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Economics is common sense made difficult

To hide the fact that their discipline is no more than common
sense, economists have created a thicket of esoteric mumbo-jumbo.
—Mail & Guardian (Mar. 13, 1998)

Economic science is but the working of common sense aided by
appliances of organized analysis and general reasoning, which
facilitate the task of collecting, arranging, and drawing inferences
from particular facts.

—Alfred Marshall, Principles of Economics (1890)
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Antitrust and economics

The role of economics in antitrust

o In per se violations, no need to prove actual or likely anticompetitive effect
So only the role for economics is proof of damages
o In rule of reason violations, need to prove actual or likely anticompetitive effect
Economics is critical to predicting competitive effects
But very few rule of reason cases are investigated or litigated
Challenges are to practices that are already in place and can observe competitive effects
o But still need economics for assessing the “but for” world
o In monopolization or attempted monopolization cases, need to prove
anticompetitive exclusionary conduct
Some role for economics in identifying anticompetitive exclusionary conduct
But relatively few Section 2 cases are investigated or litigated
Challenges are to practices that are already in place and can observe competitive effects
o But still need economics for assessing the “but for” world
o In merger cases, need to prove actual or likely anticompetitive effect
Economics is essential (under current law)
Many mergers are investigated and challenged

With the HSR Act, almost all are investigated prior to closing when likely effects cannot
be observed and must be predicted

Economics provides the principal tool for predicting likely future competitive effects both
with and without the merger
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More on motivation

The purpose of merger antitrust law

o Section 7 of the Clayton Act prohibits mergers and acquisitions that “may be
substantially to lessen competition, or to tend to create a monopoly””

o In modern terms, a transaction may substantially lessen competition when it
threatens, with a reasonable probability, to create or facilitate the exercise of
market power to the harm of consumers

o Operationally, a transaction harms consumer when it result in—

Higher prices
Reduced market output Merger antitrust
Reduced product or service quality in the market as a whole, or analysis typically

: : : : focuses on price effects
Reduced rate of technological innovation or product improvement (see Unit 2)

in the market

compared to what would have been the case in the absence of the transaction (the “but for”
world) and without any offsetting consumer benefits

Consequently, a central focus in merger antitrust law is the effect a merger is likely to have on
the profit-maximizing incentives and ability of the merged firm to raise price in the wake of the
transaction. In the first instance, this requires us to know how a profit-maximizing firm
operates. The basic tools to enable us to do this analysis is the subject of this unit. These
same tools are also fundamental to an understanding of merger antitrust law defenses.

115U.S.C. § 18.
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Antitrust economics

Two starting points

1. The law of demand: Demand curves are downward sloping
2. Profit maximization: Firms act to maximize their profits

With these starting points, economics enables us to—

1. Analyze the incentives and abilities of a profit-maximizing firm given the demand
curve facing the firm (the residual demand curve)

Analyze how the firm’s residual demand curve might change with a merger

Predict how the merged firm might act differently postmerger from the two

merging firms premerger

Predict how other firms inside and outside the market may react to the merger
5. Predict the consumer welfare consequences of this change in behavior
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Profit maximization

To begin the analysis, we must understand how a
firm makes its choices of price, production level, and
other operating variables to maximize its profits
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Profit maximization

Consider a very simple problem:

o Avco makes widgets at a cost of $5 each
When Avco makes 5 widgets, it can sell out at a price of $15 per widget. Since Avco
makes $10 on each widget, Avco makes profits of $50

o Avco is thinking of increasing its production. It will do so only if this will increase

its profits

If Avco makes 6 widgets, it must drop its price to $14 to sell out. Since Avco makes $9 on
each widget, Avco would now make profits of $54. Avco should increase its production

o Should Avco increase its production even more?

If Avco makes 7 widgets, it must drop its price to $13 to sell out. Since Avco makes $8 on
each widget, Avco would now make profits of $56

If Avco makes 8 widgets, it must drop its price to $12 to sell out. Since Avco makes $7 on
each widget, Avco would now make profits of $56

If Avco makes 9 widgets, it must drop its price to $11 to sell out. Since Avco makes $6 on
each widget, Avco would now make profits of $54

If Avco makes 10 widgets, it must drop its price to $10 to sell out. Since Avco makes $5
on each widget, Avco would now make profits of $50

If Avco makes 11 widgets, it must drop its price to $9 to sell out. Since Avco makes $4 on
each widget, Avco would now make profits of $44

So Avco should increase its production to 7 (or 8) widgets in order to maximize its profits
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Profit maximization

= We can see this on a graph:

Quantity Price Revenues Cost Profits
5 15 75 25 50
6 14 84 30 54
7 13 91 35 56
8 12 96 40 56
9 11 99 45 54
10 10 100 50 50
11 9 99 55 44
12 8 96 60 36
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Profit maximization

Let’s look at this in another way that better illustrates the underlying economics

o If Avco were to increase its production from 5 units to 6 units and drop its price
from $15 to $14, two things would happen:
Avco would gain an additional sale, and
Avco would have to lower its price on all the units it would sell to clear the market

o These two effects would have two consequences for Avco’s profits:

On the one customer Avco gained, Avco would make an additional profit of $9
0 Additional sale of 1 unit times the profit margin of $9 (at a sales price of $14 and a unit cost of $5)

On its original sales of 5 units, Avco would have to lower its price by $1 and so reduce its
profits on those sales by $5 (since each unit still costs $5 to make)

o Original sale price of $15 minus the new sales price of $14 equals a $1 loss on each original sale

o Five original sales times $1 loss on each sale equals a $5 profit loss

o The change in Avco’s profits is then:
The gain in profits from the additional sales at the new price ($9)
Minus the loss in profits from lowering the price on the original sales ($5)
For a net profit gain of $4 (this is called the incremental profit)

Rule: Avco should increase its production
whenever the incremental profit gain is positive
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Profit maximization

Let’s look at this in another way that better illustrates the underlying economics

o Now if Avco were to increase its production from 10 units to 11 units and drop its
price from $10 to $9, the same two things would happen:
Avco would gain an additional sale
Avco would have to lower its price on all the units it would sell

o These two effects would have two consequences for Avco’s profits:

On the customer Avco gained, Avco would make an additional profit of $4

o Additional sale of 1 unit times the profit margin of $4 (at a sales price of $9 and a unit cost of $5)
equals $4 profit gain

On its original sale, it would have to lower the price by $1 and so reduce profits on those
sales by $10
o Original sale price of $10 minus the new sales price of $9 equals $1 loss on each original sale
o Ten original sales times $1 loss on each sale equals a $10 profit loss
o The change in Avco’s profits is then:
o The gain in profits from the additional sales at the new price ($4)
o Minus the loss in profits from lowering the price on the original sales ($10)
0 For a net profit loss of $6
o Indeed, running the same analysis on a decrease in production from 10 units to 9
units would show that Avco would increase its profits

Rule: Avco should decrease its production
whenever the incremental profit gain is negative
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Profit maximization

= Bottom line:

Avco maximizes its profit when its incremental profit is zero

This is important:
o Incremental profit is the profit earned on selling the next unit Incremental profit looks
to the next sale, not the
= We can see this on the chart: last sale
Incremental Profits
Quantity Price Revenues Cost  Profits Profit 60 "B
5 15 75 25 50 4 50 I °* !
6 14 84 30 54 2 o
7 13 91 35 56 0 w0 {
8 12 96 40 56 2 E 30
9 11 99 45 54 -4 -
10 10 100 50 50 -6
11 9 99 55 44 8 10
12 8 96 60 36 0
0 2 4 6 8 10 12 14

Production level
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Profit maximization

Some definitions

o Marginal sales: Sales that are lost with an increase of one unit in price
Marginal customers are the customers connected with marginal sales

o Inframarginal sales: Original sales that are retained when price increases
Inframarginal customers are the customers connected with inframarginal sales
o Marginal profit. The net profits a firm would make by increasing its production by
one unit
May be positive or negative
Incremental profits are the net profits a firm would make increasing its production by
some specified amount (which may be more than one unit)
o Marginal revenue: The net revenue a firm would earn by increasing its production
by one unit
May be positive or negative
Incremental revenue are the net revenues a firm would earn increasing its production by
some specified amount (which may be more than one unit)
o Marginal cost. The net cost to the firm of increasing its production by one unit
Always positive
Incremental costs are the costs a firm would incur by increasing its production by some
specified amount (which may be more than one unit)
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Profit maximization

