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Understanding the intricacies of public goods and their impact on economic efficiency is vital for policymakers,
economists, and students alike. To elucidate these concepts, analyzing a simplified economy with a small number
of agents offers clarity. This article explores a basic model involving three individuals and two goods—one
public good (x) and one private good—highlighting the fundamental principles of public goods provision, free-
rider problems, and optimal resource allocation.

---

Introduction to the Model

Overview of the Economy

Imagine an economy with three individuals: Person A, Person B, and Person C. They have access to two goods:

Public Good (x): Non-rivalrous and non-excludable, meaning everyone can enjoy it simultaneously
without diminishing its availability.

Private Good (y): Rivalrous and excludable, consumed individually, with consumption by one reducing
the amount available to others.

The goal is to analyze how these individuals decide on their contributions and consumption levels, considering
their preferences and the nature of the goods.

Assumptions of the Model

To simplify the analysis:

Each individual has a utility function that depends on their consumption of both goods.1.

Individuals choose their contributions to the public good and their private consumption to maximize2.
utility.

The total contribution to the public good determines its provision level.3.

Individuals are rational and seek to maximize their own utility, subject to budget constraints.4.

---



Utility Functions and Preferences

Formulating Utility Functions

Each person's utility function can be represented as:

Person A: \( U_A(x, y_A) \)

Person B: \( U_B(x, y_B) \)

Person C: \( U_C(x, y_C) \)

where:

- \( x \) is the level of the public good, shared among all.
- \( y_i \) (for \( i = A, B, C \)) is the private good consumed by individual \( i \).

A common functional form for utility functions in this context is the Cobb-Douglas form:

\[
U_i(x, y_i) = a_i \ln(x) + b_i \ln(y_i)
\]

where \( a_i \) and \( b_i \) are positive parameters reflecting preferences.

Implications of Utility Structures

- The logarithmic form captures diminishing marginal utility.
- The parameters \( a_i \) and \( b_i \) determine the relative importance of public versus private consumption
for each person.
- Different preferences influence individual incentives to contribute to the public good.

---

Contribution and Budget Constraints

Individuals’ Contributions to the Public Good

- Each person decides how much to contribute, denoted by \( c_i \).
- The total public good level is:

\[
x = c_A + c_B + c_C
\]

- Contributions are voluntary and can be zero or positive.



Budget Constraints

Suppose each individual has an income \( I_i \). Contributions and private consumption are constrained by:

\[
I_i = y_i + c_i
\]

which implies:

\[
y_i = I_i - c_i
\]

- Individuals choose \( c_i \) and \( y_i \) to maximize utility subject to this constraint.

---

Social Welfare and Efficiency

Defining Social Welfare

Social welfare can be conceptualized as the sum of individual utilities:

\[
W = U_A(x, y_A) + U_B(x, y_B) + U_C(x, y_C)
\]

- The social planner aims to choose \( \{ c_i \} \) to maximize \( W \).

Efficiency in Public Goods Provision

- The optimal provision of the public good balances marginal social benefits and costs.
- The Samuelson condition states that:

\[
\sum_{i} \frac{\partial U_i / \partial x}{\partial U_i / \partial y_i} = 1
\]

- In practice, this involves equating the sum of individuals’ marginal valuations of the public good to its
marginal cost.

Marginal Benefit Calculation

Given the utility functions:

\[
\frac{\partial U_i}{\partial x} = \frac{a_i}{x}
\]



and

\[
\frac{\partial U_i}{\partial y_i} = \frac{b_i}{y_i}
\]

the marginal valuation of the public good by individual \( i \) is:

\[
MB_i = \frac{\partial U_i / \partial x}{\partial U_i / \partial y_i} = \frac{a_i / x}{b_i / y_i} = \frac{a_i
y_i}{b_i x}
\]

The social planner’s problem involves summing these and meeting the Samuelson condition.

---

Equilibrium Outcomes in the Public Good Game

Free-Rider Problem

- Since the public good is non-excludable and non-rivalrous, individuals may under-contribute, hoping others
will bear the cost.
- This leads to a classic free-rider problem where voluntary contributions are insufficient to attain the social
optimum.

Strategic Contributions and Nash Equilibrium

- Each individual considers others’ contributions when deciding their own.
- The equilibrium occurs where no individual can increase utility by unilaterally changing their contribution.

Characterizing the Equilibrium

- In symmetric cases (identical preferences and incomes), equilibrium contributions are equal.
- The equilibrium contribution \( c^ \) can be derived by solving the individuals’ first-order conditions, leading
to:

\[
c^ = \text{a fraction of the optimal level } x^
\]

- Typically, \( c^ < x^ \), illustrating under-provision.

