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Part 1

Preliminaries and the Basics of

Demand and Supply






Part I outlines the scope of economics and microeconomics, introduces
fundamental concepts and methodologies in Chapter 1, and examines the

market model of demand and supply in Chapter 2.






Chapter 1

Preliminaries

1.1 Economics Review

Economics is a complex discipline that may appear deceptively simple, yet
it is challenging to learn, comprehend, and master. While students often
express a strong interest in learning about the economy, the primary task
of instructors is to teach economics—a discipline grounded in theories and
models. This distinction is crucial: there is no singular, tangible entity
called “the economy” to study; rather, economics is built on theoretical
frameworks that should be judged by their usefulness rather than their
factual accuracy, much like tools.

Moreover, what are often perceived as “facts” in economics are better
understood as predictive statements embedded within theoretical models—
particularly in microeconomic theory. A solid understanding of technical
concepts and logical reasoning is therefore essential, making both learning

and teaching economics inherently complex.

1.1.1 The Themes of Economics

Economics is a social science that studies economic behavior and phenom-

ena, focusing on how rational/self-interested decision-makers—including con-

5



6 CHAPTER 1. PRELIMINARIES

sumers, firms, governments, and organizations—make trade-off decisions
when allocating limited resources among competing uses.

Because of the fundamental conflict between limited resources and in-
dividuals” unlimited desires, economics seeks to analyze how such trade-
offs can lead to efficient resource allocation that maximizes both individu-

al and collective well-being.

Two Fundamental Economic Realities

Solving economic problems is difficult due to the presence of two persis-

tent, objective realities:

1. Self-interested behavior: Individuals—be they consumers, firms, or

nations—typically act to pursue their own interests.

2. Asymmetric information: Information is not equally distributed a-

mong individuals; it is often incomplete, unverifiable, or misleading.

Effectively addressing these two fundamental realities—through ap-
propriate economic systems, institutional frameworks, incentive mecha-
nisms, and public policies—is central to the field of economics.

Moreover, because economics often involves subjective value judgments,
reaching consensus is difficult, which makes real-world economic issues
even harder to resolve.

In addition, economics generates significant externalities—both posi-
tive and negative—in practical applications. Misapplication of economic
theory can therefore lead to adverse consequences for individuals as well

as entire economies.

Four Fundamental Questions That Economic Institutions Must Answer

Every economic institution must provide answers to the following four

fundamental questions:
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1. What goods and services should be produced, and in what quantity?
(Chapters 2-5)

2. How should these goods and services be produced? (Chapters 6-14)

3. For whom should they be produced, and how should they be dis-
tributed? (Welfare analysis: Chapters 9 & 11)

4. Who will make decisions, and by what process? (Economic systems:
Chapter 1-2, 9)

Different economic institutional arrangements offer different answers
to these questions. The effectiveness of a given institutional arrangement
in addressing these problems depends on how well it deals with four key

elements: self-interest, information, incentives, and efficiency.

Two Basic Economic Institutions in Practice

There are two basic types of economic institutions used in practice:

(1) Centrally Planned (Command) Economic Institution (A centralized

decision-making system)

* The government determines answers to all four fundamental ques-

tions and monopolizes decision-making across sectors.

¢ There is typically no unemployment, inflation, or private enterprise.

(2) Market Economy Institution (A decentralized decision-making system)

* Production and consumption decisions are made through market

mechanisms.

¢ Individuals (consumers and producers) act based on self-interest.
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In reality, most economies operate somewhere between these two ex-
tremes. However, the dominant institutional structure determines overall
economic performance. The major flaw of centrally planned systems lies
in their inability to handle issues related to information and incentives,
often leading to inefficient resource allocation.

In contrast, the market economy has proven to be the only institutional
framework capable of achieving sustainable development and growth. It
is the most effective means of fostering cooperation and resolving conflicts
among individuals.

Modern economics analyzes economic behavior and outcomes primar-
ily within the context of the market economy, employing tools such as the
demand and supply model. As such, this course will focus on the work-

ings of the market system.

Methodology of Scientific Economic Analysis

Scientific economic analysis is essential for studying and addressing com-
plex economic and social problems. A comprehensive approach requires
integrating the three dimensions—theoretical logic, practical knowledge, and
historical perspective—together with the six qualities—scientificity, rigor, prac-
ticality, pertinence, foresight, and intellectual depth.

Relying on only one of the three dimensions is insufficient. Theoreti-
cal logic provides the foundation for reasoning and rigor, serving as the
basis for deriving results. Empirical quantitative analysis is necessary to
test theoretical reasoning and validate logical deductions. Historical ex-
perience also plays a crucial role in revealing fundamental laws, behav-
ioral patterns, and values. However, depending exclusively on historical
lessons may lead to outdated thinking that impedes progress. Thus, main-
taining a balance among deductive reasoning, inductive empirical verifi-
cation, and historical confirmation is essential.

By incorporating the “three dimensions and six qualities” into reason-

ing, testing, and evaluation, decision-making becomes both scientific and
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artistic. This comprehensive approach ensures that conclusions and pro-
posed reforms satisfy both intellectual and practical standards. It is par-
ticularly vital when addressing major economic and social challenges.

As the renowned statistician C. Radhakrishna Rao once emphasized:

All knowledge is, in final analysis, history. All sciences are, in the
abstract sense, mathematics. All judgments are, in their rationale,

statistics.

In short, to become a good economist, one must cultivate an original, creative, and

academically grounded mindset of critical thinking.

1.1.2 The Themes of Microeconomics

Microeconomics is the core of economics and serves as the theoretical
foundation of all branches of economics and business sciences. It enables
the use of simplified assumptions to analyze complex economic phenom-
ena and derive useful insights.

Microeconomics studies the economic behaviors of individuals such
as consumers, firms, workers, and investors, as well as the functioning of
markets.

Macroeconomics, by contrast, focuses on the economy as a whole, ad-
dressing issues such as inflation, unemployment, and fiscal and monetary
policy.

At the heart of microeconomics lies the issue of pricing. It investigates:

* How are prices determined?
¢ What factors influence pricing?
* Does a firm possess market (pricing) power?

* How can a firm acquire pricing power?
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Answering these questions requires analyzing demand, supply, mar-
ket characteristics and functions, and pricing under different market struc-

tures. Therefore, microeconomics is also known as price theory.

Theories and Models

Economic theories are developed to explain observed economic phenom-
ena and to make predictions based on a set of fundamental rules and as-
sumptions. Applying these theories to real-world issues enables economist-
s to design policies that foster growth, efficiency, and equity.

Economic models are simplified, often mathematical, representations
of these theories. They serve to clarify complex processes and generate
predictions.

While evaluating a theory, one must remember that:

1) There are no complete facts—only models and theories;

2) Theories should be judged by their usefulness (like tools).

Modeling economic phenomena is both a science and an art. Statis-
tics and econometrics help us evaluate the accuracy of predictions, while
historical experience provides insight into the validity of theoretical expla-

nations.

Two Categories of Economic Theory

Economic theory can be classified into two categories:

* Benchmark Theories: These serve as reference frameworks for es-
tablishing criteria and identifying optimal or ideal outcomes. They
provide a direction for improvement—such as moving toward the
conditions of perfect competition. Just as in daily life we learn from
the best and compare ourselves with them to improve, we can then
become better—and continually improve. The first three parts of this

course (Chapters 2-10) present such benchmark theories.
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* More Realistic Theories: These are designed to address practical
problems, incorporating assumptions that better reflect real-world
conditions. Typically, they are refinements or modifications of bench-
mark theories to enhance applicability. The last part of this course

(Chapters 11-14) present such benchmark theories.

1.1.3 Positive versus Normative Analysis

Positive analysis is concerned with explanation and prediction, whereas

normative analysis addresses what ought to be.

* Positive statements: Statements about cause-and-effect relationship-
s; they describe what is, was, or will be. Disagreements can be re-
solved by referencing facts.

Example: “The sun will rise in the east tomorrow.”

* Normative statements: Value judgments or opinions that prescribe
what should be. These cannot be settled by facts.
Example: “It would be better to have low unemployment than low

inflation.”

Positive analysis is central to microeconomics. Normative analysis is often
accompanied by value judgments. When such judgments are involved,
microeconomics cannot determine what the best policy is. However, it
can clarify the trade-offs, helping to illuminate key issues and sharpen the

policy debate.

1.1.4 What is a Market?

Market: A mechanism or institution where buyers and sellers voluntarily
exchange goods or services. It refers not just physical locations but also

auction systems and bargaining frameworks.
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Every market transaction involves both a buyer and a seller. The final
outcome—such as the price or quantity exchanged—is determined by the
interaction of demand and supply forces.

Industry: A group of sellers (producers) offering similar or identical

products; buyers are not considered part of an industry.

Competitive versus Noncompetitive Markets

* Perfectly competitive market: A market with many buyers and sell-
ers such that no single participant can influence the price. Everyone

is a price taker.

¢ Noncompetitive market: A market in which individuals have the

ability to affect the price, either alone or collectively.

* Note: Some markets with a small number of firms may still function

competitively for analytical purposes.

Prices in noncompetitive markets can vary across firms, and prices in
competitive markets may fluctuate rapidly, especially in response to sup-

ply and demand shocks.

1.1.5 Real versus Nominal Prices

Inflation is the increase in the general level of prices of goods and services,

typically measured as the percentage change in a price index over time.

* Nominal price (also known as absolute price): The price of a good
unadjusted for inflation.
Example: The nominal price of a pound of butter was about $0.87 in
1970, $1.88 in 1980, $1.99 in 1990, $3.48 in 2015, and $4.50 in 2025.

* Real price (also known as relative price): The price of a good ad-

justed for inflation.
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Example: The first-class Titanic ticket cost $7,500 in 1912, which is
equivalent to about $252,473 in 2025 dollars.

Price Indices

¢ Consumer Price Index (CPI): Measures the average price level of a

standard basket of goods and services purchased by consumers.

— The CPI reflects the average cost of living over time.

— Changes in the CPI from one period to another are used to mea-

sure inflation.

— Percent changes in CPI indicate the rate of inflation.

® Producer Price Index (PPI): Measures the average price levels re-
ceived by domestic producers for intermediate and wholesale good-

S.

The Formula for Computing the Real Price of a Good

The real price of a good in year ¢, expressed in base-year dollars, is calcu-

lated as:

CPIbase year

Real price i = ————
eal price in year CPLuws

x Nominal price in year t.
Example 1.1 (Real Price of Butter) The nominal prices of a pound of but-
ter were approximately $0.87 in 1970 and $4.50 in 2025. The CPI was 38.8
in 1970 and 320.795 in 2025.

To determine whether butter was more expensive in 2025 than in 1970

in real terms, compute the 2025 price in 1970 dollars:

CPlLig7o
CPlso25
38.8

= 320.795

Real price in 2025 =

x Nominal price in 2025

x $4.50 =~ $0.54.




14 CHAPTER 1. PRELIMINARIES

The nominal price of butter increased by approximately

(4.50 —0.87

100 ~ 41
0.87 )X 00 [

from 1970 to 2025, while the CPI increased by approximately

(320.795 — 38.8

100 = 727%.
— >><OO 27%

Relative to the overall price level, the real price of butter fell over this

period.

Example 1.2 (Prices of Eggs and a College Education) Table 1.1 shows the

nominal and real prices (in 1970 dollars) for eggs and college education a-

longside CPI values.
1970 | 1980 | 1990 2000 2016 2025
CPI 38.8 82.4 | 130.7 | 1722 241.7 | 320.795
Nominal Prices
Eggs $0.61 | $0.84 | $1.01 | $0.91 $2.47 $3.00
Education $1,784 | $3,499 | $7,602 | $12,922 | $25,694 | $35,000
Real Prices ($1970)
Eggs $0.61 | $0.40 | $0.30 | $0.21 $0.40 $0.36
Education $1,784 | $1,624 | $2,239 | $2,912 | $4,125 | $4,230

Table 1.1: Real prices of eggs and college education in 1970 dollars

Using the real price formula:

38.8
Real price of eggs in 1980 = VR $0.84 ~ $0.40,
Real price of eggs in 1990 = 53)8()87 x $1.01 ~ $0.30,

Real price of education in 1980 = ﬁi x $3,499 ~ $1, 624,

38.8

o2 2 ~ $2,239.
T30 X 57,602 ~ $2, 239

Real price of education in 1990 =
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To convert the CPI in a given year into 2000 dollars, use the following

formula:

PI
CPI in year t in terms of 2000 dollars = ( CPl, ) x 100.
CPls00

Then, we have the following table for the converted CPI:

Year 1970 | 1980 | 1990 | 2000 | 2016 | 2025
CPI (2000 Dollars) | 22.5 | 479 | 75.9 | 100.0 | 140.3 | 186.3

Table 1.2: CPI normalized to 2000 dollars

To compute the real prices of a good in terms of 2000 dollars:

C' P00

CPIinyeart) x Nominal price in year t.

Real price in year t = (

Using the above formula and nominal butter prices ($0.87 in 1970, $1.88
in 1980, $1.99 in 1990, $3.48 in 2015, and $4.50 in 2025), we obtain:

Year 1970 | 1980 | 1990 | 2000 | 2016 | 2025

Nominal Price ($) 087 | 1.88 | 1.99 | 2.52 | 348 | 4.50

CPI (2000 Dollars) 22.5 | 479 | 759 | 100.0 | 140.3 | 186.3

Real Price in 2000 Dollars ($) | 3.87 | 393 | 2.62 | 2.52 | 248 | 241

Table 1.3: Real price of butter in 2000 dollars

This table shows that despite rising nominal prices, the real (inflation-

adjusted) price of butter in 2000 dollars has generally declined since 1980.

Other Examples of Real Prices:

¢ As of 2025, the federal minimum wage in the United States remains
at $7.25 per hour, unchanged since 2009 . However, when adjusted
for inflation, its purchasing power has significantly declined over

time.
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In 1970, the federal minimum wage was $1.60 per hour. Adjusted
for inflation, this equates to approximately $13.00 in 2025 dollars.
Therefore, the real value of the federal minimum wage in 2025 is

about 44% lower than it was in 1970.

* Health care and college textbook prices have consistently outpaced
overall inflation. For example, textbook prices have increased nearly
three times faster than the CPL

1.1.6 Why Study Microeconomics?

Microeconomic concepts are used by everyone to assist in making choic-
es as consumers, producers, and policymakers. The following examples
illustrate the range and importance of microeconomic questions involved

in real-world decisions.

Example 1.3 (Corporate Decision Making) Consider the case of the Tesla
Model 3. Introduced in 2017, the Model 3 became one of the most pop-
ular electric vehicles (EV) globally. Its success was not just due to Tesla’s
innovation in battery technology and software integration, but also the re-
sult of careful microeconomic decision-making. Several crucial business

choices required microeconomic reasoning:

¢ Consumer Demand: How strong is demand for EVs, and how quick-
ly will it grow? This requires an understanding of consumer prefer-
ences, environmental concerns, and trade-offs between price, range,

and performance. (Chapters 3-5)

¢ Production and Costs: What are the fixed and variable costs of EV
production, including batteries, semiconductors, and labor? How do

economies of scale affect average costs? (Chapters 6-7)

* Output Decisions: Given production capacity and cost structure,
how many vehicles should be manufactured each year to maximize
profit? (Chapters 8-9)
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¢ Pricing and Market Competition: What pricing strategy should Tes-
la adopt, and how might competitors like Ford, GM, or BYD re-
spond? Should Tesla engage in price cuts, bundling, or vertical inte-
gration? (Chapters 10-11)

¢ Risk and Uncertainty: How should Tesla manage uncertainty in in-
put costs (e.g., lithium, cobalt), interest rates, or consumer adoption
of EVs? (Chapter 5)

¢ Organizational Strategy: How should Tesla coordinate its global
production, R&D, battery supply chain, and distribution network-
s? (Chapters 12-13)

* Regulatory Compliance: How do government policies—such as EV
tax credits, emissions targets, or bans on internal combustion en-
gines—impact production planning and consumer pricing? (Chap-
ters 2 and 9)

Example 1.4 (Public Policy Design) Consider the 1970 Clean Air Act, which
imposed emissions standards that have become increasingly stringent over
time. Policymakers must address several microeconomic issues when de-

signing and implementing such policies:

¢ Consumer Impact: How will the policy affect prices, availability,

and consumer choices?

¢ Producer Impact: How will producers adjust their technologies and

costs in response?

* Enforcement Mechanisms: What are effective and efficient ways to

ensure compliance?

¢ Cost-Benefit Analysis: What are the social benefits (e.g., cleaner air)

and economic costs (e.g., compliance costs) of the policy?
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1.2 Math Review

In this course, we focus on functions where both the independent and de-
pendent variables are real numbers. The set of all real numbers is denoted
by R. A function of one variable, denoted f, is a mapping from the domain
X (a subset of R) to the range R, such that each element in the domain is

assigned a unique element in the range. We write this as:
f: X =R

Alternatively, we write y = f(z), where x is the independent variable and
y is the dependent variable.

A function of one variable can be visualized as follows:
* The horizontal axis (commonly the z-axis) represents the domain.
* The vertical axis (or y-axis) represents the range.

* A generic point on the graph of f has coordinates (z, f(x)).

1.2.1 Equations for Straight Lines

The equation of a straight line (i.e., a linear function of one variable) takes
the form:

y=axr+0b,
where:

* ais the slope of the line, indicating the rate at which y changes with

respect to x.
* bis the y-intercept, the value of y when z = 0.
. —2 is the z-intercept, the value of  when y = 0 (assuming a # 0).

Graphically, a linear function can exhibit the following characteristics:
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a > 0: line slopes upward (positive slope);

a < 0: line slopes downward (negative slope);

|la| large: line is steep;

|a| small: line is flat;

b > 0: line intersects the y-axis above the origin;

b < 0: line intersects the y-axis below the origin;

¢ Increase in b: vertical upward shift of the line;

Decrease in b: vertical downward shift of the line.

y=ax+b y=ax+b

where a<(0 where a>()

b

Figure 1.1 Linear functions with negative and positive slopes

1.2.2 Solving Two Equations with Two Unknowns
Example 1.5 Consider the linear function y = 60 — 3z.

* The slope is —3 (downward sloping).

* When z = 0, y = 60 (intercepts the y-axis at 60).

* When y = 0, x = 20 (intercepts the z-axis at 20).

=Y

19
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YA
60

y=060-3x

-
)
=)
=Y

Figure 1.2 A numerical example of a downward-sloping linear function

Example 1.6 Now consider the linear function y = 5 + 2x.
* The slope is 2 (upward sloping).

* When z = 0, y = 5 (intercepts the y-axis at 5).

e Wheny =0, z = —2 (intercepts the z-axis at —2).
A
5
y=5+2x
-5/2 >
/ 0 X

Figure 1.3 A numerical example of an upward-sloping linear function

Example 1.7 To find the point of intersection between the two lines, we
use both graphical and algebraic methods.
Graphical Method:
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YA

<Y

7 ol

Figure 1.4 Intersection of two straight lines

Algebraic Method:

Set the two equations equal to each other:
60 — 3z = 5 + 2.

Solving for :
55 =5z = 2"=11

Substitute 2* = 11 into either equation to find y*:
y*=60—3(11) =27 or y*=5+2(11)=27.

Thus, the point of intersection is (11, 27).

1.2.3 Derivatives

The derivative of a function f at a point =, denoted f'(x) or %(:):), is de-

fined as the limit of the difference quotient:

o) — i T AT~ @)

Az—0 Ax ’
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provided the limit exists. A function is said to be differentiable at x if this
limit exists.

The derivative measures the rate of change of the function with respect
to the independent variable—geometrically, it represents the slope of the

tangent line to the graph at the point (z, f(z)).

Common Rules of Differentiation

¢ Sum and Difference Rule:

(f £9)'(x) = f'(x) £ 4'(z).

Product Rule:

Quotient Rule:

Power Rule (f(z) = z*, k € R):

f(z) = kot 1,

Logarithmic Rule (f(z) = Inx):

Exponential Rule (f(z) = e”):

f(x) =e".
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¢ Linearity Rule (for constant k):
(kf) (z) = kf'(x).

¢ Chain Rule:

1.2.4 Functions of Multiple Variables

A function of k variables is a mapping
[ XixXox--- x X =R,

where X; CRfori=1,2,...,k.

The partial derivative of z = f(xy, zo, ..., x;) with respect to z; is:

0z I flzr, o x+ Azyyoooymg) — [, @y, Xg)

ox; Ax;—0 Az,

To compute 2=, treat all other variables as constants and differentiate
only with respect to z;.
We primarily focus on functions of two variables, z = f(z,y), where =

and y are independent variables, and z is the dependent variable.



24

CHAPTER 1. PRELIMINARIES



Chapter 2

Market Analysis

Demand-supply analysis is a fundamental and powerful tool that can be
applied to a wide variety of interesting and important problems. To name

just a few:

¢ Understanding and predicting how changing world economic con-

ditions affect market prices and production;

¢ Evaluating the impact of government price controls, minimum wages,

price supports, and production incentives;

* Determining how taxes, subsidies, tariffs, and import quotas affect

consumers and producers.

2.1 Demand

Demand [D(p)]: A schedule that shows the relationship between the quan-
tity of a good that consumers are willing and able to buy and the price of

the good, ceteris paribus.

¢ Willingness to purchase reflects consumer tastes (preferences);

¢ Ability to purchase depends on income;

25
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* Ceteris paribus: all other factors (preferences, income, prices of re-

lated goods, expectations, market size) are held constant.

The demand curve, graphic presentation of demand D(p), reveals how

the quantity of a good demanded by consumers depends on its price.

Market demand: The horizontal sum of individual demand curves.

Price of Calculators (p)

Quantity Demanded (millions per year)

$20
$15
$10
$5
$1

2
5
10
15
25

Table 2.1: Example of a Market Demand Schedule

PA

15}

10

Demand Curve

5 10

15 20 25 q(Qu'antity Demanded)

Figure 2.1 The downward-sloping demand curve

Law of Demand: There is an inverse relationship between price and

quantity demanded. That is, as price decreases, quantity demanded in-

creases, and vice versa.

A linear demand function takes the form:

D(p) =ap+b with a <O.
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A D(P): dependent variable

D(P)

slope=a

~Y

Figure 2.2 A linear demand function

P A _D(p) _ b
P_ a - 7
/D( P
slope= ai <0
b D(p

Figure 2.3 A linear demand function with price on the y-axis

Note: Economists traditionally reverse the axes when graphing de-

mand, placing price on the vertical axis.

Example 2.1 Let the demand function be D(p) = 60 — 4p. We can rewrite
this as: .

which has a slope of —; and a vertical intercept of 15.

In all of the above, we have assumed that all other influences on de-

mand are held constant. A change in price leads to a change in quantity
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demanded (a movement along the demand curve), while changes in other

factors shift the entire demand curve.

Ap

D(p)

60

15

Figure 2.4 A numerical example of a linear demand function

Changes in Quantity Demanded vs. Changes in Demand
1. Change in Quantity Demanded:

¢ Caused by a change in the good’s own price;

* Represented by a movement along the demand curve.

DA DA
0 q 0 q
Increase in Quantity Demanded Decrease in Quantity Demanded

Figure 2.5 Change in quantity demanded: movement along the demand
curve

2. Change in Demand:

¢ Caused by a change in a factor other than the good’s own price;
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* Represented by a shift of the entire demand curve.

PA !

P

“increase in demand”

il /

“ decrease in demand”

Figure 2.6 Change in demand: shift of the demand curve

Factors That Cause a Shift in the Demand Curve (i.e., changes in de-

mand):

1. Size of the Market

As the size of the market increases (e.g., due to population growth

or better marketing), the number of potential consumers increases,

shifting the demand curve to the right, as depicted in Figure 2.7.

A

\/

Figure 2.7 Demand curve shifts right as market size grows

2. Income

¢ Normal Goods: As income increases, demand increases.
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¢ Inferior Goods: As income increases, demand decreases (e.g.,

potatoes, instant noodles), as depicted in Figure 2.8.

D? D!

\/

Figure 2.8 Demand curve for inferior goods shifts left as income rises

3. Prices of Related Goods

* Substitute Goods: An increase in the price of one leads to an

increase in demand for the other (e.g., beef and pork).

— The price of beef rises = consumers substitute pork for beef
= demand for pork increases. Consequently, the demand curve
for pork shifts to the right, as depicted in Figure 2.9.

PA

D! D?
0 q

Figure 2.9 Demand curve for pork shifts right as the price of beef increases
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* Complementary Goods: An increase in the price of one leads to

a decrease in demand for the other (e.g., hamburgers and buns).

— The price of hamburgers falls = quantity demanded for ham-
burgers rises = demand for buns increases, as depicted in Fig-
ure 2.10.

D! D’
0 q

Figure 2.10 Demand curve for buns shifts right as the price of hamburgers
falls

4. Tastes and Preferences
E.g., growing awareness that cigarettes cause cancer leads to a fall in

demand as depicted in Figure 2.11.

PA

D? D!
0 q

Figure 2.11 Demand curve for cigarettes shifts left as health concerns rise

5. Expectations

E.g., if consumers expect that paper towels will go on sale next week,



32 CHAPTER 2. MARKET ANALYSIS

current demand decreases, as depicted in Figure 2.12.

PA

D? D!
0 q

Figure 2.12 Demand curve for paper towels shifts left due to future price
expectations

6. Environmental Conditions
Weather affects seasonal goods like air conditioners, winter coats, or

ice cream.

2.2  Supply

Supply [S(p)]: A schedule that shows the relationship between the quan-
tity of a good that producers are willing and able to sell and the price of
that good, ceteris paribus.

The supply curve, denoted by 5, illustrates how the quantity of a good
offered for sale varies with its price. It is typically upward-sloping—the
higher the price, the more producers are willing and able to supply—reflecting
the Law of Supply.

Law of Supply: There is a positive (direct) relationship between price
and quantity supplied. Holding all else constant, an increase in price lead-
s to an increase in quantity supplied, and a decrease in price leads to a
decrease in quantity supplied.

Market Supply: The horizontal sum of the individual supply curves

of all producers in the market.
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Example 2.2 Consider the supply schedule for calculators:

Price of Calculators ($) | Quantity Supplied (millions/year)
20 600
10 300
2 100

Table 2.2: Market supply schedule for calculators

This supply schedule is illustrated by the upward-sloping supply curve
in Figure 2.13.

PA s
20

10

! »

o[ 100 300 600 g

Figure 2.13 An upward-sloping supply curve for calculators

A linear supply function is typically written as:
S(p) = ap + 9,

where a > 0 reflects the direct relationship between price and quantity

supplied.

Example 2.3 Consider the supply function: S(p) = —10 + 6p.

Solving for p:
15( ) 5 1 1
p=:50p +—3, slope = .
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S

q

Figure 2.14 Numerical example of a supply curve

Why is the supply curve upward-

sloping?

This can be explained by the principle of Substitution or Expansion in

Production. As the price of a good increases, it becomes more profitable

for producers to allocate additional resources toward its production—possibly

even reallocating resources from less profitable goods. Additionally, high-

er prices incentivize firms to hire extra inputs.

Changes in Quantity Supplied vs. Changes in Supply
PA PA
S S
0 [ 0 [

increase in quantity supplied

decrease in quantity supplied

Figure 2.15 Change in quantity supplied: movement along the supply

curve

1. Change in Quantity Supplied
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* Caused by a change in the price of the good itself;
* Represented by a movement along the supply curve.
2. Change in Supply
¢ Caused by changes in factors other than price;

* Represented by a shift of the entire supply curve.

PA PA
S S’ S’ S

0 q 0 q
Increase in supply Decrease in supply

Figure 2.16 Change in supply: shift of the supply curve

Factors Causing a Shift in Supply:

o Number of firms in the market

Prices of related goods (e.g., substitutes in production)

Technological advances

Producer expectations (e.g., expected future prices)

¢ Environmental or regulatory conditions
Examples of Supply Shifts:

¢ Input Prices: An increase in wages raises production costs = supply

decreases.

¢ Technological Advancements: Improved technology lowers produc-

tion costs = supply increases.
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2.3 Determination of Equilibrium Price and Quan-
tity
Notations:
e ¢%: Quantity demanded of a commodity;
* ¢°: Quantity supplied of a commodity;
* p: Price of the commodity.

Equilibrium price, or the market-clearing price, denoted by p°, is the
price at which the quantity demanded equals the quantity supplied.
Three key concepts:

* Market mechanism: In a free market, prices adjust until the market

clears (i.e., ¢ = ¢°).
* Surplus: Occurs when ¢* > ¢ at a given price.
* Shortage: Occurs when ¢? > ¢* at a given price.
When is the supply-demand model applicable?

* The model assumes that at any given price, a specific quantity will

be supplied and demanded.

¢ This assumption holds in markets that are at least roughly competi-

tive, meaning no single buyer or seller has significant market power.

* In contrast, in monopolistic markets, producers may alter price or

quantity independently of market forces.

Example 2.4 (Calculator Example (continued)) From Table 2.3, we observe

that the equilibrium price is p® = $10. At this price, the market clears:

¢* = ¢° = ¢¢ = 3000 (in thousands).
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Price ) | ¢* q® | Surplus (+) / Shortage (-)
20 700 | 6000 +5300
10 3000 | 3000 0
2 6500 | 1000 -5500

Table 2.3: Market equilibrium of calculators

The market equilibrium is also illustrated graphically in Figure 2.17.

P A

Figure 2.17 Equilibrium price and quantity determination

Example 2.5 (Solving for Market Equilibrium) Given:
D(p) =80 —4p, S(p) =—10+ 6p,

find the market equilibrium price p® and quantity ¢°.

Graphically, set p = 0:
D(0) =80, S(0) = —10.

Set ¢¢ = 0:
80— dp — 0 = p = 20.

