Lecture 9
Game Theory part III: Applications 
By Kornkarun Kungpanidchakul

Cournot Model of Duopoly

 Cournot Model consider the game in which there are two firms who produce an identical goods in the market. Each firm must decide how much output to produce without knowing the production decision of the other duopolist.
Example 1: Let 
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 denote the quantities produced by firm 1 and 2 respectively. Let P(Q) = 10-Q bet the market demand function when the aggregate quantity on the market is Q = 
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. Assume that the total cost to firm i of producing quantity 
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. Suppose that all firms choose their quantity simultaneously.
To find the Nash equilibrium of the game, we translate the problem into a normal-form game. In the Cournot model, we know that there are two players (2 firms) in the game. The strategies available to each firm are the different quantities it might produce. We assume that output is continuously divisible and negative outputs are not feasible. So the strategy set is any quantity 
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 with each firm chooses
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. Finally, the payoff to firm i can be defined as:
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Then to solve for the Nash equilibrium, we need the strategy which maximizes its payoff given that the other player chooses the best response strategy. Given the strategy pair 
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be the Nash equilibrium, then for each firm, 
[image: image13.wmf]*

i

q

solves:
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Solving for this optimization problem, we get the best response function of each firm as:
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Therefore, the nash equilibrium is
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Proposition 1: Under the Cournot duopoly model, the market price is greater than the constant marginal cost but smaller than the monopoly price. 
Bertrand Model of Duopoly


Consider instead the case that each firm choose price
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instead of the quantity.

Case 1: if the marginal costs are identical
Example 2: Suppose there are only two firms—call them A and B—in the pencil market.  These firms face no fixed costs and have constant marginal cost equal to $4.  Market demand for pencils is given by the equation Q=20-P.  Firms set their prices simultaneously, and consumers always buy the cheapest pencils (assume that if the firms’ prices are the same, then each firm serves half of the market).  

i)  If these firms were to collude and act like a single monopolist, what would the price in this market be?  What would the firms’ profits be?



P=12; Total profit=64; Individual profit=32

ii)  Now assume A charges $1 less than the “monopoly” price found in (i), while B continues to charge the “monopoly” price.  What is A’s profit?  What is B’s profit?  Based on your calculations, does A have an incentive to “cheat” on the collusive arrangement and charge $1 less than its rival?



P=11; A’s profit=63; B’s profit=0; Yes, A has the incentive to cheat.

iii)  Now assume that both firms have the option of charging the “monopoly” price or charging $1 less than this price.  Set up a payoff (profit) matrix for the two firms, with each price representing a strategy for each firm.  What is the equilibrium?

	
	Firm B

	Firm A
	
	Collude (P=12)
	Cheat (P=11)

	
	Collude (P=12)


	32, 32
	0, 63

	
	Cheat (P=11)
	63, 0
	31.50,31.50


 (Cheat, Cheat) is the equilibrium in this game.   

iv)  Given your answer in part (iii), what do expect to happen to the market price if firms can charge any price they like (Hint:  even though there are only two firms in this market, we will get the same price we would get in a competitive equilibrium).



P=MC=4 (and since P=MC=AC, firms earn no profit in equilibrium), and both firms split the market.

Proposition 2: There is a unique Nash equilibrium in the Bertrand duopoly model. In the equilibrium, both firms set their price equal to the marginal cost, P1 = P2 =MC.

Case 2: if the marginal costs are different



Consider Example 1, what happen if Firm A’s marginal cost is $5 while Firm B’s marginal cost is $4?

Quantity Leadership (Stackelberg Model)

This is a two-stage mode in which one firm gets to move first. The other firm can then observe the first firm’s output choice and choose its own optimal level of output.

Example 3: From Example 1, suppose that Firm 1 is the leader in the Stackelberg Model, i.e. Firm 1 moves first and chooses the output level it wants to produce. Then Firm 2 observes Firm 1’s output choice and chooses its own output level, what will be the outcome of the game?
Proposition 3: Under the Stackelberg Model, the leader will get higher profit than what he can get from the Cournot Model.
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