Some important relationships
1. At a profit maximum, marginal profits are zero

2. Marginal profit is equal to marginal cost minus marginal revenue
3. Therefore, to maximize profits, a firm operates
SO as to set its marginal revenue equal to its marginal cost
4. For a linear inverse demand curve of the form p = a + bq,
the marginal revenue curve is mr =a + 2bq
The parameter b will always be negative (since the demand curve is downward sloping)
5. Marginal revenue can be decomposed into two parts:
The gross gain in profits from the sale of an additional unit at the new price, and

The gross loss in the profit margin from the sale of the inframarginal units at the new
lower price
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What you should be able to do after Part 1

For a firm—
o Facing a downward sloping residual (inverse) demand curve p = a + bg
o With fixed costs f and constant marginal costs ¢

Determine and graph the profit-maximizing levels of—

o Output g* o
_ put g “*” (star) indicates that “A” (delta) indicates the
o Price p* the variable is at its change in the variable
profit-maximizing level (read this term as “delta q”)

o Profits z*

Determine and graph the net incremental revenue for a firm increasing

output by some amount(Aq, including—

o The gross gain in revenues from the increase in output, and

o The gross loss in revenues from the reduction of price for sales at the original
price

Derive and graph an inverse demand curve given a demand curve

Professor Dale Collins AppliedAntitrust.com

Merger Antitrust Law 15
Georgetown University Law Center



http://www.appliedantitrust.com/

1. Profit Maximization
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An observation by Dave Berry

Later on, Newton also invented calculus, which is defined as “the branch of
mathematics that is so scary it causes everybody to stop studying
mathematics.” That's the whole point of calculus. At colleges and universities,
on the first day of calculus, professors go to the board and write huge,
incomprehensible “equations” that they make up right on the spot, knowing
that this will cause all the students to drop the course and never return to the
mathematics building. This frees the professors to spend the rest of the
semester playing cards and regaling one another with stories about the
“mathematical symbols” they've invented over the years. (“Remember the
time Professor Hinkwattle drew a ‘cosine derivative’ that was actually a
picture of a squid?” “Yes! Students were diving out the windows! From the
fourth floor!”)?

' Dave Berry, Up in the Air on the Question of Gravity, Baltimore Sun, Mar. 16, 1997, at 3J.

AppliedAntitrust.com
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Proftits

When the firm produces output q, its profits z(q) are equal to its revenues r(q)

Price

Professor

P2

minus its total costs #(q):

7(q)=r(qa)-t(q)

Revenues r(q) are equal to price p times output qg:

r(q)=prq

We write z(q) rather than just = to
remind us that profit is a function
of the quantity the firm sells

Revenues can be shown as a rectangle in a price-quantity chart:

Price

L =pa,

Price

Ps

a,

Dale Collins

Merger Antitrust Law
Georgetown University Law Center

Quantity q, Quantity

d; Quantity
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Proftits

4. When the firm faces a linear downward-sloping residual (inverse) demand
curve p = a +(bg:

r(q)=rq
The parameter b will be negative .
since the inverse demand curve is - (a + bq) q
downward sloping —ag+ qu

o The graph of the firm’s revenues as a function of q is a parabola:

Revenue Curve
where p=10-1/2 q

Revenue ©°
50
40
30
Revenues r(q) = 10q -1/2 ¢?
20
10
0 .
01234567 8 91011121314151617 18 1920 Quantity
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Proftits

At output g, total costs #(q) are equal to fixed costs f plus variable costs v(q):

Note that fixed costs f
t(q):f+v(q) are NOT a function of
production quantity q

o With constant marginal costs c¢, variable costs v(q) are equal to marginal cost ¢
times output q:

v(q)=cq

o Then total costs {(q) may be expressed as:

t(q)=f+v(q) generally

=f+cq in the case of constant variable costs

Professor Dale Collins AppliedAntitrust.com
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Profits
6. Now we can express total profits z(q) as:

7(p)=r(q)-t(q)
=(a+bq)q—|f +cq]
Since this is a second-order

= [aq n qu] _ [f + Cq]% polynomial, its graph is a

. arabola
o Graphically: P
Profits
60.0
where $
— 1 40.0
?_ 010 72 q 20.0 Revenues r(q) = 10q -1/2 ¢?
C= 4 0.0
-20.0
Total costs #(q) = 4q
-40.0
-60.0
-80.0 Profits z(q) = [10q -1/2 ¢?] - [4q]
-100.0
0 2 4 6 8 10 12 14 16 18 20
Quantity
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Profit maximization

The slope at the top of the profit “hill” is zero (a horizontal line):
Profit curve

20.0

where 150 woremt
p=10_1/2q 10.0
f=0 =0
C=4 0.0

-5.0

-10.0

-15.0

0123 456 7 8 910111213

-20.0

o Definition

The slope of a line is the change in the y-values (Ay) divided by the change in the
x-values (Ax):

AYZY2_Y1

Slope =
AX X, — X,

The slope of a curve at a point is the slope of the tangent line at that point (as shown
above)
o For calculus geeks: The slope of a curve at a point is the derivative of the function at that point

Professor Dale Collins AppliedAntitrust.com
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Profit maximization

The slope at the top of the profit “hill” is zero (a horizontal line):
Profit curve

20.0
Slope =0

where 10
p=10-"%q 10.0 :
f=0 >0 |
C = 4 0.0 E
-5.0 !
-10.0 E
-15.0 i
Solve the problem: A 123 4 ;3 7 8 910111213
o From the chart, we see that the profit-maximizing output g*is 6
o From the inverse demand curve, we can calculate p* = p(6) = 10 — (1/2)(6) = 7
5 rt=1(6) = p*q*=(7)(6) = 42
o =0 (from the hypothetical)
o v*=v(6)=cqg*=(4)(6) =24
o t*=Hg")=Ff+v(q*)=0 +24=24
o w*=n(Q)=r*-t"=42-24=18
Professor Dale Collins AppliedAntitrust.com
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Profit maximization

Marginal analysis—Some definitions

o The slope of the revenue curve at an output q is called the marginal revenue mr(q)
Think of marginal revenue as the revenue the firm would earn if it produced one additional unit

You can also think of the marginal revenue as the rate of change in revenue for an increase
in output

If (q) = aq + bg? (the revenue function for a linear inverse demand curve), then:

In the continuous case—think of this as the instantaneous

mr(q)=a+2bq )
rate of change of revenue with respect to output

o The slope of the total cost curve at an output q is called the marginal cost mc(q)
Think of marginal cost as the cost the firm would earn if it produced one additional unit
If {(q) = f+ cq (total costs with constant marginal costs), then:

mc(q) =c

o The slope of the profit curve at an output q is called the marginal profit mm(q)
Think of marginal profit as the profit the firm would earn if it produced one additional unit
Marginal profit is marginal revenue minus marginal cost:

mz(q)=mr(q)—mc(q)

For calculus geeks: The marginal function is the derivative of the primary function. So, for example, the marginal
revenue function is the derivative of the revenue function.

Professor Dale Collins AppliedAntitrust.com
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. . . OPTIONAL but well worthwhile. You should not be satisfied to
PI‘O ﬁt malelzatlon be told the formula for the marginal revenue curve. You
should want to understand its derivation from the definition of
marginal revenue. This provides that explanation.
Marginal analysis—Deriving the marginal revenue function (continuous case)
o If n(q) = ag + bg? (the revenue function for a linear inverse demand curve), then:
mr(q)=a+2bq

in the continuous case (that is, when one unit is infinitesimally small compared to
firm output q)

0 Proof. Let g be the firm’s output. Then marginal revenue is technically defined as:

)= r(g+Aq)-r(q)
Aq

Substituting the inverse demand function for r and simplifying:
_a(q +Aq)+b(q+ Aq)ZJ - [aq + bq2]
Agq

mr(q , Where Aq =1

mr(q)-

:(aq + aAq) +(bq2 +2bgAq + bqu) _|:aq +bq2:|:|

Aq
_aAq +2bgAq + bAG®
Aq
But if Aq is very small compared to g, it may be ignored.
=a+2bq+bAq So mr(q) = a + 2bq in the continuous case. Q.E.D.

