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Introduction

In the realm of industrial organization and microeconomics, understanding how
firms behave in oligopolistic markets is fundamental. Among the various
models that analyze such behavior, the Cournot model stands out as a classic
approach to examining firms that compete simultaneously in quantities. When
analyzing duopolistic markets—markets with exactly two dominant firms—the
Cournot model provides insights into how strategic interactions influence
output, pricing, and overall market efficiency.

A particularly interesting scenario arises when both firms operate at zero
marginal and average costs. This situation, while theoretical, allows
economists to explore the pure effects of market demand and strategic output
decisions without the complication of costs. Such an analysis not only
deepens understanding of market dynamics but also offers a benchmark for
assessing real-world markets where costs are minimal or negligible.

This article delves into the case where two Cournot duopolists operate at
zero marginal and average costs, and the market demand is specified. We will
explore the implications for equilibrium outputs, prices, and social welfare,
providing a comprehensive and SEO-optimized guide to this foundational
economic model.

Understanding the Cournot Duopoly Model

Basic Principles of Cournot Competition

The Cournot model, developed by Augustin Cournot in 1838, describes an
oligopoly where firms choose quantities simultaneously to maximize their own
profits. Each firm assumes the other firm's output remains fixed when



deciding their own quantity. The key features include:

- Simultaneous decision-making: Both firms choose output levels at the same

time.

- Strategic interdependence: Each firm's optimal output depends on the other
firm's choice.

- Market clearing: The total quantity supplied by both firms determines the

market price through the demand function.

Significance of Zero Marginal and Average Costs

When marginal and average costs are zero, firms do not incur any expense for
producing additional units. This scenario simplifies the profit function to
depend solely on the revenue derived from sales, making the analysis focused
entirely on demand and strategic output decisions. Although unrealistic in
practice, this assumption provides a clear baseline for understanding market
behavior and the effects of demand on equilibrium outcomes.

Market Demand Function and Its Role

Specification of the Demand Function

Suppose the market demand is represented by a linear inverse demand function:

\[ P(Q) =a - bQ \]

where:

- \( P\) is the market price,

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

- \( a>0\) is the choke price (maximum price consumers are willing to

pay),
- \( b >0)\) is the slope of the demand curve.

This linear demand function indicates that as total quantity increases, the
price decreases at a constant rate.

Implications of Zero Marginal Costs

With zero marginal costs, the profit for each firm simplifies to:



\[ \pi i =q i \times P(Q) \]

since the cost per unit is zero. The firms' objective is to choose \( g i \)
to maximize their profit, considering the other firm's choice.

Deriving the Cournot Equilibrium

Best Response Functions

Each firm chooses its quantity \( g i \) to maximize profit, assuming the
other firm's quantity \( g j \) is fixed. The profit for Firm 1:

\[ \pi 1 =q 1 \times (a - b(q 1 + q 2)) \I
Similarly, for Firm 2:
\[ \pi 2 = q 2 \times (a - b(q 1 + q 2)) \]

To find the best response function for Firm 1, we take the derivative of \(
\pi 1 \) with respect to \( q 1 \):

\[ \frac{\partial \pi 1}{\partial q 1} = a - 2bgq 1 - bg 2 \]
Setting this derivative to zero for profit maximization:

\[ @ -2bg1l-bg2=0\]

Solving for \( g 1 \):

\[ q 1 = \frac{a - bg 2}{2b} \]

Similarly, for Firm 2:

\[ g_2 = \frac{a - bg_1}{2b} \]

These are the best response functions for both firms.

Finding the Nash Equilibrium

To find the equilibrium, solve the system of best response functions
simultaneously:

\[



\begin{cases}

g 1 = \frac{a - bg 2}{2b} \\

g 2 = \frac{a - bg 1}{2b}

\end{cases}

\1

Substitute \( g 2 \) into the first:

\[ g 1 =\frac{a - b \times \frac{a - bq 1}{2b}}{2b} \]

Simplify the numerator:

\[ a - \frac{a - bg 1}{2} = \frac{2a - (a - bg 1)}{2} = \frac{2a - a +
bg 1}{2} = \frac{a + bg 1}{2} \I