Set ¢°* = 0:
10
—10+6p:0:>p:€:—.
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Using this information, we can sketch the demand and supply curves

as in Figure 2.18, with their intersection giving us the equilibrium.

PA

20

e

p,ff

-10 O q°¢ q

Figure 2.18 Market equilibrium: numerical example

Algebraically, solve for p:
80 — 4p° = —10 + 6p° = 90 = 10p° = p° = 9.
Substitute back to find ¢°:
¢ =D(9) =80 —4x9=44.
Hence, the market equilibrium is:

p° =9, ¢° =44

2.4 Market Adjustment

The market adjustment mechanism operates as follows:

e Suppose p > p°. Then ¢° > ¢¢, resulting in a surplus. Producers
compete to eliminate the surplus by lowering prices. As the price
falls, quantity supplied decreases and quantity demanded increases.

This adjustment continues until the market clears at p = p°.
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* Suppose p < p°. Then ¢? > ¢*, resulting in a shortage. Consumer-
s compete for the limited goods, bidding the price upward. As the
price rises, quantity demanded decreases and quantity supplied in-

creases. This process continues until equilibrium is reached at p = p°.

Changes in Supply and/or Demand: Effects on Equilibrium

Example 2.6 (Increase in Demand) Suppose demand increases from D,
to D, (e.g., due to a rise in income). At the original equilibrium price pf,
we now have ¢¢ > ¢*, leading to a shortage. This drives the price upward.
As a result, consumers move along the demand curve from point A to Ej,
and producers move along the supply curve from E; to E, as shown in
Figure 2.19.

Result: An increase in demand leads to an increase in both the equilib-

rium price (p°) and equilibrium quantity (¢°).

<Y

0

Figure 2.19 Effect of an increase in demand: both p° and ¢¢ increase

Example 2.7 (Increase in Supply) Suppose supply increases from S, to Ss
(e.g., due to technological improvements or lower production costs). At

the original price p$, ¢° > ¢% causing a surplus. This puts downward
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pressure on prices. Consumers move from E; to £, while producers move

along the supply curve from B to E5 as shown in Figure 2.20.

Result: An increase in supply leads to a decrease in equilibrium price

(p°) and an increase in equilibrium quantity (¢°).

DA

0 q

Figure 2.20 Effect of an increase in supply: p° falls, ¢° rises

Example 2.8 (Simultaneous Increase in Supply and Demand) Suppose both
supply and demand increase. As shown in Figure 2.21, the equilibrium
quantity ¢° increases. However, the effect on the equilibrium price p° is
indeterminate without additional information about the relative magni-

tudes of the shifts in supply and demand.

Result: ¢° increases; the direction of change in p® depends on the rela-

tive shifts in supply and demand.
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D4

0 q

Figure 2.21 Effect of simultaneous increase in demand and supply: ¢ rises,
p° is ambiguous

By symmetry, the opposite is also true: when both supply and demand
decrease, ¢° decreases, while the effect on p® again depends on the relative
shifts in supply and demand.

Finally, when supply and demand move in opposite directions—for
example, when supply increases while demand decreases, or vice ver-
sa—then p°¢ decreases in the former case and increases in the latter, while

the effect on ¢° depends on the relative magnitudes of the shifts.

Therefore, when both demand and supply curves shift, multiple out-
comes are possible. In general, it is indeterminate whether the equilibri-
um price or quantity will increase, decrease, or remain unchanged without
additional information about the magnitudes of the shifts.

Figure 2.22 illustrates, in graphical form, nine possible outcomes of si-
multaneous shifts in demand and/or supply and their effects on the equi-
librium price and quantity.

However, with specific data on how demand and supply change, we
can determine the direction of equilibrium changes, as demonstrated in

the following examples.
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Demand is constant Demand increases Demand decreases
PA PA

Supply
is constant

PSl _ _ N
TP} \ ll;; 777777

q a4 4 q % 4 q
pet, gt Pev g
P A s, P A S PA s,

S: Sz S
Supply \
increases pel NS/ O /N le
1 |
lpg'*** i LD PS%/_< D,
| D /

/ I / 1 ~Di ! D:
! 3 ! > | >
4 % q @ ¢ 4 a9 q
pel, gt P2, ¢°t P, g%
PA S5 PA S, PA S>
S S: S
Supply
decreases ) s N
TPZ 777777 1 sze \ P \
Pf 1 D: | \ Di
I D : D : D:
% a4 q q E 4 a
pet, gt Pt 42 P2, ¢4

Figure 2.22 Nine possibilities of simultaneous changes in demand and
supply

Example 2.9 (Markets for Eggs and College Education) Between 1970 and
2010, the real price of eggs fell by 55%, while the real price of college e-
ducation rose by 82%.

For eggs: Advances in mechanization reduced the cost of production,
shifting the supply curve to the right. At the same time, a shift in di-

etary preferences led health-conscious consumers to cut back on egg con-
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sumption, shifting the demand curve to the left. The result was a sharp

decline in real price and a modest increase in consumption, as shown in

Figure 2.23(a).

p
(1970
dollars
per
dozen)

Sl 970

$0.61

$0.27

5300 6392 q

(million dozens)

(@)

p

(annual
cost in
1970
dollars)

$3835

$2112

(million of students enrolled)

(b)

Figure 2.23 (a) Market for eggs; (b) Market for college education

For college education: Rising costs of modern facilities and higher fac-

ulty salaries pushed the supply curve upward. Meanwhile, increasing

awareness of the importance of higher education shifted the demand curve

to the right. As a result, both the equilibrium price (tuition) and enroll-

ment increased significantly, as shown in Figure 2.23(b).

Example 2.10 (Explaining Wage Inequality in the United States) Over re-

cent decades, wage inequality in the U.S. has increased sharply. From 1978

to 2009, the top 20% of earners saw a 45% increase in average real pretax

income, while the bottom 20% gained only 4%. More recently, between

1979 and 2022, wages for the top 1% of earners rose by approximately
171%, compared with only about 33% growth for the bottom 90%.

By the end of 2024, the top 1% of Americans held roughly one third
(32.9%) of the nation’s wealth, the top 10% owned nearly 70%, and the
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top 20% controlled about 86.5%. This left only 13.5% for the bottom 80%,
while the bottom 90% together held just under 30%.

Table 2.4: Wealth Distribution in the United States, End of 2024

Group Share of Wealth (%)
Top 1% 329

Top 10% ~ 70

Top 20% 86.5
Bottom 80% <135
Bottom 90% < 30

This growing inequality can be partly explained by:

* Technological change: Automation, artificial intelligence, and the
digital economy have boosted productivity and increased demand
for skilled workers, while diminishing the relative value of unskilled

labor.

* Human capital disparity: The supply of unskilled workers has risen
significantly, but demand for such labor has grown only modestly.
By contrast, demand for highly educated and skilled professionals

has surged.

The result has been rising wages for the skilled and stagnant or declining

real wages for the unskilled.

Example 2.11 (Supply and Demand for City Office Space) Since the COVID-
19 pandemic, demand for city office space has declined significantly due
to the shift toward remote work. However, supply has adjusted only s-
lightly. The result has been a decrease in the equilibrium rental price for

urban office space.
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2.5 Elasticity of Demand and Supply

The concept of elasticity is of immense importance in consumption deci-
sions, business pricing strategies, government policies (e.g., taxation), and
international trade (e.g., terms of trade between countries).

Elasticity measures the responsiveness of the percentage change in
quantity demanded (or supplied) to a percentage change in a variable,

such as the good’s own price, the prices of other goods, or income.

Why not use slope to measure elasticity?

Slope is sensitive to the units of measurement. A change in scale (e.g., from
dollars to cents) alters the slope without changing the underlying respon-
siveness. Thus, elasticity is preferred because it is a unit-free measure of

responsiveness.

2.5.1 Elasticity of Demand

Price Elasticity of Demand (also called own-price elasticity) is defined as
the percentage change in quantity demanded resulting from a percentage

change in the good’s own price:

_ percentage change in quantity demanded

o 2
percentage Change m prlce

_AQ/Q
AP/P
P AQ
QAP
P
= — x slope of D,
) P
where “A” denotes “change.” Because demand curves usually slope
downward, EY is typically negative.

Remark: When computing the price elasticity of demand, the formula
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P
EY = 0 x slope of D

is especially useful.

Range of Values for EY:
1. Inelastic Demand: |E}| < 1.
= [AQ/Q < |AP/P|
— Quantity is relatively unresponsive to price changes (e.g., cigarettes).
2. Elastic Demand: |E%| > 1.
= [AQ/Q| > |AP/P|
— Quantity is relatively responsive to price changes (e.g., automo-

biles in the short run, competing goods).

3. Unit Elastic Demand: |Ef)| = 1.

= Equal percentage changes in price and quantity.

4. Iso-Elastic Demand: Elasticity is constant along the entire demand

curve.

5. Perfectly Inelastic Demand: |AQ/Q| = 0 regardless of AP.

Completely unresponsive quantity (vertical demand curve).

6. Perfectly Elastic Demand: |E| = .
Even a tiny price change causes an infinite change in quantity de-

manded (horizontal demand curve).



2.5. ELASTICITY OF DEMAND AND SUPPLY

P

P

P

Ej =0

q O

[E4l<1

~_

q

o

[Edl=1

o

IES1>1 70

[Egl= o0

q

Figure 2.24 Types of demand elasticity
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Example 2.12 Suppose the price of good z increases from $1 to $2, and the

quantity demanded decreases from 10 to 5.

Price (P) ‘ Quantity (Q)

$1 10
$2 5

The price elasticity of demand is:

5—10 2—1
10 ° 1

)
10

=—-——+1=-0.5.

Now suppose the price decreases from $2 to $1 and quantity demanded
increases from 5 to 10.

Price (P) | Quantity (Q)

$2 5
$1 10
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Then,
10=5

5
Ej= 13y =+ (-0.5)= -2

2

ot

This example illustrates that the measured elasticity can vary depend-
ing on the direction of the price change and the reference (initial) point
used. To resolve this issue, economists often use the midpoint formula,
also known as arc elasticity, to calculate the average elasticity over a price
range. This method yields a consistent measure of responsiveness regard-
less of the direction of change.

Midpoint Elasticity of Demand measures the price elasticity of de-
mand between two points (P, Q) and (P, (Q)') using the midpoints as the

reference base:

Definition 2.5.1 (Midpoint Elasticity of Demand) The price elasticity of de-
mand between points (P, Q) and (P', Q') is given by:

_AQ/(3(Q+ @)
AP/ (LP+P))

P
d

This formula uses the average of the initial and final values to compute
percentage changes, thereby avoiding the asymmetry that arises from choos-

ing different base points in the standard formula.

Example 2.13 (Example 2.12 continued) Consider again the earlier exam-

ple:

PlQ
$2 | 5
$1 | 10

We compute:

AQ -5

2
3Q+Q) 515 3 (P+P) 5303
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Thus, the midpoint price elasticity of demand is:

2
P _ 3 __
Ed—T—_l-
3

Only very special demand curves have constant elasticity between any
two points. One common case that does not have constant elasticity is the

linear demand curve:

Elasticity Along a Straight-Line Demand Curve

Consider the linear demand function:
D(p) =a—bP.

Although the slope —2% = —b is constant, elasticity is not. Specifically,

_AQ/Q_P AQ_ P

EP — — . - L
¢ AP/P Q AP Q’

i
Q

which is clearly not constant because 7 varies along the curve.

Q

Figure 2.25 Elasticities vary along a linear demand curve
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From Figure 2.25, we can also write:

o =|2Q|. B _LB OL_OL
A4IAP| Q AL LB AL’
Therefore:

e If point B is the midpoint of the demand curve, then OL = AL =
By = 1.

e If B lies above the midpoint, then OL > AL = |E}| > 1 (elastic).
e If B lies below the midpoint, then OL < AL = |E"| < 1 (inelastic).

Conclusion: Along a downward-sloping linear demand curve, the price elastic-

ity of demand varies—even though the slope remains constant.

2.5.2 Elasticity and Total Expenditure

The total expenditure (TE) on a good is defined as:

TE =P xQ.

P
P =B
Pel oo o d_ DA

|

| | D

| |

! |

| |

X’ x X

[Eql>1 [Eql <1 E; =1

Figure 2.26 Total expenditure under alternative demand elasticities

We are interested in how total expenditure P x ) changes when the

price P varies. Because P and () are inversely related along a downward-
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sloping demand curve, we need to know the magnitude of their responses—
that is, the price elasticity of demand—to determine the net effect on total
expenditure.

The relationships between elasticity and total expenditure are summa-
rized in Table 2.5:

C Bjl<1 | [EY>1 B =1

P rises ‘ TE increases ‘ TE decreases ‘ TE remains constant

Table 2.5: Relationship between price elasticity of demand and total ex-
penditure

In summary:

* When demand is inelastic (|EY| < 1), price and total expenditure

move in the same direction.

* When demand is elastic (| )| > 1), price and total expenditure move

in opposite directions.

* When demand is unit elastic (|E}| = 1), total expenditure remains

unchanged when price changes.

Therefore, total expenditure reaches its maximum when demand is unit elas-
tic.
Algebraic Verification: Suppose |E}| > 1 and P’ > P. Then:
AQ/5(Q+ Q)
AP/3(P+ P')
N AQ - AP
Q+Q " PP
= (Q-Q)P+PF)>(P-P)(Q+Q)
= PQ - P'Q > —-PQ+ P
= 2PQ > 2P'Q’
= PQ > P'Q'.

>1
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This shows that if price increases and demand is elastic, total expenditure

decreases.

Other Elasticities

 Income Elasticity of Demand (E}): Measures the responsiveness of

demand to changes in income.

g _ AD/D
LN

e Cross-Price Elasticity of Demand (E}"): Measures the responsive-

ness of demand for good x with respect to the price of good y.

AD,/D,
Apy/py

Py __
dy —

2.5.3 Price Elasticity of Supply

Price Elasticity of Supply measures the responsiveness of quantity sup-
plied to changes in price. It is defined as the percentage change in quantity

supplied divided by the percentage change in price:

percentage change in quantity supplied
percentage change in price

AS/S

AP/P

P AS

J— >< JE—

S AP

= ]; x slope of S.

Er =

We consider the following typical cases:

e EL > 0because supply curves typically slope upward.
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If E{ > 1, supply is elastic.

If EY < 1, supply is inelastic.

If EY =1, supply is unit elastic.

If ELY = 0, supply is perfectly inelastic.

If EL = oo, supply is perfectly elastic.

PA S(P) PA

S(P)

EZ=0 5 Ef= o0 ;q
Figure 2.27 Perfectly inelastic and perfectly elastic supply curves
Example 2.14 (Market for Wheat) Over the past few decades, changes in
the wheat market have had significant implications for U.S. farmers and
agricultural policy.
The supply and demand conditions in 1981 were:

Qs = 1800 + 240P, Qu = 3550 — 266P

Setting (), = ()4 to find the equilibrium:
1800 + 240P = 3550 — 266P = P = $3.46

Q = 1800 + 240(3.46) = 2630
The price elasticity of demand at equilibrium is:

P dQ, 3.46
BL =" x =% =~ x (-266) ~ —0.
=3 X —5 = 5630 (—266) 0.35
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The price elasticity of supply at equilibrium is:

P dQ. 3.46
EE == = %240~ 0.32
STQ AP T 2630

Suppose a drought reduces supply, pushing price to $4.00 per bushel. The

new quantity demanded is:

Q4 = 3550 — 266 x 4.00 = 2486

s 400

=~ % (—266) ~ —0.4
b= 5ugg X (~266) ~ —0.43

In 2007, supply and demand were:
Q, = 1400 + 115P, Qg = 2900 — 125P
Solving for equilibrium:
1400 + 115P = 2900 — 125P = P = $6

() = 1400 + 115 x 6 = 2150
At the 2007 equilibrium:

6
x (—125) ~ —0.35, Bl = —— x 115 0.32

EY =
D 2150

6
2150

These low elasticities explain why wheat prices responded sharply to rel-

atively modest supply and demand shifts.

2,54 Short-Run versus Long-Run Elasticities
Consumption of Durables and Nondurables

Consumer expenditures can be broadly divided into two categories:
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* Durable goods: Items that provide utility over an extended period,

such as automobiles, appliances, and furniture.

* Nondurable goods: Items that are consumed relatively quickly, such

as fuel, food, clothing, and services.

For nondurable goods, the price elasticity of demand is generally larger
in the long run than in the short run.

In contrast, for durable goods, the price elasticity of demand tends to
be larger in the short-run than in the long-run elasticity.

The same comparative pattern also applies to income elasticities.

We can verify these empirical observations through the following ex-

ample.

Example 2.15 (Elasticities of Demand for Gasoline and Automobiles) Consider
the price and income elasticities of demand for gasoline and automobiles,
as shown in Tables 2.6 and 2.7. These tables show how elasticities vary
over time, measured by the number of years elapsed after a price or in-

come change.

Years 1 2 3 5 10
Price Elasticity of Gasoline | -0.2 | -0.3 | -0.4 | -0.5 | -0.8
Income Elasticity of Gasoline | 0.2 | 0.4 | 0.5 | 0.6 | 1.0

Table 2.6: Price and income elasticities of demand for gasoline

In the short run, a price increase in gasoline leads to only a small decrease
in quantity demanded. Drivers may reduce discretionary travel, but they
cannot immediately change to more fuel-efficient vehicles. In the long run,
however, consumers gradually shift toward smaller or more efficient cars,
increasing the responsiveness of demand. Thus, gasoline demand is more

elastic in the long run.
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Years 1 2 3 5 10
Price Elasticity of Automobiles |-1.2|-09 |-0.8 | -0.6 | -0.4
Income Elasticity of Automobiles | 3.0 | 23 | 1.9 | 1.4 | 1.0

Table 2.7: Price and income elasticities of demand for automobiles

In contrast, the demand for automobiles is more elastic in the short run.
When car prices rise, consumers tend to delay new purchases, causing a
sharp drop in short-term demand. Over time, however, aging vehicles
need replacement, and demand recovers. Therefore, automobile demand

is less elastic in the long run than in the short run.

2.6 Effects of Government Intervention: Price Con-

trols

To frame this issue, let us recall what President Reagan said in his farewell

address regarding government intervention.

Ours was the first revolution in the history of mankind that truly re-
versed the course of government, and with three little words: “We the
People.” “We the People” tell the government what to do—it doest
tell us. “We the People” are the driver; the government is the car. And
we decide where it should go, by what route, and how fast. Almost all
the world’s constitutions are documents in which governments tell
the people what their privileges are. Our Constitution is a document
in which “We the People” tell the government what it is allowed to
do.

But back in the 1960s, when I began, it seemed to me that we had
started reversing the order of things—that through more and more
rules and requlations and confiscatory taxes, the government was tak-

ing more of our money, more of our options, and more of our freedom.
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And I went into politics in part to put up my hand and say, “Stop.” I
was a citizen-politician, and it seemed the right thing for a citizen to
do.

I think we have stopped a lot of what needed stopping. And I hope we
have once again reminded people that man is not free unless govern-
ment is limited. There is a clear cause and effect here that is as neat
and predictable as a law of physics: As government expands, liberty

contracts.!

Markets function as a self-adjusting mechanism, automatically respond-
ing to changes in economic conditions and to the behavior of buyers and
sellers. For this mechanism to operate effectively, prices must be free to ad-
just to the forces of supply and demand. When government intervenes to
regulate prices, however, markets no longer allocate resources as efficient-
ly. This tension between free adjustment and regulation is most clearly
seen in the case of price controls.

There are two primary types of price controls:

¢ Price Ceiling: A legally imposed maximum price, usually intended

to protect consumers.
¢ Price Floor: A legally imposed minimum price, usually intended to
support producers.
Price Ceiling

A price ceiling sets a legal maximum price above which transactions can-
not occur. It is typically imposed to make essential goods more affordable

to consumers.

Allocation methods under a price ceiling:

¢ First-come, first-served

'Ronald Reagan, Farewell Address to the Nation, January 11, 1989.
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* Rationing mechanisms (e.g., coupons)

Effects of a price ceiling:
* Creates a shortage
* Encourages the emergence of black markets
* Reduces quality of goods and services
* Discourages production
* Distorts information signals for both producers and consumers

* Harms producers; some consumers benefit, while others may be worse
off

shortage

q

Figure 2.28 Price ceiling: emergence of a shortage

Price Floor (Price Support)

A price floor is a legally mandated minimum price below which transac-
tions cannot occur. It is typically introduced to support producers (e.g.,

agricultural price supports) or workers (e.g., minimum wage laws).

Effects of a Price Floor:
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¢ Creates a surplus
* Generates inefficiency in resource allocation

* May require government intervention to store or purchase the sur-

plus
¢ Encourages consumers to switch to substitutes
¢ Can reduce employment if output contracts

* Benefits some producers, while others (and many consumers) are

made worse off

DA

N 4

0

Figure 2.29 Price floor: emergence of a surplus

Methods for Maintaining a Price Floor:

* Government purchases the surplus: The government buys the excess

supply at the floor price. The total revenue to producers is p/ x ¢°.

* Government restricts output to the quantity demanded: If the govern-
ment does not purchase the surplus but limits production to ¢¢, then

total revenue to producers is p/ x ¢%.



60 CHAPTER 2. MARKET ANALYSIS

Example 2.16 (Price Control and Wheat) Suppose the demand and sup-
ply for wheat are given by

D(p) = 90 —20p, S(p) = —15+ 10p.

(a) Find the market equilibrium price and quantity. Setting D(p) =
S(p) gives

90 —20p=—15+10p = 105=30p = p°=3.5.
Substituting into either function:
¢© = D(3.5) = 90 — 20 x 3.5 = 20.
(b) Suppose a price support is set at $4. What is the surplus?
D(4)=90—-20x4=10, S(4)=—15+10x 4 =25,

Surplus = S(4) — D(4) =25 — 10 = 15.

From the above discussion, we may draw an important lesson. As
Abraham Lincoln insightfully observed, government should not interfere
in matters that people can accomplish just as well on their own; rather, its
role is limited to those areas in which individuals cannot act effectively by

themselves:

The legitimate object of government is to do for a community of people
whatever they need to have done but cannot do at all or cannot so
well do for themselves—in their separate and individual capacities.
In all that the people can individually do as well for themselves, the

government ought not to interfere.?

We will further examine the welfare losses that arise when govern-

ment intervenes in markets in later chapters.

2 Abraham Lincoln, Quotes on Government (1854).
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Demand Side of the Market
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Part II presents the theoretical core of consumer behavior and the de-

termination of individual and market demand.



64



Chapter 3
Theory of Consumer Choice

The theory of consumer choice is a cornerstone of economics in general
and of microeconomics in particular. It explains how individuals allocate
their limited income across different goods and services. This framework
is essential for understanding consumer decision-making and its implica-
tions for both firms and public policy.

Consumers differ in characteristics such as gender, age, lifestyle, wealth,
preferences, and abilities. But which of these matter for determining a con-
sumer’s optimal choice? In principle, a consumer’s decision is governed
by their subjective preferences, subject to objective constraints—most

commonly, the budget constraint.

3.1 Budget Constraints

A budget constraint represents the limits that income places on a con-

sumer’s ability to purchase goods and services.

3.1.1 Budget Line

The budget line shows all possible combinations of goods that a consumer

can purchase given income and prices. It is defined by the condition that

65
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total expenditure equals income:
P+ pyy =1, (3.1)

where p, and p, are the prices of goods = and y, respectively, and I is
income.

o unaffordable
bundle

budget line

affordable slope=— L
bundle | Py
0 I x

Figure 3.1 Budget constraint and the budget line

Rewriting equation (3.1) in slope-intercept form:

I p
y=——"u, (3.2)
Dy Dy

we see that the slope of the budget line is —Z—z. The z-intercept is p% (the
maximum amount of good x that can be purchased), and the y-intercept is

pi (the maximum amount of good y that can be purchased).
Yy

Example 3.1 Suppose goods z and y have prices p, = 10 and p, = 5, and
income is I = 100. The budget line is

10z + 5y = 100.

* Slope of the budget line: —%Z - _

4

: . L _ 90
* y-intercept: oy = 20;
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* z-intercept: - = 10.

Some feasible consumption combinations are:

Combination p, xz + p,xy = Income
a. 10x10 + 5x0 = $100
b. 10x8 + 5x4 = $100
C. 10x6 + 5x8 = $100
d. 10x4 + 5x12 = $100
e. 10x2 + 5Hx16 = $100
f. 10x0 + 5x20 = $100

=VY

Figure 3.2 A budget line with two consumption goods

3.1.2 Changes in the Budget Line

How do changes in prices or income affect the budget line?

e If prices and income increase at the same rate, the budget line re-
mains unchanged.

For example, doubling all prices and income yields

2p.x + 2pyy = 21,
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which simplifies to the original equation.

If only one price changes, the budget line rotates around the inter-
cept of the good whose price is unchanged.

For instance, if p, rises from 5 to 10, with p, = 10 and I = 100 con-

stant:
10+ 10y =100 = y=10—=x,

so the slope changes from —2 to —1. The budget line pivots inward.

VA

20

10

>
0 10 X

Figure 3.3 Effect of a price change on the budget line

* If income changes, the budget line shifts parallel to itself.

For example, raising income from $100 to $150 (with p, = 10, p, = 5)
gives
102 + 5y = 150,

a parallel shift outward.
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YA
30

20 10x+5y=150

~

=Y

/
0 KIO 15

10x+5y=100

Figure 3.4 Effect of an income change on the budget line

3.2 Consumer Preferences

Consumers are assumed to have preferences over bundles (or baskets)
of goods. Suppose there are two goods, = and y, and two bundles A =
(z%4,y%) and B = (2", y").

YA
yA' o 1'bundle A

I

I

I

I

I

I
yB____I____,bundle B

| I

| I

| I

| I

X I >
0 x4 1B X

Figure 3.5 Two alternative consumption bundles A and B
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3.2.1 Basic Assumptions about Preferences

We assume that consumer preferences satisfy the following properties:
1. Completeness: Consumers can compare and rank all possible bun-
dles. Given any two bundles A and B, the consumer either
* prefers Ato B (A > B),
* prefers Bto A (B > A), or
e is indifferent between them (A ~ B).

2. Transitivity: Preferences are internally consistent.
If A= Band B >~ C,then A - C.

3. More is preferred to less (Strong Monotonicity): Consumers prefer
more of a good to less.
If B= (24, y* + ¢) where ¢ > 0, then B = A.

Note: At this stage, preferences are considered independently of the cost

of consumption.

An indifference curve shows all consumption bundles that provide
the same level of satisfaction. Consumers are indifferent between any two

points on the same curve.

YA

indifference curve

0 X

Figure 3.6 Forming an indifference curve from initial bundle A
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To construct an indifference curve, start from a point such as A in Fig-
ure 3.7. If y decreases (to A’), the consumer is worse off (A’ < A). However,
by increasing x sufficiently, we can reach a new bundle B such that B ~ A.
Repeating this process traces out the indifference curve.

An indifference map is a collection of indifference curves. Each curve
represents a different level of utility, with higher curves corresponding to

higher satisfaction.

()
=Y

Figure 3.7 An indifference map: multiple indifference curves

In Figure 3.7, bundles A ~ B, A ~ B, and /:1 ~ é Any bundle on U?is

preferred to those on U*, which in turn are preferred to those on U°.

3.2.2 Properties of Indifference Curves
Indifference curves exhibit several key properties:

1. Indifference curves slope downward.
This follows from the assumption of strong monotonicity (“more is
preferred to less”). If a consumer gives up some of one good, they

must receive more of the other to remain equally satisfied.

2. Indifference curves cannot intersect.

Suppose, for contradiction, that two indifference curves intersect.
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Let A ~ B and B ~ C. By transitivity, A ~ C. But if C contains
more of both goods than A (as shown in Figure 3.8), strong mono-
tonicity would imply C' = A—a contradiction. Hence, indifference

curves cannot cross.

VA

S
=Y

Figure 3.8 Indifference curves cannot intersect

3.2.3 Marginal Rate of Substitution

The slope of an indifference curve reflects the consumer’s willingness to
substitute one good for another while remaining on the same curve. This
leads to the concept of the:

Marginal Rate of Substitution (MRS): The amount of good y a con-
sumer is willing to give up to obtain one additional unit of good z, while
maintaining the same level of utility.

Formally, the marginal rate of substitution of x for y is

Ay
Az

Y

MRS, |

that is, the absolute value of the slope of the indifference curve.

Diminishing MRS: The marginal rate of substitution decreases as the

quantity of good z increases. In other words, as the consumer has more
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of z and less of y, they become less willing to substitute y for x. This
behavior implies that indifference curves are strictly convex to the origin,

as illustrated in Figure 3.9.

VA

Ay

Ay:

Ays
Ay+ *

o/

Figure 3.9 The shape of indifference curves: convex to the origin

In Figure 3.9, at point A, good y is abundant and x is scarce, so the con-
sumer is willing to trade a large amount of y for x. At point I/, where z is

abundant and y is scarce, the consumer is less willing to give up y.

Example 3.2 (MRS Between Clothing and Food) Figure 3.10 and Table 3.1
illustrate how the marginal rate of substitution changes as consumption

shifts from clothing to food.

Clothing A

30f -

\

|

|
18— -+
13- - -+ -
0 - - - L2
8F — 4 — —1— — - -
0

Figure 3.10 MRS between clothing and food
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Clothing (C) | Food (F) | MRS of F for C
30 5
18 10 B2 =24 ||
13 15 =nl=10 ||
10 20 B0=06 |
25 =Bl =04 ||
7 30 =02 ||

Table 3.1: MRS declines as more food is consumed relative to clothing

As the consumer consumes more food and less clothing, the MRS di-

minishes, indicating a decreasing willingness to trade food for clothing.