AppliedAntitrust.com
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Profit maximization

First order condition (FOC)

o From Slide 22, we know that profits are maximized at the top of the profit “hill,”
which is where the slope of the profit curve is zero

o From Slide 24, we know that the slope of the profit curve at an output q is the
marginal profit mz(q) evaluated at output g

o From Slide 24, we also know that the marginal profit mz(q) is equal to the
marginal revenue mr(q) minus the marginal cost mc(q), all evaluated at output q,
that is:

mz(q)=mr(q)-mc(q)

o The first order condition for a profit-maximizing level of output g* is that the
marginal profit at g* equals zero, that is:

mz(q*)=mr(q*)-mc(q*)=0

or equivalently: mr(q*)=mc(q*)

A profit-maximizing firm sets its production level q so
that its marginal revenue is equal to its marginal cost

Professor Dale Collins AppliedAntitrust.com
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Profit maximization

First order condition—Example

Profit curve
20.0 Slope = 0 (that is, where mm = 0,
where 15.0 which implies mr(q*) = mc(q™))
p — 10 _ % q 10.0
f — O 5.0
c=4 00

-5.0

-10.0

-15.0

-20.0

012 3 45

7 8 9 10111213

Key concept. Think of the slope as the instantaneous rate of change of profits
with respect to output
o If the slope is positive (m7r > 0), then profits are increasing with increases in output

o If the slope is negative (mmr < 0), then profits are decreasing with increases in output

o If the slope is zero (mmr = 0), then a change in output in either direction will decrease
profits (i.e., the firm is at a profit maximum)
Professor Dale Collins AppliedAntitrust.com
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Profit maximization

First order condition—Example

Profit curve
20.0 7 Slope = 0 (that is, where mmr = 0,
where 15.0 which implies mr(q*) = mc(q™))
p — 10 _ % q 10.0
f=0 >0
c=4 0.0
-5.0
-10.0
-15.0
-20.0
012 3 456 7 8 9 10111213
1. rq)=p(q)g=(10-"2q)qg =10q -2 ¢°
2. mr(q)=10-q (from the formula on Slide 14)
3. mc(q)=4 (from the hypothetical)
4,

FOC: mr(q*) = mc(q)
So 10-q9*=4 orq*=6 (as shown in the diagram)

5 p*=p(@)=10-"%q"
=10-(’2)(6) =7 (from the inverse demand curve)

Professor Dale Collins AppliedAntitrust.com
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Profit maximization

®m Marginal revenue/marginal cost diagrams
= Will build this step-by-step in five steps
——=> a. Consider an (inverse) demand curve: p=10-'%q

MR/MC Diagram

Price 12.0
10.0

8.0

6.0

4.0

2.0

0.0

Demand curve: p=10-"%2q

0123 456 7 8 9 1011 12 13 14 15 16 17 18 19 20
Quantity
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‘ Profit maximization

®m Marginal revenue/marginal cost diagrams
= Will build this step-by-step
a. Consider an (inverse) demand curve: p=10-'%q
——> b. Add the marginal revenue curve: p =10 - q

MR/MC Diagram

Price 15.0

10.0

Note: With linear demand,
the marginal revenue curve 5.0
falls twice as fast as the
inverse demand curve

0.0 M S S S R R\I e y Demandcurve:p=‘|0_1/2q
1 |
10 10 20
-5.0
-10.0 Marginal revenue curve: p =10 - q
-15.0
012 3 456 7 8 91011121314151617 1819 20
Quantity
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Profit maximization

Marginal revenue/marginal cost diagrams
Will build this step-by-step
a. Consider an (inverse) demand curve: p=10-'%q
b. Add the marginal revenue curve: p =10 - q
c. Add the marginal cost curve: ¢ = 4 (constant marginal cost)

Price 15.0

10.0

5.0

0.0

-5.0

-10.0

-15.0

Professor Dale Collins
Merger Antitrust Law
Georgetown University Law Center

MR/MC Diagram

012345678 91011121314151617181920
Quantity

mc=4

Demand curve: p=10-"'2¢q

Marginal revenue curve: p =10 - g

AppliedAntitrust.com
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Profit maximization

Marginal revenue/marginal cost diagrams
Will build this step-by-step

a. Consider an (inverse) demand curve: p=10-'%q
b. Add the marginal revenue curve: p =10 - q
c. Add the marginal cost curve: ¢ = 4 (constant marginal cost)
d. Find intersection of mr and mc curves to determine profit-maximizing g* (= 6)
MR/MC Diagram
Price 15.0
10.0
5.0 mc=4
0.0 Demand curve: p=10-"'2¢q
5.0 i \
: g*=6
-10.0 ! / Marginal revenue curve: p =10 - g
-15.0 :
012345678 91011121314151617181920
Quantity
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Profit maximization

Marginal revenue/marginal cost diagrams
Will build this step-by-step

a. Consider an (inverse) demand curve: p=10-'%q
b. Add the marginal revenue curve: p =10 - q
c. Add the marginal cost curve: ¢ = 4 (constant marginal cost)
d. Find intersection of mr and mc curves to determine profit-maximizing g* (= 6)
e. Find p*=p(q*) from the inverse demand curve (p*=7)
MR/MC Diagram
Price 15.0
10.0
* = =7 _
p =p6) =7 mc = 4
Demand curve: p=10-"'2¢q
0.0 ;
5.0 :
-10.0 : Marginal revenue curve: p =10 - g
-15.0 .
0O 2 4 6 8 10 12 14 16 18 20
Quantity
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2. Incremental Revenue and Profits

Professor Dale Collins AppliedAntitrust.com
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Incremental revenue

Introduction

o Incremental revenue is the net gain in revenue that a firm could earn if it were to

increase its product by some discrete amount Ag

o Incremental revenue is important when determining whether a firm should change

its output level to increase its profits
o Incremental revenue can be positive or negative

Moving from q, to q, increases revenue (incremental revenue is positive)
Moving form q, to q; decreases revenue (incremental revenue is negative)

Price Price

p]_ ---E

L =P,

Price

Ps

a,

Professor Dale Collins
Merger Antitrust Law
Georgetown University Law Center
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Incremental revenue

Think about incremental revenue in two parts:
1. The gain in revenue due to the sale of the additional units at the lower market-
clearing price

Since there are more units to sell and demand is downward-sloping, the price will drop to
clear the market

The gain in revenue on the additional sales is equal to Aq(p — Ap), where—
o Agq is the additional quantity to be sold
o Apis the market price decrease necessary to clear the market with the sale of the additional units

2. Minus the loss of revenue on prior units sold due to the decrease in the market-
clearing price

This loss of margin is the prior quantity p times the required price decrease, or [qAp]

So

IR=Aq(p-Ap)—qAp

This is the formula for marginal revenue in the discrete case when Aq = 1

Professor Dale Collins AppliedAntitrust.com
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Incremental revenue

= Graphically

Price

To find incremental revenue IR
when moving from g, to q,, add
Area A and subtract Area B

p
a0 (<0){ |

Po [

Quantit
— y
Ag (> 0)
Area A =Aq(p, — Ap) is the gain in revenue from the additional sales Aq at the lower price p,= p,; — Ap
Area B = q,Ap; is the loss in revenue due to the sales of g, at the lower price p,
AreaA — AreaB
So A —

IR =Aq(p—Ap)-qAp

Professor Dale Collins AppliedAntitrust.com
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Incremental revenue

= Example
2 (Inverse) demand: p=10 - % q You need to calculate these variables:
o Starting point: g, = 4 Sop,=8 Ag=q,—q,=8-4=4
o End point: g, = 8 Sop, =6 Ap=p,—p;=6-8=-2
Incremental Revenue Analysis
12.0

10.0 Incremental revenue = Area A — Area B

Area A = p,Aq = (6)(4) = 24
Area B = q,Ap = (4)(-2) = -8
So0/IR=32-8=16

Py 8.0
Ap=-2 ¢
P2 60

-

¥ N\ That is, the firm makes $16
N more in revenues by moving
+ | \ from g, to g,

0.0
0123456 7 8 91011121314 1516 17 18 19 20
g > Qs
Ag=4

AppliedAntitrust.com
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Incremental profit

We can easily extend the analysis of incremental revenues to incremental
profits—We just have to:

o Add the costs of additional production if we are adding to output (Aqg > 0), or
o Subtract the costs if we are reducing output (Ag < 0)

Example: Adding production

To find incremental profits /17

when moving from q, to q,, add Loss of profits due to original sales at
Area A and subtract Area B Demand the lower price (Area B = q,Ap)

Gain of profits due to incremental
sales at the lower price
(Area A = (p, — c)Ag = m, Aq)