Now, the expression for \( q 1 \):

\[ q 1 = \frac{\frac{a + bq 1}{2}}{2b} = \frac{a + bg 1}{4b} \]
Multiply both sides by \( 4b \):

\[ 4bgl=a+baqgl\l

Bring all terms to one side:

\[ 4b g 1 - b g1 = a \Rightarrow 3b q 1 = a \]
Solve for \( g 1 \):

\[ q 1™ = \frac{a}{3b} \1

By symmetry, \( g 2™ = \frac{a}{3b} \).
Equilibrium Qutput:

\ [

\boxed{

g 1© = q 2© = \frac{a}{3b}

}

\1]

Total market quantity:

\ [
Q® =g 1™ + g 2° = \frac{2a}{3b}
\1]

Market price at equilibrium:

\ [
P* =a - bQ™ = a - b \times \frac{2a}{3b} = a - \frac{2a}{3} = \frac{a}{3}



\]

Implications of the Equilibrium Outcomes

Market Price and Total Quantity

The equilibrium price:

\ [
P~ = \frac{a}{3}
\1]

indicates that, with two firms operating at zero costs, the market price
settles at one-third of the maximum consumer willingness to pay (\( a \)).
The total output produced in the market:

\ [
Q™ = \frac{2a}{3b}
\1]

is twice the individual firm's output, reflecting the symmetry in duopoly
competition.

Individual Firm Profits

Since profit per firm:

\ [
\pi i® = g _i”~ \times P~ = \frac{a}{3b} \times \frac{a}{3} = \frac{a”2}{9b}
\1

each firm earns positive profits, demonstrating that even in the absence of

costs, strategic competition reduces market prices and profits compared to a
monopolist.

Social Welfare and Efficiency

The total surplus (consumer plus producer surplus) in this scenario can be
analyzed as follows:

- Consumer Surplus (CS):



\ [

CS = \frac{1}{2} \times (a - P*) \times Q™ = \frac{1}{2} \times \left(a -
\frac{a}{3}\right) \times \frac{2a}{3b} = \frac{1}{2} \times \frac{2a}{3}
\times \frac{2a}{3b} = \frac{a”2}{9b}

\1

- Total Producer Surplus (Profit):

\ [
2 \times \frac{a™2}{9b} = \frac{2a"2}{9b}
\1]

- Total Welfare:

\ [

W = CS + \text{Total Profits} = \frac{a”2}{9b} + \frac{2a”2}{9b} =
\frac{3a”2}{9b} = \frac{a”2}{3b}

\1]

This efficient outcome demonstrates that competition drives total output
towards the social optimum, although individual profits are reduced.

Extensions and Practical Considerations

Impact of Demand Curve Shape

While the linear demand assumption simplifies calculations, alternative
demand forms (e.g., nonlinear, convex, or concave) could alter equilibrium
outcomes. For example, a more elastic demand would reduce equilibrium
quantities and profits.

Real-World Applicability

In practice, zero marginal costs are rare; however, this model serves as a
benchmark. Industries with low production

Frequently Asked Questions



What is the equilibrium outcome in a Cournot duopoly
with two firms at zero marginal and average cost?

In a Cournot duopoly with zero marginal and average costs, both firms will
produce positive quantities until their best response functions intersect.
The equilibrium results in each firm choosing a quantity where their marginal
revenue equals zero, leading to stable market prices determined by the
inverse demand function.

How does the market demand function influence the
Cournot equilibrium in this scenario?

The market demand function determines the inverse demand curve, which
influences each firm's optimal quantity choice. Since costs are zero, firms
set output where marginal revenue equals zero, and the shape of the demand
function affects the equilibrium price and quantities produced by both firms.

What are the implications of zero costs for the
firms' pricing strategies in the Cournot model?

With zero costs, firms can produce any positive quantity without incurring
expenses, leading to intense competition. They tend to produce higher
quantities, driving prices down to the lowest possible levels consistent with
demand, often approaching marginal cost (which is zero in this case),
resulting in zero economic profits at equilibrium.

How does increasing market demand impact the
equilibrium quantities and prices in the zero-cost
Cournot duopoly?

An increase in market demand allows both firms to produce larger quantities
without cost constraints, resulting in higher equilibrium quantities and
potentially higher market prices depending on the demand function's shape.
Since costs are zero, the increased demand primarily raises the total output
and the market-clearing price dictated by the demand curve.