Interpretation: Strict convex preferences reflect a desire for diversifica-
tion. Consumers prefer balanced bundles over extremes. This property
underlies the convex shape of indifference curves and guarantees a unique

optimal consumption bundle in later analysis.

3.2.4 Special Shapes of Indifference Curves

While indifference curves are typically strictly convex, there are impor-
tant exceptions where curves take on special shapes. These arise from
distinctive consumer preferences and result in non-standard substitution

behavior.

1. Perfect Substitutes:
Indifference curves are straight lines with a constant slope. The marginal
rate of substitution (MRS) is constant because the consumer is al-

ways willing to trade one good for another at a fixed rate.
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VA

U2

=Y

Figure 3.11 Perfect substitutes: constant MRS

2. Perfect Complements:
The consumer wishes to consume the two goods in fixed proportion-
s. The MRS is either zero or infinite, and the indifference curves are
L-shaped (right angles). A typical example is left shoes () and right
shoes ().

UI

=)
=V

Figure 3.12 Perfect complements: right-angled indifference curves

3. Good = Only Matters:
The consumer derives satisfaction only from good z. Indifference

curves are vertical lines since changes in y do not affect utility.
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YA U! U?

0 X

Figure 3.13 Vertical indifference curves: only  matters

4. Good y Only Matters:
The consumer derives satisfaction only from good y. Indifference

curves are horizontal lines since changes in = do not affect utility.

VA

U2

0 X

Figure 3.14 Horizontal indifference curves: only y matters

5. Bads:
A bad is a good for which less is preferred to more (e.g., pollution,
illness). When both goods are bads, indifference curves slope down-
ward and are concave to the origin, indicating that the consumer

tolerates more of one bad only if the other bad is reduced.
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VA

Figure 3.15 Indifference curves when both goods are bads: curves slope
downward and are concave to the origin

3.2.5 Utility Functions

Indifference curves represent consumer preferences by ranking commod-
ity bundles. For example, in Figure 3.16, bundle A < B and B < C.
Sometimes it is convenient to assign numerical values to these rankings:
#1 for C, #2 for B, and #3 for A.

\
C
A
B U’
U?
U!

Figure 3.16 Ranking alternative market baskets using indifference curves

VA

S
=Y
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A utility function is a numerical representation of a consumer’s pref-

erences. It assigns a value to each commodity bundle (z, y) such that:

1. fU(x,y) > U(x,y), then bundle (z, y) is strictly preferred to (z, ).

2. IfU(x,y) = U(z,y), then the consumer is indifferent between the two
bundles.

This function enables us to rank preferences and is called an ordinal
utility function. If, in addition, the function reflects the strength or inten-

sity of preferences, it is referred to as a cardinal utility function.

* Ordinal utility function: Ranks market baskets in order of prefer-

ence.

¢ Cardinal utility function: Indicates by how much one basket is pre-

ferred to another.

Example 3.3 (Can Money Buy Happiness?) Empirical studies suggest that
individuals in countries with higher GDP per capita report, on average,
higher levels of happiness than those in countries with lower GDP per

capita.

Importantly, utility functions are unique up to monotonic transfor-
mations. That is, for any strictly increasing function f, the transformed

function f(U(z,y)) represents the same preference ordering as U(z, y).

Finding Indifference Curves from Utility Functions

Example 3.4 Let the utility function be
U(z,y) = x + 2y.
To trace an indifference curve, fix a utility level U:

r+2y="U.

For instance:
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e ;=10 = z+2y=10
e Uy=15 = z+2y=15

The second curve lies farther from the origin, indicating a higher level

of utility.

VA

U-~=15

U=10

[}
=Y

Figure 3.17 Tracing linear indifference curves

Example 3.5 Now consider the utility function
U(z,y) = zy.
An indifference curve for U = 50 satisfies
xy = 50.

Examples of bundles on this curve include:

® r=25y=2
e r=10,y=5
e v=5,y=10



80 CHAPTER 3. THEORY OF CONSUMER CHOICE

The resulting curve is shown in Figure 3.18.

by
25

10

Figure 3.18 Tracing convex indifference curves

Computing MRS from a Utility Function

If a utility function is known, we can compute the marginal rate of sub-
stitution (MRS) along the corresponding indifference curve. For a fixed

utility level U, the total differential satisfies
AU = MU, - Az + MU, - Ay = 0.

Solving for the slope gives

Ay _ MU,

Ar MUy'

Since the slope of the indifference curve is % = —MRS,,, we conclude

MU,

Y
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Example 3.6 (Example 3.4 continued) Let
Ulzr,y) =z + 2y.

Then
MU,

MU,=1, MU,=2 = MRSW:M—UZ/:%.

Example 3.7 (Example 3.5 continued) Let
Ulz,y) = zy.

Then
MU, =y, MU,=2 = MRSxy:%

Now consider a monotonic transformation of this utility function:
Ulz,y) = 2y

Then

2

MU, =2zy*, MU, =22y = MRS,, =2

222y

Yy
e

Thus, monotonic transformations of a utility function preserve the MRS

and represent the same preferences.

3.3 Consumer’s Optimal Choice

A consumer chooses a bundle (z, y) to maximize utility subject to the bud-
get constraint. The optimal market basket must satisfy two fundamental

conditions derived from the basic assumptions of consumer theory:
¢ It must lie on the budget line.

¢ It must be the most preferred bundle attainable within the budget

set.
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Case 1: Interior Solution
Assume indifference curves are strictly convex and do not touch the

axes.
In Figure 3.19:

* Bundle C lies outside the budget set and is unaffordable.
* Bundle B is preferred to bundle A (B > A).
* Bundle B is the utility-maximizing choice where the budget line is

tangent to indifference curve Us,.

VA

U:
Ui

S
=Y

Figure 3.19 Consumer’s optimal choice as an interior solution

From Figure 3.19, one can see that at the optimal interior solution, two

conditions must hold:

1. Tangency condition: The slope of the indifference curve, —M RS,,,

equals the slope of the budget line, —7=:

MRS,, == (3.3)

by
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2. Budget constraint:
Pa® +pyy = 1. (3.4)

Thus, the consumer maximizes satisfaction by choosing a bundle where
the MRS between the two goods equals the price ratio and the chosen bun-
dle exhausts the budget. Equations (3.3) and (3.4) together characterize the

consumer’s interior optimal choice.

Since M RS,, = %gz , substituting into (3.3) gives:
MU, P
MU, p,
or equivalently,
MU, MU,
Pz Dy

which states that the marginal utility per dollar spent should be equal

across all goods.
Example 3.8 (Example 3.5 continued) Suppose a consumer’s utility func-
tion is

Ulz,y) = vy,

with prices and income
Pz =2, p,=11=100.

Using M RS = £ and substituting into equations (3.3) and (3.4):

Substituting (1) into (2):

20 4+2x =100 = 4 =100 = 2" =25 y*=>50.
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Case 2: Corner Solution (e.g., linear indifference curves)

A corner solution occurs when the MRS does not equal the price ratio.
In this case, the consumer maximizes satisfaction by consuming only one

good rather than a mix.

Example 3.9 (Example 3.4 continued) Consider the utility function U =
z + 2y, with MRS = ;. The optimal bundle depends on the price ratio:

i) If MRS, < Z—;, the consumer consumes only good y (see Figure 3.20).

Example: Let p, = 1, p, = 1, I = 20. The budget line is z + y = 20 with
slope —1 # —M RS = —0.5. Hence, z* = 0, y* = 20.

VA
Az

Py

Us
U:
Ui
0 Ji X
Px

Figure 3.20 Corner solution: only good y is consumed

ii) If M RS,, > 7=, the consumer consumes only good  (see Figure 3.21).

Example: Let p, =1, p, = 3, I = 20. Then z* = 20, y* = 0.
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VA U,
U:
Az
Py
Ui
0 1 X
Px

Figure 3.21 Corner solution: only good x is consumed

iii) If MRS,, = 2=, all bundles on the budget line are optimal (see Fig-

py’
ure 3.22).
Example: Let p, = 1, p, = 2, I = 20. The budget line is x + 2y = 20.

Any bundle satisfying this equation is an optimal choice.

YA
10
Us
0 20 X

Figure 3.22 Budget line and indifference curves are parallel: infinitely

many optimal bundles
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3.4 The Composite-Good Convention

Up to this point, our analysis has focused on a two-good world. The
same principles, however, can be extended to settings with many good-
s. Because it is difficult to represent preferences over multiple goods in
a two-dimensional diagram, economists often simplify the analysis using

the composite-good convention.

outlay on
other goods

A

E Us

| U:

| Ui

0 x* /
slope=Px/1=Px

=Y

Figure 3.23 The composite-good convention: optimal choice with more
than two goods

Suppose a consumer consumes many goods, denoted by z,y, ..., 2. To
analyze the choice of one good (say z), we aggregate all other goods into a
single composite good. Consumption of this composite good is measured
by total expenditure on all goods other than x.

For convenience, we normalize the price of the composite good to 1.

The budget constraint then becomes
P22+ C =1,

where C represents consumption of the composite good.
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Solving for C' yields the budget line
C=1I- Pz,

with slope —£ = —p,. At the optimal choice, the marginal rate of substi-

tution equals p,.

3.5 Revealed Preference

Revealed preference theory asserts that a consumer’s preferences can be
inferred from their observed choices. If a consumer selects one basket over
another, even when the chosen basket is more expensive, it is revealed to
be the preferred basket.

Clothing
(units per
month)

I

I2

Food
(units per month)

Figure 3.24 Revealed preference with two budget lines

In Figure 3.24, the consumer initially faces budget line ¢; and chooses
basket A over B. Later, under a new budget line ¢, the consumer chooses

B over D. By transitivity, we infer
A= B> D.

Basket A is therefore preferred to all baskets lying below both ¢; and /5,
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while any basket above A would be strictly preferred to A.

Clothing | /5
(units per month) |*,

/
-

Food
(units per month)

Figure 3.25 Revealed preference with four budget lines

In Figure 3.25, the consumer chooses basket E over A on budget line
(3, and basket G over A on budget line /. Thus,

E-A G A

Combining this with the earlier analysis, we identify the shaded region

above A as the set of baskets strictly preferred to A.

As additional budget lines are observed, more information about the
consumer’s preferences is revealed. Taken together, these choices allow us
to construct an approximate indifference map—a collection of curves rep-
resenting bundles the consumer considers equally desirable. Such a map
provides a basis for predicting consumer behavior under new constraints

or changing prices.



Chapter 4

Individual and Market Demand

This chapter examines how income and price changes influence consumer

choices, and how individual demand aggregates into market demand.

4.1 Effect of Income Changes

An increase in income, while holding the prices of all goods constant, caus-
es consumers to adjust their choice of market baskets.
Income-Consumption Curve (ICC): A curve that traces the utility-maximizing

combinations of two goods as a consumer’s income changes.

0 x* xx 1 I x
Px Px

Figure 4.1 Tracing an income-consumption curve
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We distinguish between two types of goods:

* Normal Good: A good for which consumption increases as income
rises, holding prices constant. Most goods fall into this category, es-

pecially at lower income levels.

* Inferior Good: A good for which consumption decreases as income

rises, again holding prices constant.

Figure 4.1 illustrates how the ICC is traced by increasing income while
keeping prices fixed. At each point along the ICC, the consumer maxi-
mizes utility by allocating all available income. As shown in the figure,
the consumption of both goods = and y increases with income—indicating
that both are normal goods.

However, as income continues to rise substantially, some goods may
become inferior. Figure 4.2 presents a case where good y is an inferior

good.

<

ICC
U:

<Y

|
|
I
L X'* Iz
Px Px

Figure 4.2 Income-consumption curve when good y is an inferior good
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In Figure 4.2, where I’ > I, we observe that 2 > z* and y"* < y*. Thus,
x is a normal good and y is an inferior good. Importantly, when there are
only two goods, they cannot both be inferior at the same time.

Engel Curve: A curve that shows the relationship between the quantity

of a good consumed and a consumer’s income.

Income Income
(dollars per (dollars per
month) 30r month) 30
Inferior
20 | Engel Curve 20 |
10 10 1 Normal
0 4 8 12 16 0 5 10
Food (units Hamburger (units
per month) per month)

Figure 4.3 Engel curves for normal and inferior goods

In the left panel of Figure 4.3, food is a normal good: as income increas-
es, the quantity demanded also increases. The Engel curve slopes upward,
indicating a positive relationship between income and consumption.

In the right panel, hamburger is a normal good at lower income levels
(below $18/month), but becomes an inferior good once income exceeds
that threshold. As a result, the Engel curve initially slopes upward and
then turns downward, reflecting a decline in quantity demanded as in-

come continues to rise.

Example 4.1 (Consumer Expenditures in the United States) Engel curves
can help analyze how consumer spending varies across income groups.
Table 4.1 shows that spending on entertainment and health care increases
with income, indicating they are normal goods. However, spending on
rental housing decreases beyond an income of $40,000, suggesting it be-
comes an inferior good for higher-income households as consumers shift

toward home ownership.
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Expenditures <20k 10k-30k 20k—-40k 30k-50k 40k-60k 50k-70k >70k
Entertainment 1,038 1,165 1,407 1,969 2,131 2,548 4,655
Owned Dwelling | 1,770 2,134 2,795 3,581 4,198 5566 11,606
Rented Dwelling | 3,919 3,657 4,054 3,878 4,273 3,812 3,072
Health Care 1,434 2,319 3,124 3,539 3,709 4,702 6,417
Food 3466 3,706 4,432 5,194 5,936 6,486 10,116
Clothing 798 766 960 1,321 1,518 1,602 2,928

Table 4.1: Annual U.S. Household Consumer Expenditures by Income
Bracket

Example 4.2 (The Supplemental Nutrition Assistance Program (SNAP))
The Supplemental Nutrition Assistance Program (SNAP), formerly known
as the Food Stamp Program, is a federal initiative that provides food-
purchasing assistance to low- and no-income individuals. Roughly 1in 7
Americans receive aid through SNAP. However, SNAP funds are restrict-
ed: recipients cannot withdraw cash or use their benefits for housing or
non-food items. What are the economic implications of this program?

Consumer theory allows us to analyze the impact of SNAP. In Fig-
ure 4.4, a consumer receives $50 in SNAP funds weekly, has $100 in cash
income, and faces a food price of p; = 5 per unit.

The original budget line is AZ. The SNAP subsidy modifies the budget
line to AA'Z'. Along segment AA’, the line is horizontal—representing the
ability to purchase up to 10 units of food using SNAP, while preserving the
full $100 in cash income for other goods. Beyond 10 units, the consumer
must pay $5 per additional unit of food, resulting in a kinked budget line
at A'.

SNAP funds can affect the recipient in one of two ways:

* In Figure 4.4, if the consumer chooses to spend more than $50 on
food, the optimal consumption point IV’ lies on the A'Z’ segment of
the budget line. In this case, the effect of SNAP is identical to a $50

cash transfer, resulting in the budget line A" Z.
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Other
goods

$150=A"

$100=A
$85=A> -

$60=A: |-

F: FG F2 z z Food
(8X10)(13)  (20) (30)

Figure 4.4 Evaluating SNAP using consumer theory

Other
goods

$150=A"},

$100=A |

$75=Au

(5X8X10) (20) (30)
Figure 4.5 Another illustration of the effect of SNAP
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* Figure 4.5 shows the second scenario. If the consumer chooses not
to spend more than $50 on food, the kinked budget line AA’Z’ im-
poses a restriction. The optimal consumption point is at the kink A’,
which lies on a lower indifference curve than the point the consumer
could achieve with a direct $50 cash transfer (point on Us). Thus,
the consumer would be strictly better off receiving cash instead of

food-targeted assistance.

A similar analysis applies to educational trust funds. If a student re-
ceives a college trust fund that must be used exclusively on education, the
optimal point might be a corner solution at A’. However, if the fund could
be spent freely, the student could attain a higher utility level on a higher

indifference curve such as Us.

4.2 Effect of Price Changes: Deriving the Demand

Curve

A change in the price of one good—while holding income and other prices
tixed—causes consumers to adjust their consumption bundle.

Price-Consumption Curve (PCC): A curve tracing the utility-maximizing
combinations of two goods as the price of one good varies.

Individual Demand Curve: A curve that shows the quantity of a good
that a single consumer will buy at various prices.

There are two standard approaches to derive the demand curve for a

consumption good.

1. Graphical Derivation

To derive the demand for good z, we vary p, while keeping p, and income
I constant. Suppose p, > p, > pi.
Each change in p, results in a new optimal consumption bundle. Con-

necting these utility-maximizing points yields the price-consumption curve,
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shown in the upper panel of Figure 4.6. Each point on the PCC satisfies
the condition that utility is maximized and all income is spent.

In the lower panel of Figure 4.6, the corresponding quantities of x are
plotted against their respective prices to generate the individual demand

curve.

VA
i . .
Py price-consumption

P

Px

Px
Py

X

Figure 4.6 Deriving a demand curve from utility maximization

Hence, the demand for good z is a function of its own price p,.

2. Algebraic Derivation

We can derive the individual demand functions algebraically by applying

the two conditions for utility maximization:

MRS =22 (4.1)
Py
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Pz 4+ pyy = 1. (4.2)

Solving equations (4.1) and (4.2) simultaneously yields the optimal bun-
dle (z*,y*) as functions of prices p,, p, and income I. We denote these as

the demand functions:

" = Dy(pa, py, 1), y* = Dy(pg,py, I).

The following example illustrates this procedure.

Example 4.3 Suppose the consumer’s preferences are represented by the

Cobb-Douglas utility function

Wi

1
Ulz,y) = 23y3.

The marginal rate of substitution (MRS) is

MU, vy
MRS = =2,
MU, 2z

Equating the MRS to the price ratio:

y _Ps 2z,

2z Dy Dy

Substituting this into the budget constraint:

22D,

Py

Thus, the demand function for x is

I

= D:p(pmapyal) = @
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Now, let I = 50 and p, = 2. The demand function for z is then

20

2 = Dy(ps,2,50) = P
Dz

To trace out the demand curve, consider the following values of p,:
e p, =1 = x*:%%16.67,
e p, =5 = x*:?—gz?).?)?),
e p. =10 = x*z%%lﬁ?.

Connecting these and additional points yields the downward-sloping,

convex demand curve shown in Figure 4.7.

PA
10F
or D
1
i 1 | »
ol 1.6 33 16.6 X

Figure 4.7 A downward-sloping, convex-to-origin demand curve

For a general Cobb-Douglas utility function
Uz,y) = 2%y' ™, 0<ac<l,
the demand functions are

al 1—a)l
x(pxapyal) = p77 y(pxapyaj) - <p>
T Y



98 CHAPTER 4. INDIVIDUAL AND MARKET DEMAND
4.3 Income and Substitution Effects of a Price Change

Goods may be related to one another in different ways, which affects how

price changes influence consumer demand:

* Substitutes: An increase in the price of one good leads to an increase

in the demand for the other.

¢ Complements: An increase in the price of one good leads to a de-

crease in the demand for the other.

* Independent Goods: A change in the price of one good has no effect

on the demand for the other.

These relationships imply that price changes in one market can have

important consequences in related markets.

A change in the price of a good can be decomposed into two distinct

effects:

* Substitution Effect: The change in consumption of a good resulting
from a change in its price, holding the consumer’s utility level constant.
The expenditure needed to maintain the original utility level at the

new prices is called the utility-equivalent income.

When the price of a good falls, the consumer tends to purchase more
of the relatively cheaper good and less of the now relatively more
expensive goods. This adjustment in consumption due to the change

in relative prices is the substitution effect.

* Income Effect: The change in consumption of a good resulting from
a change in the consumer’s real purchasing power, holding prices con-

stant.

When the price of a good falls, the consumer’s real income increases—
they can now afford more of all goods. The resulting change in con-

sumption due to higher purchasing power is the income effect.
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The total effect of a price change is the sum of the substitution and

income effects:

Total Effect = Substitution Effect + Income Effect.

Income and Substitution Effects: Normal Good

Clothing
(units per
month)
R4,

Food
(units per
Substitution Income month)

Effect Effect

l'otal Effect

Figure 4.8 Income and substitution effects: a normal good

Figure 4.8 illustrates the decomposition of the total effect of a price de-
crease into the substitution and income effects, assuming the good in ques-
tion is normal.

Initially, the consumer is at point A on budget line RS, achieving utility
level U;. When the price of food falls, the budget line pivots outward to
RT, and the consumer moves to point B on a higher indifference curve U,,
consuming more food (F; > F;). The total change in food consumption is

represented by the segment F; F5.

To isolate the substitution effect, we hold utility constant by drawing

the utility-equivalent budget line R'7T" that is:
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1. parallel to the new budget line RT' (reflecting the new price ratio),

and
2. tangent to the original indifference curve U;.

The tangency point is labeled D.

¢ The movement from A to D on U, represents the substitution effect
(F1 E): the change in consumption due solely to the change in relative

prices, holding utility constant.

¢ The movement from D to B represents the income effect (E'F3): the
change in consumption due to the increase in real purchasing power,

with prices fixed at their new levels.

In summary:

To determine the substitution effect, draw the utility-equivalent bud-
get line that is parallel to the new budget line RT but tangent to the

original indifference curve Uy at point D.

The total effect of the price change is therefore
Total Effect = Substitution Effect + Income Effect.

Because food is a normal good, the income effect reinforces the sub-
stitution effect—both contribute to an increase in the quantity demanded.
Thus, for normal goods, the substitution and income effects operate in the

same direction.

Income and Substitution Effects: Inferior Good

In Figure 4.9, the consumer is initially at point A on budget line RS. When
the price of food falls, the budget line pivots outward, and the consumer
moves to point B, consuming more food overall.

The total change in food consumption, Fj F5, can be decomposed into:
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* Substitution Effect (1 E): The movement from A to D along the

original indifference curve U, reflecting the change in relative prices.

* Income Effect (E'F;): The movement from D to B, reflecting the
change in consumption due to the increase in real income from the

price drop.

In this case, food is an inferior good, since the income effect is negative:
as real income rises, the consumer reduces their food consumption. Thus,
the substitution and income effects work in opposite directions.

However, because the substitution effect dominates the income effect,
the net result is still an increase in the quantity of food consumed.

Clothing

(units per
month)

o F E E S T T Food
« < {unts pl'l'

Substitution month)

Effect Income

- ~ Effect
Total Effect

Figure 4.9 Income and substitution effects: an inferior good

Income and Substitution Effects: Giffen Good

So far, we have assumed that demand curves are downward sloping: as
the price of a good decreases, the quantity demanded increases. A rare
exception is the Giffen good.

A Giffen good is one for which a decrease in price leads to a decrease in
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quantity demanded. This counterintuitive outcome arises when the nega-

tive income effect is stronger in absolute value than the substitution effect.

Figure 4.10 illustrates this phenomenon. As the price of food falls, the
budget line shifts outward, but the consumer ends up consuming less food,

moving from E to F.

C InlhinE -

(units per
month)

T T Food (units

~ Substitution Effect per month)

Income Effect
=~ Total Effect

Figure 4.10 An upward-sloping demand curve: the Giffen good

Here:

¢ The substitution effect (E'F3) increases food consumption.

* The income effect (F,F}) is negative and large enough to outweigh

the substitution effect.

As a result, the consumer demands less food when its price falls. This
does not violate any assumptions about preferences: indifference curves

remain downward sloping, convex, and non-intersecting.

A Giffen good must satisfy two conditions:

1. Itis an inferior good.
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2. The income effect dominates the substitution effect in absolute val-

ue.

Note that while every Giffen good is an inferior good, not all inferior

goods are Giffen goods.

4.4 From Individual to Market Demand

We have derived the demand curve for an individual consumer. To obtain
the market demand curve, we horizontally sum the individual demands

at each price. Two important points to keep in mind:

1. The market demand curve shifts outward as more consumers enter

the market.

2. Factors that affect the demand of many individuals—such as changes

in income, tastes, or preferences—also shift the market demand.

Market demand aggregation is particularly important when combin-
ing demands across different demographic groups or geographically dis-

persed consumers.

Example 4.4 (Market Demand from Two Consumers) Consider the case
of two consumers, A and B. At each price, the market demand is the hori-

zontal sum of the individual demands:

Price of x (p,) | Consumer A: D4 | Consumer B: D? | Market Demand D,
$1 10 12 22
$2 7 5 12
$3 3 1 4

Table 4.2: Aggregating individual demand to obtain market demand

Figure 4.11 illustrates how the market demand curve is obtained by
horizontally summing the individual demand curves of consumers A and
B.
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Px A

3 -

2 L

Lr - Dx Dx for market
Dx

0 X

Figure 4.11 From individual to market demand

4.5 Consumer Surplus

Consumers purchase goods and services because they are better off from
doing so—otherwise, the purchase would not occur. The concept of con-
sumer surplus captures this net benefit.

Consumer Surplus: The difference between what a consumer is willing to

pay for a good and what they actually pay.

To calculate consumer surplus for a given quantity of a good, consider

the total benefit a consumer receives relative to the total amount spent:

Consumer Surplus = Total Benefit — Total Cost.

Figure 4.12 illustrates consumer surplus using a discrete example. Sup-

pose a person buys 6 cups of espresso at a price of $3 each. Then:
e Total cost = 3 x 6 = $18,

e Total benefit (the sum of marginal benefits) = $8+ $7+ $6 + $5 + $4 +

e Consumer surplus = 33 — 18 = §15.
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Price
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Figure 4.12 A discrete approach to calculating consumer surplus
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In general, if demand is continuous and downward sloping, as shown

in Figure 4.13, consumer surplus equals the area under the demand curve

and above the market price—specifically, the area TE'P.
Price

T

Consumer
surplus

0 0 Quantity

Figure 4.13 Consumer surplus under a continuous demand curve
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Consumer surplus is also useful for analyzing the impact of price changes.
In Figure 4.14, a price decrease from 25 cents to 15 cents increases con-
sumer surplus. Initially, surplus is the area TAP. After the price drop, it
becomes TEP'. The additional surplus gained by consumers is the area

PAEPF', representing the net benefit of the price reduction.

Price

T
A
P=25€
|
|
|
— 754 ;
| [
S
| |
| |
| |
| |
0 (0] [0 Sugar

consumption

Figure 4.14 Effect of a price reduction on consumer surplus

Application: Consumer surplus, combined with producer surplus, is a
valuable tool for evaluating market performance and assessing the welfare

effects of public policies or changes in market structure.

4.6 Network Externalities

A network externality occurs when an individual’s demand for a good

depends on the number of other consumers who purchase or use the good.

* Positive network externality: Demand increases as more consumers
purchase the good. Examples include telephones, email, social net-
works (Facebook, TikTok, WeChat), and fads (toys, fashion trends).
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¢ Negative network externality: Demand decreases as more consumer-
s purchase the good. This arises when exclusivity is valued (luxury

goods, rare art, collectibles).

Bandwagon Effect

A positive network externality can create the bandwagon effect.

Bandwagon effect: A phenomenon in which individuals demand a good
partly because others are consuming it. The perception that “everyone else

has it” increases its appeal.

In the presence of a bandwagon effect, the demand curve shifts out-
ward as more individuals purchase the good. As shown in Figure 4.15,
when the price falls from $30 to $20, demand increases more sharply due
to the positive network externality, shifting from D,y to Dsgy.

Price

(dollars per
unit)

D20 D40 D60 D80 Dl()()

30

20

Demand

Quantity
Pure price Bandwagon (thousands
effect effect per month)

Figure 4.15 Positive network externalities: the bandwagon effect

Example 4.5 (Facebook (Meta)) Facebook (now Meta) launched in 2004
with just one million users. By 2011, it had surpassed 700 million user-

s, becoming the second most visited website globally after Google. As of
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2024, Facebook remains the largest social media platform, with approxi-
mately 3.07 billion monthly active users. On average, each user spends

19.7 hours per month—about 39 minutes per day—on the platform.

Year | Users (Millions) | Hours Per User Per Month
2004 1 —
2005 5.5 —
2006 12 <1
2007 50

2008 100

2009 350 5.5
2010 500 7
2011 766 7.5
2012 980 8.5
2013 1171 9
2014 1334 10
2015 1517 10.5
2016 1654 11
2024 3070 19.7

Table 4.3: Growth of Facebook users and engagement

The platform’s explosive growth and sustained dominance were fueled
by strong positive network externalities. In particular, the bandwagon
effect—where individuals adopt a good because others have—has played
a central role in user engagement and expansion. This phenomenon is also

common in the success of many modern digital technologies.

Snob Effect

A negative network externality gives rise to the snob effect.

Snob effect: A situation in which a consumer values a good precisely be-

cause few others own it—its exclusivity enhances its appeal.
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The quantity demanded of a snob good decreases as more people pur-
chase it. Such goods are often associated with luxury, status, or limited
availability (e.g., designer fashion, limited-edition watches, exotic cars,
rare collectibles).

In this case, the snob effect causes the demand curve to shift inward:
as the good becomes more common, it loses its appeal. In Figure 4.16, as
the price decreases from $30,000 to $15,000 and more consumers buy the
good, demand shifts leftward from D, to D.

Price
(dollars per Demand

unit)

30,000

15,000 !
|
|
|
|
|
|
|
|
L 1
4 6 8 14 Quantity
<«—Pure Price Effect— (thousands
«~—><—Snob Effect —> per month)

Net Effect

Figure 4.16 Negative network externalities: the snob effect
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Supply Side of the Market
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Part II develops the theoretical foundations of production, focusing on
the supply behavior of competitive firms and the aggregation of individ-

ual supply into market supply.
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Chapter 6
Theory of Production

In this chapter and the next, we study the theory of the firm, which exam-
ines how inputs (such as labor, capital, and raw materials) are transformed
into outputs. We also analyze how firms make cost-minimizing produc-

tion decisions and how their cost structures vary with output.

