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Oligopoly

Today’s Agenda

1. Game-theoretic set-up of an oligopolistic market

2. 2-firm Cournot equilibrium

3. 𝑛-firm Cournot equilibrium

4. Stackelberg equilibrium
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• Markets with few big firms give rise to strategic competition

• Since they compete for the same consumers, monopolistic market 

power is unattainable

• Strategic interaction can take different forms:

‣ Simultaneous choice of quantities supplied – Cournot competition

‣ Sequential choice of quantities supplied – Stackelberg competition

• Does this matter for the firms’ market power?

Goal: Describe the behavior of firms in strategic settings and 

compare different market structures.
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1. Payoffs: Profit 𝜋𝑖(𝑞1, 𝑞2) for firm 𝑖.

𝜋𝑖(𝑞1, 𝑞2) = 𝑝(𝑞1 + 𝑞2)⏟
Inverse

demand function

𝑞𝑖 − 𝑐𝑖(𝑞𝑖), 𝑖 ∈ {1, 2},

𝑐𝑖(𝑞𝑖) – cost function of firm 𝑖.
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𝜋𝑖(𝑞1, 𝑞2) = 𝑝(𝑞1 + 𝑞2)⏟
Inverse

demand function

𝑞𝑖 − 𝑐𝑖(𝑞𝑖), 𝑖 ∈ {1, 2},

𝑐𝑖(𝑞𝑖) – cost function of firm 𝑖.

Notice: Actions are continuous ⇒ Payoff tables are not feasible.
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Oligopolistic competition in quantities

Best-response functions

Each firm takes the decisions of the others as given.

Therefore, the best response function of firm 1 is a product of:

max
𝑞1

𝑝𝑞1 − 𝑐1(𝑞1)

s.t. 𝑝 = 𝑞−1
𝐷 (𝑞1 + 𝑞2)
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Therefore, the best response function of firm 1 is a product of:

max
𝑞1

𝑝𝑞1 − 𝑐1(𝑞1)

s.t. 𝑝 = 𝑞−1
𝐷 (𝑞1 + 𝑞2)

Firm 1 treats 𝑞2 as a parameter of its problem. And vice versa.

Therefore, we can solve for 𝑞1 as a function of 𝑞2 to get the best 

response function:

𝑝(𝑞1 + 𝑞2) + 𝜕𝑝(𝑞1 + 𝑞2)
𝜕𝑞

𝑞1 = 𝜕𝑐1(𝑞1)
𝜕𝑞1
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Oligopolistic competition in quantities

Nash equilibrium

Both firms follow their best response functions simultaneously:

𝑞NE
1 = arg max

𝑞1
{𝑝𝑞1 − 𝑐1(𝑞1) | 𝑝 = 𝑞−1

𝐷 (𝑞1 + 𝑞NE
2 )}

𝑞NE
2 = arg max

𝑞2
{𝑝𝑞2 − 𝑐2(𝑞2) | 𝑝 = 𝑞−1

𝐷 (𝑞NE
1 + 𝑞2)}
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{𝑝𝑞1 − 𝑐1(𝑞1) | 𝑝 = 𝑞−1

𝐷 (𝑞1 + 𝑞NE
2 )}

𝑞NE
2 = arg max

𝑞2
{𝑝𝑞2 − 𝑐2(𝑞2) | 𝑝 = 𝑞−1

𝐷 (𝑞NE
1 + 𝑞2)}

Can be found by solving:

𝑝(𝑞1 + 𝑞2) + 𝜕𝑝(𝑞1 + 𝑞2)
𝜕𝑞

𝑞1 = 𝜕𝑐1(𝑞1)
𝜕𝑞1

𝑝(𝑞2 + 𝑞1) + 𝜕𝑝(𝑞2 + 𝑞1)
𝜕𝑞

𝑞2 = 𝜕𝑐2(𝑞2)
𝜕𝑞2
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Oligopolistic competition in quantities

𝑁-firm extension
Assume 𝑞−1

𝐷 (𝑄) = 𝑎 − 𝑏𝑄.