Ap (< 0) 7

Cost of producing additional output
(Area C = cAq)

N

Margin m, = p, - mc+

Marginal cost

g1 Q9

Quantity
Ag (> 0)

Professor Dale Collins AppliedAntitrust.com
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Incremental profit

Example: Output increase

o (Inverse) demand: p=10-72q

o Starting point: g, = 2
o Endpoint: g, =6
a

Sop;=9
Sop,=7

Constant marginal cost ¢ =4

12.0

10.0

P4
Ap =-2 8.0
P2
6.0
m;=p,—cC
=7-4=3

4.0

2.0

0.0

Professor Dale Collins
Merger Antitrust Law
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You need to calculate these variables:

Ag=Q;-q,=6-2=4

Ap=py—py=7-9=-2

Margin m, = p, — ¢
=7-4=3

Incremental profits = Area A— Area B
Area A=m,Aq = (3)(4) =12

AreaB =q,Ap=(2)(-2) =4
Solr=12-4=8

That is, the firm makes $8
more in profits by moving from

q, to g,

AppliedAntitrust.com
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Incremental profit

Example: Price increase (decreasing production)

2 (Inverse) demand: p = 10 — % q You need to calculate these variables:
o Starting point: p,; =5 20‘7: ﬁg—Zp A 05 _10=.05
oty = 04:= d=0,—q1=9.0—-10=-U.
2 End point: p, _5'25 Soq,=9.5 Ap=p,—p,=525-5=0.25
o Constant marginal costc =4
With an increase price and a concomitant
reduction in output, the roles of Areas A and
o B are reversed:
;: Area A now represents the loss of profits
' from lost sales that would have been
o0 made at original price p, (= m;Aq)
55
Ap = 0.25 gfzg?(f Area B represents the gain of profits from
e 6 i the increased price charged on the sales
" §1_4 _ 1 4:0 that continue to be made (= q,Ap)
ZZ L Incremental profits = Area B — Area A
6 7 8 9 10 11 12 13 14 Area B = q2Ap = (9.5)(0.25) = 2.375
92 4 Area A= m1Aq = (1)(-0.5) =-0.5
Ag=-05 So incremental profits = 2.375-0.5=1.875
Professor Dale Collins AppliedAntitrust.com
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Incremental profit

Observations

o The prior example shows that under the conditions of the hypothetical, a 5 percent
price increase would be profitable to the firm

This is mathematically identical to the exercise required by the hypothetical monopolist
test, which is the primary analytical tool used by the agencies and the courts to define
relevant markets. The hypothetical monopolist test asks whether a hypothetical
monopolist of the candidate market could profitably sustain a “small but significant and
nontransitory increase in price” (SSNIP), usually taken to be 5 percent. If so, the
candidate market is a relevant market. In the prior example, if we assume that the
demand curve is for the candidate market as a whole, this will be the residual demand
curve for the hypothetical monopolist. If the original market price was $5 (as in the
hypothetical), the hypothetical monopolist would find it profitable to reduce output in
order to raise price by a 5 percent SSNIP.

We will confront the hypothetical monopolist test in almost every case study going
forward, starting with the H&R Block/TaxAct case study next week. You will have plenty
of opportunities to become familiar with the mechanics of the hypothetical monopolist

test.
Professor Dale Collins AppliedAntitrust.com
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Appendix 1: Inverting Demand
and Inverse Demand Functions
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Inverting demand and mverse demand functions

Motivation

o You will be given either the demand function or the inverse demand function in a
problem. But you may need to derive the other function in order to solve the
problem.

o Example
In the price increase problem on Slide 41, you were given the inverse demand function:

1
p 2q

But the problem gave you p, and p, and required you to calculate q, and q,. To do this,
you need to convert the inverse demand function into the demand function, so that you
could use the prices to calculate the associated quantities

To create the demand function, you need to algebraically manipulate the inverse demand
equation to isolate g on the left-hand side, so that quantities (which you need) are
expressed in terms of prices (which the problem gives you)

Professor Dale Collins AppliedAntitrust.com
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Inverting demand and mverse demand functions

Mechanics
o An equality is maintained if you perform the same operation to both sides of the

equation
o Here are the steps to convert the above inverse demand function to a demand

function:

Add Y% g to both sides: P+1q:10—1Q+1q
2 2 2
=10

1
Subtract p from both sides:  P+5d—p = 10-p

Simply: Eq:10—p
: : . 1 _ _ This is the demand curve
Multiply both sides by 2: (2)(§qj =(2)(10-p) that you would need for the
price increase incremental
Simply: q=20-2p revenue problem

o The same technique can be used to convert a demand curve into an inverse
demand curve

Professor Dale Collins AppliedAntitrust.com
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‘ Inverting demand and mverse demand functions

- Or use an algebraic Calculator: ”Mathpapa ALGEERA CALCULATOR PRACTICE LESS
Algebra Calculator

What do you want to calculate?

1 ) CALCULATE IT!

Solve for Variable

————— Solve for: [q_v|

We want q on the right-hand
side, so solve for q

Let's solve for q.

p=10— éq

Step 1: Flip the equation.
—q+10=p

Step 2: Add -10 to both sides.
~q+10+-10=p+—10

-1 _ o
S 4a=p 10
Step 3: Divide both sides by (-1)/2.
_Ti — p—10
g=—-2p+20
Answer: which is the same as the 20 - 2p
q=—2p+20 we derived on the previous slide
Professor Dale Collins AppliedAntitrust.com
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Unit 7. Competition Economics
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Topics

Substitutes, complements, and elasticities

Markets and market equilibria

o Perfectly competitive markets

o Perfectly monopolized markets

o Imperfectly competitive markets
Cournot oligopoly models

Bertrand oligopoly models
Dominant firm with a competitive fringe

Professor Dale Collins AppliedAntitrust.com
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Substitutes, Complements, Elasticities,
and Diversion Ratios
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Substitutes/Complements

Substitutes

o Definition: Two products or services are substitutes if, when consumer demand
increases for one product, it will decrease for the other product

Symbolically:
Because Ag, and Ag, move in opposite
qu <0 directions, they will have different signs
Aq (i.e., one will be positive and the other
o Examples ! will be negative)

Coke and Pepsi

iPhone and Galaxy S series mobile phones
Nike and Adidas shoes

Hertz and Avis rental cars

o Horizontal mergers involve combinations of firms that offer substitute products

AppliedAntitrust.com
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Substitutes/Complements

= Substitutes
o Substitutes and prices

= If products 1 and 2 are substitutes, then as the price of 1 increases, the demand for 2

increases:

A negative number times a negative
number is a positive number

(+) 62

() )
Ag, Aq, _ Aq, >0
Aq, Ap;  Ap,

Slope of the demand curve for product 1

(< 0 since downward sloping)

Professor Dale Collins
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Substitutes/Complements

Complements

o Definition: Two products are complements if, when consumer demand increases
for one product, consumer demand also will increase for the other product

o Symbolically:

% >0
AQ,
o Examples

Vertical mergers involve complements

0 Television LCD screens and TV sets

o  Carengines and cars

o  Cable TV programming and cable TV distribution (AT&T/Time Warner)
o Drug manufacture and drug distribution

But some conglomerate mergers can also involve complements
o Printers and ink cartridges

o Razors and razor blades

o  Computers and computer software

Professor Dale Collins AppliedAntitrust.com
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Substitutes/Complements

= Complements

o Complements and prices
= If products 1 and 2 are complements, then as the price of 1 increases, the demand for 2

decreases
A positive number times a negative
number is a negative number
A(+) X) A(-) 62
9 AG _Aq, _,
Ag, Ap,  Ap,
- Slope of the demand curve for product 1
(< 0 since downward sloping)
Professor Dale Collins AppliedAntitrust.com
Merger Antitrust Law 53

Georgetown University Law Center


http://www.appliedantitrust.com/

Elasticities

Own-elasticity of demand

o Definition: The percentage change in the quantity demanded divided by the
percentage change in the price of that same product

The Greek letter epsilon (¢) %AqQ;  Percentage change g;in the quantity of product / demanded
is the usual symbol in E = _ , .
economics for elasticity %Apl, Percentage change p; in the price of product i

This is sometimes called elasticity of demand or price elasticity of demand

Own-elasticities are always negative in sign since changes in prices and quantities move in
opposite directions along a downward-sloping demand curve

o Examples:
If price increases by 5% and demand decreases by 10%, then the own-elasticity is -2
(=-10%/5%)
If price increases by 3% and demand deceases by 1%, then the own-elasticity is -1/3
(= -1%/3%)