6.1 The Technology of Production

Firm: An organization that engages in production.

The production decisions of firms can be understood in three steps:

1. Production Technology: Describes how inputs (factors of produc-

tion) are transformed into outputs.

2. Cost Constraints: Specify which input combinations are feasible giv-

en an expenditure on production.

3. Input Choices: Just as consumers face budget constraints, firms face
cost constraints and must consider the prices of labor, capital, and

raw materials.

Inputs are generally classified into three broad categories:

115
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* Labor: Includes both skilled workers (e.g., financial analysts, carpen-
ters, engineers) and unskilled workers (e.g., janitors, manual labor-

ers), as well as entrepreneurial efforts by managers.

* Raw Materials: Physical inputs such as steel, plastics, electricity, and

water that are transformed into finished goods.

¢ Capital: Durable goods such as land, buildings, machinery, equip-

ment, and inventories.

Production Function

The production function describes the relationship between inputs and
the maximum output achievable with a given technology. It specifies the
technologically efficient input combinations that yield the greatest possible
output.

Technological efficiency means that it is impossible to produce more
output with the same inputs or the same output with fewer inputs. Ratio-
nal firms should always operate in a technologically efficient manner.

The production function can be expressed in tabular, graphical, or math-

ematical form. In mathematical notation:

q=F(K, L),
where
* ¢ = quantity of output,
e K = capital input,
¢ L =labor input,
e F(-) = production function.

A widely used form in economic analysis is the Cobb-Douglas pro-

duction function:
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F(K,L)= AK*L",

where A is a total factor productivity parameter, and a and /3 are the out-

put elasticities of capital and labor, respectively.

Example 6.1 Suppose A =1, &« = § = ;. Then
qg= K1/2L1/2.

If the firm uses K = 16 units of capital and L = 36 units of labor, the

maximum output is

g=v16-V36=4-6=24.

6.2 Production in the Short Run

We begin with several key definitions:

¢ Short run: A period in which at least one input is fixed and cannot
be varied. For example, a firm may hire additional labor but cannot

expand factory size in the short run.
¢ Fixed inputs: Inputs that remain constant in the short-run time frame.

¢ Long run: A time horizon long enough for a firm to vary all inputs.

6.2.1 Product Curves in the Short Run

Consider a production process that uses labor (L) and capital (K). In the
short run, capital is fixed while labor is variable. Holding K constant,

changes in L generate different output levels. We define:

¢ Total Product (TP): The total output produced for a given level of

labor.
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* Average Product of Labor (AF.): Output per unit of labor:

APL:T

¢ Marginal Product of Labor (M P;): The additional output generated

by an incremental increase in labor:

ATP
MP, = =~
L= AL

Example 6.2 Suppose the production function is given by ¢ = F'(K,L) =
10K L?. Then:

q dq
AP, = 2 — 10K L MP, = =2 —20KL.
L= = 10KL, L= =%

Example 6.3 (Production with One Variable Input (Labor)) Table 6.1 shows

how output changes as labor increases, holding land constant.

Fixed | Labor | Total Product | Average Product | Marginal Product
Land | (L) (T'Pr) (APL) (MPrp)
5 0 0 - -

5 1 50 50 50
5 2 150 75 100
5 3 300 100 150
5 4 400 100 100
5 5 480 96 80
5 6 540 90 60
5 7 580 83 40
5 8 610 76 30
5 9 610 68 0

5 10 580 58 -30

Table 6.1: Production with One Variable Input (Labor)
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The top panel of Figure 6.1 illustrates the Total Product (TP) curve,
while the bottom panel plots the Average Product (AP) and Marginal Prod-

uct (MP) curves.

¢ At L = 3, the marginal product of labor (M P, = 150) is greater than
the average product of labor (AP, = 100), implying that AP, is still

increasing.
e AtL =4: MP;, = AP;, = 100 = AP;, reaches its maximum.
e For L > 4: M P, < AP, = APy, begins to decline.

e For L > 9: M P, < 0 = total output falls.

output
per L

400} TP
300

qA
150

100

50

\/

Figure 6.1 The Relationship Between TP, MP, and AP

Intuition. As labor input increases while capital remains fixed, each addi-

tional worker has less capital to work with. Initially, the marginal product
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of labor (M Pr) may rise due to specialization and improved coordination
among workers. However, beyond a certain point, additional labor begins
to overcrowd the fixed amount of capital, leading to diminishing marginal
returns. Eventually, M P;, may fall to zero or even become negative, caus-

ing total output to stagnate or decline.

This phenomenon illustrates the Law of Diminishing Marginal Return-
s—the principle that the marginal product of a variable input eventually
declines as additional units are applied to a fixed input. This is a funda-
mental concept in short-run production analysis, which we will discuss in

detail below.

Remark 6.2.1 Example 6.3 illustrates the fundamental relationship be-

tween the marginal product and the average product of an input:

o If M P, > APy, then AP, is increasing.
o If M P, < APy, then AP, is decreasing.

o If M P, = APy, then AP, attains its maximum value.

This relationship holds for any short-run production process in which at

least one input remains fixed.

Note. If M P; remains constant, then AP;, = M P, and both remain con-

stant across all levels of labor input.

6.2.2 The Geometric Interpretations of the Average and Marginal

Product Curves

1. Average Product Curve (AP, = {) represents the slope of a ray
drawn from the origin to a given point on the total product (TP)
curve:

q
lope = — = APy,
slope = — L
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At point C in Figure 6.3, this ray is the steepest, indicating that AP;,

attains its maximum value. At this point, M P, = APy,

2. Marginal Product Curve (M P, = £%) represents the slope of the

tangent to the TP curve at a given point.

OA

TP

Figure 6.2 The Geometry of Production Curves

Again, the overall shape of the TP curve reflects the Law of Diminishing
Marginal Product. As labor increases, the slope (i.e., M P.) eventually

declines, leading to the flattening and eventual downturn of the TP curve.

6.2.3 The Law of Diminishing Marginal Returns

Law of Diminishing (Marginal) Returns: As additional units of a variable
input (e.g., labor or fertilizer) are applied to a fixed input (e.g., land), while
holding technology constant, the marginal product of the variable input

will eventually decline.

Example 6.4 A farm applies increasing amounts of fertilizer (a variable

input) to a fixed plot of land. The results are shown in Table 6.2.
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K, L | Output (¢) | Marginal Product (M P;) | Diminishing Returns
1,0 0 -

1,1 10 10

1,2 30 20 1

1,3 40 10 1

1,4 45 5 0

1,5 48 3 l

Table 6.2: Production with One Variable Input (Fertilizer)

Remarks on the Law of Diminishing Marginal Returns (DMR)

Technological Improvement. Labor productivity—defined as output per
unit of labor—can increase with advances in technology, even though any

fixed production process may exhibit diminishing returns to labor.

Example 6.5 (Malthus and the Food Crisis) The idea of diminishing marginal
returns was central to the work of political economist Thomas Malthus
(1766-1834). Malthus argued that as marginal and average productivity
of labor declined, population growth would eventually outpace food pro-
duction, leading to famine. While correct about diminishing returns, he

underestimated the transformative impact of technological progress.

Over the past century, agricultural innovations have dramatically raised
food output—even in developing countries such as India. Both average la-
bor productivity and total food production have risen. Hunger, however,
persists in some regions, mainly due to low labor productivity rather than

absolute limits on food production.

Table 6.3 documents the steady growth in food production per capita,
underscoring the role of technological progress in overcoming diminish-

ing returns.
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Year | Index of World Food Production Per Capita
1961-64 100
1965 101
1970 105
1975 106
1980 109
1985 115
1990 117
1995 119
2000 127
2005 135
2010 146
2013 151
2015 155
2020 160
2023 165

Table 6.3: Index of World Food Production Per Capita (Base: 1961-64 =
100)

6.2.4 Labor Productivity and the Standard of Living

Long-run improvements in living standards depend on rising total pro-

duction, which in turn hinges on labor productivity growth. Identifying

the drivers of productivity remains a central focus of economic research.
Technological innovations that allow inputs to be used more efficiently

are the main source of sustained productivity growth.

Example 6.6 (Labor Productivity and the Standard of Living) Willliving
standards in the United States, Europe, and Japan continue to rise, or
merely hold steady?

Since real incomes increase only as fast as labor productivity, the an-

swer depends critically on how efficiently workers produce output.
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United States | Japan | France | Germany | UK
GDP per Hour (USD) $77.1 $53.4 | $86.7 $90.9 $64.3
Period Annual Growth Rate of Labor Productivity (%)
1970-1979 1.7 4.5 4.3 4.1 3.2
1980-1989 1.4 3.8 2.9 2.1 2.2
1990-1999 1.7 24 2.0 23 2.3
2000-2009 21 1.3 1.2 1.1 1.5
2010-2019 0.8 0.6 0.7 0.9 0.5
2020-2023 15 0.5 0.5 0.7 0.6

Table 6.4: Annual Growth Rate of Labor Productivity and GDP per Hour
Worked (in 2022 U.S. Dollars)

Sources: OECD Compendium of Productivity Indicators 2024; OECD
Data Explorer; OECD Statistics Blog (2024).

6.3 Production in the Long Run

In the long run, both labor and capital are variable inputs. This broader
setting introduces the important concept of the isoquant, which plays a

central role in analyzing a firm’s production decisions.

6.3.1 Production Isoquants

Production Isoquant: A curve showing all combinations of inputs that,

when used efficiently, yield the same level of output.

Isoquants illustrate the input flexibility available to firms: a given out-
put can often be produced using different combinations of labor and cap-
ital. Recognizing this substitutability is crucial for managerial decision-

making.
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KA

1 2 3 4 I

Figure 6.3 A set of production isoquants (isoquant map)

For example, if the production function is ¢ = K'/2L'/2, then the iso-

quant for ¢ = 2 includes the following input pairs:

Il
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B~ W [\ —

-~ AR R R
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Isoquants share several properties with indifference curves in consumer

theory:

* Downward-sloping: Increasing one input requires reducing the oth-

er to keep output constant.
* Non-intersecting: Isoquants for different output levels cannot cross.

* Higher isoquants represent higher output: Isoquants farther north-

east correspond to greater production.

* Strict convex to the origin: Reflecting a diminishing marginal rate
of technical substitution (MRTS).
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6.3.2 Marginal Rate of Technical Substitution (MRTS)

The slope of an isoquant measures how one input can be substituted for
another while holding output constant. This is the:

Marginal Rate of Technical Substitution (MRTS): The rate at which a
tirm can trade one input for another without changing output.

Formally, the MRTS is the absolute value of the isoquant’s slope:
AK
MRT = |-
5L ‘ AL

It can also be expressed as the ratio of marginal products:

M Py,
M Py’

MRTSpx =

When isoquants are strictly convex, the MRTS diminishes along the
curve: as labor input increases and capital input decreases, the ability to
substitute labor for capital declines. This phenomenon is known as the

Law of Diminishing Marginal Rate of Technical Substitution.

Limiting Cases of Isoquants

K A

0=10 -
0=8 L

Figure 6.4 Perfect substitutes: linear isoquants
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¢ Perfect Substitutes: Inputs can be exchanged at a constant rate. Iso-
quants are straight lines, with a constant MRTS. This corresponds to

a linear production function:

q=F(K,L)=aK +bL.

* Perfect Complements: Inputs must be used in fixed proportions,
with no possibility of substitution. Isoquants are L-shaped. This

corresponds to a Leontief (fixed-proportions) production function:

qg=F(K,L)=min{aK,bL}.

L

Figure 6.5 Perfect complements: L-shaped isoquants

Note that although both types of isoquants are convex, they are not
strictly convex. For perfect substitutes, the MRTS is constant; for perfect
complements, the MRTS is undefined at the kink and zero or infinite else-

where.

6.3.3 Returns to Scale

Returns to scale describe how output responds when all inputs are in-

creased proportionally. This concept is central to understanding the scal-
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ability of production processes.

K A KA Kh

(b) DRS

Figure 6.6 Three types of returns to scale

Returns to scale: The change in output resulting from an equal pro-

portional change in all inputs.

For example: If all inputs are doubled, how does output respond?

* Constant Returns to Scale (CRS): Output exactly doubles.
¢ Increasing Returns to Scale (IRS): Output more than doubles.

* Decreasing Returns to Scale (DRS): Output less than doubles.

These patterns are illustrated in Figure 6.6.

Formally, if a production function is homogeneous of degree ¢, i.e.,
F(AK,\L) = N'F(K,L), forall\ >0,
then the degree of homogeneity ¢ determines returns to scale:

e Ift < 1: DRS.
e Ift=1: CRS.

e If¢t > 1:IRS.
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Example 6.7 Suppose
F(K,L) =5KY3L23,
Then
F(AK,\L) = 5(AK)Y3(\L)*® = 5AK'3L?® = \F(K, L).

Since the exponent of A is 1, this function exhibits CRS.

Example 6.8 Suppose
F(K,L)= KL.

Then
F(AK,\L) = (AK)(AL) = XKL = \*F(K,L).

Since the exponent of A is 2, this function exhibits IRS.

For the general Cobb-Douglas production function:
F(K,L)=K“L, a>0, >0,
we have
FAK,A\L) = \*"PF(K,L).
Therefore:
e Ifa+ 3 < 1: DRS.
o Ifa+ 3 =1: CRS.

o Ifa+3>1:IRS.

Example 6.9 Suppose
F(K,L) = aK +bL.

Then

F(AK, ML) = a(AK) + b(AL) = A(aK + bL) = \F(K, L).
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This linear production function exhibits CRS.

Example 6.10 Suppose
F(K,L) =min{aK, bL}.
Then
F(AK,AL) = min{\aK, \bL} = Amin{aK,bL} = \F(K, L).
This fixed-proportions (Leontief) technology also displays CRS.

Remarks: Returns to scale may not be uniform across all output levels.
When they vary with scale, we refer to local returns to scale. In many real-

world cases, production follows this pattern:

¢ IRS atlow levels of output, as small firms benefit from specialization

and underutilized resources.

* CRS at intermediate levels, where inputs and outputs expand pro-

portionally.

* DRS at very high levels, where coordination difficulties or resource

bottlenecks dominate.

In practice, many production technologies exhibit IRS, CRS, and DRS

at different stages of output expansion.



Chapter 7

The Cost of Production

In this chapter, we discuss different types of production costs and examine

the relationship between costs and output.

7.1 The Nature of Cost

A central concept in production analysis is the firm’s economic cost of

production.

Definition 7.1.1 (Economic Cost) Economic cost is the total of all explicit

and implicit costs incurred in the production of goods or services.

* Explicit Costs (also known as accounting costs): These are actual mon-
etary payments made by a firm to external parties for resources, such

as wages, rent, and interest on debt.

¢ Implicit Costs: These represent the opportunity costs of using re-
sources owned by the firm. Although no direct payment is made,
there is a cost associated with forgoing the next best alternative use

of those resources.

Examples of implicit costs:

131
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* Using the firm’s own building: The implicit cost is the rent that could

have been earned by leasing it out.

* The owner’s labor: The implicit cost is the salary the owner could have

earned working elsewhere.

* Self-financed capital: The implicit cost is the foregone interest that

could have been earned by lending or investing the funds.

In essence, the economic cost—the sum of explicit and implicit costs—

reflects the opportunity cost of production.

Definition 7.1.2 (Opportunity Cost) Opportunity cost is the value of the
next best alternative that is foregone when a choice is made. It repre-
sents the potential benefit that could have been gained from an alternative

course of action.

Illustration: If the resources used to produce one refrigerator could
instead produce two washing machines, then the opportunity cost of the
refrigerator is two washing machines. This concept is particularly impor-
tant when forgone alternatives do not involve explicit monetary outlays

but still represent real economic trade-offs.

Definition 7.1.3 (Sunk Cost) A sunk cost is a cost that has already been
incurred and cannot be recovered. Because it cannot be changed by cur-

rent or future actions, it should not influence decision-making.

Key implication: If a firm invests in specialized equipment that cannot
be repurposed or resold, the cost of the equipment becomes a sunk cost.
Since it has no alternative use, its opportunity cost is zero and it should
not be included in economic cost when making future decisions.

Note: A prospective sunk cost—such as a potential investment in spe-
cialized equipment—should be considered carefully before it is incurred,

since it can still be avoided.
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7.2 Short-Run Costs of Production

7.2.1 Short-Run Total, Average, and Marginal Costs

In the short run, at least one input (such as capital) is fixed. The firm’s

costs can be classified as follows:

(a) Total Fixed Cost (TFC): The cost of fixed inputs. TFC does not vary

with output and must be paid even if the firm produces nothing.

(a") Average Fixed Cost (AFC): Fixed cost per unit of output:

arc = TEC
q

where ¢ is the output level.

(b) Total Variable Cost (TVC): The cost of employing variable inputs. TVC

rises with output.

(b') Average Variable Cost (AVC): Variable cost per unit of output:

AVC = T‘;C

(c) Total Cost (TC): The sum of fixed and variable costs:

TC =TFC+TVC.

(c’) Average Total Cost (ATC): Total cost per unit of output:

TC TFC+TVC
q q

ATC = =AFC + AVC.

(d) Marginal Cost (MC): The increase in total cost from producing one
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more unit of output:

_ATC _ ATVC

M
¢ Ag AV

since AT FC = 0 in the short run.

Remarks:

(1) Fixed vs. Variable Costs: In the very short run, most costs are fixed.

Over time, more costs become variable as inputs adjust.

(2) Fixed Costs vs. Sunk Costs: Fixed costs can be avoided if the firm shut-
s down, while sunk costs are irrecoverable past expenditures that

should not affect future decisions.

q |TFC | TVC | TC | MC | AFC | AVC | ATC
0| 100 | 0 |10 | — | — | — | —
1] 100 | 90 | 190 | 90 | 100 | 90 | 190
2| 100 | 170 | 270 | 80 | 50 | 85 | 135
3| 100 | 240 | 340 | 70 | 333 | 80 | 113}
4| 100 | 300 | 400 | 60 | 25 | 75 | 100
51100 | 370 | 470 | 70 | 20 | 74 | 94
6 | 100 | 450 | 550 | 80 | 162 | 75 | 912
7 | 100 | 540 | 640 | 90 | 142 | 771 | 912
8 | 100 | 650 | 750 | 110 | 125 | 811 | 933
9 | 100 | 780 | 880 | 130 | 11; | 863 | 977
10| 100 | 930 |1030 | 150 | 10 | 93 | 103

Table 7.1: Short-Run Cost Schedule

Example 7.1 (Short-Run Cost Schedule for an Individual Firm) InFigure?7.1,
the vertical distance between T'C' and TV C equals TF'C. In Figure 7.2, the
vertical distance between AT'C' and AV C equals AFC.
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Figure 7.1 TFC as the vertical gap between TC and TVC
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Figure 7.2 AFC as the vertical gap between ATC and AVC

Example 7.2 (Analytical Cost Functions) Suppose the total cost function

is
TC =10+ 2q + 5¢°.
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Then:

TFC = 10,

TVC = 2q + 5¢°,

arc =2,
q
T

AVC = ZC =2+ 5¢,
T 10

arc - ¢ = 4+ 2+45q,
q q
dT

me=TC 510,
dq

7.2.2 The Geometric Interpretations of MC and ATC

Total Cost, TC

Output, g

Figure 7.3 The two slope lines associated with the total cost (TC) curve
represent the average total cost (ATC) and the marginal cost (MC).

Analogous to production curves, the geometry of the short-run total cost
curve reveals two key slope lines: one corresponding to the average total

cost and the other to the marginal cost.

(1) The average total cost at a given output level equals the slope of the line

drawn from the origin to the total cost curve.
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(2) The marginal cost at a given output level equals the slope of the tangent to

the total cost curve at that point.

The U-Shaped Marginal and Average Cost Curves

The marginal cost (MC) curve typically exhibits a U-shape: it declines at

first, reaches a minimum, and then rises again.

Why U-shaped? This pattern arises from the law of diminishing marginal

returns.

Let labor (L) be the variable input hired at a constant wage rate w, so
that total variable cost (TVC) equals wL. Then:

ATC ATVC
Ag ~ Ag

and since TVC =wlL = ATVC =wAL,

wAL  w w

VTR V7

MC = since ATFC =0,

= MC =

Thus, MC'is inversely related to the marginal product of labor (M Py).
When M Pj, increases (reflecting increasing marginal returns), M C' decreas-
es. At the point where M P, reaches its maximum, M (C'is at its minimum.
Thereafter, as M Py, falls (due to diminishing marginal returns), M rises.

Hence, the M C' curve takes on a U-shape.

A similar reasoning applies to the average variable cost (AVC):

TVC wlL w
Avcziz—: s
q q APy,

where AP;, denotes the average product of labor. Because AP, is typically
inverted U-shaped, AV C must be U-shaped as well.

Conclusion: Both M C' and AV (' are U-shaped. Moreover, the MC curve

intersects the AV C and AT'C' curves at their respective minimum points.
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The Average-Marginal Cost Relationship

o If MC < AVC (respectively MC < ATC), then AV C (respectively
ATC) is falling.

o If MC > AV C (respectively MC > ATC), then AVC (respectively
ATC) is rising.

o If MC = AV C (respectively MC = ATC), then AV C (respectively

AT(C) is at its minimum.

When marginal cost is constant, average cost equals marginal cost, and all

three cost curves are flat and coincide.

$/unit A

Figure 7.4 The marginal cost (MC) curve intersects the average variable
cost (AVC) and average total cost (ATC) curves at their respective mini-
mum points.

7.3 Long-Run Costs of Production

In contrast to the short run, the long run allows firms to adjust all inputs,

including labor, capital, and raw materials. As a result:
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¢ The law of diminishing marginal returns does not apply in the same

way as in the short run.

e All costs are variable; there is no distinction between fixed and vari-

able costs.

The relevant long-run cost concepts are:

¢ Total Cost (TC)
¢ Average Total Cost (ATC)

* Marginal Cost (MC)

These costs represent the firm’s full expense structure when it optimal-
ly chooses its input mix for different levels of output. Analyzing long-run
costs is essential for strategic decisions such as expanding capacity, adjust-

ing input usage, profit maximization, or exiting an industry.

7.3.1 Isocost Line

An isocost line represents all combinations of inputs (such as labor and
capital) that result in the same total cost, given constant input prices. It

serves as the long-run counterpart to a consumer’.’s budget line.

K
<
-

Isocost line

-

w
r

»
'

L

£
w

Figure 7.5 An isocost line with two inputs. The isocost line represents all
combinations of two inputs that result in the same total cost.
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Let w denote the wage rate,  the rental rate of capital, and C' the total

cost. The cost constraint is

C=wL+rK,

where L and K are labor and capital, respectively.
Solving for K:
¢ w

K==-_-—"I,
T r

which is the equation of a straight line with

* Vertical intercept: %,

* Slope: —* (the relative price of labor in terms of capital).

Isocost varies with total
cost where ¢ >c¢'>c¢

A .
1] c! c” z
w w w

Figure 7.6 A family of isocost lines as total cost varies

Varying the total cost C' generates a family of isocost lines, as shown in

Figure 7.6.

Optimal Input Choice

Suppose a firm wants to produce a fixed output level ¢ = ¢. This output

can be represented by an isoquant. To minimize the cost of producing ¢,
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the firm must choose an input bundle that:

1. Lies on the isoquant ¢ = ¢ (i.e., produces the desired output), and

2. Lies on the lowest possible isocost line, representing the least costly way

of producing q.

7.3.2 Cost Minimization Problem

A firm’s objective is to produce a given level of output at the lowest pos-
sible cost. Formally, this cost minimization occurs where the isoquant for
g = ¢ is tangent to the lowest attainable isocost line, assuming the firm

uses both inputs.

I

Figure 7.7 The cost-minimizing input choice. The firm chooses the input
combination that minimizes cost while producing a fixed level of output.

In Figure 7.7, both points D and E lie on the isoquant ¢ = ¢, indicating
that they yield the same output level. However, point D lies on a higher
isocost line than point E. E represents the cost-minimizing input bundle.

At the optimal input choice, the slope of the isoquant equals the slope
of the isocost line:

MRT Sy = =, (7.1)
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where M RT'S} i is the marginal rate of technical substitution of labor for
capital, w is the wage rate, and r is the rental rate of capital.
Recall:

M Py,
MRT Sy = .
M M Py
Substituting into (7.1) gives:
MP, w
=—. 7.2
MPK T ( )
Rearranging yields the cost-minimization rule:
MP, MP
LK (7.3)
w r

Interpretation: The marginal product per dollar spent must be equalized
across all inputs. This rule states that a firm minimizes cost when the

last dollar spent on each input yields the same marginal contribution to

output.
Expansion Path
Ka
£Il
P
¢ Expansion path
a
<
r
q=30
q=20
qg=10
c Cl cll ;
w  w w L

Figure 7.8 Expansion path showing the cost-minimizing input combina-
tions as output varies
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The expansion path illustrates the cost-minimizing combinations of input-

s as output varies, given constant input prices.

Each point on the path represents a tangency between an isoquant and
an isocost line—i.e., an efficient production plan for a particular level of

output, as shown in Figure 7.8.

From Expansion Path to the Long-Run Total Cost Curve

CcoSt A

|
|
|
‘ A -
10 20 30 'Q

Figure 7.9 Constructing the long-run total cost curve from the expansion
path

We can use the expansion path to derive the long-run total cost (LRTC)

curve. The process involves three steps:

* Select an output level represented by an isoquant, and identify the

tangency point between that isoquant and an isocost line.

* From the corresponding isocost line, determine the minimum cost of

producing the chosen output level.

¢ Plot the resulting output—cost pair in Figure 7.9.
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7.3.3 Long-Run Cost Curves

The long-run total cost (LRTC) curve shows the minimum attainable cost
of producing each level of output when all inputs are variable. From the
LRTC, we derive the long-run marginal cost (LRMC) and long-run average

cost (LRAC) curves, analogous to their short-run counterparts.

SH 4

q

Figure 7.10 Relationship among LRTC, LRMC, and LRAC

Unlike in the short run, there are no fixed inputs or fixed costs in the
long run. Because all inputs are variable, the law of diminishing marginal
returns does not apply in the same way. Instead, the U-shapes of the L-
RMC and LRAC curves arise from the interplay between economies of
scale (declining average cost as output expands) and diseconomies of s-

cale (rising average cost at very high output levels).
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7.3.4 Economies and Diseconomies of Scale

The U-shapes of the long-run average and marginal cost curves arise from

the coexistence of economies of scale and diseconomies of scale:

* Economies of scale: The per-unit (average) cost decreases as output
expands. Equivalently, output more than doubles when total cost
doubles.

¢ Diseconomies of scale: The per-unit (average) cost increases as out-
put expands. Equivalently, output less than doubles when total cost
doubles.

Sources of economies of scale.

Spreading fixed costs over more units of output.

Increased specialization and division of labor.

Bulk purchasing and input cost discounts.

More efficient input combinations available at larger scales.

Sources of diseconomies of scale.
* Managerial and coordination challenges in large firms.
e Communication breakdowns and bureaucratic inefficiencies.
¢ Input scarcity or rising input prices at very high levels of demand.

Thus, economies of scale cause the LRAC to fall, while diseconomies of s-
cale eventually push it upward, giving both LRAC and LRM C their char-

acteristic U-shapes.
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Important Distinction. Returns to scale describe how output responds
to proportional changes in all inputs, whereas economies of scale describe
how production cost changes as output varies. Accordingly, returns to s-
cale are a technological concept, while economies of scale are a cost concept.

Although the two concepts are closely related, they are not identical. A
firm may exhibit increasing returns to scale without realizing economies of
scale (for instance, when technological gains are offset by rising manage-
rial or coordination costs). Conversely, a firm may experience economies
of scale without increasing returns to scale (for example, when large fixed

costs are spread over a greater output level).

Cost-Output Elasticity

Economies of scale can be measured using the cost-output elasticity, £,:

AC/C
E, = .
Aq/q

This can be rewritten in terms of marginal and average cost:

AC/Aq MC
E.= = .
Clq AC

From this relationship we conclude:

e If £. < 1,then MC < AC: the firm has economies of scale.

e If £. > 1,then MC > AC': the firm has diseconomies of scale.

Because MC < AC implies AC is falling, and MC > AC implies AC is
rising, the transition from economies to diseconomies of scale explains the

U-shape of the long-run cost curves.

7.3.5 Input Price Changes and Cost Curves

Changes in input prices directly affect production costs and therefore shift

the cost curves.
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In Figure 7.11, the firm initially produces ¢, using K and L at point FE.
When the wage rate falls, the cost of producing ¢, decreases, shifting the
least-cost input combination to E’. Consequently, both the AC' and MC

curves shift downward to AC" and M (', respectively.

Ka S A
MC

. AC
Expansion path

New expansion path MC

AC

\4

~Y
O

Figure 7.11 Effect of input price changes on cost curves

7.3.6 Short-Run versus Long-Run Average Cost Curves

In the short run, at least one input—typically capital or plant size—is fixed.
The firm cannot fully adjust production methods, and the short-run aver-
age total cost (AT'C) curve reflects this constraint. Each possible plant size

has its own ATC curve.

Figure 7.12 shows five short-run AT'C' curves, each corresponding to
a different plant size. Smaller plants (1 and 2) tend to have higher aver-
age costs; medium-sized plants (3) operate most efficiently; and very large
plants (4 and 5) eventually experience higher costs due to diseconomies of

scale.
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Y

Figure 7.12 Short-run AT'C curves under different plant sizes

In contrast, in the long run the firm can adjust all inputs, including
plant capacity. The long-run average cost (LRAC) curve shows the mini-
mum cost per unit at each output level when the firm can freely choose its

scale of operation.