---

Policy Implications and Solutions



Government Intervention

- To address under-provision, governments can finance the public good through taxation.
- Funding methods include:

Lump-sum taxes: Equally distributed taxes regardless of contribution.1.

Progressive or regressive taxes: Based on income or consumption levels.2.

- The goal is to reach the social optimum \( x^ \).

Voluntary Contribution Schemes

- Encouraging voluntary contributions through incentives or matching grants.
- Implementing mechanisms like public appeals or subsidies.

Designing Efficient Public Goods Provision

- Recognize individual incentives and design policies to align private contributions with social benefits.
- Use of contracts, subsidies, or social norms to mitigate free-rider effects.

---

Extensions and Real-World Applications

Adding Heterogeneity

- In real economies, individuals differ in incomes, preferences, and contributions.
- Analyzing heterogeneous agents introduces complexities but yields more realistic insights.

Dynamic Considerations

- Public goods provision often occurs over time.
- Intertemporal choices and discounting influence contributions and policy design.

Examples in the Real World

- National defense, clean air, and public broadcasting are classic examples.
- Local community projects and infrastructure also exhibit public good characteristics.

---



Conclusion

A simplified model of a public good economy with three individuals and two goods offers invaluable insights
into the challenges and solutions related to public goods provision. The core issues revolve around free-rider
behavior, under-provision, and the role of government intervention. By understanding the preferences, strategic
behavior, and efficiency conditions, policymakers can design better mechanisms to promote optimal levels of
public goods, ultimately improving societal welfare. While real-world scenarios are more complex,
foundational models like this serve as essential building blocks for advanced economic analysis and effective
policy-making.

---
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Frequently Asked Questions

How does the presence of a public good (x) affect the individual consumption
choices of the three people in the economy?

In a simple public good economy, each individual's utility depends on their private good consumption and the
total amount of the public good x. Since x is non-excludable and non-rivalrous, individuals may understate
their valuation of x, leading to free-rider problems that influence their private consumption choices and the
overall provision level.

What is the free-rider problem in a public good economy with three people,
and how does it impact the provision of the public good?

The free-rider problem occurs when individuals rely on others to fund or provide the public good, leading each
person to understate their true valuation of x. As a result, the collective provision of the public good tends
to be underfunded compared to the socially optimal level, potentially causing under-provision or market
failure.

How can the economy achieve the socially optimal provision level of the
public good in this three-person model?

Achieving the socially optimal level requires mechanisms such as voluntary contributions aligned with
individuals' valuations, government intervention, or incentive-compatible contracts that internalize the
external benefits of the public good, ensuring that total contributions match the marginal social benefit at
the optimal provision level.

How do individual preferences and valuations influence the equilibrium
provision of the public good in this model?

Each individual's valuation of the public good determines their willingness to contribute. When preferences are
heterogeneous, the equilibrium provision depends on the aggregation of these valuations. If individuals
undervalue the public good due to free-riding incentives, the equilibrium provision will be below the social
optimum unless mechanisms are implemented to align incentives.



What role do private goods play in balancing the public good provision
among the three individuals?

Private goods serve as a complementary consumption option that individuals can allocate their resources to,
providing a substitute or complement to the public good. The allocation between private and public goods
influences individual utility and the overall social welfare, affecting how much of the public good is
voluntarily provided or funded.

Additional Resources
Consider A Simple Public Good Economy With Three People And Two Goods: One Public (x) And One
Private—this scenario offers a clear and insightful lens through which to examine the fundamental dynamics of
public goods provision, individual preferences, and collective decision-making. By analyzing such a simplified
economy, economists and students alike can grasp core concepts like free-riding, efficient provision, and the role
of government or communal intervention without the complexity of larger, more intricate models. In this guide,
we will delve into the structure of this economy, explore the decision-making processes of individuals, and
consider the implications for policy and theory.

---

Introduction: Why Study a Simple Public Good Economy?

Studying a public good economy with just three individuals and two goods—one public and one
private—serves as an essential building block for understanding more complex economic systems. Since public
goods are characterized by non-excludability and non-rivalry, their provision often involves collective action
problems, free-riding, and inefficient outcomes without proper coordination.

By focusing on a small, controlled environment, we can isolate key variables, understand strategic
interactions, and develop intuition about how public goods are financed and consumed. This foundational
knowledge informs broader discussions on taxation, government intervention, and the design of efficient public
good provision mechanisms.

---

The Basic Setup of the Economy

The Goods

- Public Good (x): Non-excludable and non-rivalrous. All three individuals can enjoy the same level of public
good, and one person's consumption does not diminish another's.
- Private Good (y): Excludable and rivalrous. Each individual has their own private consumption, which can be
directly influenced by their own choices and income.