Technically, these are arc elasticities because they give percentage changes for discrete
changes in prices and quantities

Professor Dale Collins AppliedAntitrust.com
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Elasticities

Own-elasticity of demand: Some numerical estimates

Source: Preston McAfee & Tracy R. Lewis, Introduction to Economic Analysis ch. 3.1 (2009)

Professor Dale Collins
Merger Antitrust Law
Georgetown University Law Center

Salt 0.1 | Movies 0.9
Matches 0.1 | Shellfish, consumed at home 0.9
Toothpicks 0.1 | Tires, short-run 0.9
Airline travel, short-run 0.1 | Oysters, consumed at home 1.1
Residential natural gas, short-run | 0.1 | Private education 1.1
Gasoline, short-run 0.2 | Housing, owner occupied, long-run | 1.2
Automobiles, long-run 0.2 | Tires, long-run 1.2
Coffee 0.25 | Radio and television receivers 1.2
Legal services, short-run 0.4 | Automobiles, short-run 1.2-1.5
Tobacco products, short-run 0.45 | Restaurant meals 23
Residential natural gas, long-run [ 0.5 | Airline travel, long-run 2.4
Fish (cod) consumed at home 0.5 | Fresh green peas 2.8
Physician services 0.6 | Foreign travel, long-run 4.0
Taxi, short-run 0.6 | Chevrolet automobiles 4.0
Gasoline, long-run 0.7 | Fresh tomatoes 4.6

AppliedAntitrust.com
55



http://www.appliedantitrust.com/
https://saylordotorg.github.io/text_introduction-to-economic-analysis/s04-01-elasticity.html

Elasticities

Own-elasticity of demand

o Relationship to the slope of the residual demand curve:
Aq Slope of the demand curve

%A, _ G, _[Aq)\p,
YoAp; B % | Ap;/q; ,

P;
that is, the own-elasticity at a point on the firm’s residual demand curve is equal
to the slope of the residual demand curve at that point times the ratio of price to
quantity at that point

&;

o Mathematical note (optional)
In calculus terms:

_do, p,
dp, g

This deals with the continuous case

Professor Dale Collins AppliedAntitrust.com
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Elasticities

Some important definitions
Inelastic demand: Not very price sensitive

¢]=

Unit elasticity:

| =

%change in quantity

%change in price

%change in quantity

%change in price

Elastic demand: Price sensitive

o : :
‘g‘: Yochange in quantity .

%change in price

<1

1

For intuition only
(NOT technically correct,
but it is usually the
intuition that is important)

Inelastic demand

p
Little sensitivity
to changes in
price
q
Elastic demand
P More sensitivity

to changes in
—_  price

Note: |x| is the absolute value of x, which is the magnitude of x without the sign. So |3| = |-3| = 3.

Professor Dale Collins
Merger Antitrust Law
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e e, AQ. D.
Elasticities Rememper &= &
Elasticity of demand and the slope of the demand curve

Even when the demand curve is linear (so that the slope is constant), elasticity varies along
the demand curve because the ratio of p; to q; changes along the curve

Inverse demand curve: Elastic demand Inelastic demand
p=20-2q

$ 60

Total

p qg Slope plq £ revenue 50
1 18 -2 00556 -0.1111 18 Inelastic 40 Revenue curve
2 16 -2 0.1250 -0.2500 32 demand 20
3 14 -2 0.2143 -0.4286 42 le| < 1 s
4 12 -2 0.3333 -0.6667 48 Unit elasticity VIR curve
5 10 -2 0.5000 -1.0000 50 €] = 1 10 \
6 8 -2 0.7500 -1.5000 48 0
7 6 -2 11667 -2.3333 42 Elastic 2 4 6 8 10 12 & 18
8 4 -2 20000 -4.0000 32 demand Quantity
9 2 -2 4.5000 -9.0000 18 e[ > 1

Increasing elasticity

General rules:
Elasticity decreases as quantity increases and prices decreases — lower p/q ratios
Elasticity increases as quantity decrease and prices increase — higher p/q ratios

Professor Dale Collins AppliedAntitrust.com
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Elasticities

Predicting quantity changes for a given price increase
o An approximation

We can approximate a percentage quantity change %Aq for a given percentage price
change %Ap by multiplying the own-elasticity & by the percentage price change:
%A
£=— q = %Aq ~ %Ap
%Ap

o The relationship is not exact since the elasticity can change over the discrete range of the price
change (as it does on a linear demand function)

o For linear demand curves, an exact relationship exists for a price change Ap :

Agq
9 _Ap_ o 9y —
Ap AP q p These relationships
p can be important when
determining a quantity
Or, if you know the slope b of the demand curve change gssqmated ,
with a price increase in
AQ the hypothetical
b=—= Aq=bAp monopolist test for
Ap market definition
Professor Dale Collins AppliedAntitrust.com
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Elasticities

The Lerner condition for profit-maximizing firms

o Proposition: When a firm i maximizes its profits, at the profit-maximum levels of
price and output the firm’s own elasticity ¢;is equal to 1/m;:

where m is the gross margin: i

Proof (optional): The firm’s first order condition for a profit-maximum:

Marginal revenue = Marginal cost

. dp
Mathematically p; + d_qqi =C;
. —C, dp q.
Rearranging and dividing by p: P L=— Pa;
p dq p,
1 1
m, =—:, SO |g|=— Q.E.D.
a m;
Professor Dale Collins AppliedAntitrust.com
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Cross-elasticities

Cross-elasticity of demand

o Definition: The percentage change in the quantity demanded for product j divided
by the percentage change in the price of product J.

%Aq,. Percentage change q;in the quantity of product i demanded

E.
! %Apj Percentage change p; in the price of product

With a little algebra (as before):

. = Aqi p_/ Positive for substitutes
AP, q. Negative for complements
o Mathematical note (optional)
In calculus terms:
N
i =
dp; q,
Professor Dale Collins AppliedAntitrust.com
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This is why antitrust

Cross-elasticities

Cross-elasticities—More definitions

o High cross-elasticity of demand.
A small change in the price of product i/ will cause a large change of demand to product j

3 As a result, product j brings a lot of competitive pressure on product i
o =
o x=
22 Make sure you understand why!
©
50 T
= 2 Think of it this way:
Z 8 o In atwo-firm market, a high cross-elasticity implies a large number of marginal customers who will
05 abandon product i when its price increases and will divert to product j
c_% % 0 It also means a correspondingly smaller number of inframarginal customers who will stay with
product j in the wake of a price increase
o Low cross-elasticity of demand.
A large change in the price of product i will cause only a small change of demand to
product j
As a result, product j brings little competitive pressure on product /
Make sure you understand why!
Professor Dale Collins AppliedAntitrust.com
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An important relationship

Relationship of own-elasticities to cross-elasticities

o Intuitively, the higher the cross-elasticities of product A with the other products,
the more elastic is product A’s own-elasticity

o Consequently, if a merger has the effect of decreasing the cross-elasticities of
product A (say an overlap product of one of the merging firms) with one or more
substitute products, then product A’s own-elasticity also decreases

o Key result. All other things being equal, decreasing the cross-elasticity of demand
of substitute products shifts the intersection of the marginal revenue curve and
the marginal cost curve to the left, leading the firm to decrease output and
increase prices

Let’s look at the next three graphs to see why

Professor Dale Collins AppliedAntitrust.com
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An important relationship

Relationship of own-elasticities to cross-elasticities
o Premerger profit-maximizing price-quantity equilibrium for the acquiring firm

Price

P1

mc

Demand,

Quantity

Professor Dale Collins AppliedAntitrust.com
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An important relationship

Relationship of own-elasticities to cross-elasticities

o Postmerger, the acquiring firm increases the acquired firm’s price, making the
acquired firm’s substitute product less attractive and so decreasing the cross-
elasticity of demand with the acquiring firm’s product

The acquiring firm’s residual demand curve then becomes more inelastic (steeper) around
the premerger equilibrium point (q4, p;)

Price

Demand,

P

mc

Demand,

Quantity
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An important relationship

Relationship of own-elasticities to cross-elasticities

o Postmerger, the marginal revenue curve also becomes steeper, moving the
postmerger equilibrium to a higher price and lower quantity (q,, p,)

Price

P

Professor Dale Collins
Merger Antitrust Law
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Pa

