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Suppose That There Are Two Firms Producing A Homogeneous Product And
Competing In Cournot Fashion And this scenario is foundational in
understanding oligopolistic markets. The Cournot model, developed by Augustin
Cournot in 1838, describes an industry structure where firms compete by
choosing quantities simultaneously, each aiming to maximize its own profit
based on the expected output of the rival. This model provides crucial
insights into strategic interdependence, market equilibrium, and the effects
of various market parameters such as costs, demand elasticity, and capacity
constraints. In this comprehensive analysis, we explore the core concepts of
Cournot competition, derive the equilibrium conditions, examine the
implications of different assumptions, and discuss real-world applications
and limitations.

Understanding the Basic Framework of Cournot
Competition

Market Structure and Assumptions

The Cournot model operates under several key assumptions that define the
competitive environment:

- Homogeneous Products: Both firms produce identical goods, making them
perfect substitutes from the consumer perspective.

- Simultaneous Quantity Setting: Firms choose their output levels at the same
time without knowing the rival's decision.

- Profit Maximization: Each firm aims to maximize its own profit, considering
the other firm's output as given.

- Market Price Determination: The market price is derived from the total
quantity supplied, following a specified demand function.

- No Collusion or Cooperation: Firms act independently, leading to a non-
cooperative game.

These assumptions create a strategic setting where each firm's optimal
decision depends on the anticipated actions of its competitor.

The Market Demand Function

A typical demand function in Cournot models is downward-sloping, often
expressed as:
\[ P(Q) =a - bQ \]



where:

- \( P \) is the market price,

-\N( Q=91+ qg2)\) is the total quantity supplied by both firms,

- \( a\) and \( b \) are positive constants representing the intercept and
slope of the demand curve.

The assumptions imply that as total quantity \( Q \) increases, the price \(
P \) decreases, reflecting consumer willingness to buy more only at lower
prices.

Deriving the Firms' Profit Functions and Best
Responses

Profit Functions

Each firm's profit depends on the market price, its output, and its costs.
Assuming constant marginal costs \( c \), the profit functions are:

\ [

\pi_1(q_1, q_2)
\1]

\ [

\pi_2(q_1, q_2)
\1

(P(Q) - c) \times g 1 = (a - b(q1+q2) -¢c)ql

(@ - b(q_1 +q2) -c)q.2

Best Response Functions

To find the optimal output, each firm takes the other firm's quantity as
given and maximizes its profit:

\ [

\frac{\partial \pi 1}{\partial q 1} = a - b(gl1+qg2) -c-bgl=20

\1

Simplifying:

\ [

a-c-bg2-2bgl=20

\1

\ [

g 17{BR}(g 2) = \frac{a - ¢ - bq 2}{2b}
\1

Similarly, for Firm 2:

\ [

g 2™{BR}(q 1) = \frac{a - c - bqg 1}{2b}
\1

These best response functions describe each firm's optimal output given the
other firm's choice.



Finding the Cournot Equilibrium

Simultaneous Solution

The Cournot equilibrium occurs where both firms' best response functions
intersect:

\ [
q_17
\1

\ [
q_2"
\1

\frac{a - ¢ - bqg 2"}{2b}

\frac{a - ¢ - bg 17}{2b}

Substituting \( g 2~ \) into the first:

\ [

g 1 = \frac{a - ¢ - b \left( \frac{a - ¢ - bg 1"}{2b} \right)}{2b}
\1]

Simplify numerator:

\ [

a - c - \frac{a - ¢ - bg 17}{2}
\1

which simplifies to:

\ [

\frac{2(a - ¢) - (a - c) + bg 1°}{2} = \frac{(a - c) + bg 17}{2}
\1]

Putting it back:

\ [

q 17 = \frac{\frac{(a - c) + bg 17}{2}}{2b} = \frac{(a - c) + bg 1"}{4b}
\]

Multiply both sides by \( 4b \):
\ [

4bg 1~ = (a - ¢) + bg 17
\1]

\ [

4bq 1~ - bgq 1” = a - ¢
\1]

\ [

3bg 1 =a - ¢

\1]

\ [

g 1™ = \frac{a - c}{3b}
\1]

Similarly, \( q 2™ = \frac{a - c}{3b} \).