The Individuals

- Three persons: Denoted as Person 1, Person 2, and Person 3.
- Each individual has a utility function that depends on their private consumption and the level of the public
good provided.

The Utility Functions

A common assumption is that each person's utility is additive:

- U_i(x, y_i) = v_i(x) + u_i(y_i)

Where:



- v_i(x): The value or benefit person i derives from the public good level x.
- u_i(y_i): The utility from their private good y_i.

Budget Constraints

Each individual has an income (or endowment), say M_i, which they allocate between:

- Contributing to the public good (through their taxes or contributions).
- Consuming their private good.

The total contributions of all individuals fund the public good:

- Total contribution: C = c_1 + c_2 + c_3

The level of the public good, x, is typically modeled as a function of total contributions:

- x = G(C)

Often, G is a simple linear function:

- x = C

assuming no inefficiencies, or more generally, some increasing function reflecting economies or diseconomies of
scale.

---

Decision-Making in a Small Public Goods Economy

Individual Incentives and Free-Riding

Because the public good is non-excludable and non-rivalrous:

- Each individual benefits from the total level of the public good regardless of their own contribution.
- This creates a free-rider problem: individuals may prefer to under-contribute, expecting others to bear the
cost.

The Personal Optimization Problem

Each individual chooses their contribution c_i to maximize their utility:

Maximize:

U_i(x, y_i) = v_i(x) + u_i(y_i)

Subject to:

- y_i = M_i - c_i
- x = G(c_1 + c_2 + c_3)

The problem involves choosing c_i to balance personal costs and benefits from the public good.

The Equilibrium Concept

- Nash Equilibrium: Each individual chooses c_i assuming others' contributions are fixed.
- Socially Optimal Level: The level of x that maximizes total welfare across all individuals.

---



Analyzing the Equilibrium

Private Contributions and the Free-Rider Problem

In equilibrium:

- Individuals tend to contribute less than the socially optimal level.
- The equilibrium contribution is a result of strategic interactions, where each individual considers the marginal
benefit of contributing versus free-riding.

The Marginal Benefit of Contribution

For individual i, the marginal benefit of increasing their contribution c_i is:

- dU_i/dc_i = v_i'(x) G'(C) - 1

where:

- v_i'(x): Marginal benefit derived from the public good.
- G'(C): The marginal increase in public good per unit of total contribution.

Conditions for Equilibrium

At equilibrium, each individual’s contribution satisfies:

- v_i'(x) G'(C) = 1

for each person, considering others' contributions are fixed.

The Social Optimum

The efficient level of the public good maximizes total welfare:

Maximize:

W = Σ_i [v_i(x) + u_i(M_i - c_i)]

Subject to:

x = G(C)

The first-order condition for the social optimum involves equating the sum of marginal benefits to the marginal
cost:

- Σ_i v_i'(x) = 1 / G'(C)

This usually results in a higher level of x than the equilibrium achieved through individual strategic behavior.

---

Policy Implications and Solutions

Government Provision and Taxation

Given the free-rider problem:

- Taxation: The government can finance the public good through taxes, thereby achieving the socially optimal
level.
- Matching contributions: To incentivize contributions, mechanisms like matching grants or subsidies can be used.



Voluntary Contributions and Mechanism Design

- Voluntary contributions: Often lead to under-provision due to free-riding.
- Mechanism design: Creating incentives or contracts that align individual contributions with social efficiency.

The Role of Communication and Repeated Interactions

- Repeated games and communication can help sustain higher contribution levels.
- Reputation effects and social preferences also influence individual behavior.

---

Extensions and Broader Implications

Larger Economies and Multiple Public Goods

While our scenario involves just three individuals and one public good, real-world economies feature:

- Multiple public goods
- Larger populations
- Heterogeneous preferences

These complexities further complicate provision and cooperation but are rooted in the fundamental principles
examined in this simplified model.

From Theory to Policy

Understanding the dynamics in this simple model guides:

- Tax policy design
- Public project funding
- International cooperation on global public goods like climate change

---

Conclusion: Lessons from a Simple Public Good Economy

The examination of a simple public good economy with three people and two goods reveals critical insights:

- The inherent challenge in providing public goods due to free-riding.
- The divergence between privately optimal contributions and socially optimal levels.
- The importance of government intervention or institutional mechanisms to achieve efficient outcomes.
- The fundamental importance of strategic interactions and incentive structures in collective decision-making.

This streamlined model serves as a vital educational tool and foundational framework for understanding
complex issues in public economics, policy design, and collective action. By grasping these core concepts,
economists and policymakers can better address real-world challenges related to public goods provision,
ensuring more efficient and equitable outcomes in society.
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