Demand,

mc

Demand,

d2 g4 Quantity
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An important relationship

Relationship of own-elasticities to cross-elasticities—

Equivalent statements:

Reducing the attractiveness of substitutes

Reducing the cross-elasticities of residual demand of substitute products
Making the residual demand curve more inelastic

Making the residual demand curve steeper

Reducing the residual own-elasticity of demand

0O 0 0 O O
Around the premerger
price-quantity equilibrium

All result in higher prices and lower quantities

o NB: At this point in the analysis, these relationships are only directional
They tell us the direction equilibrium price and quantity move
But so far, they do not tell us the magnitude of the changes

So we cannot yet determine whether the change in the cross-elasticities yields a
substantial lessening of competition

Professor Dale Collins AppliedAntitrust.com
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An important relationship

Relationship of own-elasticities to cross-elasticities
o Technically:

1 :
_ €4 > 0 if the other products

31 — are substitutes for product 1
|=

where &4 is the own-elasticity of product 1 and &, is the cross-elasticity of substitute product i
with respect to the price of product 1 (evaluated at current prices and quantities)

o Two important takeaways
As the cross-elasticities on the right-hand side decrease, the demand for product 1
becomes more inelastic (|¢| becomes smaller)
o This allows Firm 1 to exercise market power and charge higher prices

Competitors with larger market shares have more influence in constraining the price of

Firm 1 for any given cross-elasticity (i.e., the cross-elasticities in the formula are weighted
by market share)

You do not have to know the formula, but you should know the takeaways
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Diversion ratios

Definition: Diversion ratio (D)

Units captured by Firm 2 as a result of Firm 1's price increase _
Total units lost by Firm 1 as a result of Firm 1's price increase

AqQ,

D
b Aq,

NB: By convention, diversion ratios are positive. Since Aq,/Ap, is negative (the demand
curve is downward sloping), we need to look at the absolute value of the fraction

Example
o Firm 1 increases its price by 5% and loses a total of 20 units to substitute
products

o When Firm 1 increases its price, Firm 2—which maintains its original price—gains
5 units of additional sales

o So:

=0.25=25%

AppliedAntitrust.com
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Diversion ratios

Thinking about diversion ratios
o Think of D,, as D, _,,, that is—

the number of units lost by Firm 1 that are “diverted” to Firm 2 (which produces a
substitute product)

as a result of Firm 1’s price increase
when Firm 2’s price stays constant

NB: This heuristic assumes that there is a one-to-one substitution between Firm 1's and
Firm 2’s products

Professor Dale Collins
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Diversion ratios

Relation to cross-elasticities
o Diversion ratios are closely related to cross-elasticities: both measure the degree
of substitutability between two products when the relative prices change

Elasticities measure substitutability in terms of the percentage increase in Firm 2’s unit
sales for a percentage increase in Firm 1’s price

Diversion ratios measure substitutability in terms the increase in Firm 2’s unit sales as a
percentage of all units lost by Firm 1 as a result of a given increase in Firm 1’s price

o Modern antitrust economics still speaks in terms of cross-elasticities when it often
means diversion ratios
For example, products with high diversion ratios are said to have high cross-elasticities

We will see diversion ratios again in implementations of the
hypothetical monopolist test and in the unilateral effects
theory of anticompetitive harm
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Perfectly Competitive Markets
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Perfectly competitive markets

Definition: A market in which no single firm can affect price, meaning—
1. The firm perceives its residual demand curve as horizontal

2. The firm perceives that it can sell any amount of product without affecting the
market price

d, . . These four bullets are just
3. P _ 0 (as perceived by the firm) different ways of saying the
dqg; same thing
dc . .
4. p = — (i.e., price = marginal cost)
dqg;

Some more definitions

o “Price taking™ Competitive firms are called price-takers, that is, they take market
price as given and not something that they can affect

o Perfectly competitive equilibrium: A market equilibrium exists where—

Aggregate supply equals aggregate demand, and

Each firm chooses its level of production so that the market-clearing price is equal to the
firm’s marginal cost of production

Professor Dale Collins AppliedAntitrust.com
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Perfectly competitive markets

What could cause a market to be perfectly competitive?

o Traditional theory: Each individual firm’s production is very small compared to
aggregate demand at any price, so that individual production changes cannot
move materially along the aggregate demand curve

This implies that there are a very large number of firms in the market

o Modern theory: Competitors in the marketplace react strategically but non-
collusively to price or quantity changes by a firm in ways that maintain the
perfectly competitive equilibrium
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Competitive firms

Three take-aways

1. Competitive firms do not perceive that their output decisions affect the market-
clearing price
That is, each firm perceives that it faces a horizontal residual demand curve

In fact, their individual output decisions do affect the market-clearing price but because the
effect is so small no individual firm perceives this

o Inthe aggregate, the sum of the output of all competitive firms determines the market-clearing price
2. Competitive firms chose their output so that p = mc

Competitive firms, like all other firms, choose output so that marginal revenue is equal to

marginal cost (mr = mc)

Since a competitive firm does not perceive that its output decisions affect the market-
clearing price, the firm does not perceive that there is any downward adjustment in market
price when it expands its output

Therefore, the firm perceives—and makes its output decision—on the premise that its
marginal revenue is equal to the market price

Hence, the firm selects an output level so that p = mc

Mathematlca”y: AP Perceived to be zero since the firm is a

mr(q,.) =p+q|—= mc(q,.) price-taker and does not believe that its
Ag; choice of output affects market price

So: p=mc
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Competitive firms

Three take-aways

3. A competitive market maximizes consumer surplus’
A competitive market exhausts all gains from trade

Price

Consumer surplus

p. me (= p,)

Aggregate demand curve
Costs

AN

q Quantity

T We are assuming a simple market where there is only one product that sells at a single uniform price (i.e., there is no
price discrimination).
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Perfectly Monopolized Markets
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Perfect monopoly

Basic concepts

o In a perfect monopoly market, there is only one firm that supplies the product
This is an economic concept
In law, a monopolist need not control 100% of the market

o Although there is only one firm in the market, it still faces a downward-sloping
demand curve

There can be some substitutes for the monopolist’s product—just not very good ones

o The aggregate demand curve defines the residual demand curve facing an
(economic) monopolist

In economics and in law, a firm that faces a downward-sloping residual
demand curve and therefore has some power to influence the market-clearing
price for its product is said to have market power. In antitrust law, a firm that
has very significant power over the market-clearing price is said to have
monopoly power. In economics, a monopolist is the only firm in the market.
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Perfect monopoly

A monopolist chooses output q,, so that mr(q,,) = mc(q,,,)
1. A monopolist charges a higher price than a competitive firm

p, > mr (qm) = mc(qm) =mc (qc) =P, where marginal costs are constant’

2. A monopolist produces a lower output than would a competitive firm facing the
same residual demand curve (q,, < q.)

Price

Consumer surplus NB: The monopolist price

pn,is the price at which the
maximum available profits
can be drawn from a

Demand curve

NB: g,,= 72 q,, where = . :
the monopolist and the b A . mr(qp,) = mc(q,,) single price market.
firms in the competitive m ; _

market face the same Profits mMi(o) = Pm

aggregate demand curve \

and have the same p Marginal cost curve

constant marginal costs.

