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Introduction

In the realm of industrial organization and microeconomics, understanding how
firms compete in imperfect markets is crucial. One classic model that
captures this dynamic is the Cournot competition model, where firms
simultaneously decide on quantities to produce, influencing market prices.
When multiple firms operate with constant returns to scale (CRS) technology,
their production efficiencies and strategic interactions become particularly
interesting. This article explores the intricacies of a three-firm Cournot
competition scenario under CRS, examining how firms' decisions interact, the
resulting market equilibrium, and the implications for firms and
policymakers.

Understanding Cournot Competition

Fundamentals of the Cournot Model

The Cournot model, developed by Antoine Augustin Cournot in 1838, describes
an environment where firms choose quantities simultaneously, with each firm's
output decision affecting the market price. Key features include:

- Simultaneous Decision-Making: Firms select output levels without knowing
rivals’ choices.

- Market Price Determination: Price depends on total market output, following
a demand function.

- Strategic Interdependence: Each firm considers rivals' potential reactions
when setting output.

Market Demand and Price Function

Typically, the market demand is represented as a downward-sloping function:
\[ P(Q) = a - bQ \]

where:



- \( P \) is the market price,

-\(Q=9g1+q2+q3)\) is the total output of the three firms,
- \( a\) and \( b \) are positive constants reflecting demand
characteristics.

Constant Returns to Scale Technology

Definition and Implications

Constant Returns to Scale (CRS) occurs when a firm's output increases
proportionally with all inputs, maintaining constant average and marginal
costs. Formally:

\[ C(\lambda q) = \lambda C(q) \]

for any positive scalar \( \lambda \).

Implications of CRS:

- Cost Structure: Average cost remains the same regardless of output level.
- Production Efficiency: Firms are equally efficient at all scales.

- Market Behavior: No inherent cost advantages or disadvantages based on
size.

Impact on Firm Strategies

With CRS, firms face certain strategic considerations:

- No Economies or Diseconomies of Scale: The incentive to expand or contract
production based solely on scale diminishes.

- Focus on Market Shares: Competition centers more on strategic quantity
choices rather than cost reductions.

- Profit Maximization: Firms aim to choose quantities that maximize their
profits considering rivals' choices.

The Model Setup for Three Firms

Assumptions

- All three firms have identical CRS technology.
- Firms choose quantities \( q 1, g 2, g 3 \) simultaneously.



- The inverse demand function is \( P = a - bQ \).
- Cost functions are linear with constant marginal costs \( ¢ \):

\[ C(g_1) = c g_1\]

- The market reaches equilibrium where no firm can improve profit by
unilaterally changing output.

Profit Function for Each Firm

The profit for firm \( 1 \):

(@ - bQ - c) qgi\]

\[ \pi i=(P-c)qli

where \( Q =ql+q2+qg3)\).

Deriving the Cournot Equilibrium

Best Response Functions

Each firm chooses \( g i \) to maximize its profit, taking rivals' quantities
as given.

For firm 1:

\ [
\max_{q_1} \pi_1 = (a - b(q 1 +q92+q3) -c)aq.l
\]

Taking the derivative with respect to \( q 1 \):

\ [
\frac{\partial \pi 1}{\partial q 1} =a - b(ql1+q2+q9g3) -c-Dbagqgl
\1]

Set to zero for maximization:

\ [
a-c¢c-b(qg2+q9g3)-2bgl=20
\1

Solve for \( g 1 \):

\ [
g1l =\frac{a - ¢ - b(qg 2 + q 3)}{2b}



\]

Similarly, the best response functions for firms 2 and 3 are identical:

\ [
q 2
\1
\ [
q3
\1]

\frac{a - ¢ - b(g 1 + q 3)}{2b}

\frac{a - ¢ - b(gq 1 + q 2)}{2b}

Symmetric Equilibrium

Assuming symmetry (\( g 1 =9 2 =93 =q" \)), substitute into the best
response:

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

Simplify:
\ [

2b g*
\1]

a-c-2bqg"

\ [
4b g~ =a - cC
\1

\ [
g~ = \frac{a - c}{4b}
\]

The equilibrium quantity per firm is:

\ [
g~ = \frac{a - c}{4b}
\]

Total market output:

\ [
Q" = 3 g~ = \frac{3(a - c)}{4b}
\1

Market price at equilibrium:

\[



P*=a - b Q" =a - b \times \frac{3(a - c¢)}{4b} = a - \frac{3(a - c)}{4} =
\frac{a}{4} + \frac{3c}{4}
\1]

Note: The equilibrium profit for each firm:

\ [

\pi i® = (P™ - ¢) g~ = \left( \frac{a}{4} + \frac{3c}{4} - c \right) \times
\frac{a - c}{4b}

\1]

Simplify:

\ [
P~ - ¢ = \frac{a}{4} + \frac{3c}{4} - c = \frac{a}{4} - \frac{c}{4}
\1]

Thus,

\ [

\pi i™ = \left( \frac{a - c}{4} \right) \times \frac{a - c}{4b} = \frac{(a -
c)"2}{16b}

\1]

Implications of the Equilibrium Analysis

Market Outcomes

- Price Level: The equilibrium market price depends on the demand intercept
\( a \) and the firm's marginal cost \( c \).

- Total Output: The total market output is a function of the number of firms
and their cost parameters.

- Firms’ Profits: Each firm's profit is positive if \( a > c \).

Effect of Increasing Number of Firms

Adding more firms under CRS:

- Increases Total Output: Since each firm produces \( \frac{a - c}{2 (n+l) b}
\), more firms mean more total output.

- Decreases Market Price: Price drops as total output increases.

- Reduces Profits: Each firm's profit diminishes with more competitors,
illustrating the classic Cournot result.



Role of Constant Returns to Scale in
Competition Dynamics

Cost Efficiency and Market Entry

With CRS:

- No Cost Advantage: Larger firms do not have cost benefits over smaller
ones.

- Entry and Expansion: Firms can freely expand without economies of scale
gaining them a competitive edge.

Market Stability and Competitive Pressure

- Price Competition: Firms compete primarily on quantities, leading to
aggressive outputs.

- Equilibrium Stability: The symmetric equilibrium remains stable under
standard assumptions.

Policy and Strategic Implications

Market Regulation

- Policymakers aiming to promote competition should consider that CRS leads
to increased total output and lower prices.

- Excessive entry or expansion might erode profits, possibly discouraging
firms from investing or innovating.

Strategic Firm Behavior

- Firms might seek differentiation or product innovation to escape pure
quantity competition.

- Collaboration or collusion becomes less feasible under CRS, as firms cannot
leverage cost advantages.

Extensions and Further Considerations



Asymmetric Firms

- Analyzing scenarios where firms differ in costs or technology can provide
richer insights.

- Asymmetries can lead to different equilibrium outputs and market power
distribution.

Dynamic Models

- Incorporating time, innovation, and entry/exit dynamics can enhance
understanding of long-term market behavior.

Market Structures Beyond Cournot

- Comparing Cournot with Bertrand (price competition) or Stackelberg (leader-
follower) models offers a broader perspective on strategic interactions.

Conclusion

The analysis of three firms competing in the style of Cournot with constant
returns to scale technology reveals fundamental insights into strategic
quantity setting, market equilibrium, and competitive

Frequently Asked Questions

What is the main assumption about firms' technology
in the Cournot competition model with constant
returns to scale?

All firms have a technology characterized by constant returns to scale,
meaning their output increases proportionally with input, and average costs
remain constant regardless of output level.

How does constant returns to scale influence firms'
strategic decisions in a Cournot model?

With constant returns to scale, firms face no increasing or decreasing
returns as they expand production, leading them to choose output levels based
on market conditions without concern for changing average costs.



In a three-firm Cournot competition with constant
returns to scale, how is the equilibrium output
determined?

Equilibrium output is determined by each firm's best response functions,
where each firm chooses its optimal quantity given the quantities chosen by
the others, leading to a stable Nash equilibrium considering the constant
returns to scale technology.

What impact does the number of firms have on market
prices in a Cournot model with constant returns to
scale?

As the number of firms increases, market prices tend to decrease toward
marginal cost levels, since increased competition drives down prices,
especially when all firms share constant returns to scale.

How does the assumption of constant returns to scale
affect the efficiency of the Cournot equilibrium?

Constant returns to scale typically lead to an efficient allocation of
resources at equilibrium, as firms produce at levels where marginal cost
equals marginal revenue without the distortions caused by increasing or
decreasing returns.