$A

SR 4

Figure 7.13 Deriving the long-run average cost curve

As shown in Figure 7.13, the LRAC curve is the lower envelope of the
family of short-run AT'C' curves. Each point on the LRAC represents the
least costly way of producing a given output, given optimal plant choice.

The LRAC is tangent to, but never lies above, any short-run ATC curve.

7.4 Economies and Diseconomies of Scope

Firms often diversify and produce multiple products instead of specializ-

ing in a single good. Such firms—often called conglomerates—may bene-
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fit from cost advantages due to economies of scope.

Product transformation curve: A curve showing the various combi-
nations of two different outputs that can be produced with a given set of
inputs.

In Figure 7.14, the product transformation curves O, and O, are bowed
outward (concave), indicating the presence of economies of scope.

Number

of

tractors

0 Number of cars

Figure 7.14 Product transformation curve

Economies of scope: Occur when the joint production of multiple good-
s by a single firm is less costly than producing them separately in special-
ized firms. In other words, the cost of producing ¢; and ¢, together is lower
than the sum of producing each one alone.

Diseconomies of scope: Occur when joint production is less efficient
than separate production, meaning total cost is higher when goods are

produced together.

Degree of Economies of Scope

The extent of economies of scope can be measured by the percentage cost
savings from joint production. The degree of economies of scope (SC) is

defined as:
Clq1) + Clq2) — Clq1, q2)

Claqr,q2)

SC =
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Here, C'(¢1) and C(g) are the costs of producing each good separately,
while C(q1, ¢2) is the cost of producing them jointly.

e If SC > 0, economies of scope exist.

e If SC < 0, diseconomies of scope exist.

7.5 Using Cost Curves to Control Pollution

Cost curves are also useful for designing cost-effective environmental poli-
cies. Suppose two firms release pollutants in the course of production, and
the government imposes a pollution cap, limiting total emissions to 200 u-

nits.

Dollars
per unit

MCa

MCB

———————— $4000

————— $3000

———————— $2000

P/ P: X X X 0
(300) (250) (150 (100) (50)

Pollution abatement Pollution

Figure 7.15 Using cost curves to illustrate pollution control

In Figure 7.15, pollution is measured from right to left. Initially, firm
A emits OP; = 300 units, and firm B emits OF, = 250 units. Measuring
pollution this way is equivalent to measuring pollution abatement (the re-
duction in emissions) from left to right. For example, if firm B reduces

emissions from 250 to 100, it achieves 150 units of abatement (distance
P2X).
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One way to meet the 200-unit cap is to require both firms to reduce
emissions to 100 units each. However, this may not minimize total abate-
ment cost. At 100 units, firm A has a marginal abatement cost of $4,000,
while firm B’s cost is only $2,000. If firm B reduces one additional unit of
pollution (at a cost of $2,000) while firm A increases emissions by one unit
(saving $4,000), the net savings is $2,000.

Thus, as long as marginal abatement costs differ across firms, total abate-
ment cost can be reduced by shifting abatement toward the firm with low-
er marginal cost. The cost-minimizing solution is reached when both firms

have equal marginal abatement costs.
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Chapter 8

Profit Maximization and the

Competitive Firm

A competitive firm operates in a market with many other firms producing
identical or nearly identical products. Such a firm has no power to influ-
ence either input prices or output prices. In other words, it is a price taker,
facing a perfectly elastic (horizontal) demand curve.

The two defining characteristics of a competitive firm are:

1. Product Homogeneity: All firms produce identical (or nearly iden-
tical) goods that are perfect substitutes. Consumers are indifferent
among sellers, and no firm can charge a price above the market level

without losing all customers.

2. Price Taking: Individual firms cannot influence the market price.
Each firm takes the market price as given and adjusts its output ac-

cordingly.

Because of these features, each competitive firm is a small player in
the market and focuses solely on maximizing profit given the prevailing

market prices.
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8.1 Demand Curve under Competition

The demand curve facing a competitive firm is perfectly elastic at the mar-
ket price, forming a horizontal line. This implies that the firm can sell
any quantity of output at the prevailing market price but cannot charge a
higher price—consumers would immediately switch to competing firms
offering the identical product at that same price.

Figure 8.1 illustrates this. The left panel depicts the entire industry
facing a downward-sloping market demand curve. The right panel shows
the situation of an individual firm, which perceives the price as fixed and
therefore faces a horizontal demand curve at that level. This reflects the
firm’s inability to affect the market price due to its negligible share of total

industry output.

PA Industry Market A Firm

S

4
\/

Figure 8.1 Demand curve under perfect competition

Accounting Profit vs. Economic Profit

Accounting profit includes only explicit costs (e.g., wages, rent, and ma-

terials) and is defined as:
Accounting Profit = R — wL,

where R is total revenue and wL represents the total wage cost.

Economic profit, by contrast, includes both explicit and implicit costs—
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particularly the opportunity cost of capital. It is given by:
Economic Profit = R — wL — rK,

where 7K is the implicit cost of using capital in production.

The firm’s objective is to maximize profit, defined generally as:
Profit = Total Revenue — Total Cost,
Tm=TR-TC.

Although large corporations may occasionally pursue alternative goal-
s such as revenue growth or market share expansion, long-run survival
in a competitive environment typically requires behavior consistent with

profit maximization.

For a competitive firm, total, average, and marginal revenues are relat-

ed as follows:

TR=P-q, (8.1)
TR P
AR~ 1B _Pa_p (8.2)
¢ q
ATR P-Aq
MR = - — P :
R="5 A (8.3)

Hence, under perfect competition:

P=AR= MR.

Thus, under perfect competition, along the firm’s demand curve, price, aver-

age revenue, and marginal revenue are all equal.
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8.2 Short-Run Profit Maximization

In a competitive market, the firm cannot choose its price but instead selects
the level of output that maximizes profit. Figure 8.2 illustrates the total
revenue (7'R) and total cost (T'C) curves. Profit is maximized at the output
level ¢*, where the slopes of the TR and 7T'C' curves—marginal revenue

(MR) and marginal cost (MC), respectively—are equal.

$A TC
TR=Pq

FC

S
*
P
<Y

Figure 8.2 Identifying the profit-maximizing output level using the TR and
TC curves

Why Should a Firm Produce as Long as P > AV (C?

1. If P = AR > AC, then TR > TC. In this case, the firm makes a

positive profit and should definitely continue producing.

2. If AC > P > AVC,then TC > TR > TVC. In this case, the firm
incurs a loss, but the loss is smaller than the total fixed cost. Specifi-

cally:
e If¢g=0,thenTR=0,T7C =TFC,and 7 = -TFC.

e If ¢ > 0 and a loss occurs, the loss is given by:

Loss = TC — TR = TFC + (TVC — TR).
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The loss is smaller than T'F'C' whenever TV C < TR (i.e., AVC <
P).

Therefore, the firm should continue production in the short run as long as:

P> AVC.

Conditions for Short-Run Profit Maximization

The firm’s short-run decision can be summarized in two key steps:

1. Produce only if P > AVC(q") (i.e., total revenue covers
variable costs — the necessary condition for production).
2. Produce the quantity ¢* such that P = MC(¢*) (the profit-

maximizing condition).

Scenarios in Short-Run Profit Maximization

The firm’s short-run outcome depends on the relationship between the
market price P, average variable cost AV C(¢*), and average total cost
AC(q").

The following five cases summarize the possible scenarios:

Case 1: P > AC(q*) — the firm earns a positive economic profit.
Case 2: P = AC(q*) — the firm earns zero economic profit (break-even).

Case 3: AC(q*) > P > AV C(q*) — the firm incurs a loss, but continues to

produce because the loss is smaller than total fixed cost.

Case 4: AC(¢*) > P = AV(C(¢*) — the firm is indifferent between pro-
ducing ¢* and shutting down, since in either case the loss equals total
fixed cost (T'FC).

Case 5: P < AV(C(q*) — the firm shuts down, as it cannot cover variable

costs.
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$ 4

Figure 8.3 Short-run profit maximization at different output price levels

As shown in Figure 8.3:

At price P, the profit-maximizing output is ¢;, and the firm earns a

positive profit represented by rectangle ABCD.

At price P, the optimal output is ¢, and the firm earns zero profit
(P =AC).

At price P, the firm just covers variable cost at g3, and its loss equals
TFC.

If P < P3, the firm shuts down because it cannot cover variable costs.

We now turn to numerical examples that illustrate these cases.

Example 8.1 (Perfect Competition: Profit Maximization) Recall that7'C' =
ATC xgqand TR = P X q.
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q | AFC | AVC | ATC | MC | TC |P=AR=MR| TR | =

o — | — | — | — | 100 131 0 |-100
1] 100 | 90 | 190 | 90 | 190 131 131 | -59
2| 50 | 8 | 135 | 80 | 270 131 262 | -8

3|33 | 80 | 1133 | 70 | 340 131 393 | 53

4| 25 | 75 | 100 | 60 | 400 131 524 | 124
520 | 74 | 94 | 70 | 470 131 655 | 185
6 | 165 | 75 | 912 | 80 | 550 131 786 | 236
7 | 142 | 771 | 912 | 90 | 640 131 917 | 277
8 | 125 | 811 | 932 | 110 | 750 131 1048 | 298
9 | 113 | 862 | 977 | 130 | 880 131 1179 | 299
10| 10 | 93 | 103 | 150 | 1030 131 1310 | 280

Table 8.1: Cost and revenue data under perfect competition

From Table 8.1:

e MR>MCforq=1,2,...,9,

e MR < MC for g = 10.

Hence, the profit-maximizing output is ¢* = 9. Since AR > ATC at this

level, the firm earns a positive profit.
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Figure 8.4 Identifying profit-maximizing output and short-run profit

In Figure 8.4:

Total revenue: TR = AR x ¢* = Oabq*,

Total cost: TC' = ATC x ¢* = Odcq*,

Profit: = TR — TC = abcd,

Atpointb, MR = MC = ¢* = 9.

Example 8.2 (Perfect Competition: Loss Minimization) Consider the da-
ta in Table 8.2.
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q | AFC | AVC | ATC | MC | TC |P=AR=MR|TR| =
o — | — | — | — | 100 81 0 |-100
1] 100 | 90 | 190 | 90 | 190 81 81 |-109
2| 50 | 8 | 135 | 80 | 270 81 162 | -108
31 335 | 80 |1133 | 70 | 340 81 243 | 97
41 25 | 75 | 100 | 60 | 400 81 324 | -76
5120 | 74 | 94 | 70 | 470 81 405 | -65
6 | 162 | 75 | 912 | 80 | 550 81 486 | -64
7 | 142 | 77 | 912 | 90 | 640 81 567 | -73
8 | 124 | 811 | 933 | 110 | 750 81 648 | -102
9 | 11% | 862 | 977 | 130 | 880 81 729 | -151
10| 10 | 93 | 103 | 150 | 1030 81 810 | -220

Table 8.2: Loss minimization under perfect competition

Here, MR = M (' at g = 6. Since ATC > AR > AV (C, the firm incurs a
loss but minimizes it by producing. At ¢ = 6, the loss is $64, which is less
than the fixed cost TF'C = $100. Thus, the firm should not shut down.

SA

MC

ATC

P=AR

AVC

Figure 8.5 Loss minimization under perfect competition

From Figure 8.5:

Y
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TR = AR x q¢* = Ofcq*,

TC = Oabg*,

Loss=TC — TR = abcf,

Atpointc, MR = MC = ¢* = 6.

Example 8.3 (Perfect Competition: Production Shutdown) Now consid-
er the data in Table 8.3.

q | AFC | AVC | ATC | MC | TC |P=AR=MR|TR| =
o — | — | — | — | 100 — — | -100
1| 100 | 90 | 190 | 90 | 190 71 71 | -119
2| 50 | 8 | 135 | 80 | 270 71 142 | -128
31335 | 80 | 1133 | 70 | 340 71 213 | -127
4| 25 | 75 | 100 | 60 | 400 71 284 | -116
51 20 | 74 | 94 | 70 | 470 71 355 | -115
6 | 165 | 75 | 912 | 80 | 550 71 426 | -124
7 | 142 | 771 | 912 | 90 | 640 71 497 | -143
8 | 125 | 813 | 932 | 110 | 750 71 568 | -182
9 | 115 | 862 | 97¢ | 130 | 880 71 639 | -241
10| 10 | 93 | 103 | 150 | 1030 71 710 | -320

Table 8.3: Shutdown condition under perfect competition

Atqg =5 MR = MC,but AR < AVC. The loss at this point is $115,
which exceeds the fixed cost TF'C = $100. Hence, producing makes the
tirm worse off than shutting down. The optimal decision is to cease pro-

duction and set ¢ = 0.
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Figure 8.6 Production shutdown under perfect competition

In Figure 8.6:

e Atpointd, MR = MC = ¢* =5,

TR = Oedq*,

TC = Oabq*,

Loss =TC — TR = eabd,

smaller than eabd.

Therefore, the firm should shut down.

If the firm shuts down (¢ = 0), the loss equals TFC = abcf, which is

Example 8.4 (Algebraic Example of Profit Maximization) Suppose the to-

tal cost function is given by
TC(q) = 8+ 5¢ + 2¢°,

with marginal cost
MC(q) =5+ 4q,

and the market price P = 45.
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1. Find the average variable cost (AVC).
The variable portion of total cost is:
TVC(q) = 5q + 2¢>.
Hence,

_TVC(q)  5q+2¢°
q q

AV C(q) =5+ 2.

2. Find the profit-maximizing output and the associated profit.

In perfect competition, profit maximization requires:

P>AVC(q) and P = MC(q).

Setting P = M C/(q):

45=5+49 = ¢ =10.

Verify P > AV C(10):

AV C(10) = 5+ 2(10) = 25 < 45.

Compute profit:

71=TR—-TC=Pq—TC(q")
:45><10—<8+5><10+2><102)
— 450 — 58

:-

3. At what price and output level is profit zero (break-even)?
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At break-even, P = AC(q):

TC(q) 8
AC(q) = q(Q) =542

The break-even occurs where M C(q) = AC(q):
8
5+4q:§+5+2q.
Solving gives:

qBe = 2.

At g = 2, the break-even price is:

P:AO(2)=§+5+2(2)=.

4. What is the lowest price at which the firm would sell (shutdown
point)?
The shutdown point occurs where P = min AV C(q). From
AV C(q) =5+ 2q,

the minimum is reached as ¢ — 0:

lim AVC(q) = 5.

q—0

Thus, the shutdown price is:

PSH:a

and at this price the firm produces zero output.
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8.3 The Short-Run Supply Curve of a Competi-

tive Firm

Price
(dollars per MC
unit)

3
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Figure 8.7 The competitive firm’s short-run supply curve

The short-run supply curve of a competitive firm is the portion of its
marginal cost (MC) curve that lies above the minimum average variable
cost (AVC).

A competitive firm will produce only if total revenue (P - ¢) covers
total variable cost (I'V (), or equivalently, if P > AV C. Since fixed costs

are unavoidable in the short run, they do not affect the shutdown decision.

When the price falls below the minimum AVC, the firm shuts down
and produces zero output. As shown in Figure 8.7, the cross-hatched seg-
ment of the MC curve above the AVC represents the range of output levels

that the firm is willing to supply at different prices in the short run.

8.4 Output Response to a Change in Input Prices

A change in input prices alters the firm’s cost structure and therefore af-
fects its optimal output. Figure 8.8 illustrates the effect of a decrease in
input prices: the marginal cost curve shifts downward from M C to M,

leading the profit-maximizing output to increase from ¢; to go.



8.5. PRODUCER SURPLUS IN THE SHORT RUN 167

$A

]
<l - - - - _ >
v
VY

Figure 8.8 Output response to a reduction in input prices

8.5 Producer Surplus in the Short Run

Producer surplus (PS) is the difference between total revenue and total
variable cost. It measures the net benefit a firm receives from producing at

the market price after covering variable costs.

Price
(dollars per
unit of AVC
output)

MC

Producer
Surplus

Aol S :

0
q* Output

Figure 8.9 Producer surplus for a competitive firm

Graphically, in Figure 8.9, producer surplus is represented by the shaded
area between the market price line and the M C curve from 0 to the profit-

maximizing output ¢*. Algebraically,

PS=TR-TVC.
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Since profit is defined as
T=TR-TC=TR—- (TVC+TFC),
we can express the relationship between producer surplus and profit as:
PS —m=TFC.

Hence, in the short run, producer surplus exceeds profit by the amount of

total fixed cost.

8.6 Long-Run Profit Maximization

The principle of profit maximization in the short run also applies in the
long run. However, in the long run all inputs are variable: firms can freely
adjust plant size, and entry or exit of firms ensures that no firm earns per-

sistent economic profits.
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Figure 8.10 Long-run profit-maximizing output for a competitive firm

Conditions for Long-Run Profit Maximization

1. P > AC(¢"): Participation (necessary) condition. The firm produces

only if the market price is at least sufficient to cover its average cost.
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2. P = MC(q*): Optimization condition. The firm maximizes profit

by producing the output level at which price equals marginal cost.

In Figure 8.10, at the market price P*, the profit-maximizing output in
the long run is ¢', yielding a profit represented by rectangle ABC'D. By
contrast, in the short run, the firm may be constrained by existing plant
capacity and produce only ¢?, earning a smaller profit area denoted by
CEFCy.

Remark: In the long run, all costs are variable. Consequently, there is no

distinction between producer surplus and profit:

Producer Surplus = Profit.
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Chapter 9
Competitive Markets

In this chapter, we shift our focus from the behavior of individual firms
to the functioning and outcomes of entire competitive industries and mar-
kets.

Assumptions of Perfectly Competitive Markets

¢ A large number of buyers and sellers: No single participant can
influence the market price. Both firms and consumers act as price

takers.

¢ Unrestricted mobility of resources: There are no barriers to entry or
exit, allowing firms to freely enter when economic profits exist and

to exit when losses persist.

* Homogeneous products: All firms produce and sell identical goods

from the perspective of consumers.

¢ Perfect information: All market participants have full access to rele-
vant information necessary for making production and consumption

decisions.

Unrestricted entry and exit mean that there are no special costs or in-

stitutional barriers preventing firms from joining or leaving the industry.

171
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This enhances competition by allowing consumers to switch easily be-
tween suppliers and by encouraging new firms to enter when profits arise.

However, the mere existence of many firms does not, by itself, guar-
antee perfect competition—firms may still collude, formally or informally,
to influence prices. Conversely, even markets with only a few firms can

exhibit competitive behavior under certain conditions.

When is a market highly competitive? Many real-world markets are
considered highly competitive in the sense that firms face highly elastic de-
mand and relatively free entry and exit. However, there is no precise
threshold that determines when a market can be regarded as perfectly

competitive.

9.1 The Short-Run Industry Supply Curve

In the short run, each competitive firm supplies output at the level where
price equals marginal cost, provided that the market price is at or above

the minimum of the average variable cost (AVC) curve.

How is the industry supply curve derived? The short-run industry sup-
ply curve is obtained by horizontally summing the individual firms” marginal
cost curves (above their respective AVC curves). In other words, it repre-
sents the total quantity that all firms in the industry are willing to supply

at each possible price.

The industry supply curve, labeled SS in Figure 9.1, slopes upward
because each firm’s marginal cost curve is upward-sloping—a direct con-
sequence of the law of diminishing marginal returns. Thus, diminishing
marginal returns are the fundamental reason for the positive slope of the

short-run supply curve in competitive industries.
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Figure 9.1 The short-run industry supply curve

Price and Output Determination in the Short Run

Market equilibrium price and quantity are determined by the intersection
of industry supply and market demand. In Figure 9.1, the equilibrium
price P and quantity () occur at the intersection of the supply curve SS
and the demand curve D.

An increase in demand (from D to D') shifts equilibrium to a higher
price P" and a greater quantity @', illustrating the short-run responsive-

ness of a competitive market.

9.2 Long-Run Competitive Equilibrium

In a long-run competitive equilibrium, the independent decisions of firms
and consumers are fully consistent. Each firm has adjusted its scale of
operation to the prevailing market price and can sell as much output as it
wishes. At the same time, consumers can purchase their desired quantities
at that price.

In this state, no firm has an incentive to expand or contract, and no
new firms have an incentive to enter or exit. As long as market conditions

remain unchanged, both price and output will remain stable.
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Figure 9.2 The emergence of long-run competitive equilibrium

Conditions for Long-Run Competitive Equilibrium

¢ Profit maximization: Each firm produces the output level that max-
imizes profit:
P=LMC,

where LM C'is long-run marginal cost.

* Zero economic profit: Firms earn zero economic profit at equilibri-
um. This implies that no incentives exist for entry or exit, as firms

earn only a normal return on capital.

¢ Utility maximization: Consumers maximize utility subject to their

budget constraints.

* Market clearing: Aggregate supply equals aggregate demand at the

equilibrium price.

Zero economic profit means the firm covers both explicit and implicit
costs—its opportunity cost. In other words, the firm is doing just as well

as it could in its best alternative activity.

Remark: A firm can report positive accounting profit while earning zero
economic profit. For example, a clothing store in a busy mall may show high

accounting profits due to strong sales. However, once the opportunity cost
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of the valuable retail space is considered, its economic profit may be zero—

indicating no advantage over alternative uses of the land.

Entry and Exit

With free entry and exit, firms respond to profits and losses:

| R S R

Pe

q
Firm

Figure 9.3 Entry of firms eliminates economic profits

Entry of Firms Eliminates Profits

(i) In Figure 9.3, the representative firm is initially in long-run equilib-

rium at price P¢, the minimum of ATC. Economic profit is zero.

(ii) If demand rises from D' to D?, the price increases to P;, above the

minimum of ATC, generating positive economic profit.

(iii) Profits attract new firms, shifting the supply curve rightward from
Sy.

(iv) Entry continues until supply reaches S, restoring the price to P*,

where profits return to zero.

(v) Inthe long run, industry output rises, but firms once again earn zero

economic profit.
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Exit of Firms Eliminates Losses

(i) In Figure 9.4, the representative firm is initially in long-run equilib-

rium at P¢, the minimum of ATC, with zero economic profit.

(ii) If demand falls from D' to D?, the price drops to P,, below the mini-

mum of ATC, causing firms to incur losses.
(iii) Losses induce exit, shifting the supply curve leftward from S5;.

(iv) Exit continues until supply contracts to Ss, raising price back to P°

and eliminating losses.

(v) In the long run, less output is supplied, but the equilibrium price re-

turns to its original level, and firms again earn zero economic profit.

P2r

Firm Industry

Figure 9.4 Exit of firms eliminates losses

9.3 The Long-Run Supply Curve

Economists distinguish three types of competitive industries according to

how changes in industry output affect input prices: constant-cost, increasing-

cost, and decreasing-cost industries.
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Constant-Cost Industry: Horizontal Long-Run Supply Curve

In a constant-cost industry, expansion of industry output does not affect
input prices. Entry and exit of firms leave individual firms’ cost curves
unchanged. Consequently, the output price remains constant regardless

of the level of industry output.

A
SMC

Y

|
|
|
! \
g9, 4, Q Q Qs
Firm Industry

Figure 9.5 Long-run supply curve for a constant-cost industry

Thus, the long-run supply curve is a horizontal line at the price equal to
the long-run minimum average cost of production—that is, industry sup-

ply is perfectly elastic.
Key features of a constant-cost industry:

1. Input prices remain unchanged as industry output expands.
2. Firms’ cost curves do not shift.

3. The long-run supply curve is horizontal.

Increasing-Cost Industry: Upward-Sloping Long-Run Sup-
ply Curve

In an increasing-cost industry, expansion of industry output raises input
prices. As new firms enter, they bid up the prices of scarce resources, lead-
ing to external diseconomies and consequently pushing firms’ cost curves

upward.
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Firm Industry

\

o
|
o
q, 4, q, Qi Q Qs

Figure 9.6 Long-run supply curve for an increasing-cost industry

As a result, each firm’s AT'C' and M C curves shift upward, and the indus-
try’s long-run supply curve is upward sloping, reflecting higher produc-

tion costs as industry output expands.

Key features of an increasing-cost industry:
1. Input prices rise as industry output expands.
2. Firms’ cost curves shift upward.

3. The long-run supply curve slopes upward.

Decreasing-Cost Industry: Downward-Sloping Long-Run Sup-
ply Curve

In a decreasing-cost industry, expansion of industry output lowers input
prices. Entry of new firms generates external economies of scale, shifting
cost curves downward.

Accordingly, the long-run supply curve is downward sloping. As out-
put expands, firms benefit from lower per-unit costs—often due to shared

suppliers, improved infrastructure, or input cost reductions at scale.
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LS

\ 4

Figure 9.7 Long-run supply curve for a decreasing-cost industry

Key features of a decreasing-cost industry:

1. Input prices fall as industry output expands.
2. Firms’ cost curves shift downward.

3. The long-run supply curve slopes downward.

Summary Table: Long-Run Supply Curves

Effect on Firm Cost Shape of LR
Industry Type Input Prices Curves Supply Curve
Horizontal
Constant-Cost No change Unchanged (perfectly elastic)

Increasing-Cost | Rise with output | Shift upward Upward sloping

Decreasing-Cost | Fall with output | Shift downward | Downward sloping

Table 9.1: Comparison of long-run supply curves across industry types

Example 9.1 The supply of coffee is extremely elastic in the long run be-
cause land suitable for coffee cultivation is widely available. Planting and
maintenance costs remain stable with scale, making coffee a constant-cost
industry.

The oil industry is an increasing-cost industry: easily accessible oil fields

are limited, so expansion requires exploiting more costly reserves.
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The automobile industry provides an example of a decreasing-cost in-
dustry. As output expands, firms often obtain inputs and components at
lower prices, benefiting from bulk purchasing and external economies of

scale.

9.4 Gains and Losses from Government Policies

Supply and demand analysis provides a powerful framework for evaluat-
ing the impact of economic policies. It can be applied to a wide range of

contexts, including:

¢ Consumers making purchasing decisions,
* Firms engaging in long-term planning,
* Government agencies designing and assessing policy interventions.

To evaluate the efficiency of competitive markets, we make use of the

concepts of consumer surplus and producer surplus.

9.4.1 Consumer and Producer Surplus

Consumer and producer surplus can also be defined in terms of market
demand and supply.

Consumer surplus (CS) measures the net benefit that consumers re-
ceive from purchasing a good at the market price. Graphically, it is rep-
resented by the area between the market demand curve and the market

price line, as shown in Figure 9.8.

For example:

e Consumer A is willing to pay $10 but pays only $5, gaining a surplus
of $5.

¢ Consumer B is willing to pay $7 and gains a surplus of $2.
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¢ Consumer C values the good exactly at $5 and thus receives no sur-
plus.

Price

$10

Consumer Surplus

Quantity
Consumer A Consumer B Consumer C

Figure 9.8 Consumer surplus

Producer surplus (PS) measures the total benefit that producers re-
ceive from selling a good at the market price. It includes not only profit but
also any rents earned by factor inputs. Graphically, it is the area between
the market price and the market supply curve, from 0 to ¢*, as illustrated

in Figure 9.9.

Price
(dollars per
unit of
output)

Producer
Surplus

qr Output

Figure 9.9 Producer surplus for a market
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Together, consumer surplus and producer surplus represent the total
welfare benefit generated in a competitive market. As shown in Fig-

ure 9.10, total surplus is maximized at the market equilibrium.

Price

$10 |
Consumer Surplus

Producer
‘ Surplus

s )

T :\ Quantity

Consumer A Consumer B Consumer C

Figure 9.10 Consumer and producer surplus in equilibrium

Total Surplus = C'S + PS

Deadweight loss (DWL) is the reduction in total surplus that arises
when the market outcome is inefficient—for example, due to governmen-
t interventions such as price controls, taxes, or quotas. Such distortions
prevent some mutually beneficial trades from occurring, resulting in a net

welfare loss.

Welfare Effects: Gains and Losses to Consumers and Producers

When the government imposes a price ceiling P,,.x below the market-

clearing price F,, both consumers and producers are affected.

e TThe gain to consumers equals the rectangle A, but it is reduced by
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the lost surplus represented by triangle B:

Net Gain (Consumers) = A — B,

or equivalently, the net loss is

B - A.

Price

PO ,,,,,,,,,,,,,

max

— L —

Shottage

Q. Qo Q. Quantity
Figure 9.11 Welfare effect of a price ceiling

¢ The loss to producers consists of rectangle A plus triangle C:

Loss (Producers) = A + C.

¢ The total deadweight loss from the price ceiling is the combined area

of triangles B and C, representing the reduction in total surplus:

Deadweight Loss = B + C.

If demand is sufficiently inelastic, triangle B may exceed rectangle A.

In that case, consumers may experience a net loss from the price ceiling, as
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shown in Figure 9.12. Hence, the overall welfare impact of a price control

depends critically on the elasticities of demand and supply.

Price

Py

max

Quantity

Figure 9.12 Welfare loss when demand is inelastic

9.4.2 The Efficiency of Competitive Markets

A market is said to achieve economic efficiency when the total surplus—
the sum of consumer and producer surplus—is maximized.

By contrast, market failure arises when competitive markets do not
allocate resources efficiently, typically because prices fail to reflect the true

social costs or benefits. Major sources of market failure include:

* Externalities: Costs or benefits of production or consumption that
spill over to others and are not captured in market prices (e.g., pol-

lution, public benefits).

* Imperfect information: When consumers lack reliable knowledge
about product quality or characteristics, they may make suboptimal
choices. In such cases, government interventions such as labeling

requirements or safety standards can improve outcomes.
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Welfare Loss When Price is Held Above the Market-Clearing Level

When a price floor is imposed at P, (above the equilibrium price), con-
sumers are willing to purchase only (5. If firms restrict output to Qs,
then—by an analysis similar to the case of a price ceiling—the resulting
deadweight loss equals the sum of triangles B and C, as illustrated in
Figure 9.13.