Costs

\\I\/Iarginal revenue curve

aq, q: Quantity
' But true whenever marginal costs are constant or increasing.
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Monopolists and elasticities

= Proposition

o A monopolist will
not operate in the
inelastic portion of ¢ &0
its demand curve

Elastic demand Inelastic demand

| J\ J
T

Maximum revenues

/ ¢ = -1 (from earlier slide)

N

50.0

40.0 /
30.0

Maximum profits

Remember:

Y] N :
Ap; g 0123456789 W Quantity
-10.0 \
200

N\
-30.0
= Profits = Demand
—Marginal Revenue =—=—Marginal Costs
= Revenue
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Review: Public policy on monopolies

Modern view on why monopolies are bad:
Increase price and decrease output

2. Shift wealth from consumers to producers

3. Create economic inefficiency (“deadweight loss”)

—

o May (or may not) have other socially adverse effects
Decrease product or service quality
Decrease the rate of technological innovation or product improvement
Decrease product choice

Professor Dale Collins AppliedAntitrust.com
Merger Antitrust Law 81
Georgetown University Law Center



http://www.appliedantitrust.com/

Review: Public policy on monopolies

» Output decreases: q.>q,
= Pricesincrease: p_.p,

Price

ﬁ Monopoly outcome: MR = MC

p ________
Tm / Competitive outcome: p = MC
p c . MC
Aggregate
demand curve
Quantity
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Review: Public policy on monopolies

Shifts wealth from inframarginal consumers to producers*
o Total wealth created (“surplus”): A + B
o Sometimes called a “rent redistribution”

Price
Competitive ~ Monopoly

IM consumers A+B A

Producers 0 B

MC

Aggregate
demand curve

Im qc Quantity

* Inframarginal customers here means customers that would purchase at both the competitive price
and the monopoly price
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Review: Public policy on monopolies

“Deadweight loss” of surplus of marginal customers*

o Surplus C just disappears from the economy
o Creates “allocative inefficiency” because it does not exhaust all gains from trade

Price

MC

Aggregate
demand curve

qm qc Quantity

* Marginal customers here means customers that would purchase at both the competitive price and
the monopoly price
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Imperfectly Competitive Markets
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Imperfectly Competitive Markets

Range of imperfect equilibria
o An imperfectly competitive equilibrium occurs when the equilibrium price and

output on the demand curve falls strictly between the perfect monopoly
equilibrium and the perfectly competitive equilibrium

Price

Region where imperfect equilibria might occur
(not including the perfectly competitive and

Pm perfectly monopolistic endpoints)

Pc

, Marginal cost curve
Margingl revenue curve

ggregate demand curve

dm e Quantity
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Market power

Measuring market power

o Economically, market power is the power of the firm to affect the market-clearing
price through its choice of output level

o The traditional economic measure of market power is the price-cost margin or
Lerner index L, which is a measure of how much price has been marked up as a
percentage of price:

_p—mc

p

In a competitive market, L = 0 since because p = mc

In a perfectly monopolized market, L increases as the aggregate demand curve becomes
steeper (more inelastic):

L

More elastic More inelastic
Price Price
Pm I
pm _________ :
mc : mc
Am Quantity m Quantity
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Market power

The Lerner index for an imperfectly competitive market

o The Lerner index is usually used as a measure of the market power of a single
firm

o The market Lerner index is defined as the sum of the Lerner indices of all firms in
the market weighted by their market share:

L= ZL,S,,
where there are n firms in the market] with each firm j having a Lerner index L;
and a market share s;.
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Measures of market concentration

The Herfindahl-Hirschman Index (HHI)
Definition: The Herfindahl-Hirschman Index (HHI) is defined as the sum of the

a
squares of the market shares of all the firms in the market:
n The HHI is the principal measure of
HHI = 312 + sg 4o Srzl = SI.2 market concentration used in antitrust law
i=1 in all markets (not just Cournot markets)
where the market has n firms and each firm i has a market share of s;.
o Example

Say the market has five firms with market shares of 50%, 20%, 15%, 10%, and 5%. The
conventional way in antitrust law is to calculate the HHI using whole numbers as market
In whole numbers, the HHI

h :
ShAres HHI = 50 + 20 + 152 + 102 + 5 ,
ranges from 0 with an

=2500+400+225+100+25 infinite number of firms to
— 3250 10,000 with one firm

In some economics applications, however, the HHI is calculated using fractional market

shares:
HHI =0.50% + 0.20% + 0.15% +0.10% + 0.05% | In fractional numbers, the

HHI ranges from 0 with an

=0.25+0.04 +0.0225+0.01+0.0025 | infinite number of firms to
—0.3250 1 with one firm
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Homogeneous product models

Homogeneous product models

o Characterized by products that are undifferentiated (that is, fungible or
homogeneous) in the eyes of the customer

o Common examples:
Ready-mix concrete
Winter wheat
West Texas Intermediate (WTI) crude oil
Wood pulp

o Two properties of homogeneous products

Customers purchase from the lowest cost supplier — This forces all suppliers in the
market to charge the same price

Since the goods are identical, their quantities can be added

Q(p)=2.a:(p)

o Adding all individual consumer demands at price p gives aggregate demand
0 Adding all individual firm outputs at price p gives aggregate supply
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Coum()t Ollg()p()ly m()dels A control variable is

the variable the firm
can set (control) in its

The setup discretion

o The standard homogenous product model is the Cournot model

o In a Cournot model, the firm’s control variable is quantity

The (download-sloping) demand curve gives the relationship between the aggregate
quantity produced Q and the market-clearing price p:

p = p(Q), where Q = Zq,, in a market with n firms
i=1

o The profit equation for firm j is:

NB: Each firm i choses its level of

T, = p(Q)ql — T/(q/ ), i=12,....n output g, but the aggregate level of
output determines the market prices

o First order condition (FOC) for profit-maximizing firm:
mz,;(q;) = mr,(q;,)-me;(q;) =0

This generates n equations in n unknows and can be solved for each g,
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Cournot oligopoly models

= Production levels in Cournot models

o A simple example
=  Compare the competitive, Cournot, and monopoly outcomes in this example

| Pice | Quaniiy

Perfectly competitive 5 (= mc) 90
Demand curve: Q=100 -2p

Cournot (n = 2) 20 60

Perfect monopoly 27.5 45

= Note that the perfect monopoly output is one-half the perfectly competitive output (with
linear demand and constant marginal costs)

o When demand is linear and there are n identical firms in a Cournot model, then:

NB: As the number of firms n gets large,
Q _ n Q - the ratio n/(n+1) approaches 1 and the

Cournot | q ~ Competitive Cournot equilibrium approaches the
competitive equilibrium

s 90 90 90 90 90 90 90 90 90

n 9 8 7 6 5 4 3 2 1

9 cournot 81 80 788 77.1 75 72 675 60 45
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Cournot oligopoly models

Relationship of the Lerner index to the Herfindahl-Hirschman Index

o Proposition: In a Cournot oligopoly model with n firms, the Lerner index may be
calculated from the HHI and the market elasticity of demand:

_ HHI
el

where L is the market Lerner index and ¢ is the market price-elasticity of demand
o This proposition is the reason antitrust law uses the HHI as the measure of

market concentration
WDC: It is not a great reason, but is it generally accepted as better than the alternative
measures (especially the four-firm concentration ratios used from the 1950s through the
1970s)
The HHI was adopted as the measure of market concentration in the 1982 DOJ Merger
Guidelines and by the end of the 1980s has been accepted by the courts

L

The following slides prove the proposition. The proof is (very) optional, but if
you are comfortable with a little calculus, you might find it interesting
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Cournot oligopoly models

Relationship of the Lerner index to the Herfindahl-Hirschman Index

o Proof (optional):
Firm /’s Lerner index L, is:
L -P@)-c
- p(Q
where p(Q) is the single market equilibrium price (determined by aggregate production
quantity Q) and c¢; is firm i’'s marginal cost of production
The first order condition for firm i’s profit-maximizing quantity is:

. d
—’=p(Q)+q,$—c, =0

i i

Now

Equals 1 under the Cournot

dp(Q) _ dp(Q) dQ _ dp(Q) assumption that all other firms
dqg. B dQ dg, B dQ do not change their behavior

! when firm i changes output
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Cournot oligopoly models

Relationship of the Lerner index to the Herfindahl-Hirschman Index

o Proof (optional) (con'’t)
Substituting and rearranging the top equation:
dp(Q)

p(Q)-c =9 ~a

Dividing both sides by p(Q) and multiplying the right-hand side by Q/Q:

p(Q)-c, 9. dp(Q) Q s

p(Q Q dQ p(Q) |

Multiply both sides by s;.
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Cournot oligopoly models

Relationship of the Lerner index to the Herfindahl-Hirschman Index

o Proof (optional) (con'’t)
Summing over all firms:

n p(Q)_C,' n S-2

Z s =32 —_

1
i1 p(Q) S ‘5‘ ne

The left-hand side is the market Lerner index and the right-hand side is the HHI divided
by the absolute value of the market price-elasticity:

_HHI

L=
]

Q. E.D.
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Cournot oligopoly models

Mergers and price increases in Cournot oligopoly
o From the previous slides:

L:HHI

&

o Then:

This probabily is the justification
[HH | Postmerger - pyp g Premerger A L] for the emphasis in the Merger
- = Guidelines on changes in the
‘5‘ ‘5‘ ‘5‘ HHI (the “delta”) resulting from
a merger

LPostmerger _ LPremerger _

In other words, the difference in the share-weighted average percentage markup
resulting from the merger is AHHI/ ||
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Cournot oligopoly models

Some final observations on the HHI and Cournot models
o The HHI and AHHI are fundamental to modern merger antitrust law

o The rationale for using these measures is grounded in their relationship in the
Cournot model to percentage price-cost margins measured by the Lerner index
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Cournot oligopoly models

Some final observations on the HHI and Cournot models (con’t)

o BUT—

Price-cost margins typically cannot be calculated directly

o Prices, while seemingly observable, can be empirically difficult to measure given the existence of
discounts, variations in the terms of trade, and price and quality changes over time

o Marginal costs are even more difficult to measure

Time period: There is the conceptual issue of the time period over which to assess marginal
cost. As the time period becomes longer, some fixed costs such as real estate rents or
workers’ salaries become marginal costs. There is nothing in the theory that tells us what is
the proper time period.