Can firms in a three-firm Cournot model with
constant returns to scale sustain collusion, and
what are the implications?

While collusion is theoretically possible, the competitive nature of Cournot
equilibrium and the incentive to cheat for higher profits make sustained
collusion difficult, especially with constant returns to scale, which can
facilitate easier detection of deviations.

How does the concept of constant returns to scale
influence the uniqueness and stability of the
Cournot equilibrium?

Constant returns to scale can contribute to a unique and stable Cournot
equilibrium, as firms' best response functions tend to intersect at a single
point, promoting predictable market outcomes.



Additional Resources

Three Firms Compete In The Style Of Cournot. All Firms Have A Constant
Returns To Scale Technology: There

In the complex world of industrial organization and market competition, the
Cournot model remains a foundational framework for understanding how firms
interact strategically when they produce similar products and compete
simultaneously on quantities. When multiple firms operate with constant
returns to scale (CRS) technology—meaning their average costs do not change
with the level of output—the dynamics of competition take on particular
characteristics that influence market outcomes, including prices, quantities,
and overall efficiency. This article explores the theoretical underpinnings,
strategic behaviors, and implications of a three-firm Cournot competition
where all firms share the CRS technology, providing a comprehensive yet
accessible analysis for readers interested in the mechanics of oligopolistic
markets.

Understanding the Cournot Model: The Basics
What Is the Cournot Model?

The Cournot model, developed by French economist Antoine Augustin Cournot in
1838, describes an oligopoly where a small number of firms simultaneously
choose quantities to produce. Each firm aims to maximize its profit based on
the expected output of competitors, leading to a strategic interaction
characterized by mutual interdependence.

Key Assumptions

- Simultaneous Decision-Making: Firms choose quantities at the same time,
without knowledge of competitors' choices but with rational expectations.

- Homogeneous Products: The firms produce identical products, and consumers
view them as perfect substitutes.

- Market Demand: The market demand curve is typically downward-sloping,
meaning higher total output leads to lower market prices.

- No Collusion: Firms act independently and non-cooperatively.

- Constant Returns to Scale: Each firm's cost structure exhibits CRS,
implying that doubling inputs doubles output and costs.

The Significance of Constant Returns to Scale (CRS)

In the context of the Cournot model, CRS implies that a firm's average cost
remains constant regardless of the scale of production. This assumption
simplifies analysis and has important implications:

- No Economies or Diseconomies of Scale: Firms do not experience cost
advantages or disadvantages as they expand production.
- Profitability Dynamics: Since costs scale proportionally with output, the



decision to increase production depends primarily on market price and demand
rather than cost efficiencies.

- Market Efficiency: CRS often leads to more straightforward equilibrium
analysis and predictable outcomes.

Modeling Three-Firm Cournot Competition with CRS
Setting Up the Framework

Consider three firms—Firm 1, Firm 2, and Firm 3—competing in a market with
the following assumptions:

Each firm chooses a quantity \( g 1 \), where \( 1 \in \{1, 2, 3\} \).

The total market quantity is \( Q gl+qg2+q9g3\).

- The inverse demand function is linear: \( P(Q) = a - bQ \), where \( a, b >
0 \).

- Each firm has a constant marginal cost \( c \), with \( ¢ < a \) to ensure
profitability at some production levels.

- The total cost for each firm is \( C i(q i) = c \times q i \) due to CRS.

i

Firm Profit Functions
The profit for each firm is given by:

\ [
\pi i(q i, q {-i}) = (P(Q) - c) \times q i = (a - bQ - c) \times q i
\]

where \( q {-i} = g j + g k \) for the other two firms.
Best Response Functions

Each firm chooses \( g i \) to maximize its profit, taking the other firms'
quantities as given. The first-order condition yields:

\ [
\frac{\partial \pi i}{\partial q i} = a - b(q i + q {-i}) - ¢ - bg i =0
\1]

Simplifying:

\ [

a-c-b(qg{-i} + 29 1) =0
\1]

Solving for \( g i \):

\ [
g i = \frac{a - ¢ - bg {-i}}{2b}



\]

This function describes the best response of firm \( i \) to the other firms’
quantities.