Can collusion occur in a zero-cost Cournot duopoly,
and what would be its effect on market outcomes?

While theoretically possible, collusion in a zero-cost Cournot duopoly can
lead to firms jointly restricting output to raise prices and maximize joint
profits. However, in practice, the zero-cost environment and competitive
incentives often make collusion unstable, leading to competitive equilibrium
outcomes with high output and low prices.



Additional Resources

Two Cournot Duopolist Firms Operating at Zero Marginal and Average Cost: An
In-Depth Analysis

In the realm of industrial organization and microeconomic theory, the Cournot
model stands as a foundational framework for understanding duopolistic
competition. When two firms operate under the assumption of zero marginal and
average costs, the strategic interactions and market outcomes take on
distinctive characteristics that merit detailed exploration. This article
delves into the theoretical underpinnings, strategic implications, and market
dynamics associated with two Cournot duopolist firms operating at zero cost,
offering a comprehensive review of this specific scenario.

Introduction to the Cournot Duopoly Model

The Cournot model, developed by Antoine Augustin Cournot in 1838, describes
an oligopolistic market structure where firms choose quantities
simultaneously to maximize profits. Unlike perfect competition or monopoly,
Cournot duopolists recognize each other's strategic behaviors and adjust
their outputs accordingly. The equilibrium reached, known as the Cournot-Nash
equilibrium, reflects a balance where neither firm can unilaterally increase
profits by altering its output, given the output of the rival.

In the classical setup, firms face positive marginal costs, which influence
their output decisions and market prices. However, when marginal and average
costs are zero, the analysis simplifies but also reveals unique features that
distinguish this scenario from more typical cases.

Market Demand Function and Its Role

The fundamental component shaping the equilibrium outcomes in a Cournot
duopoly is the market demand function, which relates the price \( P \) to the
total quantity supplied \( Q = q 1 + q 2 \). A common assumption is a linear
demand function:

\[ P=a - bQ\]

where:

- \( a>0)\) is the choke price (the maximum price consumers are willing to
pay when quantity is zero).

- \( b >0 \) measures the rate at which price declines as quantity

increases.

In the zero-cost context, this demand function becomes the sole determinant



of the firms' profits, as costs are zero. Consequently, the profit functions
simplify to:

\[ \pi i

P \cdot g i=1(a-b(qgl+qg2))qgill
for \( 1 =1, 2\).

This setup emphasizes the strategic interplay between firms, as each chooses
its quantity considering the other's choice to maximize its own profit.

Strategic Behavior and Equilibrium Analysis

Profit Maximization and Best Response Functions

Each firm aims to select an output \( q i \) that maximizes its profit:
\[ \pi i(q i, g j) = (a - b(q i + q_j)) g i\]

To find the optimal \( q i \), differentiate with respect to \( q i \):
\[ \frac{\partial \pi i}{\partial q i} = a - 2bg i - bg j = 0 \]
Solving for \( g i \):

\[ g i = \frac{a - bg j}{2b} \I

This yields the best response function:

\[ g i” = \frac{a}{2b} - \frac{q j}{2} \I

Since the setup is symmetric, the equilibrium occurs when both firms choose
the same quantity:

\[ q_l/\ = q_z/\ = q/\ \]

Substituting into the best response:
\[ g~ = \frac{a}{2b} - \frac{q”}{2} \]
Solving for \( g™ \):

\[ g~ + \frac{q™}{2} = \frac{a}{2b} \]
\[ \frac{3}{2} g~ = \frac{a}{2b} \]

\[ g~ = \frac{a}{3b} \]

The total equilibrium quantity becomes:



\[ Q* = 2™ = \frac{2a}{3b} \]
And the equilibrium market price:

\[ PP =a - bQ™ = a - b \cdot \frac{2a}{3b} = a - \frac{2a}{3} = \frac{a}{3}
\1

The equilibrium profits for each firm:
\[ \pi i™ = P”® \cdot g~ = \frac{a}{3} \cdot \frac{a}{3b} = \frac{a”2}{9b} \]
Key points:

- Each firm produces one-third of the market’s maximum sustainable quantity.
- Market price settles at one-third of the maximum willingness to pay.