There are an arbitrary number 𝑁  of firms on the market with a 

constant marginal cost 𝑐:

𝑄 = ∑
𝑁

𝑖=1
𝑞𝑖

The system of FOCs becomes:

𝑎 − 𝑏 ∑
𝑁

𝑗=1
𝑞𝑗 − 𝑏𝑞𝑖 = 𝑐, 𝑖 = 1, 2, …, 𝑁

Due to the symmetric structure, the solution is symmetric:

𝑞NE
𝑖 = 𝑞NE

𝑗 ∀𝑖, 𝑗 = 1, 2, …, 𝑁.
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Oligopolistic competition in quantities

𝑁-firm extension

Nash equilibrium in the 𝑁-firm Cournot model

Under linear inverse demand 𝑞−1
𝐷 (𝑄) = 𝑎 − 𝑏𝑄 and constant 

identical marginal costs 𝑐, the Nash equilibrium in the 𝑁 -firm 

Cournot model is given by:

𝑞NE
𝑖 = 𝑎 − 𝑐

𝑏(𝑁 + 1)
, 𝑖 = 1, 2, …, 𝑁.
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𝑁-firm extension

Nash equilibrium in the 𝑁-firm Cournot model

Under linear inverse demand 𝑞−1
𝐷 (𝑄) = 𝑎 − 𝑏𝑄 and constant 

identical marginal costs 𝑐, the Nash equilibrium in the 𝑁 -firm 

Cournot model is given by:

𝑞NE
𝑖 = 𝑎 − 𝑐

𝑏(𝑁 + 1)
, 𝑖 = 1, 2, …, 𝑁.

Thus, the price and aggregate quantity are given by:

𝑝NE = 𝑎 − 𝑏 ∑
𝑁

𝑖=1
𝑞NE
𝑖 = 𝑎 − 𝑏𝑁 𝑎 − 𝑐

𝑏(𝑁 + 1)
= 𝑎 + 𝑁𝑐

𝑁 + 1

𝑄NE = ∑
𝑁

𝑖=1
𝑞NE
𝑖 = 𝑁 𝑎 − 𝑐

𝑏(𝑁 + 1)
= 𝑁

𝑁 + 1
𝑎 − 𝑐

𝑏
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Oligopolistic competition in quantities

Comparing market structures

Perfect

competition

Cournot

(𝑁  firms)

Monopoly
(per-unit pricing,

no discrimination)

Price 𝑝∗ = 𝑐 𝑝∗ = 𝑎 + 𝑁𝑐
𝑁 + 1

𝑝∗ = 𝑎 + 𝑐
2

Quantity 𝑄∗ = 𝑎 − 𝑐
𝑏 𝑄∗ = 𝑁

𝑁 + 1
⋅ 𝑎 − 𝑐

𝑏
𝑄∗ = 𝑎 − 𝑐

2𝑏

Firm profit 𝜋𝑖 = 0 𝜋𝑖 = (𝑎 − 𝑐)2

𝑏(𝑁 + 1)2 𝜋 = (𝑎 − 𝑐)2

4𝑏

Consumer

surplus
CS = (𝑎 − 𝑐)2

2𝑏
CS = 1

2
𝑁2

(𝑁 + 1)2 ⋅ (𝑎 − 𝑐)2

𝑏 CS = (𝑎 − 𝑐)2

8𝑏

Deadweight

loss
DWL = 0 DWL = (𝑎 − 𝑐)2

2𝑏(𝑁 + 1)2 DWL = (𝑎 − 𝑐)2

8𝑏

Under linear inverse demand 𝑝 = 𝑎 − 𝑏𝑄 and constant marginal cost 𝑐.
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Stackelberg competition

Stackelberg setting

• Recall: In Cournot set-up, quantities were chosen simultaneously

• What if Firm 1 chooses its quantity first?

• Might reflect

‣ the relative market dominance of Firm 1

‣ the incumbent status of Firm 1

• We will need the sequential game set-up to analyze this setting.
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Stackelberg competition

Game-theoretic set-up
1. Players: 2 Firms 𝑖 ∈ {1, 2}.
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3. Player function:

• After (∅), Firm 1 makes a move.