Total equilibrium quantity:



\ [
Q" = q 1™ + q 2 = 2 \times \frac{a - c}{3b} = \frac{2(a - c)}{3b}
\1

Market Price at Equilibrium:

\ [

P =a - bQ™ =a - b \times \frac{2(a - c)}{3b} = a - \frac{2(a - c)}{3} =
\frac{a + 2c}{3}

\1

Profits at Equilibrium:

\ [

\pi i® = (P™ - ¢) q i~ = \left( \frac{a + 2c}{3} - c \right) \times \frac{a -
c}{3b}

\1

\ [

= \frac{a - c}{3} \times \frac{a - c}{3b} = \frac{(a - c)”2}{9b}

\1

Implications of Cournot Equilibrium Analysis

Market Outcomes and Efficiency

The Cournot model predicts a doubly inefficient outcome compared to perfect
competition:

- Higher prices than in perfect competition, but lower than monopoly.

- Lower total output than the social optimum.

- Positive profits for firms in equilibrium, indicating market power.

These outcomes highlight the tension between firms' strategic decisions and
overall social welfare.

Effect of Cost and Demand Parameters

The model's results depend critically on parameters:

- Higher marginal costs \( c¢ \): Reduce equilibrium quantities and profits.
- Steeper demand (larger \( b \)): Decrease equilibrium quantities, increase
prices.

- Higher demand intercept \( a \): Increase both quantities and prices.

Strategic Interdependence and Market Power

The Cournot model underscores the strategic interdependence of firms:

- Each firm's optimal output depends on the anticipated output of its rival.
- The equilibrium reflects a balance where neither firm can unilaterally
improve its payoff by changing its quantity.



Extensions and Variations of the Basic Cournot
Model

Asymmetric Firms

In real markets, firms often differ in:
- Cost structures,

- Capacity constraints,

- Market power.

The asymmetric Cournot model accounts for these differences, leading to
potentially uneven equilibrium outcomes.

Capacity Constraints and Entry Barriers

- Capacity limits can restrict firms' output, affecting the equilibrium.
- Entry barriers influence the number of competitors, potentially shifting
from duopoly to monopoly.

Dynamic and Repeated Cournot Games

- Firms may adjust strategies over time.
- Repeated interactions can lead to collusion or other strategic behaviors.

Real-World Applications of the Cournot Model

Industries with Oligopolistic Structures

Examples include:

- 0il and gas exploration,
- Telecommunications,

- Airline industries,

- Pharmaceutical markets.

In these sectors, firms often compete on quantities or similar strategic
variables.

Policy Implications

- Antitrust authorities use insights from Cournot models to assess market
power.

- Regulations may aim to increase competition and reduce prices.

- Understanding strategic interactions helps design better market policies.



Limitations and Criticisms of the Cournot Model

Assumption of Simultaneous Decision-Making

- In reality, firms may observe rivals’ actions or decide sequentially.
- Sequential moves are better modeled by Stackelberg competition.

Homogeneous Product Assumption

- Many markets feature differentiated products, complicating the competitive
dynamics.

Static Nature of the Model

- The basic model does not consider dynamic effects like innovation,
learning, or strategic

Frequently Asked Questions

What is the Cournot competition model in the context
of two firms producing a homogeneous product?

The Cournot competition model describes a strategic interaction where two
firms choose quantities simultaneously to maximize their own profit, assuming
the other firm's output remains fixed, leading to an equilibrium in
quantities produced.

How does the presence of two firms affect market
prices in a Cournot model?

In a Cournot setting, as both firms produce more, the total output increases,
which typically drives market prices down compared to monopoly or collusive
scenarios, reflecting the competitive pressure between the firms.

What is the Nash equilibrium in a Cournot duopoly
with homogeneous products?

The Nash equilibrium occurs when both firms choose their optimal output
levels given the other firm's choice, resulting in a stable point where
neither firm can improve their profit by unilaterally changing their output.



How do factors like cost structures influence the
Cournot equilibrium in a duopoly?

