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Abstract 

By permitting firms to have different entry costs, I generalize two previously studied models of 

two-stage entry and pricing amongst Bertrand competitors. I find that the existing results depend 

critically on the symmetry assumption. For example, if firms' entry decisions are observed before 

price-setting 
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1 Introduction 

When firms evaluate whether their cost of 



costs. 



to zero, and the monopoly price, Pm, uniquely maximizes pD(p), with 7rm == PmD(Pm). In the first 

stage of the game, the firms simultaneously decide whether to enter the market. If firm i enters, 

then it pays an entry cost Ei 2: O. If firm i does not enter, then it pays nothing and earns zero 
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zero otherwise, its 



and expected total welfare is the sum of expected consumer and producer surplus. Hence, 

N 

Wo (aO, E,7rm ) = GSo (aO) + 



its entry costs. Hence, firm 1 would enter with probability one, which would unravel the purported 

equilibrium and would imply that firm 1 and at most N - 2 other firms are in the maximal Nash 

equilibrium. 

Corollary 1 All else equal, a firm's entry probability strictly increases as its entry cost increases 

if it has at least two rivals, and does not change otherwise. In contrast, a firm's entry probability 

strictly decreases as a rival's entry cost increases. A firm with a higher entry cost is strictly more 

likely to enter than is a firm with a lower entry cost. Moreover, the probability of market breakdown 

strictly increases, and total welfare strictly decreases, as any firm's entry cost increases. Formally, 

(1) dai~~{rTn) > (=)0 when N > (=)2, for all i. 

(2) dai~~:7rTn) < 0, for j =I i. 

(3) Ei > E j '* ai (E, 7rm ) > aj (E, 7rm ) 

(4) dP~~O) > 0, 

i. for 7 r )  









All other firms stay out. Upon entering, firms 1 and 2 set their prices according to the mixed 

strategy distributions 

F, (P) = { 





Proposition 3 shows that if each firm's entry cost, E, is changed so that at 





Taking the ratio of the two preceding expressions yields 

1 - 0:
0 E~ ___ J • 

1 - o:i Ej 

The preceding relationship can be used in equation (1) to yield 

Solving (2) for o:i yields 

which is the desired result. 

( 0)N-1 i E 
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EN-1 ) 
1 - O:i =TI=-k-'-i--i -E-

k 
7r m = i· 

(
_1 TIN E )N~l 
7l'm k=1 k o:i (E, 7rm ) = 1 - -'------~­

Ei 

(2) 

Using 40.7i43 = 4 0 . 7 i 4 3  



(5) The derivative of WO (0°, E, 7Tm ) with respect to Ei is 

Premultiplying by 7Tm and using the expression for o:i (E, 7Tm ) yields 

which gives the desired result .• 

Proof of Proposition 1: Suppose the introduction of a new potential entrant induces exit. The 

number of firms in the maximal Nash equilibrium remains at N, but one participating firm's entry 

cost has been reduced. By Part (4) of the Corollary, the probability of market breakdown strictly 

decreases. 

Suppose the introduction of a new potential entrant does not induce exit. There are two cases 

to consider. First, suppose that there are still N firms in the maximal Nash equilibrium, but that 
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the probability of market breakdown weakly increases .• 

Proof of Proposition 2: Suppose the introduction of a new potential entrant induces exit. The 

number of firms in the maximal Nash equilibrium remains at N, but one firm's entry cost has been 

reduced. By Part (5) of the Corollary, expected total welfare strictly increases. 

Suppose the introduction of a new potential entrant does not induce exit. There are two cases 

to consider. First, suppose that there are still N firms in the maximal Nash equilibrium, but that 

Ee > EN· In that case, the behavior of the N firms in the maximal Nash equilibrium of interest 



Given that entering firms use a mixed strategy in equilibrium, I now show that the supports 

of all entering firms' mixed strategy distributions have the same minimum. Suppose firms i and j 

have different lower supports for their mixed strategy distributions, with firm i setting the minimum 

price, so that E. = E.i < E.j" Price E.i wins with probability one, while price pj wins with probability 

less than one. 