• After any 1-period history, Firm 2 makes a move.

4. Payoffs:

𝜋𝑖(𝑞1, 𝑞2) = 𝑝(𝑞1 + 𝑞2)⏟
Inverse

demand function

𝑞𝑖 − 𝑐𝑖(𝑞𝑖), 𝑖 ∈ {1, 2},

𝑐𝑖(𝑞𝑖) – cost function of firm 𝑖.
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Stackelberg competition

Firm 2’s best response

As in simple games, Firm 2 devises a strategy for any possible 

decision of Firm 1.

max
𝑞2

𝑝𝑞2 − 𝑐2(𝑞2)

s.t. 𝑝 = 𝑞−1
𝐷 (𝑞1 + 𝑞2)
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decision of Firm 1.

max
𝑞2

𝑝𝑞2 − 𝑐2(𝑞2)

s.t. 𝑝 = 𝑞−1
𝐷 (𝑞1 + 𝑞2)

Therefore, Firm 2’s best response is the same as in the 

simultaneous set-up:

𝑞2(𝑞1) = 𝑎 − 𝑐 − 𝑏𝑞1
2𝑏

.
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Stackelberg competition

Firm 1’s decision

Firm 1 takes advantage of moving first as it knows how Firm 2 will 

respond:

max
𝑞1

𝑝𝑞1 − 𝑐1(𝑞1)

s.t. 𝑝 = 𝑞−1
𝐷 (𝑞1 + 𝑞2)

𝑞2 = 𝑎 − 𝑐 − 𝑏𝑞1
2𝑏
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max
𝑞1

𝑝𝑞1 − 𝑐1(𝑞1)

s.t. 𝑝 = 𝑞−1
𝐷 (𝑞1 + 𝑞2)

𝑞2 = 𝑎 − 𝑐 − 𝑏𝑞1
2𝑏

First-order condition:

𝑝 + 𝑞1
𝜕𝑝
𝜕𝑞

[1 + 𝜕𝑞2
𝜕𝑞1

] = 𝜕𝑐1(𝑞1)
𝜕𝑞1
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Stackelberg competition

Stackelberg equilibrium

Subgame-Perfect Nash Equilibrium in Stackelberg model

Under linear inverse demand 𝑞−1
𝐷 (𝑄) = 𝑎 − 𝑏𝑄 and constant 

identical marginal costs 𝑐, the Stackelberg equilibrium is given 

by:

𝑞∗
1 = 𝑎 − 𝑐

2𝑏
𝑞2(𝑞1) = 𝑎 − 𝑐

2𝑏
− 1

2
𝑞1
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Subgame-Perfect Nash Equilibrium in Stackelberg model

Under linear inverse demand 𝑞−1
𝐷 (𝑄) = 𝑎 − 𝑏𝑄 and constant 

identical marginal costs 𝑐, the Stackelberg equilibrium is given 

by:

𝑞∗
1 = 𝑎 − 𝑐

2𝑏
𝑞2(𝑞1) = 𝑎 − 𝑐

2𝑏
− 1

2
𝑞1

Thus, the equilibrium price and quantity are:

𝑝∗ = 𝑎 − 𝑏3(𝑎 − 𝑐)
4𝑏

= 𝑎 + 3𝑐
4

𝑄∗ = 3
4

𝑎 − 𝑐
𝑏
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Stackelberg competition

What we’ve been doing this week

Structural

parameters

Market

structure

Outcome

pattern

Welfare

properties
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What we’ve been doing this week

Structural

parameters

Market

structure

Outcome

pattern

Welfare

properties

‣ Cost function 𝑐(𝑞)
‣ Demand structure

‣ Number of firms 𝑁

‣ Perfect competition

‣ Monopoly

‣ Cournot (simultaneous)

‣ Stackelberg (sequential)

‣ Equilibrium price 𝑝∗

‣ Quantities 𝑞∗
𝑖

‣ Profits 𝜋∗
𝑖

‣ Number of firms 𝑁

‣ Consumer surplus

‣ Total surplus

‣ Comparison across 𝑁
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