Differences in cost structures can shift the equilibrium outputs; a firm with
lower costs may produce more and capture a larger market share, affecting the
overall market price and profit distribution.

What is the impact of increasing market demand on
the Cournot equilibrium outputs?

An increase in market demand typically leads to higher equilibrium outputs
from both firms, as the profit-maximizing quantities expand to meet the
larger market, often resulting in higher market prices.

How does the Cournot model compare to other
competition models like Bertrand in terms of
outcomes?

While Cournot focuses on quantity competition, Bertrand models emphasize
price competition. Cournot often results in higher prices and profits
compared to Bertrand, especially when products are homogeneous and firms
compete in quantities.

What are the implications of the Cournot model for
market efficiency and consumer welfare?

The Cournot equilibrium usually leads to higher output and lower prices than
monopoly but less efficient than perfect competition, often resulting in some
deadweight loss and moderate consumer benefits.

How do entry barriers influence the stability of a
Cournot duopoly?

High entry barriers can sustain the duopoly by preventing new competitors
from entering, maintaining market power for existing firms, whereas low
barriers may lead to more intense competition and potential market entry,
affecting the equilibrium.

Additional Resources
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The Cournot model, developed by Antoine Augustin Cournot in 1838, remains one
of the fundamental frameworks in industrial organization and microeconomic
theory for analyzing duopolistic competition. When two firms produce a
homogeneous product and compete in quantities, the Cournot model provides
valuable insights into strategic behavior, market equilibrium, and the
overall functioning of imperfect markets.

In this detailed review, we will explore the core concepts of the Cournot
model involving two firms, analyze its assumptions, derive the equilibrium
outcomes, and discuss its implications for firms and policy-makers. We will
also compare it with alternative models like Bertrand competition and discuss
extensions and real-world applications.

Core Assumptions of the Cournot Model

Understanding the foundation of the Cournot duopoly is essential before
delving into its mechanics. The primary assumptions are:

- Homogeneous Product: Both firms produce identical products, making the
market indistinguishable between suppliers.

- Quantity Competition: Firms choose quantities simultaneously and
independently, aiming to maximize their respective profits.

- Market Demand: The market has a well-defined inverse demand function \(
P(Q) \), where \( Q = q 1+ g 2 \) is the total quantity supplied by both
firms.

- Cost Structures: Each firm has a known cost function, often simplified as
constant marginal costs \( ¢ 1 \) and \( c 2 \).

- No Collusion: Firms do not cooperate; their strategic decisions are made
independently.

- Rationality & Complete Information: Firms are rational and fully aware of
the demand function and cost structures.

Deriving the Cournot Equilibrium

Step 1: Establishing the Profit Functions

Let:

-\N(q.1\) and \( g 2 \): quantities produced by Firm 1 and Firm 2,
respectively.

- \( P(Q) \): inverse demand function.

- \( c1\)and \( c 2 \): constant marginal costs.

The profit functions are:

\ [
\pi 1(q 1, g 2) = g 1 \times P(g 1 +q 2) - c1lql



\1]
\ [
\pi 2(q 1, q 2) = q 2 \times P(q 1 + q 2) - c 2 q2
\1

Step 2: Best Response Functions

Each firm chooses its quantity to maximize its profit, taking the other
firm's quantity as given.

- Firm 1's best response:

\ [
BR 1(q 2) = \arg \max_{q 1} \pi _1(q_ 1, g 2)
\]

- Firm 2's best response:

\ [
BR 2(q_1) = \arg \max_{q_2} \pi_2(q_1, q_2)
\]

Step 3: Solving for Equilibrium

The Cournot equilibrium is the intersection of the best response functions,
where:

\ [
q_17
\]
\ [
q_2"
\]

BR 1(q 27)

BR 2(q 17)

This pair \((gq_ 1", g 27)\) is the Nash equilibrium of the duopoly.

