b) + ((a - Py)/a)((a - c)2/16b)]. (8) 

The additional discounted profits of acting noncooperatively are just (7) less (8) or: 

[((a - c)2/9b) - ((a - c)2/8b)] + (1/(1 + r)){((a - c)2/8b) 

- [(Qy/a)((a - c)2/ 12b) + ((a - ly)/a)((a - c)2/ 16b)]}. (9) 

The first term in (9) is the cost of acting noncooperatively in terms of foregone current 
profits. The second term is the gain in terms of expected future profits as entry is deterred. 
The strategy of the duopoly is optimal if and only if (9) is nonnegative. It can easily be 
shown that this holds when r - (7 - 3(y/a))/2. In that case, r is sufficiently small that 
the discounted value of the return from deterring entry outweighs the cost of departing 
from the collusive strategy in the initial period. 

To determine whether the potential entrant's strategy maximizes expected profits, 
we must first derive his posterior beliefs about the postentry solution conditional on the 
observed preentry behavior of the duopoly. The potential entrant knows that the 
duopolists end up at the Cournot-Nash solution when they are unable to collude. He 
further knows that the duopolists can choose to act cooperatively or noncooperatively 
when they are able to collude. The potential entrant will take into account the optimal 
behavior of the incumbent firms when making inferences from their preentry actions. 

Since the duopolists end up at the Cournot-Nash solution whether or not they are 
able to collude, a preentry signal of noncooperation provides no information to the 
potential entrant about the ability of the duopolists to cooperate. His posterior distribution 
is then just his prior distribution which assigned a probability of y to the postentry 
solution's being cooperative. Hence, the expression in (4) is the potential entrant's 
posterior expectation of postentry profits conditional on a noncooperative signal. Since it 
is nonpositive, not entering is indeed a best response. 

For the strategy of the potential entrant to be part of a sequential equilibrium, it 
must be optimal for all information sets. Hence, it must also be optimal in response to a 
cooperative signal, even though such a signal is not on the equilibrium path.6 If the 
potential entrant were to observe the incumbents' acting cooperatively, he would revise 
the probability that the postentry solution will be cooperative from y to (y/a).7 His 

6 This requirement will eliminate "imperfect" Bayesian-Nash equilibria as possible solutions. Specifically, 
it will eliminate those equilibria which entail the potential entrant's threatening to enter when it would not be 
in his own best interests to do so. 

7 Since we have assumed that the Cournot-Nash solution is the only element in the choice set of the 
duopoly when ,B, # 132, the potential entrant is able to infer ,B, = ,B2 when he observes the incumbent firms at a 
solution different from Cournot-Nash. The posterior distribution over the events {{,B, = ,B2 }, {131 # 12 } } is then 
uniquely defined for information sets off the equilibrium path. This is essential to the derivation of a unique 
sequential equilibrium. 
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posterior expectation of postentry profits is then the expression in (3). Since that 
expectation is positive, we conclude that the potential entrant's strategy is optimal for all 
information sets. 

Finally, it is easy to show that this sequential equilibrium is unique. If (6) instead 
had the potential entrant enter in response to a noncooperative signal, then the best 
response of the duopoly would be to choose the cartel solution when (, = (32. 

Noncooperative preentry behavior then conveys that (, * f2 and postentry profits are 
[((a - c)2/ 16b) - d]. Since they are negative by (4), entry cannot be optimal in response 
to a noncooperative signal. If (6) said not to enter in response to a cooperative signal, 
then the duopoly's best reply would be to choose the cartel solution when (3 = (2. The 
potential entrant would not be entering when expected postentry profits, as represented 
in (3), are positive. We conclude the strategies in (5) and (6) form the unique sequential 
equilibrium to the entry game.8 

5. Analysis of equilibrium 

* Since the expression in (3) is assumed to be positive, a fully informed potential 
entrant would enter if the two incumbent firms were able to collude. When the potential 
entrant is uncertain about the postentry solution, however, the duopoly is able to prevent 
such entry by acting noncooperatively in the preentry period. Although the potential 
entrant is cognizant of the incumbents' incentive to choose the Cournot-Nash solution 
when they are able to collude, he is unable to differentiate between a cooperative and a 
noncooperative duopoly, as both exhibit identical preentry behavior. In essence, the 
incumbent firms are able to deter entry by sending an informationless signal that prevents 
the potential entrant from learning of their cooperative nature. Thus, the potential entrant 
is never "fooled," but is constrained as to how much information he can derive from the 
preentry signal. We conclude that asymmetric information does generate strategic entry 
deterrence. This is the first time this result has been derived while assuming profits are 
observable.9 

In determining whether there is an associated welfare loss, first note that incomplete 
information has no effect on firm behavior when the incumbent firms are unable to 
cooperate. The industry achieves a two-firm Cournot-Nash equilibrium in both periods- 
the same behavior observed when the potential entrant is fully informed. Our welfare 
analysis will then concentrate on the case of fBI = f32. Under complete information, the 
potential entrant will enter regardless of the preentry behavior of the duopoly, as it does 
not affect his expectation of the profitability of entry. The incumbent firms will optimally 
choose to supply ((a - c)/4b) each and maximize preentry profits by being at the cartel 

8 An interesting point to note is that the joint-profit maximum for the two incumbent firms, when 
/1 = /2, is a Nash equilibrium. Though the two firms were colluding when each chose to produce ((a - c)/3b) 
and end up at the Cournot-Nash solution, neither firm would have any incentive to change its output rate, given 
the output rate of the other firm if collusion broke down. The sequential equilibrium is considerably more 
robust than initially believed. The incumbent firms have no incentive to change their strategies, and this holds 
for both cooperative and unilateral actions. 