Denote firm i's interim expected profit when it sets price P and firms enter with the proba­

bilities in f3 by 7ri (plf3)· Now 7ri (E.i 1f3) = 7rj (E.i 1f3). Also, 

and 

7rj (E.)f3) = IT [1 - f3k Fk (E.j )] (E.j - CL) , 
kh 

where Fk(p) denotes the mixed strategy price distribution employed by firm k. Comparing the two, 

it is evident that 

Now 

However, 7ri (E.i 1f3) = 7rj (E.i 1f3) , which implies 7rj (E.i 1f3) > 7rj (E.j lf3) , which violates the equilib­

rium requirement 7rj (E.
j
lf3) ~ 7rj (E.i 1f3). Consequently, the supports of all entering firms' mixed 

strategy pricing distributions have the same minimum. As the minimum price in the support wins 

with probability one, then each firm has the same expected payoff, gross of entry costs, upon 

entering. Reverting to the ranking by ai rather than by f3i, denote that expected profit by 7r (aU). 

Suppose that in equilibrium firm j ~ 3 enters with positive probability. For firm j to enter, it 

must be that 7r (aU) ~ Ej . Consequently, 7r (aU) > E2 > E l , which implies that firm 1 and firm 2 

each enter with probability one. Such entry behavior by firm 1 and firm 2 implies that 7r (aU) = 0, 

which in turn contradicts 7r (aU) ~ Ej . Therefore, no firm j ~ 3 enters with positive probability. 

If in equilibrium only firm 1 enters with positive probability, then it will set a price of Pm upon 

entering. In this case, any other firm will enter with probability one and slightly undercut firm 

1, thus upsetting the purported equilibrium. Consequently, it cannot be the case that only firm 1 

enters with positive probability. By similar reasoning, firm 2 cannot be the only firm that enters 
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with positive probability. 

If in equilibrium firm 2 enters with positive probability, then it must be the case that 1f (aU) 2: 

E2. Consequently, 1f (aU) > E 1 , and firm 1 enters with probability one. 

r now derive the firms' expected profit upon entering. Firm 1 always can earn an expected profit 

of (1 - 0;2) 1f m 
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Consider an equilibrium in which each of the first k firms enters with the same probability, aU. 

Following the argument shown in the proof of Lemma 2, a firm's expected profit upon entering, 

gross of entry costs, is 

In equilibrium, the expected payoff from entering must equal the expected payoff from not entering. 

Hence, 

from which one can determine that 

As a firm's expected profit upon entering, gross of entry costs, must equal 7f (aU) for any price P 

in the support, fE, Pm], of the mixed strategy distribution, F(p), it must be the case that 

Using the previously derived expression for aU (E, 7fm ), one can manipulate the preceding expression 

to show that 

[ 11 1 E k=l 
F(p) = _I 1 - (-D( )) for p E fE,Pm]' 

1 - C/~.) k-I P P 

which is the desired expression. Finally, each firm's expected profit, upon entering, is 

Using the expression for aU (E, 7fm ), each firm's expected profit from the two-stage game is zero .• 

Proof of Proposition 3: Suppose all firms have entry cost E > O. Consider a perturbation to 

each firm's entry cost so that firms 1 and 2 have entry costs El and E2 strictly less than E, and 

such that all other firms' entry costs strictly exceed E2 . The equilibrium entry probabilities and 

mixed strategy pricing distributions are presented in Lemma 2. The distribution of the winning 

price is 

H(p) = 1 - [1 - Fl (p)] [1 - a'2 (E, 7frn ) F2(p)]. 
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Using the results from Lemma 2, H(p) may be written 

[ 
E2 ] 2 

H(p) = 1 - pD(p) 

Let GN(p) denote the distribution of the winning price in the N-firm symmetric case described by 

LR, and assume that the "price" charged is Pm in the event that zero firms enter. Using Result 2, 

one can show 

LR shows that GN(p) is largest for 
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