Analytical Example: Linear Demand and Constant Marginal Costs

To clarify the mechanics, consider a simple case:

- Inverse demand: \( P(Q) =a - bQ \), with \( a, b >0 \)
- Constant costs: \( c 1, c 2\)

Step 1: Profit Functions

\ [

\pi 1(q 1, 9 2) =q1l(a-b(ql+q2)-clql

\1]

\ [



\pi 2(q 1, g2) =q2(a-b(qgl+qg2))-c2q?
\1

Step 2: Best Response Functions
- Firm 1:

\ [

\frac{\partial \pi 1}{\partial q 1} = a - b(q1+q2) -bqgql-cl=20
\1]

\ [

a-cl-2bgql-bqg2=020

\1]

\ [

g1l =\frac{a - ¢ 1 - b q 2}{2b}

\1]

- Firm 2:

\ [
g2 =\frac{a - ¢ 2 - b q 1}{2b}
\1

Step 3: Find the Equilibrium Quantities
Solve these simultaneously:

\ [
q_17
\]
\ [
q_2"
\]

\frac{a - ¢ 1 - b q 27}{2b}

\frac{a - ¢ 2 - b q 1°}{2b}

Substitute \( g 2™ \) into \( g 1™ \):

\ [
g 1™ = \frac{a - ¢ 1 - b \left( \frac{a - ¢ 2 - b q 1°}{2b} \right)}{2b}
\1]

Simplify:

\ [

q 1~ = \frac{a - ¢ 1 - \frac{a - ¢ 2 - b q 1"}{2}}{2b}
\1]

Multiply numerator and denominator to clear fractions:

\[
q 17 = \frac{2(a - c_ 1) - (@ - ¢ 2 - b q 17)}{4b}
\]



Simplify numerator:

\ [
2 - 2cl-a+c2+bgl=(a-2cl+c2+baql)
\]

Thus:

\ [
g 1 =\frac{fa - 2 c 1+ c2+ b q 1°}{4b}
\1]

Bring \( b g 1™ \) to the left:

\ [
g 1~ - \frac{b q 17}{4b} = \frac{a - 2 c 1 + c 2}{4b}
\1]

\ [

g 1~ - \frac{q 1"}{4} = \frac{a - 2 c 1 + c 2}{4b}
\1]

\ [

\frac{3}{4} q 1~ = \frac{a - 2 c 1 + c 2}{4b}
\1

Multiply both sides by \( \frac{4}{3} \):

\ [

g 1™ = \frac{a - 2 c 1 + c 2}{3b}

\1

Similarly, \( g 2™ \):

\ [

g 2™ = \frac{a - ¢ 2 - b q 1"}{2b}

\1

Substitute \( g 1™ \):

\ [

g 2™ = \frac{a - c 2 - b \left( \frac{a - 2 c 1 + c 2}{3b} \right)}{2b} =

\frac{a - ¢ 2 - \frac{a - 2 c 1 + c 2}{3}}{2b}
\1]

Simplify numerator:

\ [
a-c2 - \frac{a - 2 c 1+ c 2}{3} = \frac{3(a - c2) - (a -2c11+
c_2)}{3}

\]



\ [
=\frac{3a - 3 c2 -a+2cl-c2}3} =\frac{2a - 4 c 2 + 2 c 1}{3}
\1]

Thus:

\ [

g 2~ = \frac{\frac{2a - 4 c 2 + 2 c 1}{3}}{2b} = \frac{2a - 4 c 2 + 2
c _1}{6b}

\1

Equilibrium Qutcomes and Insights
Quantities and Prices

- The equilibrium quantities depend on the demand intercept \( a \), costs \(
c1l, c2\), and the slope \( b \).
- The market price at equilibrium:

\ [
P*=a - b (g 1" + q 27)
\1]

which can be explicitly calculated once quantities are known.

Profitability and Market Power

- Each firm's output is less than the monopoly level (which occurs if one
firm controls the entire market).

- The model reveals the competition effect: as firms compete in quantities,
the total output increases relative to monopoly, leading to lower prices.

- Firms' strategic interdependence means each considers the other's response
when choosing quantities, resulting in a stable equilibrium.

Key Features and Theoretical Implications
1. Equilibrium Uniqueness
- Under standard assumptions (linear demand, constant costs), the Cournot

equilibrium is unique.
- Multiple
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