Price

Quantity

Figure 9.13 Welfare loss when price is held above the market-clearing level

At the price P, however, producers are willing to supply more than
(Q)s. If excess supply is actually produced, the welfare loss may be even

greater, as additional resources are wasted producing unsold output.

9.5 Minimum Price

As shown in Figure 9.13, if producers correctly anticipate that only ()3 can
be sold, the net welfare loss is limited to triangles B and C. But what
happens if producers mistakenly believe they can sell their entire output

at the higher regulated price?
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Price

Py

AN

D

(
Q. Quantity

Figure 9.14 Welfare loss from a minimum price

Suppose the price is regulated such that it cannot fall below P,;,, as
depicted in Figure 9.14. At this price, producers are willing to supply @,
while consumers demand only ();. The excess supply of )2 — ()3 remains

unsold. The welfare consequences are as follows:

* The change in consumer surplus:
ACS =—-A—-B.
¢ The change in producer surplus:
APS=A-C-D.
¢ The total deadweight loss:

Deadweight Loss = B+ C + D.

Minimum Wage

Now consider the labor market. Suppose the equilibrium wage is wy, but

tirms are legally required to pay no less than w,,. At this wage, labor
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supplied rises to L, while labor demanded falls to L;. The result is unem-
ployment equal to Ly — L;. The deadweight loss is given by triangles B
and C' in Figure 9.15.

Whind - - - - 0 N - -

Wo |- - - oo LU

i
1
1
1
)
|
I
l
I
|
I
I
|
Ll Lo Lz L

Unemployment

Figure 9.15 Deadweight loss from a minimum wage

Example 9.2 (Airline Regulation) The deregulation of the airline indus-
try in 1981 produced dramatic structural changes. Some airlines exited or
merged, while others entered the market. Prices fell sharply, benefiting

consumers, yet overall industry profits did not decline significantly.

Under regulation, the Civil Aeronautics Board imposed a minimum
price Pin. At that price, airlines were willing to supply (),, even though

consumers demanded only Q).

If they actually produce ()3, the unsold capacity imposed an additional
cost equal to trapezoid D. Total welfare loss thus consisted of triangle C'
plus trapezoid D, which in some cases exceeded rectangle A (the profit
area under regulation). At the same time, consumers lost surplus equal to
A+ B.
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Price

Pm in

COMPETITIVE MARKETS

=i
Py

Q

Q.Q

Q Quantity

Figure 9.16 Effect of airline regulation by the Civil Aeronautics Board

Following deregulation in 1980, new airlines entered and price com-

petition became intense, so that profits were very low. After 2000, profit

margins increased as airlines merged and reduced seat capacity.
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Part III examines a broad range of market environments and explains
how firms’ pricing, output, and investment decisions depend on market

structure and the strategic behavior of competitors.
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Chapter 10
Monopoly and Monopsony

Monopoly represents the opposite extreme of perfect competition. Where-
as perfect competition involves many firms producing identical products,
a monopoly exists when a single firm is the sole seller in a market. In this
chapter, we examine how a monopolist determines price and output, com-
pare its outcomes to those of competitive markets, and extend the analysis

to monopsony—a market with only one buyer.

10.1 The Nature of Monopoly

Monopoly: A market structure in which a single seller supplies a good
or service with no close substitutes. As the sole producer, the monopolist
constitutes the entire industry and faces no direct competition; hence, it

does not worry about rivals undercutting its price.
Monopsony: A market structure with only one buyer.

Market power: Also called monopoly power (for sellers) or monop-
sony power (for buyers), this is the ability to influence the market price of

a good or input.

193
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10.2 Sources of Monopoly Power

How does monopoly power arise? Several key sources can create or sus-

tain monopoly power:

1. Exclusive ownership of essential resources: A firm may control the
supply of a critical input. For example, De Beers historically dom-
inated the global diamond market, while China currently control-
s most of the world’s rare earth mining, refining, and processing
capacity—materials essential to electronics, renewable energy, and

defense applications.

2. Economies of scale: When long-run average total cost (LRATC) de-
clines over a wide range of output, a large firm gains a cost advan-
tage that can deter new entry. This can result in a natural monopoly,
in which it is most efficient for one firm to serve the entire market—
common examples include public utilities such as electricity and wa-

ter.

$A

SRATC

SRATC
LRATC

D ( Market Demand Curve )
q

Figure 10.1 Long-run average total cost under monopoly

3. Government-granted monopoly: Legal protections can grant exclu-

sive rights to produce or sell:

¢ Patents give inventors exclusive production rights for a limited

period (e.g., 17 years in the U.S.).
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* Copyrights grant authors control over the reproduction of their

work for 70 years after their death.

* Licenses restrict market participation (e.g., licenses to practice
medicine or sell alcohol). Though not always monopolies, they

limit competition.

e Public utilities often receive exclusive franchises because du-
plicating infrastructure would be inefficient. In return, these

firms typically face government price regulation.

4. Cooperation or collusion: Firms may refrain from competing ag-
gressively if doing so reduces profits. In some cases, they may collude—
formally or tacitly—to fix prices or limit output, thereby enhancing

monopoly power.

10.3 The Monopoly’s Demand and Marginal Rev-

enue Curves

Under perfect competition, each firm faces a horizontal (perfectly elastic)
demand curve because it is a price taker. In contrast, a monopolist con-
stitutes the entire industry and therefore faces the entire market demand
curve, which is downward sloping. Consequently, the monopolist is a
price maker, determining price through its choice of output.

Key relationships:

e Total Revenue (TR): TR =P x Q

* Marginal Revenue (MR): M R = %
¢ Average Revenue (AR): AR = % =P

Since the demand curve also represents the average revenue curve

(AR = P) and is downward sloping, the marginal revenue curve (M R)
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lies below it. Therefore,
MR < AR = P,

in sharp contrast to perfect competition, where MR = AR = P.

PaA
P>
P
D
q, q, q

Figure 10.2 Downward-sloping demand curve under monopoly

The marginal revenue can be derived as:

_ATR  PAQ+ QAP
T AQ AQ

AP

MR AQ

—P+Q

Because Q > 0 and ﬁ—g < 0,wehave MR < P.

Intuition: The revenue from selling one more unit has two effects:
1. The firm earns P on the additional unit sold.

2. Itloses revenue on all previous units because it must lower the price:

Q> (3g)
Example 10.1 Suppose the demand curve facing a monopolist is:

P=11-Q.
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Q P(AR) TR=PxQ MR=ATR/AQ
0o 11 0 -
1 10 10 10
2 9 18 8
3 8 24 6
4 7 28 4
5 6 30 2
6 5 30 0
7 4 28 2
8 3 24 4
9 2 18 -6
0 1 10 -8

For a general linear demand function P = a + bg,
TR =P x q¢ = aq+ bg>,

and differentiating gives

T
MR = drk = a+ 2bq.
dgq
Hence, the slope of the MR curve is twice as steep as that of the demand

curve.

10.4 Monopolist’s Decision

10.4.1 Profit Maximization

A monopolist controls both price and quantity, so its pricing and output
decisions are interdependent. To maximize profit, the monopolist must
determine the output level and price that jointly satisfy its demand and

cost conditions.
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Short-Run Conditions for Profit Maximization:
1. P> AVC (necessary condition for production)
2. MR=MC (output condition for maximization)

Graphically, the monopolist’s equilibrium occurs at the point where the
marginal cost (M C) curve intersects the marginal revenue (M R) curve,

provided that P > AV C, as shown in Figure 10.3.

PA

P*=AR*

N/

o q*
Figure 10.3 Profit maximization for a monopolist
Production decisions based on price:
e If P < AV, the firm shuts down in the short run.
o If AVC < P < ATC, the firm continues to produce but incurs a loss.

o If P > ATC, the firm earns an economic profit.

Profit Maximization Case (P > ATC > AV ()
1. Find the profit-maximizing output ¢* where MR = MC.

2. Determine the corresponding price P* from the demand curve.

3. Compute total revenue: TR = P* X ¢*.
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4. Compute total cost: TC = ATC x ¢*.

5. Compute profit: 7 =TR —TC = ¢* x (P* — ATC).

Loss Minimization Case (ATC > P > AV ()

PA

minimum MC
loss

ATC*p—

P*=AR* [ -

0)

=
*
N

Figure 10.4 Loss minimization for a monopolist

The firm minimizes its loss by producing where M R = MC'. Even though

P < ATC, producing reduces total losses compared to shutting down,

since P > AV (.

Shutdown Case (AVC > P)

P

ATC*

P*=AR*

MC ATC

0}

7 0

Figure 10.5 Production shutdown for a monopolist
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If the price falls below average variable cost, the firm cannot cover even

its variable expenses. Thus, the optimal output is:

q-=0.

Normal Profit Case (P = AT ()

P4

P*=AR* ATC

—ATC* |
AVC

) >4

Figure 10.6 Normal profit for a monopolist

Here, total revenue equals total cost:
TR=TC = =n=0.

The firm earns normal profit, meaning it covers all explicit and implicit

costs, but no economic profit remains.

Example 10.2 A monopolist faces constant average and marginal cost:
AC = MC =2,
and the market demand curve:

Q=10-P.
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Solving for price as a function of quantity:
P=10-0Q.
Total revenue is:
TR=P -Q=(10-Q)Q = 10Q — Q*

Marginal revenue is the derivative of total revenue with respect to Q:

_d(TR)
MR = =557 =10-2Q.

Setting marginal revenue equal to marginal cost:
10-20=2 = Q =4
Substitute ()* into the demand equation to find the price:
P*=10—4=6.
Profit is:

T=TR—-TC =Q*"(P*— AC) = 4(6 — 2) =16

Long-Run Profit

Unlike perfectly competitive firms, a monopolist can continue earning e-
conomic profit in the long run. This is because barriers to entry prevent
potential competitors from entering the market. By restricting output and
charging a price above marginal cost, the monopolist can sustain positive

economic profits indefinitely.
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10.4.2 The Multiplant Firm

Now suppose a monopolist operates two production plants. How much
total output should it produce, and how should that total be allocated be-

tween the two plants to maximize profit?

The problem can be solved intuitively in two steps:

e Step 1: Equalize Marginal Costs. For any given total output, the
firm should allocate production between the two plants so that their
marginal costs (MCs) are equal. If M C # MC,, the firm can reduce
total cost (and thereby increase profit) by shifting production from

the higher-cost to the lower-cost plant.

¢ Step 2: Set Marginal Revenue Equal to Marginal Cost. The firm
then chooses total output so that marginal revenue (MR) equals the
common marginal cost from Step 1. If M R > M, additional output
raises profit; if M R < MC, reducing output raises profit.

We can express this result formally. Let:

* ()1 and C(Q) denote output and cost for Plant 1,
* ()2 and C3(Q)2) denote output and cost for Plant 2,
* Q7 = Q1 + Q2 denote total output, and

e P(Qr) denote the inverse demand function.

Total profit is:
H = P(QT)QT — 01(Q1> - CQ(QQ)

Taking partial derivatives with respect to ); and Q:

o1l o1l
A MR-MC, =0, L~ MR- MG, =o.
90, ! 0Qs ’
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Hence, at the profit-maximizing allocation:
MR = MC, = MCs.
This yields two key conditions for optimal allocation:

1. Marginal costs are equalized across plants: M C; = MCy;

2. The common marginal cost equals the marginal revenue from total
output: MCy = MCy = MR(Qr).

$/Q

MCi MC>

P*

MR

d 1 d 2 Q. Quantity

Figure 10.7 Profit maximization by allocating output across two plants

10.4.3 A Rule of Thumb for Pricing
Recall from Chapter 2 the relationship between marginal revenue (M R),

price (P), and the price elasticity of demand (EY):

MR = P<1 + 1P> (10.1)
Ed

This relationship can be derived as follows:

:ATR:A(P'Q):PJng P<1+Q-AP> :P<1+1>

ME AQ AQ AQ
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— AQ P

= Ap * o denotes the price elasticity of demand.

where EI
Remark 10.4.1 From Equation (10.1), we can identify several key cases:
1. Perfectly elastic demand (E} = —o0): MR = P.
2. Unit elastic demand (Ef = —1): MR = 0.

3. Elastic demand (|E]| > 1, e.g, Ef = —=2): MR = P(1-}) = }P >
0.

4. Inelastic demand (|EY| < 1, e.g., EY = —0.5): MR = P(1 —2) =
—P <.

Setting M R = MC for profit maximization gives:

P<1 + 1P> = MC. (10.2)
Ed

Rearranging yields the markup pricing rule:

MC

P=17
B}

(10.3)

Because Ef < 0, the firm must operate on the elastic portion of the

demand curve to ensure a positive price. Furthermore,

1 1

EP = 1+Ei5 ’

implying that the optimal price is always greater than or equal to marginal

cost.

Equation (10.3) provides a simple yet powerful pricing rule that applies
broadly across market structures. It states that the optimal price equals

marginal cost multiplied by a markup factor @, which decreases as
d

demand becomes more elastic:
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* The less elastic the demand, the higher the optimal markup and

price.

e Under perfect competition, as £¥ — —oo, the markup factor ap-
proaches 1 and P = MC.

Example 10.3 (Markup Pricing) Although the market demand for food
is relatively inelastic (E¥ ~ —1), no single supermarket can raise prices
much without losing customers. For an individual supermarket, EP =~
—10:

MC MC
pP= — = ~ 1.1 MC,
1+ 09
implying an 11% markup over marginal cost.
A convenience store faces less elastic demand (E} = —5):
MC  MC
P = = =125MC
1+L 08 ’

5

or a 25% markup.
Luxury brands (e.g., designer clothing) often face £}’ between —2 and

—3, corresponding to markups of 50-100%.

Example 10.4 (Astra-Merck Prices Prilosec) Prilosec, launched by Astra-Merck
in 1995, represented a new class of antiulcer drugs that were significantly
more effective than prior treatments. By 1996, it had become the world’s
best-selling drug and faced virtually no competition.

Astra-Merck priced Prilosec at approximately $3.50 per daily dose,
while its marginal cost was only $0.30-$0.40. With an estimated price elas-
ticity of demand between EY = —1.0 and —1.2, this markup—exceeding

400%—is entirely consistent with Equation (10.3).

10.4.4 Measuring Monopoly Power

A defining difference between a perfectly competitive firm and one with

monopoly power lies in their pricing behavior. A perfectly competitive
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tirm is a price taker and sets P = M C, whereas a monopolist is a price maker
and sets P > MC.

Lerner Index of Monopoly Power. The degree of monopoly power can
be measured by the Lerner Index, defined as the markup of price over

marginal cost, relative to price:

Using Equation (10.2), the Lerner Index can be expressed in terms of the

price elasticity of demand:
1

L=——..
Ey

(10.4)

The formula shows that the less elastic the firm’s demand curve (i.e., the
smaller |EY]), the greater its monopoly power. Thus, demand elasticity is

the key determinant of monopoly power.

$/Q $/Q

P P*F--~--\---

1 3 MR
Q* Quantity Q* Quantity
() (b)

Figure 10.8 Panel (a): With elastic demand, the markup is small, reflecting
limited monopoly power. Panel (b): With inelastic demand, the markup is
large, indicating stronger monopoly power.

The Lerner Index ranges from 0 to 1:

* L = 0 under perfect competition, since P = MC.
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e L — 1 when demand is highly inelastic (|E}’| — 1), indicating strong

monopoly power.

Determinants of Demand Elasticity under Monopoly:

¢ Elasticity of market demand: The monopolist faces at least as elas-
tic a demand as the market itself. In a pure monopoly, the firm’s

demand curve coincides with the market demand curve.

* Number of firms in the market: A greater number of firms makes
it harder for any single firm to influence price, thereby reducing

monopoly power.

* Nature of competition: More intense competition (e.g., in oligopolis-

tic markets) increases demand elasticity, limiting pricing power.

It is also essential to distinguish between:

* The elasticity of market demand, which measures the responsive-

ness of total market quantity demanded; and

* The elasticity of demand faced by an individual firm, which is typ-
ically higher because consumers can more easily substitute close al-

ternatives.

Example 10.5 (Elasticity of Demand for Soft Drinks) Soft drinks provide
a clear illustration of the difference between market and brand-level elas-
ticity. Empirical studies estimate the market elasticity of demand for soft
drinks to range from —0.8 to —1.06, implying that a 1% increase in the
average price reduces total quantity demanded by about 0.8-1.06%.

By contrast, the elasticity of demand for a single brand, such as Coca-
Cola, is much higher in magnitude—around —5. A 1% price increase for
Coke (holding competitors” prices constant) reduces its sales by roughly
5%.
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10.5 Further Implications of Monopoly Analysis

A Monopoly Has No Supply Curve

In a perfectly competitive market, the supply curve is determined by the
marginal cost (MC) curve, which illustrates how the quantity supplied
varies with price.

By contrast, for a monopolist, the quantity supplied at a particular price
depends not only on marginal cost but also on its demand curve. As a result,
there is no unique or well-defined supply curve in a monopolistic market.

Consider two demand curves, D; and D, with corresponding marginal
revenue curves M R; and M R,, both intersecting the same marginal cost
curve. The equilibrium prices are P, and P, respectively. This leads to

two possible outcomes:
* The same quantity can correspond to different prices (Figure 10.9).

* The same price can correspond to different quantities (Figure 10.10).

PA

»

¢  MR: MR >

Figure 10.9 No supply curve under monopoly: A shift in demand changes
the price but not the quantity.
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Figure 10.10 No supply curve under monopoly: A shift in demand
changes the quantity but not the price.

Hence, the monopolist’s marginal cost curve cannot serve as a supply
curve. Unlike in competitive markets, there is no one-to-one relationship

between price and quantity supplied.

10.6 Monopoly versus Perfect Competition

q q

Figure 10.11 Market equilibrium under perfect competition

Under perfect competition, market equilibrium is achieved where the in-

dustry supply and demand curves intersect. The market supply curve is
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the horizontal summation of all firms” marginal cost curves above their

average variable cost:

Equilibrium occurs where S = D, yielding the competitive price P¢ and

quantity ¢, as shown in Figure 10.11.

Under monopoly, a single firm replaces the entire industry. The mo-
nopolist sets output where marginal revenue equals marginal cost (M R =
M (), determining both the price and the quantity. The resulting equilib-
rium price P™ exceeds the competitive price P¢, and output Q™ falls short

of the competitive quantity )¢, as illustrated in Figure 10.12.

PA

Figure 10.12 Market equilibrium under monopoly

Key Insight. Relative to perfect competition:

* The monopolist charges a higher price (P™ > P°).

¢ The monopolist produces a smaller quantity (Q" < Q°).

Thus, monopoly results in higher prices, reduced output, and a redis-

tribution of welfare from consumers to the producer.
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10.7 The Social Cost of Monopoly Power

10.7.1 Income Distribution Problem

When a competitive industry transforms into a monopoly, the distribu-
tion of real income within society changes. Consumers become worse off
because they must pay higher prices for reduced quantities, while the mo-
nopolist gains at their expense. This transfer of purchasing power from
consumers to the monopolist represents a redistribution of income, which

is a social cost of monopoly power.

10.7.2 Inefficient Allocation of Resources

Beyond income redistribution, monopoly leads to an inefficient allocation
of resources, giving rise to a deadweight loss—a net loss in consumer and
producer surplus, or total economic welfare—and thus represents a clear
form of market failure.

A monopolist restricts output below the socially efficient (competitive)
level, eliminating some mutually beneficial trades between consumers and
producers. As a result, total surplus in the economy declines, even though

the monopolist appropriates a larger share of what remains.

As illustrated in Figure 10.13, the shift from the competitive equilibri-
um (P., Q).) to the monopoly equilibrium (P,,, Q) results in:

* Aloss in consumer surplus equal to areas A + B;
* A gain in producer surplus equal to A — C;

¢ A total deadweight loss of 5+C, representing the portion of surplus

lost to society.
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Figure 10.13 Deadweight loss from monopoly power

10.7.3 Price Regulation

One policy tool for mitigating monopoly inefficiency is price regulation,
which aims to bring prices closer to their competitive levels.

/

>

Marginal revenue
curve when price
is regulated to be
no higher than P,

. " . S

|

Q

Q @ Q Q5 Quantity

Figure 10.14 Price regulation under monopoly

In Figure 10.14, the unregulated monopolist charges F,, and produces
Qm- When the government imposes a price ceiling at P, the firm’s aver-
age and marginal revenue become constant and equal to P, up to ();. Be-
yond @, the original downward-sloping revenue curves resume. The new

marginal revenue curve (shown in dark purple) intersects the marginal
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cost curve at (), leading to a larger output and lower price than under
pure monopoly.

If the regulated price is further reduced to F,, where the marginal cost
equals the average revenue curve, the firm produces ().—the same output
as under perfect competition.

However, excessive regulation can be counterproductive. If the price

is set too low, say at P, output falls to ()3, creating a shortage of Q)% — Q5.

10.8 Benefits of Monopoly: Corporate Innovation

Despite its inefficiencies, monopoly may also generate important dynamic

benefits, particularly through innovation and technological progress.

Monopoly profits often serve as the reward for successful innovation.
However, such profits attract new entrants, gradually eroding the monop-

olist’s dominance and setting in motion a continual process of:
Competition — Innovation — Monopoly — Competition.

Through this dynamic cycle, competition fosters efficiency, innovation dis-
rupts equilibrium, and monopoly provides the incentive for discovery. To-

gether, they sustain long-run economic growth and social welfare.
To balance these forces, public policy should:

¢ Protect intellectual property rights to encourage innovation, but only

for limited durations to prevent permanent monopolies;

* Enforce antitrust laws to curb excessive or persistent market power.

Conclusion. Competition and monopoly represent two interdependen-
t forces—a dialectical unity much like supply and demand. Competition
drives efficiency; monopoly fuels innovation. Together, they form the dy-
namic tension that underpins the vitality and creative power of the mod-

ern market economy.
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10.9 Monopsony

Monopsony power: The ability of a buyer to influence the price of a good
or input.

Oligopsony: A market with a few dominant buyers.

Marginal Value (MV): The additional benefit derived from purchasing
one more unit of a good.

Marginal Expenditure (ME): The additional cost incurred by purchas-
ing one more unit of a good.

Average Expenditure (AE): The price paid per unit of a good.

10.9.1 Competitive Buyer versus Competitive Seller

$/Q $Q
MC
px ME=AE=Spx AR=MR
| |
| |
\ /
1 D=MV 1
| |
Q* Quantity Q* Quantity

(@ (b)

Figure 10.15 Competitive buyer and competitive seller

Panel (a) of Figure 10.15 shows that a competitive buyer takes the mar-
ket price P* as given. Consequently, marginal expenditure and average

expenditure are equal and constant:
ME=AE=P=2_.

The equilibrium quantity purchased is determined where the price equals

marginal value (i.e., demand).



10.9. MONOPSONY 215

Panel (b) shows that a competitive seller also takes the market price as

given. Marginal revenue and average revenue coincide and are constant:
MR=AR=P=D.

The equilibrium quantity sold is determined where the price equals marginal

cost.

10.9.2 The Monopsony Buyer

For a monopsonist, the market supply curve represents the average expen-
diture curve (AE). Because AL slopes upward, the marginal expenditure

curve (M E) lies above it.
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Figure 10.16 A monopsonist buyer

In Figure 10.16, the monopsonist chooses the quantity (), such that

marginal expenditure equals marginal value:
ME = MV.

The price actually paid per unit, P, is determined from the average ex-
penditure (supply) curve at ();,.
By contrast, under competition, the equilibrium price and quantity (7,

().) are higher, found at the intersection of the supply (AE) and demand
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(MV) curves.

Comparison between Monopoly and Monopsony

Figure 10.17 illustrates the symmetry between monopoly and monopsony:

* A monopolist produces where marginal revenue equals marginal
cost (M R = MC). Because the demand (average revenue) curve lies
above the marginal revenue curve, the monopolist charges a price

higher than marginal cost.

* A monopsonist purchases where marginal expenditure equals marginal
value (M E = MV). Because the supply (average expenditure) curve
lies below the marginal expenditure curve, the monopsonist pays a

price lower than the marginal value.

$/Q $/Q

\ .
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Q* 60 Quantity Q* Q. Quantity
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Figure 10.17 Symmetry between monopoly and monopsony

In both cases, market power—whether on the seller or buyer side—distorts
the competitive outcome. The resulting equilibrium features a price that
deviates from the competitive level and a quantity that is lower than the

socially efficient quantity.
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10.10 Monopsony Power

10.10.1 Elastic versus Inelastic Supply

While the degree of monopoly power depends on the elasticity of demand,
the degree of monopsony power depends on the elasticity of supply.
When supply is elastic, as shown in Figure 10.18(a), the marginal and
average expenditure curves lie close together, so the monopsonist’s price
is only slightly below the competitive price.
When supply is inelastic, as in Figure 10.18(b), the marginal expen-
diture curve rises steeply, enabling the monopsonist to reduce the price

substantially and pay below the marginal cost of production.
$/Q 5/Q ME

S=AE
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MV
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Figure 10.18 Monopsony power under elastic and inelastic supply

10.10.2 Sources of Monopsony Power

Several factors determine the extent of monopsony power:

¢ Elasticity of market supply: For a pure monopsonist, market power
depends entirely on the elasticity of supply. When supply is highly e-
lastic, monopsony power is limited, and the price paid approximates

marginal cost.

* Number of buyers: As the number of buyers increases, each faces a
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more elastic supply curve, reducing individual influence over price.

With many buyers, the market approaches perfect competition.

¢ Interaction among buyers: Vigorous competition among buyers bid-
s prices upward toward marginal value, limiting monopsony power.
Conversely, if buyers collude or compete weakly, prices remain low,
and monopsony power increases—approaching the extreme of a s-

ingle buyer.

10.10.3 The Social Costs of Monopsony Power

Monopsony power leads to a welfare loss similar to that caused by monopoly,
but on the buyer’s side of the market. As shown in Figure 10.19, mov-

ing from the competitive outcome (F., ().) to the monopsony equilibrium
(P, Q) yields:

* Anincrease in buyer (consumer) surplus equal to A — 5;
* A reduction in producer surplus equal to A + C;

* A net deadweight loss equal to B + C.
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Figure 10.19 Welfare effects of monopsony power
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10.10.4 Bilateral Monopoly

A bilateral monopoly is a market with a single buyer and a single seller,
each possessing substantial market power. This situation creates a bar-

gaining problem, as both sides influence price and quantity.

Although bilateral monopoly is rare in practice, the concept helps ex-
plain many real-world markets—such as negotiations between large firms

and powerful labor unions. In such settings:

* The buyer’s (monopsony) power pushes the price downward to-

ward marginal cost;

* The seller’s (monopoly) power pushes the price upward toward marginal

value.

The final outcome depends on the relative bargaining strength of each par-
ty and typically lies between the perfectly competitive and monopoly (or

monopsony) outcomes.

10.11 Limiting Market Power: The Antitrust Laws

Excessive market power can harm consumers by reducing output, rais-
ing prices, and generating deadweight losses. To mitigate these inefficien-
cies, governments use antitrust laws to preserve competition and prohibit

practices that restrict, distort, or eliminate competitive market forces.

Antitrust laws are statutes designed to promote competition and protect
consumers by prohibiting specific business practices that reduce or elimi-

nate competition. Common prohibited practices include:
¢ Collusion among firms to coordinate pricing or output decisions;
¢ Price-fixing agreements that maintain prices artificially high;

¢ Predatory pricing intended to drive competitors out of the market;
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* Exclusive dealing arrangements that block market entry by rivals.

It is important to note that possessing monopoly power or a dominant
market position is not, by itself, illegal. Monopoly power resulting from
superior innovation, efficiency, or consumer preference is permissible un-
der law. However, when a firm abuses its market power or acts to exclude

competition, government intervention may include:
* Price regulation;
e Structural remedies (e.g., breaking up the firm);

* Behavioral remedies restricting specific anti-competitive practices.

Enforcement of Antitrust Laws

Antitrust laws in the United States are enforced through three primary

channels:

* The Antitrust Division of the U.S. Department of Justice (DOJ) —

prosecutes both criminal and civil violations of federal antitrust law.

* The Federal Trade Commission (FTC) — enforces civil antitrust s-
tatutes and investigates unfair or deceptive methods of competition

through administrative proceedings.

* Private parties — individuals or firms harmed by anti-competitive

conduct may file civil lawsuits seeking damages or injunctive relief.

Example 10.6 (Microsoft) Microsoft once dominated the personal com-
puter software market, with over 90% market share in both operating sys-
tems and office productivity suites. In 1998, the U.S. Department of Jus-
tice filed an antitrust case alleging that Microsoft had illegally bundled its
Internet Explorer browser with the Windows operating system to main-
tain its monopoly position, thereby violating Section 2 of the Sherman An-
titrust Act.
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In 2004, the European Commission brought similar charges, arguing
that Microsoft abused its dominance by preinstalling Windows Media Play-
er with its operating system. After years of litigation, the case concluded
in 2012 when Microsoft agreed to provide users with a “browser choice”
screen during system setup.

While Microsoft’s dominance in PC software persisted for decades,
technological change has since shifted competition toward the mobile and
cloud computing markets, where Microsoft faces strong rivals such as
Google (Android) and Apple (iOS).
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Chapter 11

Pricing with Market Power

11.1 Capturing Consumer Surplus

In the previous chapter, we examined monopoly pricing under a unifor-
m price. In practice, however, firms often engage in differential pricing
strategies. The core idea is that consumers derive a surplus from their
purchases, and a monopolist may capture some or all of this consumer

surplus through price discrimination.

Price discrimination refers to the practice of selling the same good or ser-

vice at different prices to different buyers.

Monopolists use price discrimination to increase profits, taking advantage

of their control over the market. Common examples include:
* Movie theaters charging lower prices for children or seniors,

¢ Utility companies applying different rates for residential and com-

mercial users,

* Public transportation systems offering senior or student discounts.