9 Previously Harrington (1984), Matthews and Mirman (1983), Milgrom and Roberts (1982), and Saloner 
(1982) have derived strategic entry deterrence from asymmetric information. In those models, the value of the 
unknown parameter directly affects the profits earned by the incumbent firm(s). If the potential entrant were 
able to observe profits, he could infer the true value of the parameter. Entry would occur with the same 
probability as under complete information. In our model, the unknown variables, /3, and /2, do not directly 
affect the profits earned by the incumbent firms, but rather influence the choice set available to the duopoly. 
Profits provide information only in that they reflect behavior. 
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solution. Since incomplete information results in each incumbent firm's increasing its 
output rate to ((a - c)/3b) to deter entry, there is then a welfare gain in period I from 
the potential entrant's being uncertain of the ability of the incumbent firms to collude. 

Incomplete information affects firm behavior and social welfare in the second period 
by reducing the number of active firms. Whether there is a welfare loss or gain is highly 
dependent upon what the postentry solution would have been. If the three firms would 
have been able to collude, then entry would not have made consumers any better off, 
while it would have increased the cost of providing the product. If entry would have 
resulted in the dissolution of the cartel, however, then there are potential welfare losses 
emanating from incomplete information. 

A rather interesting conclusion emerges from our welfare analysis. If the three firms 
would have been able to collude, then incomplete information unambiguously increases 
welfare. It forces the incumbent firms to act more competitively in period 1 and leads to 
the prevention of welfare-reducing entry. Such a clear-cut conclusion cannot be made 
when the three firms would have achieved the Cournot-Nash solution after entry. Welfare 
is still higher in period 1 with incomplete information, but is potentially lower in period 
2. Whether welfare losses result from asymmetric information, in that case, depends on 
the values of parameters. 1 

Since the set of players includes both incumbent firms and a potential entrant, the 
opportunity exists to investigate the effect of an entry threat on the performance of active 
firms. We know that without a potential entrant, the active firms would choose the two- 
firm cartel solution if they were able to collude. Each firm would supply at the rate of 
((a - c)/4b). As observed in the equilibrium to the entry game, introducing the threat of 
entry then results in the active firms' supplying at a greater rate so as to deter entry 
strategically. The industry settles at the two-firm Cournot-Nash solution and sends a 
noncooperative signal. Quantitatively, the effect of an entry threat is to increase the 
supply of each firm by ((a - c)/12b) and reduce the equilibrium price by ((a + c)/6). We 
thus observe that a potential entrant, as a source of potential competition, forces the 
active firms to act more competitively. 

Intuitively, the incumbent firms, by increasing their output rates, are trying to 
prevent the potential entrant from learning of profitable opportunities in the industry. 
Since high current profits are a signal of high postentry profits, through the information 
it conveys on the probability that the postentry solution will be cooperative, the incumbent 
firms increase supply so as to reduce the profit rate. As we like to believe, the threat of 
entry increases welfare." 

6. Conclusion 

* Though our model is simple and rather specialized, it is nevertheless quite effective 
in capturing the effects of a rather plausible source of asymmetric information between 

'?We are defining social welfare to be the discounted sum of producers' and consumers' surplus. If 
(5(a - c)2/72b) + (1/(1 + r))(d - (3(a - c)2/32b)) < 0, then incomplete information reduces social welfare when 
the postentry solution would be Cournot-Nash. The first term is the increase in welfare in the first period from 
incomplete information. The second term is the change in welfare in period 2, which can be positive. That is, 
entry may not be socially optimal even when the postentry solution is Cournot-Nash! This is a result of the 
tradeoff between higher average costs and a lower price from entry (Perry, 1984). It is important to remember 
that we are assuming r - (7 - 3(y/a))/2, so that the sequential equilibrium is characterized by the strategies in 
equations (5)-(6). If r > (7 - 3(-y/a))/2, then incomplete information has no welfare effects, since firms behave 
the same as under complete information. 

" For a study that shows that the threat of entry can reduce social welfare and increase the profits of 
incumbent firms, see Harrington (1984). 
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incumbent firms and a potential entrant. We found that incumbent firms are able to 
deter entry when the potential entrant is uncertain of their ability to cooperate. Strategic 
entry deterrence does require that the incumbent firms price more competitively than 
when a threat of entry does not exist. What is most encouraging about the observed 
equilibrium behavior, however, is that it is in line with the generally held belief that the 
greater the level of preentry profits, the greater the likelihood of entry. To our knowledge, 
such behavior has not previously been derived in a game-theoretic oligopoly setting. 
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