Symmetric Equilibrium

Assuming symmetry—each firm behaves identically and chooses the same quantity
in equilibrium: \( g 1 =92 =93 =q" \). The total quantity:

\ [
Q" = 39"
\]

Substituting into the best response:

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

which simplifies to:

\ [
2bg”
\1

a - c - 2bg”

\ [
4bg™
\]

Il
Q
1
0

\ [
g~ = \frac{a - c}{4b}
\1

The equilibrium market price is:

\ [

P*=a - bQ™ = a - 3bg™ = a - 3b \times \frac{a - c}{4b} = a - \frac{3}{4}(a
-C)

\1

\ [
P~ = \frac{a + 3c}{4}
\1

Total market output:

\ [
Q™ = 3g™ = \frac{3(a - c)}{4b}
\1]



Analyzing the Outcomes
Market Price and Quantity

The equilibrium price and total quantity depend on the demand parameters \( a
\) and \( b \), as well as the constant marginal cost \( c \). Notably:

- Higher \( a \) (market size or maximum willingness to pay) increases both
price and quantity.

- A higher \( c \) (costs) reduces equilibrium price and output.

- The equilibrium price is always above the marginal cost \( ¢ \), ensuring
firms earn positive profits under typical conditions.

Firm Profits
Each firm’s profit at equilibrium:

\ [

\pi i~ = (P™ - c¢) \times g~ = \left( \frac{a + 3c}{4} - c \right) \times
\frac{a - c}{4b}

\1]

Simplify:

\ [

\pi i™ = \frac{a - c}{4} \times \frac{a + 3c - 4c}{4b} = \frac{a - c}{4}
\times \frac{a - c}{4b} = \frac{(a - c)"2}{16b}

\1

This positive profit indicates that, in equilibrium, all firms earn returns
above their costs, consistent with the classical Cournot outcome.

Implications of Constant Returns to Scale

Market Efficiency and Welfare

Since all firms have CRS technology, the market outcome tends to be efficient
in the sense that resources are allocated optimally given the demand and cost
conditions. However, the degree of competition influences social welfare:

- More firms tend to push quantities closer to the socially optimal level.

- Fewer firms lead to higher market power and higher prices, reducing
consumer surplus.

Strategic Interactions

CRS simplifies the strategic decision-making process because firms do not



experience diminishing or increasing returns as they expand output. This
uniformity means that the firms' incentives are primarily driven by market
demand and competition, not internal cost efficiencies.

Impact of Firm Number on Market Outcomes
Extending beyond three firms, the general pattern remains:

- Increasing the number of firms reduces market power.

- The equilibrium approaches perfect competition as the number of firms
becomes large.

- In the three-firm case, the equilibrium is a stable outcome reflecting a
balance between strategic interaction and technology constraints.

Real-World Applications and Limitations
Practical Relevance
The three-firm Cournot model with CRS is applicable in markets where:

- Firms operate with similar technologies and cost structures.
- Market demand is linear or can be approximated as such.
- Firms make simultaneous output decisions without collusion.

Examples include certain commodity markets, small-scale manufacturing, or
niche sectors with a handful of producers.

Limitations and Extensions
While insightful, the model simplifies reality in several ways:

- Homogeneous products: Real markets often feature product differentiation.

- Static framework: It does not account for dynamic strategic behaviors like
entry, innovation, or capacity expansion.

- Linear demand: Actual demand may be nonlinear or affected by external
factors.

- Constant costs: Many firms experience economies or diseconomies of scale at
different production levels, which CRS assumptions neglect.

Extensions of the model incorporate capacity constraints, differentiated

products, dynamic strategies, and non-linear demand to better mirror real-
world complexities.

Conclusion: Strategic Equilibrium in CRS-Based Oligopoly

The Cournot model with three firms operating under constant returns to scale
offers a clear lens into how firms behave strategically in a shared market



environment. The equilibrium analysis reveals that:

- Firms balance market demand and costs to determine optimal output.

- Market prices settle above marginal costs but below monopolistic levels,
reflecting the degree of competition.

- The symmetry assumption simplifies analysis but highlights fundamental
strategic interactions.

Understanding these dynamics aids policymakers and business strategists in
assessing how market structure influences prices, output, and welfare. While
the CRS assumption streamlines theoretical models, real-world markets often
involve more nuanced cost and demand structures. Nonetheless, the core
principles derived from the Cournot framework remain instrumental in
analyzing oligopolistic competition and guiding strategic decision-making in
various industries.
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