Conditions Favoring Price Discrimination

¢ No resale: Buyers cannot resell the good or service.

223
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* Market segmentation: Buyers can be separated into distinct, identi-

fiable groups (e.g., using student or senior IDs).
* Market power: The firm must possess some control over price.

* Varying demand elasticities: If one group’s demand is more inelas-
tic than another’s, the firm can charge the higher price to that group
and a lower price to the more elastic group, thereby increasing total

profit.

There are several forms of price discrimination. The following sections

introduce some of the most common cases.

11.2 First-Degree Price Discrimination

Reservation price (also referred to as the consumer’s maximum willing-
ness to pay) is the highest price that a consumer is willing to pay for a

good.

First-degree price discrimination, also known as perfect price discrimi-
nation, is the practice of charging each consumer exactly their reservation

price.

11.2.1 Capturing Consumer Surplus through Perfect Price

Discrimination

Assume that both marginal cost and average total cost are constant, i.e.,
MC = ATC.

In Figure 11.1, when the monopolist charges a single uniform price,
profit is maximized at quantity ¢,,, and price p,,, generating profit equal to
the area abcd.

Under perfect (first-degree) price discrimination, however, the monop-

olist charges each consumer their individual reservation price for each u-
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nit purchased. This enables the firm to capture the entire area between the

demand curve and the marginal cost curve, up to quantity gg.

PA

MC=ATC

q

Figure 11.1 Under perfect price discrimination, the monopolist captures
the entire triangular area between the demand curve and the marginal
cost curve, up to quantity g .

11.2.2 Capturing Consumer Surplus by Imperfect Price Dis-

crimination

In practice, firms rarely know each consumer’s exact reservation price.

However, they may be able to approximate it for groups of consumers.

$/Q

MC

Quantity

Figure 11.2 First-degree price discrimination in practice

Figure 11.2 illustrates an example in which the firm charges six differ-
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ent prices to six groups of consumers. Compared to charging a single price
Py, total profit rises, and more consumers are served. Some customers
(e.g., those paying P; or ) may even pay less and retain some consumer
surplus. Hence, imperfect price discrimination can increase total welfare

while enhancing the firm’s profit.

11.3 Second-Degree Price Discrimination

Second-degree price discrimination occurs when a firm charges different

prices per unit depending on the quantity purchased.

A common example is block pricing, where different “blocks” or ranges

of quantities are sold at different prices.

Quantity

1st Block 2nd Block  3rd Block

Figure 11.3 Second-degree price discrimination through block pricing

As shown in Figure 11.3, three quantity blocks are priced at P, P», and
P3, respectively. Average and marginal costs decline due to economies of
scale. This pricing structure increases total output and can benefit con-

sumers by lowering average costs.
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11.4 Third-Degree Price Discrimination

Third-degree price discrimination involves dividing consumers into dis-
tinct groups, each with its own demand curve, and charging each group a

different price.

Creating Consumer Groups

Suppose two groups of consumers have different demand elasticities, E;
and E,. Let P, and P, denote the corresponding prices, ); and (), the
quantities sold, and Q7 = @1 + @) the total output. The firm’s total profit

is:
II=PQ+ Q- C(Qr).

To maximize profit, the firm sets
MR, = MR, = MC,

where MR, and MR, are the marginal revenues from each group, and

MC is the marginal cost of total output.

Using the relationship

the optimal price ratio is:

P 1+
P, 1+E%'

Figure 11.4 illustrates that Group 1, with more inelastic demand (D,), is
charged a higher price P;, while Group 2, with more elastic demand (D),
faces a lower price P». Quantities () and (), are determined where M R, =
MRy, = MC.
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Quantity

Figure 11.4 Third-degree price discrimination across consumer groups

Example 11.1 (Airline Fares) Airlines frequently use third-degree price dis-

crimination. Table 11.1 reports demand elasticities across fare categories:

Elasticity Type | First Class | Unrestricted Coach | Discounted
Price Elasticity —0.3 —0.4 —0.9
Income Elasticity 1.2 1.2 1.8

Table 11.1: Elasticities of demand for air travel

First-class tickets from New York to Los Angeles may exceed $2000,
while unrestricted economy fares are around $1000, and discounted tick-
ets (requiring advance purchase and a Saturday stay) may cost as little as
$130. By segmenting customers based on willingness to pay and elasticity

of demand, airlines can increase total revenue and profit.

Example 11.2 (The Economics of Coupons and Rebates) Coupons repre-
sent another form of price discrimination. Table 11.2 compares the price

elasticities of demand for coupon users and non-users:
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Product Non-Users | Users
Toilet paper —0.60 —0.66
Stuffing /dressing —0.71 —0.96
Shampoo —0.84 —1.04
Cooking/salad oil —1.22 —1.32
Dry mix dinners —0.88 —1.09
Cake mix —0.21 —0.43
Cat food —0.49 —1.13
Frozen entrées —0.60 —0.95
Gelatin —0.97 —1.25
Spaghetti sauce —1.65 —1.81
Conditioner —0.82 —1.12
Soups —1.05 —1.22
Hot dogs —0.59 —0.77

Table 11.2: Price elasticity of demand: users vs. non-users of coupons

Coupon users are typically more price-sensitive (i.e., have higher elastic-
ities). Firms exploit this by offering targeted discounts through coupons
to price-sensitive consumers while maintaining higher prices for less re-
sponsive buyers. This strategy enables effective market segmentation and

greater profit extraction.

11.5 The Two-Part Tariff

A two-part tariff is a pricing strategy in which consumers pay both a fixed
entry fee and a per-unit usage fee. This approach is common in industries
with high fixed costs and low variable costs, such as telecommunications,

utilities, and amusement parks.
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11.5.1 Two-Part Tariff with a Single Consumer

Consider a market with a single consumer whose demand curve is rep-
resented by D in Figure 11.5. To maximize profit, the firm sets the usage
fee P equal to marginal cost (M (') and the entry fee 7™ equal to the en-
tire consumer surplus. The monopolist’s profit equals the entry fee 7™, as

illustrated below.

$/Q
T*
P MC
D
Quantity

Figure 11.5 Two-part tariff with a single consumer

11.5.2 Two-Part Tariff with Two Consumers

$/Q
*
A T
P*
B MC
~
c \ D D
2
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Figure 11.6 Two-part tariff with two consumers

Now consider two consumers with different demand curves, D; and D,

as shown in Figure 11.6. The firm sets a usage fee P* above marginal cost



11.5. THE TWO-PART TARIFF 231

and an entry fee 7 equal to the consumer surplus of the consumer with
the smaller demand.

The total profit is given by:
Profit = 27 + (P* — MC)(Q1 + Q-),

which exceeds twice the area of triangle ABC' in Figure 11.6. By setting
a common entry fee, the firm ensures both consumers participate while

maximizing overall profit.

Example 11.3 (Pricing of Cellular Phone Service) Table 11.3 illustrates how
major U.S. cellular providers apply two-part tariffs in their 2025 plans.
Each plan includes a fixed monthly access fee (entry fee) and a per-unit
or tiered data charge (usage fee). This structure allows firms to recover

substantial fixed network costs while tailoring plans to diverse usage pat-

terns.
Provider Plan Type Monthly Access Fee | Overage Fee
5GB Shared Data Plan $35 $20/GB
Verizon Unlimited Plus $80 None
Unlimited Welcome (4 lines) $120 None
Value Plus (Unlimited) $50.99 None
AT&T Unlimited Extra (4 lines) $164 None
DataConnect 50GB $55 $10 per 5GB
) Essentials (4 lines) $100 None
T-Mobile
Experience More Varies None

Table 11.3: Cellular Data Plans (2025)

Modern cellular pricing exemplifies the two-part tariff model: a fixed
monthly fee grants access, while variable usage charges depend on data
consumption. This design enables firms to recover high fixed infrastruc-

ture costs and adapt to varying consumer demand intensities.
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In recent years, as smartphones have evolved into multi-purpose de-
vices, data-based billing has become central. By combining two-part tariffs
with third-degree price discrimination (segmenting users by demand elas-
ticity), providers have enhanced profitability while broadening consumer

choice.

11.6 Intertemporal Price Discrimination and Peak-

Load Pricing

Intertemporal price discrimination refers to charging different prices for
the same product at different times to separate consumers with different
demand elasticities. Firms use this strategy to capture surplus from early
adopters who are less price-sensitive, and later reduce prices to attract

more elastic (price-sensitive) consumers.

Example 11.4 (Pricing a Best-Selling Novel) Releasing both hardback and
paperback editions of a novel allows publishers to effectively price dis-
criminate.

Eager readers with inelastic demand may purchase the hardback im-
mediately at a higher price (e.g., $25), while more price-sensitive readers
wait for the paperback edition priced lower (e.g., $10).

By staggering release dates and prices, publishers segment the market:
impatient consumers pay a premium, while patient consumers purchase
later at a discount. The resulting price gap reflects the difference in de-

mand elasticity between the two groups.

Peak-load pricing involves charging higher prices during periods of
peak demand when production or service capacity is constrained, and
marginal costs are high.

This practice is both profitable and allocatively efficient, since prices better

reflect the true cost of serving customers at different times. Examples in-



11.7. BUNDLING 233

clude higher electricity rates during daytime hours, or higher airline fares

during holidays and weekends.

11.7 Bundling

Bundling is the practice of selling two or more goods or services together
as a package. Bundling allows firms to extract greater total surplus when
customers have differing and negatively correlated valuations for individ-

ual items.

Example 11.5 (Film Licensing) Suppose a movie distributor sells two film-

s to two theaters, with reservation prices shown in Table 11.4.

Theater | Gone with the Wind | Getting Gertie’s Garter
A $12,000 $3,000
B $10,000 $4,000

Table 11.4: Reservation prices for two films

Selling separately:

* Gone with the Wind: maximum feasible price = $10,000 (to include
both theaters).

* Getting Gertie’s Garter: maximum feasible price = $3,000.

¢ Total revenue: $10,000 + $3,000 = $13,000 per theater, or $26,000 total.
Selling as a bundle:

e Theater A values the bundle at $15,000.

e Theater B values the bundle at $14,000.

¢ Charging $14,000 per theater includes both buyers.

¢ Total revenue: $14,000 x 2 = $28,000.
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Why is bundling more profitable? Because valuations are negatively cor-
related: Theater A values Gone with the Wind more, while Theater B values
Gertie more. By bundling, the firm reduces the variation in willingness to

pay across buyers and captures more total surplus.

If valuations are positively correlated: Suppose Theater A values both

films highly and Theater B values both less:

Theater A’s total bundle value = $13,000.

Theater B’s total bundle value = $10,000.

To sell to both, the firm must charge $10,000 per theater.

Total revenue: $10,000 x 2 = $20,000.

In this case, bundling yields no advantage over selling separately. There-
tfore, bundling is most effective when consumer valuations for individual

products are negatively correlated.
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Monopolistic Competition and

Oligopoly

Competition and monopoly represent two extremes of market structure.
Perfect competition is characterized by many firms, free entry, and homo-
geneous products, whereas monopoly features a single firm producing a

good with no close substitutes.

Between these two extremes lie two major forms of imperfect competition—
monopolistic competition and oligopoly—which describe most real-world

industries.

Monopolistic competition resembles perfect competition in that many
firms compete and entry is free, but it differs in one crucial respect: prod-
ucts are differentiated. Oligopoly, by contrast, shares features with monopoly—
it is characterized by a small number of firms producing either homoge-
neous (e.g., steel) or differentiated goods (e.g., automobiles), and firms are

strategically interdependent in their pricing and output decisions.

235
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12.1 Monopolistic Competition

Key Characteristics

* Many firms: The industry includes numerous firms, each holding a

small share of the total market.

* Product differentiation: Each firm offers a slightly different product.
Goods are close, but not perfect, substitutes—cross-price elasticities

are high but finite. Firms therefore possess limited market power.

* Free entry and exit: New firms can freely enter the market with new
product variants, and existing firms can exit when profits are nega-

tive.

* Non-price competition: Firms use advertising, branding, and prod-
uct design to differentiate their offerings and capture consumer loy-

alty.

Examples: Soft drinks, wine, clothing brands, or Chinese restaurants in
New York City.

12.1.1 Short-Run Equilibrium

PA

MC
P+
ATC

D

7
Figure 12.1 Short-run profit maximization under monopolistic competi-
tion
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Like a monopolist, a firm under monopolistic competition faces a downward-
sloping demand curve because it is the sole producer of its particular vari-
ety. Thus, it has some degree of price-setting power and can charge a price
above marginal cost. As shown in Figure 12.1, the firm chooses output

and price to maximize profit where MR = MC.

12.1.2 Long-Run Equilibrium

Because there are no barriers to entry or exit, positive or negative profits
cannot persist in the long run.

Entry eliminates profits: When firms earn positive short-run profits,
new firms enter with similar products, shifting each incumbent’s demand
curve leftward. Price and output fall until economic profit is eliminated. In
the long-run equilibrium, P = AC = D(q) at the point (F;, ¢5), as shown
in Figure 12.2.

MC

ATC

D

Figure 12.2 Entry eliminates profits under monopolistic competition

Exit eliminates losses: When firms incur losses, some exit the market.
As competitors leave, demand for the remaining firms shifts rightward,
raising prices and reducing losses. The process continues until all sur-
viving firms earn zero economic profit, again where P = AC' = D(q), as

illustrated in Figure 12.3.
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q

Figure 12.3 Exit eliminates losses under monopolistic competition

12.1.3 Monopolistic Competition and Economic Efficiency

Under perfect competition, firms face a horizontal demand curve and pro-
duce at the output that minimizes average cost at long-run—satisfying
both productive and allocative efficiency, where P = M and P = min AC.
By contrast, under monopolistic competition, each firm faces a downward-
sloping demand curve. The zero-profit condition occurs at an output s-

maller than the cost-minimizing level, so:
P>MC and ¢ < Guinac.

This creates a deadweight loss similar to that under monopoly.

Does this inefficiency imply that monopolistic competition is undesirable?

Not necessarily—two considerations are crucial:

1. Limited market power: In most monopolistically competitive in-
dustries, firms have only modest pricing power. The abundance
of substitutes prevents any single firm from setting prices far above
marginal cost. Thus, the deadweight loss is relatively small, and the

average cost remains close to its minimum.
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2. Value of product diversity: The mild inefficiency is offset by the ben-
efits of variety. Consumers value having multiple choices—different
flavors, styles, or brands. The resulting increase in consumer surplus

often exceeds the small loss in allocative efficiency.

Example 12.1 (Monopolistic Competition in Soft Drinks and Coffee) The
markets for soft drinks and coffee exemplify monopolistic competition.
Each includes many brands that are close substitutes but differentiated by

flavor, packaging, marketing, or brand image.

Category Brand Price Elasticity of Demand
RC Cola —24

Colas
Coca-Cola —5.2to =5.7
Folgers —6.4

Ground Coffee Maxwell House —8.2
Chock Full o’ Nuts -3.6

Table 12.1: Price elasticity of demand for selected brands of colas and cof-
fee

As shown in Table 12.1, most brands exhibit high price elasticities, indi-
cating that consumers are responsive to price changes and that firms have

only limited pricing power—consistent with monopolistic competition.

12.2 Oligopoly

Oligopoly is a market structure characterized by a small number of large
firms that dominate an industry. Because each firm’s pricing and output
decisions directly influence its competitors, firms are mutually interdepen-
dent. Strategic behavior—anticipating rivals’ reactions—is thus central to

oligopolistic competition.
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12.2.1 Key Characteristics of Oligopoly

1. A Few Large Firms: A small number of firms can efficiently supply

the entire market, often due to technological or cost advantages.

2. Mutual Interdependence: Each firm must consider how its decision-
s regarding price, output, advertising, and strategy will affect—and

be affected by—the behavior of its rivals.

3. Significant Barriers to Entry: Entry is restricted by both structural

and strategic factors, including;:

(a) Economies of Scale: When substantial scale economies exist,
only a few firms can operate efficiently. New entrants face pro-
hibitively high average costs. Figure 12.4 illustrates how this

can deter entry.

PA

P2}
Py

0 Q
Figure 12.4 Individual and market demand under oligopoly

¢ D: Market demand faced by the first firm in the absence of
competitors.

* Dy: Demand faced by the first firm after one competitor
enters.

* D,: Demand faced by the second firm, where D = D; + Ds.
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e ATC: Identical average total cost curve for both firms, re-

flecting economies of scale.

Firm 1’s strategy: Set a price between P, and P,—low enough to
make entry unprofitable for firm 2. If costs were higher (e.g.,

AT("), firm 1 would be unable to deter entry by pricing alone.

(b) Cost Structure Differences: Figure 12.5 shows how asymmetric

cost structures can reinforce entry barriers.

PA
ATC:
ATC:
Pl__ >
Pr-—=----==

Di=D:

q

Figure 12.5 Oligopolistic firms with different cost structures

* Firm 2, facing higher costs (ATCy, > ATC), can profitably

serve only a portion of the market.

Firm 1’s strategy: Set a price between P; and the limit price P.
If the market price rises above P, firm 2 will enter; below P,

entry is deterred.

(c) Proprietary technology, brand reputation, and market credi-
bility also discourage entry. Incumbents may engage in strate-
gic behavior—such as predatory pricing, excess capacity instal-

lation, or exclusive contracts—to reinforce these barriers.

As a result, firms in oligopolistic industries often maintain positive

long-run economic profits.
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4. Nonprice Competition and Price Rigidity: Firms frequently avoid
competing on price due to the risk of triggering a price war. Instead,
they compete through advertising, product differentiation, brand-

ing, innovation, and service quality.

5. Temptation to Collude: Oligopolistic firms have strong incentives
to coordinate behavior to raise joint profits. However, explicit collu-
sion—such as price-fixing or market sharing—is illegal in most coun-

tries under antitrust laws.

6. Incentives to Merge: Mergers can achieve “perfect collusion” in ef-
fect, transforming an oligopoly into a monopoly and granting firms

greater market power.

Oligopoly is prevalent in industries such as automobiles, steel, alu-

minum, petrochemicals, telecommunications, and computers.

12.2.2 Game Theory and Oligopolistic Markets

Because each firm’s optimal decision depends on its expectations about
competitors” actions, oligopoly analysis naturally relies on game theory—

the study of strategic interaction among rational decision-makers.

Game Theory: Game theory provides a framework for analyzing how
rational agents (players) make interdependent decisions. Each player’s
outcome depends on both their own actions and those of others. The key

components of a game are:
* Players: The decision-makers (e.g., competing firms).
* Strategies: The possible actions each player can take.

* Payoffs: The outcomes (e.g., profits) resulting from strategy combi-

nations.
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¢ Structure: Whether the game is simultaneous or sequential.

¢ Information: Whether players have complete or incomplete knowl-

edge of others” actions and payoffs.

Strategy and Payoff: A strategy is a complete plan of action specifying
what a player will do in every possible situation. A payoff is the resulting
reward (such as profit or cost). An optimal strategy maximizes expected
payoff given others’ strategies.

Strategic decision-making often requires anticipating opponents’ responses—
“putting oneself in the rival’s shoes”—to determine the best course of ac-

tion.

Nash Equilibrium: Named after John Nash (famously portrayed in the
film A Beautiful Mind), the Nash equilibrium is a set of strategies in which
no player can improve their payoff by unilaterally deviating.

At a Nash equilibrium, each firm is doing the best it can given what its
rivals are doing; hence, each firm’s strategy constitutes a best response to the
strategies chosen by all other players.

A stronger concept than the Nash equilibrium is the dominant strategy

equilibrium.

Dominant Strategy Equilibrium: A dominant strategy equilibrium aris-
es when each player’s strategy is optimal regardless of others” actions. A
dominant strategy yields the highest payoff no matter what competitors
do. Such strategies are therefore strategy-proof, as rational players will

always choose them.

Duopoly: A duopoly is a special case of oligopoly with only two firm-
s. Because strategic interaction is simpler to model, duopoly serves as a

foundation for understanding broader oligopolistic behavior.
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In the following sections, we explore several classic models of oligopoly,
each based on different assumptions about how firms form expectations
about their rivals” actions. These models demonstrate how small vari-
ations in strategic behavior can lead to strikingly different market out-

comes.

12.3 Quantity Competition

12.3.1 Cournot Model

The Cournot model, introduced by French economist Antoine Augustin
Cournot in 1838, describes an oligopolistic market in which firms produce
a homogeneous product and compete by choosing quantities simultane-
ously. Each firm assumes that its rival’s output remains fixed when mak-
ing its own production decision.

This framework captures the essence of quantity competition among pro-
ducers of a homogeneous good and illustrates how non-cooperative be-
havior leads to a market outcome—the Cournot equilibrium—that lies
between the perfectly competitive and monopolistic equilibria.

Although usually analyzed as a static outcome, the Cournot equilibri-
um can also be interpreted as the limit of a dynamic adjustment process.

Consider the following illustrative example.

Suppose two firms, A and B, produce identical goods at zero marginal
cost (MC' = 0). We further assume that market demand is linear and
given by an inverse demand curve known to both firms. Each firm initially
believes that the other’s output will remain fixed.

In Figure 12.6, Dy denotes total market demand, Dy represents Fir-
m B’s residual demand (obtained by subtracting Firm A’s output from to-
tal demand), and D, is Firm A’s updated residual demand after Firm B’s

entry.

e Firm A initially faces Dy and produces Q1 = T, where M Ry = MC.
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¢ Firm B, observing A’s output and assuming it remains fixed, faces

the residual demand Dp and produces @), = T_TQl

e Firm A then updates its expectation, treating (), as fixed, and pro-

duces Q3 = %

¢ The process continues as each firm revises its output in response to

the other’s most recent choice.

T Q

Figure 12.6 Market equilibrium under Cournot competition

This iterative sequence converges to the Cournot equilibrium:

T

QA:QBzg-

Total market output at equilibrium is therefore

Q:QA‘FQB:?a

which lies between the monopolist’s output (@ = I) and the perfectly
competitive output (QQ = T)).
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Reaction Curves and Cournot Equilibrium

In the Cournot model, each firm’s optimal output depends on its expec-
tation of the rival’s output. The relationship between these quantities is
described by the firm’s reaction curve.

Firm 1’s reaction curve shows its profit-maximizing output for every
possible output level of Firm 2, and vice versa. Figure 12.7 illustrates both
reaction curves. The intersection of these curves determines the Cournot

equilibrium.

Q

100

Firm 2’s Reaction

75t Curve Q¥(Q))

50 %

Cournot
Equilibrium
25} Wi
Firm 1’s Reaction
12.5}F Curve QT(QZ)

/

25 50 75 100 Q,

Figure 12.7 Reaction curves and Cournot equilibrium

At the Cournot equilibrium, each firm correctly anticipates the other’s
output and optimally adjusts its own. This outcome is a specific case of a

Nash equilibrium, where no firm can unilaterally improve its profit.

General Setup Let the inverse demand function be P(g; + ¢2). Firm 1

chooses ¢} to maximize profit, taking Firm 2’s output ¢, as given:

II}]?X m =Pl + @) —ci(qr).
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Similarly, Firm 2 chooses ¢; to maximize profit, taking Firm 1’s output ¢;
as given:

max T = P(q1 + q2) 2 — c2(q2).
The first-order conditions are then:

MRi(q7,q2) = MCi(q7), MRy (q1,95) = MCs(q3).

At the Cournot equilibrium, each firm’s expectations are fulfilled:
G=4, ©=d

Example 12.2 (Cournot Duopoly with Linear Demand) Suppose two iden-

tical firms face the market demand:
P:45_Q7 WhereQ:Ql+Q27
and each has constant marginal cost:

MC, = MC, = 3.

Firm 1’s revenue:
Ri=P-Q1=(45-Q)Q1 = (45— Q1 — Q2)Q1 = 45Q1 — Q7 — Q1 Q.

Firm 1’s marginal revenue:

dR
MRp:%j:45—%%—Q2
1

Setting M R, = M C, = 3, we obtain Firm 1’s reaction function:

Q1 =21— ;Qw (12.1)
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Similarly, Firm 2’s reaction function is:
1
Q2 =21 — §Q1. (12.2)
Solving (12.1) and (12.2) simultaneously:
Ql = QQ = 14, so that Q = Ql + QQ = 28.
If the firms collude (monopoly case):
R=PQ = (45— Q)Q = 45Q — Q?, MR = 45 — 2Q.
Setting MR = MC = 3 gives:

Q=21, Q =Q,=105.

Comparison:
¢ Cournot equilibrium: @); = Q> =14, Q = 28,and P =45 — 28 = 17.

¢ Collusive (monopoly) outcome: ); = Q2 = 10.5, () = 21, and P =
45 — 21 = 23.

Thus, the Cournot equilibrium yields greater total output and a lower
price than the monopoly outcome, but less output and a higher price than

under perfect competition.

12.3.2 The Stackelberg Model: First-Mover Advantage

The Stackelberg model, developed by Heinrich von Stackelberg in 1934,
describes an oligopoly in which one firm (the leader) chooses its output
first, and the other firm (the follower) observes this choice before deciding

its own output.

Moving first creates a strategic advantage. We can illustrate this advan-

tage by continuing from Example 12.2.
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Example 12.3 (Linear Demand Curve (continued)) Suppose Firm 1 acts as
the leader and Firm 2 as the follower. The market demand and cost func-

tions remain the same:
P:45—Q, Q:Q1+Q2, MCleC'2:3

Since the Stackelberg model is a sequential game, we solve it by back-

ward induction—first analyzing the follower’s best response.

From the Cournot model, Firm 2’s reaction function is:
Q2 =21 - 1Q.
Substituting this into Firm 1’s revenue function:

Ry =P Q1= (45— Q)Q1= (45— Q1 — Q)
= 4501 — Q1 — Q>
= 4501 — Q7 — Q1 (21— 3Q1)
= 24Q; — Q7.
The marginal revenue for Firm 1 is:
dRy

MRl—@:24—Q1
1

Setting M R, = MC, yields:
Q1 =21,  Qy=21-1(21) =105,
and the corresponding price is:
P=45-Q, —Q, = 13.5.

Therefore, the leader produces twice as much as the follower and earns
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twice the profit:
m = 21(P — MC) = 21(13.5 — 3) = 220.5,

m = 10.5(P — MC) = 10.5(13.5 — 3) = 110.25.

Hence, moving first provides a strategic advantage.

12.4 Price Competition

12.4.1 The Bertrand Model: Price Competition with Ho-

mogeneous Products

The Bertrand model, proposed by Joseph Bertrand in 1883, examines price
competition between firms that produce a homogeneous product. Each

firm sets its price simultaneously, assuming the rival’s price is fixed.

Even with only two firms, price competition can yield the same outcome

as perfect competition.

Revisiting the duopoly framework:
P=30-0Q, Q = Q1+ Qq, MC, = MC, = 3.
Under Cournot competition:
Q1=Q,=9, Q=18 P=12, m =m =23l
Under Bertrand price competition:

* If one firm charges a price above marginal cost, the other can slightly

undercut and capture the entire market.

* The only Nash equilibrium occurs when both firms set P = MC' = 3.
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* At P = 3, total market outputis () = 27; each firm supplies 13.5 units

and earns zero economic profit.

Comparison: The Bertrand outcome results in a competitive price, high-
er total output, and zero profit—contrasting with Cournot competition,

where prices are higher and firms earn positive profits.

12.4.2 Price Competition with Differentiated Products

Now suppose the two firms produce differentiated products and face the

following demand functions:
Q1:12—2P1+P2, Q2:12_2P2+P17

with identical fixed costs of $20 and zero variable costs.

Firm 1’s profit function:

Hl:P1Q1—20:P1(12—2P1+P2)—20
=12P, — 2P} + P, P, — 20.

Firm 2’s profit function:
Iy = Py(12 — 2P, + Py) — 20 = 12P, — 2P + P, P, — 20.

To find the Nash equilibrium, take the first-order conditions:

oIl
— =12 —-4P P=0 12.3
apl 1 + 2 ) ( )
oI,
“ 2 12 4P+ P, = 0. 12.4
oP, o+ I ( )
The reaction functions are:
P =3+ 1P,

P, =3+ P



252CHAPTER 12. MONOPOLISTIC COMPETITION AND OLIGOPOLY

The intersection of these two reaction curves—or equivalently, solving

(12.3) and (12.4) simultaneously—yields the symmetric Nash equilibrium:

P=PF =4

This example illustrates that even under price competition, product dif-
ferentiation softens competitive pressure, allowing equilibrium prices to

remain above marginal cost.

12.5 Kinked Demand Curve Model

In oligopolistic industries, firms recognize that their pricing decisions in-
fluence the behavior of competitors. Consequently, a firm’s demand curve
and marginal revenue (MR) curve must reflect expectations about rival

reactions.

The kinked demand curve model describes an oligopoly in which each
firm faces a demand curve that is kinked at the prevailing market price.
Demand is relatively more elastic for price increases because a higher
price makes the firm’s product less attractive to customers, and relatively
less elastic for price decreases because a lower price is expected to be
matched by rivals. This kink arises from the assumption that rivals will

match price cuts but will not match price increases.
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P1
P2
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Figure 12.8 Demand curve accounting for rival reactions

Figure 12.8 illustrates two possible demand curves faced by a firm de-

pending on competitors’ responses:
¢ D: Rivals do not respond to price changes.
e D,: Rivals match price reductions.
Interpretation:

¢ Along D, a price decrease attracts many customers from competitors,

so demand is relatively elastic.

¢ Along D,, a price decrease yields only a small increase in quantity
demanded, because rivals lower their prices as well, reducing the

benefit of cutting price.