- Profit levels are positive, highlighting mutual benefits in strategic
output decisions at zero cost.

Implications of Zero Marginal and Average Costs

Operating at zero marginal and average costs introduces several notable
features and implications:

Advantages and Features

- Zero-cost environment encourages higher output: Since costs are zero, firms
can produce more without eroding profit margins.

- Potential for aggressive competition: With no cost constraints, firms might
push quantities to the maximum feasible levels, possibly leading to
overproduction if not moderated.

- Simplification of profit calculations: Eliminates the complications arising
from variable or fixed costs, allowing a pure focus on strategic quantity
decisions and demand effects.

- Market price driven solely by demand: Price becomes a direct function of
total output, emphasizing the importance of strategic output choices.

Disadvantages and Challenges

- Unrealistic in real-world scenarios: Zero-cost operations are idealized;
most industries entail some form of marginal or fixed costs.

- Potential for unbounded output in theoretical models: Without costs, the
model could suggest infinite production, which is impractical.

- Market sustainability concerns: Overproduction can lead to waste or market
saturation, especially if demand is limited.

- Environmental or resource considerations: Zero-cost assumptions ignore



externalities or resource limitations that would typically impose costs.

Market Outcomes and Welfare Analysis

Given the equilibrium quantities and prices, we can analyze the welfare
implications:

- Consumer Surplus: The area under the demand curve above the market price:

\[ CS = \frac{1}{2} \times (Q") \times (a - P") = \frac{1}{2} \times
\frac{2a}{3b} \times \left( a - \frac{a}{3} \right) = \frac{1}{2} \times
\frac{2a}{3b} \times \frac{2a}{3} = \frac{a"2}{9b} \]

- Total Surplus: Since there are no costs, total surplus equals consumer
surplus plus producers’ profits:

\[ TS = CS + 2 \times \pi i~ = \frac{a”2}{9b} + 2 \times \frac{a”2}{9b} =
\frac{3a”2}{9b} = \frac{a”2}{3b} \I

This indicates a highly efficient market from a welfare perspective, with
total surplus maximized under zero-cost conditions.

Comparison with Other Market Structures

- Monopoly: A single firm producing \( q {mono} \) would maximize profit:
\[ g {mono} = \frac{a}{2b} \]

which is larger than the Cournot equilibrium quantity \( \frac{a}{3b} \).
Consequently, monopoly yields higher market price and profits but lower total
quantity, leading to less consumer surplus.

- Perfect Competition: If many firms existed, the market would reach the
competitive quantity where price equals marginal cost (zero). The equilibrium
quantity would be:

\[ g {pc} = \frac{a}{b(n+1)} \]

which approaches the competitive outcome as the number of firms \( n \)
increases.

- Implication: The duopoly with zero costs produces more than monopoly but
less than perfect competition, balancing market power and consumer benefits.



Limitations and Real-World Applicability

While the model provides valuable insights, several limitations hinder its
direct application:

- Assumption of zero costs: Rare in real industries; costs are inevitable.

- Homogeneous products: The model assumes perfect substitutability, which may
not hold.

- Static framework: Does not account for dynamic adjustments, entry/exit, or

innovation.

- Market capacity constraints: Does not consider physical or infrastructural

limitations.

Despite these limitations, the zero-cost Cournot duopoly offers a clear
illustration of strategic quantity competition, market efficiency, and the
effects of competitive behavior.

Conclusion

The analysis of two Cournot duopolist firms operating at zero marginal and
average costs reveals a simplified yet insightful picture of oligopolistic
competition. With demand shaping the strategic choices, firms settle into an
equilibrium where each produces one-third of the maximum feasible output,
resulting in a market price at one-third of the maximum willingness to pay.
The absence of costs leads to positive profits, high consumer surplus, and an
efficient overall market welfare.

However, the idealized scenario also highlights several theoretical and
practical limitations, emphasizing that real-world markets seldom operate at
such perfect conditions. Nonetheless, this case enhances our understanding of
strategic interactions in oligopoly, the importance of costs, and the
delicate balance between market power and consumer welfare.

By exploring this model, economists and policymakers can better appreciate
the
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