This behavioral asymmetry generates a kinked demand curve, shown
in Figure 12.9, where demand is highly elastic above the kink (for price

increases) and less elastic below the kink (for price decreases).
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P4

Figure 12.9 A kinked demand curve and the corresponding marginal rev-
enue curve

Marginal Revenue and Price Rigidity

To construct the marginal revenue curve:
* Follow the MR associated with D up to the kink point (¢x).
* Beyond ¢k, switch to the MR associated with D,.

This switch creates a vertical discontinuity in the MR curve between

points b and ¥'.

Within this vertical segment,

MCy < MC <MC, = MR= MC yields the same (p, q).

This feature explains the price rigidity often observed in oligopolistic mar-
kets. Prices tend to remain stable even when marginal costs or market

conditions change, because:

* A price increase causes a large reduction in sales if rivals keep their

prices unchanged (more elastic demand).
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* A price decrease prompts rival price cuts, yielding little gain in market

share (less elastic demand).

As a result, firms often avoid price changes—especially price reduc-

tions—to prevent price wars and maintain stable market conditions.

12.6 Prisoners’ Dilemma: Competition vs. Col-

lusion

The prisoners’ dilemma is a foundational model in game theory that il-
lustrates how rational decision-makers may fail to cooperate, even when
cooperation is mutually beneficial. It provides critical insights into the be-

havior of firms in oligopolistic markets.

The Classic Prisoners’ Dilemma

Suppose two suspects, A and B, are arrested for a crime and questioned
separately. The prosecutor lacks sufficient evidence to convict either sus-
pect without a confession. Each prisoner is presented with the following
set of possible outcomes (in years of jail time), where the first number in

each cell denotes A’s sentence and the second denotes B’s.

Person B
Confesses Doesn’t Confess
Confesses (5,5) (1,10)
Doesn’t Confess (10,1) (2,2)

Person A

Table 12.2: The prisoners” dilemma for two suspects.

Each player must choose between confessing and remaining silent, with
payoffs dependent on both players” actions. Here, both suspects have a
dominant strategy to confess, since confessing minimizes their jail time

regardless of the other’s choice.
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The outcome (Confess, Confess) is therefore both a dominant strategy
equilibrium and thus a Nash equilibrium. Although mutual silence (2, 2)
yields a better collective outcome, rational self-interest leads both suspects

to confess, producing a socially suboptimal equilibrium.

Remark 12.6.1 A quick way to identify Nash equilibria in two-player normal-

form games:
* Underline each player’s best response in every row or column.
* Any cell in which both payoffs are underlined is a Nash equilibrium.

In Table 12.2, the Nash equilibrium occurs at (Confess, Confess) with
payoffs (5, 5).

The Oligopoly Analogy: Collusion versus Competition

The same logic applies to firms in an oligopolistic industry. If two firms
collude to maintain high prices, both earn large profits. However, each
tirm has an incentive to secretly undercut the other’s price to capture more
market share. If both cheat, a price war ensues, leaving both worse off.

We can represent this situation using a payoff matrix, as shown in Table
12.3.

Firm B
Cheats Doesn’t Cheat
. Cheats (10,10) (20,5)
Firm A
Doesn’t Cheat | (5,20) (15,15)

Table 12.3: The cooperation game of two oligopolistic firms. Cheating is a
Nash equilibrium.

The dominant strategy (Nash) equilibrium occurs at (Cheat, Cheat)
with payoffs (10, 10). Although mutual cooperation (15, 15) yields higher

profits, each firm’s incentive to deviate ensures that cheating remains the
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dominant strategy. This captures the central tension between individual

incentives and collective welfare in oligopolistic markets.

Example 12.4 (Price Competition (continued)) Consider again the duopoly
case from the previous section. Each firm has fixed costs of $20 and zero

variable costs, facing the demand functions:
Q1:12—2P1+P2, Q2:12—2P2+P1

In Nash equilibrium, both firms charge $4 and earn profits of $12 each. If
they collude and set prices at $6, each earns $16.
Now suppose Firm 1 keeps the collusive price ($6) while Firm 2 cheats

by lowering its price to $4:

I, = PQy — 20 = (6)[12 — 2(6) + 4] — 20 = $4,
T, = P,Qs — 20 = (4)[12 — 2(4) + 6] — 20 = $20.

Firm 2
Charge $4 Charge $6
Charge $4 | (512, $12) | ($20, $4)
Charge $6 | ($4, $20) | (%16, $16)

Firm 1

Table 12.4: Payoff matrix: Profits under different pricing strategies. Collu-
sion is not a Nash equilibrium.

If one firm cheats while the other cooperates, the cheating firm earns
more. Consequently, both eventually cheat, reducing profits to competi-
tive levels. This dynamic shows why price-fixing agreements are unstable

without monitoring or enforcement.

Example 12.5 (Procter & Gamble in a Prisoners” Dilemma) Procter & Gam-
ble (P&G), founded in 1837 by William Procter and James Gamble, is an

American multinational consumer goods company. After its acquisition
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of Merck’s consumer health division in 2018, P&G Health Limited became
a major global player.

Suppose P&G expects its rivals (e.g., Unilever and Kao) to charge $1.40
but considers whether to set a higher price of $1.50. Both would earn high-
er profits if they cooperated at $1.50, but each has an incentive to undercut
the other.

Unilever and Kao
Charge $1.40 Charge $1.50
Charge $1.40 | (312, $12) (%29, $11)
Charge $1.50 | (33, $21) (%20, $20)

P&G

Table 12.5: Payoff matrix for P&G’s pricing dilemma.

Here, charging $1.40 is P&G’s dominant strategy—it yields a higher
profit regardless of competitors” actions. Even though mutual cooperation
at $1.50 would raise profits for all firms, the incentive to undercut drives
prices down to the Nash equilibrium at ($1.40, $1.40).

Advertising and Strategic Interdependence

Advertising. Game theory also helps explain the interdependence of ad-
vertising decisions among competing firms. Suppose two firms, A and
B, must each choose between a small budget and a large budget for adver-
tising. Their profits for each strategy combination are summarized in the

following payoff matrix.

Firm B
Small Budget Large Budget
. Small Budget (10, 10) (5,18)
Firm A
Large Budget (18,5) (8,8)

Table 12.6: Payoff matrix for the advertising game.
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Here, the equilibrium strategy profile is (large budget, large budget).
Each firm has a dominant strategy: spending more on advertising yields

a higher payoff regardless of what the rival does.

However, not every strategic interaction features a dominant strategy

for each player. Consider a modified version of the game:

Firm B
Small Budget Large Budget
. Small Budget (10,8) (6,5)
Firm A
Large Budget (4,2) (8,6)

Table 12.7: Modified advertising game.

In this version, Firm A has no dominant strategy. Its best decision de-

pends on Firm B’s choice:

e If Firm B chooses a small budget, Firm A’s best response is also a

small budget.

e If Firm B chooses a large budget, Firm A’s best response is a large
budget.

This game therefore lacks a dominant strategy equilibrium, but it has

two Nash equilibria:

(Small Budget, Small Budget) and (Large Budget, Large Budget).

Can the Prisoners’ Dilemma Be Overcome?

Does the prisoners’ dilemma always lead oligopolistic firms into ag-
gressive competition and low profits? Not necessarily. The classic dilem-
ma assumes a one-shot game, whereas firms in real markets interact re-
peatedly—setting prices, adjusting outputs, and responding to rivals over

time.
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Repeated interactions allow firms to build trust and reputation, creat-
ing opportunities for implicit coordination. In such repeated games, coop-
erative outcomes can emerge endogenously, leading to more stable prices

and sustained profits even without explicit collusion.

12.7 Dominant Firm Price Leadership Model

Price leadership is a pricing arrangement in which one firm—typically the
largest or lowest-cost producer—sets the market price, and all other firms
follow. This behavior helps reduce uncertainty about competitors” actions
and avoids destabilizing price wars.

In the dominant firm price leadership model, a single large firm (the
leader) determines the profit-maximizing price while considering the sup-
ply responses of numerous smaller firms (the followers). The smaller firms
act as price takers, producing quantities that equate their marginal cost to
the leader’s price.

Such a leader naturally emerges in markets where one firm has a sub-
stantial cost advantage, superior market share, or strong brand power. A
real-world example is the role of OPEC as a dominant price setter in the
global oil market, with non-OPEC producers acting as fringe suppliers.

Figure 12.10 illustrates this equilibrium. Let total market demand be
DD, and let Sp represent the aggregate supply of the smaller competi-
tive firms. These smaller firms adjust their outputs so that price equals
marginal cost at all times.

The dominant firm faces the residual demand curve P, AD, obtained
by subtracting the small firms’ supply from total market demand. It maxi-
mizes profit by producing quantity ¢p, where its marginal revenue (M Rp)
equals its marginal cost (M Cp), and sets the market price at P;. At this
price, the smaller firms produce ¢y, and total market output equals ¢p + go.

The market therefore clears at price P, with both the dominant and

fringe firms operating at their respective profit-maximizing outputs.
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Figure 12.10 Equilibrium price and quantity under dominant firm price
leadership.

12.8 Cartels and Collusion

Cartel: A cartel is a formal agreement among producers to coordinate
prices and output levels, typically with the goal of maximizing joint profits
as if they were a single monopolist.

In all models discussed so far, firms have been assumed to behave
independently—each firm forms expectations about how rivals will re-
spond to its actions but does not consider the effect of its behavior on
competitors’ profits. In other words, there is no cooperation among firms.

By contrast, a cartel represents a cooperative arrangement in which
firms act collectively to control prices and output. In a cartelized industry,
independent firms explicitly coordinate their strategies to behave like a
monopoly. When cartel members strictly adhere to their agreement and
market demand is sufficiently inelastic, they can substantially raise prices
above competitive levels and increase their collective profits.

Cartels are often international in scope. While U.S. antitrust laws pro-

hibit collusion among domestic firms, enforcement abroad may be weak
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or nonexistent. Furthermore, cartels composed of foreign governments
or state-owned enterprises are not subject to U.S. jurisdiction. A well-
known example is the Organization of the Petroleum Exporting Countries
(OPEC), which has successfully maintained oil prices above competitive

levels since its formation in 1960.

12.8.1 Cartelization of a Competitive Industry

Figure 12.11 illustrates this process. Suppose there are 20 identical firm-
s operating in a perfectly competitive industry. Under competition, the
industry output is (), and the market price is P.

If these firms form a cartel and collectively restrict output to ), the
market price rises to the monopoly level P,. Each firm then produces ¢;

and earns positive economic profit at the higher price.

Dollars A Firm Dollars A Market
per unit per unit

P,

P

Output 0 0 Output
(700) (1000)

Figure 12.11 The emergence of a cartel in a competitive market

By coordinating output, firms achieve a price that no single competi-
tive firm could sustain on its own. While one firm cannot influence the
market price by reducing its output, a cartel acting jointly can. This be-

havior can be analyzed using the dominant firm price leadership model
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introduced earlier (see Figure 12.10).

Conditions for Cartel Success

For a cartel to successfully raise and maintain monopoly-level prices, two

key conditions must be met:

¢ Organizational Stability: The cartel must develop a stable structure
in which members agree on prices, output quotas, and profit-sharing

rules—and, crucially, adhere to them.

* Monopoly Power: The cartel must face a sufficiently inelastic market
demand. Even a perfectly organized cartel cannot sustain high prices

if consumers are highly responsive to price changes.

Why Do Cartels Fail?

Although cartels can raise prices and profits in the short run, they often

fail over time due to several inherent weaknesses:

¢ Incentive to Cheat: Each member has a strong incentive to exceed its
quota or slightly undercut the agreed price to gain additional profit.
If multiple firms cheat, total output increases, prices fall, and the
cartel loses its monopoly power—a classic reflection of the prisoners’

dilemma.

¢ Internal Disagreements: Differences in costs, production capacities,
technologies, and market objectives can make it difficult to agree on
fair output shares or pricing policies. Such conflicts often undermine

cohesion and lead to cartel breakdown.

* Threat of Market Entry: High cartel profits attract potential entrants.
If entry cannot be effectively blocked, new firms expand industry

supply, eroding prices and eliminating the cartel’s control.
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Chapter 14

Employment and Pricing of

Inputs

We now shift our focus from product markets to input (or factor) mar-
kets—markets in which firms purchase the resources needed to produce
goods and services. In these markets, firms act as demanders of inputs,
while households serve as suppliers. This chapter discusses how input
prices and employment levels are determined.

We begin with the general principles that apply to all input markets—

whether the input is labor, capital, or raw materials.

14.1 Firm’s Input Demand in Competitive Factor
Markets

14.1.1 One Variable Input

We begin with two fundamental concepts:

¢ Derived input demand: The demand for an input is derived from
the firm’s profit-maximization objective. It depends jointly on the

level of output and the cost of inputs.

265
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* Marginal revenue product (MRP): The additional revenue obtained
from selling the extra output produced by employing one more unit

of the input (e.g., labor).

Formally, the marginal revenue product of labor is defined as
MRP;, = MR x MPr,

where M R is the marginal revenue from selling one additional unit of out-
put and M Py, is the marginal product of labor.

Since labor is the only variable input (with all other factors fixed), the
law of diminishing marginal returns implies that M P, eventually de-
creases as more labor is employed. Moreover, marginal revenue MR is
downward sloping. Consequently, the M RP;, curve is also downward s-
loping.

When the output market is perfectly competitive, marginal revenue e-

quals price (M R = P). In this case, the marginal revenue product becomes
MV P, =P x MPy,

which is referred to as the marginal value product of labor.

Because the marginal revenue (or value) product represents the addi-
tional revenue generated by one more unit of labor, a firm should con-
tinue hiring as long as M RP;, exceeds the wage rate. If M RP;, falls be-
low the wage rate, the firm should reduce employment. Accordingly, the
profit-maximizing hiring condition—and thus the firm’s input demand

curve—is given by:
w= MRPy, (firm is a monopolist in the output market), (14.1)

w=MVPp (firm is perfectly competitive in the output market).
(14.2)
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These conditions characterize the labor demand of a monopolist and a

competitive firm, respectively.

Example 14.1 Figure 14.1 illustrates the labor demand curve, whichis MV P;, =
M Py, x P, and the output price is P, = $10.

ME M
$40 4 - - - - -
$30 3L -
$20 2F-----+
$10 |1 MP,
and MVP (MP, - P.)
;L

Figure 14.1 Labor demand when labor is the only variable input. Here,
MV P, = MPp, x P, with P, = $10.

If the daily wage is $30, the profit-maximizing number of workers is
L* = 20.

W S

MVP =MP,-P,
MRP,=MP, -MR

L

Figure 14.2 Marginal revenue product versus marginal value product un-
der monopoly.

Since marginal revenue is less than price (M R < P), the monopolist’s

input demand curve, M RP;, lies below the marginal value product curve
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MV Py, = P x M P, which applies under perfect competition.
Thus, a monopolist hires fewer units of labor and employs fewer re-
sources than a perfectly competitive industry producing at a higher output

level.

Link Between Input and Output Conditions

The input-side profit-maximizing condition w = M RP;, corresponds di-
rectly to the output-side condition M R = M C. Recall that

w

MC = .
MPy,

Setting M C = MR yields

w
MPy,

=MR = w=MR -MP,=MRPF;.

Thus, the firm’s optimal hiring decision in the labor market is fully consis-

tent with its profit-maximizing output decision in the product market.

14.1.2 Input Demand with All Inputs Variable

In the long run, firms can adjust all inputs. A change in the price of one
input will therefore affect the demand for other inputs.

Suppose that initially, the wage rate is $30 per hour and the firm em-
ploys L = 20 units of labor, operating at point A on the MV P;, curve with
K = 10 units of capital, as shown in Figure 14.3. Now, suppose the wage
rate falls to $20.

e If capital remains fixed at K = 10, the firm increases labor usage to
L = 25 (point B).

e If capital also rises to K = 12 (i.e., more workers require more equip-
ment), the MV P, curve shifts upward, and labor increases further to

point C.
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$ 4

W=$30

W=5$20

MVP, (k=12)

20 25 30 L

Figure 14.3 Input demand with all inputs variable.

By connecting points A and C, we obtain the firm’s input demand
curve when all inputs are variable. This curve reflects both the substi-

tution and scale effects of input price changes.

14.2 Market Input Demand

In a competitive input market, total input demand is obtained by hor-
izontally summing the input demand curves of all firms. However, this
aggregation is not as straightforward as it is for an individual firm because
product prices are not fixed at the industry level.

When deriving the input demand of a single firm, we assume the out-
put price is constant. In contrast, when all firms in the industry increase
output simultaneously, the market supply of the product rises, causing it-
s price to fall. Therefore, the industry-level input demand curve must
reflect not only marginal productivity but also the effect of a downward-
sloping product demand curve.

As shown in Figure 14.4, the industry input demand curve lies below the
horizontal summation of individual firms” MV P;, curves because it incor-
porates the decline in output price that occurs when total industry output

expands.
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Figure 14.4 Industry input demand in a competitive market.

14.3 The Supply of Inputs

The supply side of input markets describes how quantities of inputs vary

with price.

* Average Expenditure (AE) curve: The firm’s supply curve for the in-
put, showing the price per unit it must pay for each level of input

usage.

* Marginal Expenditure (ME) curve: The additional cost incurred by

employing one more unit of input.

A profit-maximizing firm hires inputs up to the point where marginal

expenditure equals marginal revenue product:
MRP = ME. (14.3)

In a perfectly competitive input market, input price is constant, so
marginal expenditure equals the wage rate (M £ = w). Hence, condi-
tion (14.3) simplifies to:

MRP = w. (14.4)
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The aggregate input supply curve for the entire economy—such as total
labor supply—is typically steep or nearly vertical. It can increase only if
individuals work longer hours or new workers enter the labor force, both

of which are limited responses to wage changes.

W A WA

W2l - - - - ] Wol = - - - - 0 - — — —

Wit------~- Wil -

\/

L: Lo L

Figure 14.5 Left: A nearly vertical input supply curve for all industries.
Right: A more elastic supply curve for a particular industry (e.g., labor in
the shoe industry).

In contrast, the input supply curve faced by a single industry is more
elastic. For instance, if the shoe industry raises wages, workers may shift
from other sectors to shoe production, increasing labor availability in that
industry. Hence, most industry-specific supply curves are relatively flat or

gently upward-sloping.

14.4 Labor Supply

Since households (consumers) supply labor, we can apply consumer theo-

ry to derive the labor supply curve.

14.4.1 The Income-Leisure Tradeoff

Previously, we assumed that income was fixed. However, for most in-

dividuals, income depends on how many hours they work. The central
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tradeoff is therefore between income and leisure. Let:
¢ | = weekly income,
* L =hours of leisure per week,
* H =hours worked per week,

* w = hourly wage rate.

Income
A

Leisure

Leisure
Work

Figure 14.6 Income-leisure choice of a worker.

Because there are 168 hours in a week, the time constraint is:
H+ L = 168.
Since I = wH, the budget constraint can be written as:
I=w(168—L) = I+ wL=168w.

This expression defines the worker’s budget constraint, showing the trade-
off between income and leisure.
The worker chooses the optimal combination of (/, L) that maximizes

utility, subject to the budget constraint. Assuming strictly convex indiffer-
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ence curves between income and leisure, the optimal choice occurs where

the highest attainable indifference curve is tangent to the budget line.

14.4.2 The Supply of Working Hours

The previous analysis assumed a fixed wage rate. How, then, do working
hours respond to a change in wages? The answer depends on the relative

magnitudes of the substitution effect and the income effect.

Substitution Effect Dominates: More Working Hours

Suppose the initial wage is wy = $10, and the worker’s optimal choice is
point A in Figure 14.7. When the wage increases to w; = $15, the optimal

choice moves to point C.

A

Income

» Leisure

Figure 14.7 Substitution effect dominates the income effect.

* Substitution effect: The change in consumption resulting from a
change in the price of leisure while holding utility constant. It re-
flects the movement between the two tangency points on the origi-
nal indifference curve. As the opportunity cost of leisure rises, the
worker substitutes away from leisure toward more hours of work
(Ly — L, < 0).
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* Income effect: The increase in the wage raises the worker’s pur-
chasing power, enabling them to afford more leisure. This shifts the
choice from L3 to L, implying more leisure and fewer work hours

(L2 — L3 > 0) since both leisure and income are normal goods.

If the substitution effect dominates, the worker increases hours worked—
from NL; to NL,.

Income Effect Dominates: Fewer Working Hours

When the income effect outweighs the substitution effect, higher wages
lead to fewer working hours. For instance, if the wage rises further to

w = $20, the worker increases leisure and reduces labor supply.

Income 4

» Leisure

Figure 14.8 Income effect dominates the substitution effect.

14.4.3 Backward-Bending Labor Supply Curve

From this analysis, we can generalize:

* Atlow wage levels, the substitution effect dominates, and labor sup-

ply slopes upward.

* Beyond a threshold wage w*, the income effect dominates, and labor

supply bends backward.
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These opposing forces produce the backward-bending labor supply

curve shown in Figure 14.9.
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Figure 14.9 The backward-bending labor supply curve.

14.4.4 Vertical Labor Supply Curve: A Special Case

In some cases, labor supply may be completely unresponsive to wage

changes—yielding a vertical labor supply curve.

Example 14.2 Suppose a utility functionis givenby U(L, I) = L*I?, where
a>0,5>0,and o + § = 1. The marginal rate of substitution (MRS) be-

tween leisure and income is:

oU/OL ol

At equilibrium, M RS;; = w, implying:

al BSwL
— = = I=—.
BL v «
Substituting into the budget constraint / + w/l = 168w yields:

L
Pwl oL — 168w = <5+1>L:168.
8] 8]
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Hence:
L* = 168a.

The optimal leisure (and thus labor H = 168 — L) is independent of the

wage w. Therefore, the labor supply curve is vertical.

WA
LS

Ld

\/

L*

Figure 14.10 A vertical labor supply curve.

The Market Labor Supply Curve

The market labor supply curve is obtained by horizontally summing the
individual labor supply curves of all workers in a given market. Its shape
depends on how individuals respond to changes in the wage rate—it may
slope upward, bend backward, or even become vertical at high wage lev-

els.

14.4.5 The General Level of Wage Rates

The overall level of wages in the economy is determined by the intersec-
tion of aggregate labor demand and labor supply. The aggregate labor
supply curve represents the total quantity of labor hours that individuals
are willing to supply at different wage levels.

The aggregate demand for labor reflects the marginal productivity of

labor in the economy. The equilibrium wage rate is established where
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aggregate labor demand intersects labor supply. If labor demand grows
faster than labor supply, wages tend to rise over time.

The most fundamental determinant of wage levels is labor produc-
tivity. Real wages are generally higher in developed economies because
workers there produce more output per hour—owing to better capital,

technology, and human capital.

WA

Labor

Figure 14.11 Equilibrium wage determination through labor demand and
supply.

14.4.6 Why Wages Differ

If all workers were identical and evaluated jobs solely on the basis of
wages, competitive pressures would equalize pay across jobs and indus-
tries. In reality, however, persistent wage differentials exist—even among
individuals working similar hours. For instance, engineers typically earn
more than clerks, though both work full-time. Such disparities are consis-
tent with labor market equilibrium once differences in job characteristics,
training, and abilities are considered.

Factors contributing to equilibrium wage differentials:

¢ Equalizing wage differentials: Jobs differ in working conditions,
safety, and nonmonetary benefits. Workers in undesirable jobs must

be compensated with higher wages, while others may accept lower
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pay for more pleasant or flexible work. The resulting compensation

difference is called an equalizing wage differential.

A A
S

Wel o_______>

>

Labor services Labor services
of clerks of engineers

Figure 14.12 Wage rate gap between engineers and clerks.

* Differences in human capital investment: Professions such as en-
gineering require years of education and training. Higher wages
compensate for these upfront costs, including forgone income dur-

ing schooling.

* Differences in ability: Even if training costs were identical, individ-
uals vary in aptitude and productivity. Natural ability and special-
ized skills—such as proficiency in mathematics or problem solving—

contribute to wage disparities.

14.5 Industry Determination of Input Prices and

Employment

14.5.1 Market Equilibrium for Labor Input

Just as in output markets, equilibrium in an input market is reached when
the quantity of input demanded equals the quantity supplied. Graphically,
this occurs at the intersection of the industry’s input demand and input

supply curves.
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Figure 14.13 Market equilibrium for labor input.

At equilibrium, each firm hires the quantity of labor for which the

marginal value product of labor equals the market wage rate:
MV Pp, = w.

Input Price Equalization Across Industries

A A
5o S S, S.

$40 |- _x

30| - - - k $30F — — - >
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DB
» <3
Industry A Industry B

Figure 14.14 Wage rate equalization across two industries.

When several industries compete for the same input, competitive forces
tend to equalize its price across markets.

If workers earn $40 per hour in Industry A but only $30 in Industry
B, workers will migrate toward the higher-paying industry. As labor sup-



280 CHAPTER 14. EMPLOYMENT AND PRICING OF INPUTS

ply increases in A and decreases in B, wage rates adjust until equilibrium

wages equalize.

14.5.2 Economic Rent

Rent refers to the payment made for the use of land, buildings, machinery,
or other durable resources.

Economic rent is defined as the portion of a payment to a factor of
production that exceeds the minimum amount necessary to keep it in its

current use. It represents a surplus or unearned return to the input owner.

Economic Rent with an Upward-Sloping Supply Curve

When an input’s supply curve is upward-sloping—such as the market for
college professors—only part of the total payment is required to attract the

resource. The remainder constitutes economic rent.

\ Ei

L g

6

Figure 14.15 Economic rent with an upward-sloping supply curve.

Individuals A, B, C, and D in Figure 14.15 each receive rent equal to the
shaded areas Ay, By, Cs, and D,, respectively. The less elastic the supply,

the larger the share of total payment that becomes economic rent.



14.6. FACTOR MARKETS WITH MONOPSONY POWER 281

Economic Rent with a Vertical Supply Curve

If the supply curve is perfectly inelastic, the quantity of the input is fixed
regardless of price. In this case, the entire payment constitutes economic rent,

since no payment is required to induce additional supply.

PA

’ Q Land

Figure 14.16 Economic rent under a vertical land supply curve.

This case is typical of land markets, where total land area is fixed. The
entire payment reflects the economic value of the land’s services, not the

cost of supplying it.

Economic Rent with a Horizontal Supply Curve

If the supply curve is perfectly elastic, any quantity of the input can be
supplied at the prevailing price. In this case, no economic rent is earned—all

payments simply cover the minimum price necessary to bring the supply.

14.6 Factor Markets with Monopsony Power

In some input markets, buyers possess monopsony power, allowing them
to influence the prices they pay for labor or other inputs. This situation
arises when a single firm is the only purchaser of a particular input or
when only a few firms dominate the market. A pure monopsony refers

to a single firm that is the exclusive buyer of a specific input, such as the
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primary employer in a small town or a large firm acquiring a specialized

raw material.

Price
(per unit

of input)
20
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Figure 14.17 Marginal and average expenditure under monopsony.

A monopsonist faces an upward-sloping market supply curve for in-
puts. Thus, to employ an additional unit of labor (or another input), the
firm must raise the wage rate not only for the marginal unit but for all u-
nits already employed. As a result, the marginal expenditure (ME)—the
additional cost of hiring one more unit—lies above the average expendi-
ture (the wage rate w):

ME > w.

The profit-maximizing condition for a firm with monopsony power is:
MV P, =ME (if the firm is competitive in the output market), (14.5)

MRP;, = ME (if the firm is a monopolist in the output market). (14.6)

In either case, the firm determines its optimal employment level at the
point where the marginal expenditure curve intersects its marginal rev-

enue (or value) product curve. The corresponding wage rate is then ob-
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tained from the market supply curve directly below this point.

Relative to a competitive input market, a monopsony leads to both
lower employment and a lower wage rate. This outcome is analogous
to monopoly behavior in output markets: just as a monopolist restricts
output to raise price, a monopsonist restricts employment to push wages
down. Whereas the monopolist faces a downward-sloping demand curve
for its output, the monopsonist faces an upward-sloping supply curve for

inputs and exploits this to its advantage.

In Figure 14.17, the monopsonist hires L* units of labor where M E
intersects M RP (or MV P). The resulting wage rate w* lies below the
competitive wage w,, thereby illustrating the welfare loss associated with

monopsony power.

14.7 Concluding Results on Input Market

This chapter examined how profit-maximizing employment and wage lev-

els are determined under various combinations of input and output mar-
ket structures. The corresponding profit-maximization conditions—presented
in equations (14.1)—(14.2) and (14.5)—(14.6)—are summarized below and il-
lustrated in Figure 14.18.

1. Perfectly Competitive Input and Output Markets: The firm hires
labor where MV P;, = w. Employment is L, and the wage rate is w;.

Both markets yield the socially optimal allocation.

2. Monopsony in the Input Market, Perfect Competition in the Out-
put Market: The firm hires labor where MV P, = M E > w. Employ-
ment decreases to L, < L, and the wage rate falls to wy, < w; due to

monopsony power.

3. Perfect Competition in the Input Market, Monopoly in the Output
Market: The firm hires labor where M RP;, = w. Employment de-
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clines to Ly < L;, and the wage rate decreases to ws < w; because

monopoly power reduces the marginal revenue.

4. Monopsony in the Input Market, Monopoly in the Output Market:
The firm hires labor where M RP;, = ME > w. Employment falls
turther to L, < L3, and the wage rate drops to w, < ws, reflecting the

compounded effects of market power on both sides of the market.
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Figure 14.18 Profit-maximizing employment under alternative market
structures.

In summary, the simultaneous presence of market power in both in-
put and output markets generates the lowest employment and wage out-
comes. By contrast, when both markets are perfectly competitive, resources

are allocated efficiently and total economic welfare is maximized.

Thank you for completing this course!

Your dedication to learning and perseverance throughout
this material are truly commendable.