Complex production processes: In the real word, production functions are often joint and are
used to produce multiple products. The is a conceptual problem of how to allocate costs
associated with joint production to each individual product type.

Dynamic market conditions: Marginal costs can fluctuate rapidly in dynamic markets due to

changing supply and demand conditions, input price volatility, or disruptions in the production
process.

The Cournot oligopoly model is an abstraction that may not (and probably does not)
accurately characterize any real-world market
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Cournot oligopoly models

Some final observations on the HHI and Cournot models (con’t)

o HHIs to some extent allow us to infer the magnitudes of percentage price-cost
margins and how these margins may change with changes in market structure
o BUT—
Antitrust law tests just look at the HHI and AHHI—antitrust law does not modulate its HHI
tests for market elasticity of demand as the Cournot model suggests it should
o So two mergers in a Cournot model may have the same HHI and AHHI but have dramatically
different premerger postmerger percentage price-cost margins
A higher aggregate elasticity of demand yields lower percentage price-costs margins than a
less elastic demand even with the same HHI and AHHI.
o Inany event, there are no accepted “thresholds” in antitrust law when percentage price-margins
become “anticompetitive”
Professor Dale Collins AppliedAntitrust.com
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Bertrand oligopoly models

= The setup
o In a Bertrand model, the firm’s control variable is price
=  Compare with the Cournot model, where the firm’s control variable is quantity

= The (download-sloping) residual demand curve gives the relationship between the firms
choice of price and the quantity consumers will demand from the firm at that price

o The profit equation for firm j is:
This is the residual demand

/ﬁi function for firm i

—— ——
”i(pi) = piqi(pi)_Ti(qi(pi))’ i=12,..,n

To see the first order conditions in operation, let’s first look at profit-
maximization for a monopolist whose control variable is price

AppliedAntitrust.com
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‘ Bertrand oligopoly models

= Profits as a function of price: Example for a monopolist

Price. Quantity Revenues Costs Profits
p q r T I1
0.0 20 0.0 80 -80.0
0.5 19 9.5 76 -66.5
1.0 18 18.0 72 -54.0
1.5 17 25.5 68 -42.5
2.0 16 32.0 64 -32.0
2.5 15 37.5 60 -22.5
3.0 14 42.0 56 -14.0
3.5 13 45.5 52 -6.5
4.0 12 48.0 48 0.0
4.5 11 49.5 44 5.5
5.0 10 50.0 40 10.0
5.5 9 49.5 36 13.5
6.0 8 48.0 32 16.0
6.5 7 45.5 28 17.5
70 6 420 24 180
7.5 5 37.5 20 17.5
8.0 4 32.0 16 16.0

Profits

40.0

20.0

0.0

-20.0

-40.0

-60.0

-80.0

-100.0

Demand: g = 20 - 2p
Fixed costs = 0
Marginal costs = 4

Profits as a Function of Price

Slope=0/.\
1
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Bertrand oligopoly models

Observations

o The profit curve as a function of price is a parabola
Although different in shape than the profit curve as a function of quantity

o The profit maximum is when the slope of the profit curve is zero

o So:
Marginal profits _ Marginal revenues _ Marginal costs
(as a function of price) (as a function of price) (as a function of price)
= 0 at the firm’s profit maximum
Professor Dale Collins AppliedAntitrust.com
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Bertrand oligopoly models

Profit-maximization when a monopolist sets price: Example

Demand: g =20 - 2p Marginal costs (mc(q)) = 4
Fixed costs = 0

o Revenues: r(p)=pa(p)
=p(20-2p)
= 2()p — 2p2 This describes the parabola on the prior slide
o Marginal revenues: ;
_ _ Remember, if y = ax + bx? is the function,
mr (p) =20 4p then the marginal function is a + 2bx
o Cost: C(q(p)) =mc* q(p) = mC(20 — 2,0) Constant marginal cost
- 4(20 B 2'0) Note: If y = a + bx is the function,
=80 — 8p then the marginal function is b
. . _ NB: This is marginal cost as a function of p
Q Margmal cost: mc(p) =8 (not ). Why is it a negative number?
a FOC:  mr(p*)=mc(p*)
20-4p* =-8 Sop*=7 andqg*=6
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Bertrand oligopoly models

Homogeneous products case with equal cost functions

o Consider two firms producing homogeneous (identical) products at constant
marginal cost ¢ and use price p; as their control variable
o Consumers also purchase from the lower priced firm
If both firms charge the same price, they split equally consumer demand
o Profit function for firm i

=pQ(p,)-c(Q(p,)) ifp, <p
(p,) - = ,O,-Q(P,-)_ZC(Q(P,-) if p, = p,
=0 ifp, > p,

That is, firm i gets 100% of market demand Q(p,) at price p; if p; is the lower price of the
two firms; the two firms split the market demand if their prices are equal; and firm i gets
nothing if it has the higher price

Equilibrium: p, = p, = mc, so that both firms price at marginal cost (i.e., the competitive
price) and split equally market demand and total market profits
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Bertrand oligopoly models

Homogeneous products case with asymmetric cost functions

a

Professor Dale Collins

Now consider two firms producing homogeneous (identical) products but with
different cost functions costs, with firm 1 have lower marginal costs than firm 2

(i.e., mc4(q(p) < mcy(q(p))
The profit function is the same as before:

=pQ(p)-c(Q(p)) ifpi<p,

=0 ifp, > p,

Equilibrium: Firm 1 prices just below firm 2 and captures 100% of market demand
Idea: Firm 1 and Firm 2 compete the price down to firm 2’s marginal cost as in the

symmetric cost case. Then firm 1 just underprices firm 2 and captures 100% of
the market demand

AppliedAntitrust.com
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Bertrand oligopoly models

Differentiated products case

o When products are differentiated, a lower price charged by one firm will not
necessarily move all of the market demand to that firm
Consider a market with only red cars and blue cars

Some consumers like blue cars so much that even if the price of red cars is lower than
the price of blue cars, there will still be positive demand for blue cars

Moreover, if the price of blue cars increases, some (inframarginal) blue car customers will
purchase blue cars at the higher price, while some (marginal) customers will switch to red
cars

This means that the demand for red cars (and separately for blue cars) is a function both
of the price of red cars and the price of blue cars

It also means that the price of blue cars may not equal the price of red cars in equilibrium
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Bertrand oligopoly models

Differentiated products case

o Simple linear model

Firms 1 and 2 produce differentiated products and face the following residual demand
curves:

NB: Each firm’s demand decreases with
increase in its own price and increases
with increases in the price of the other firm

q, =a—bp, +b,p,
q, =a—b,p, +b,p,

Assume that b, > b,, so that each firm’s residual demand is more sensitive to its own
price than to the other firm’s price

Assume each firm has a cost function with no fixed costs and the same constant marginal

costs:
C (qi) = Cq;

Firm 1’s profit-maximization problem:

max, = (p,—c)(a—byp, +b,p,)

NB: This formulation does not take into
account firm 2’s reaction to a change in
Firm 1’s price. It assumes that Firm 2’s
price is constant.

o Firm 2 solves an analogous profit-maximization problem

Derive the FOCs for each firm and solve for the Bertrand equilibrium:

. .« a+ch,
Py =P, =

You do not need to know this. What is

> 2b,-b,

Professor Dale Collins
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Dominant firm with a competitive fringe

The setup

o Consider a homogeneous product market with—

a dominant firm, with a control variable q and which sees its output decisions as affecting
price and so sets output so that mr = mc, and

a competitive fringe of firms that are small and act as price takers, that is, they do not see
their individual choices of output levels as affecting price and therefore price as
competitive firms (i.e., they set their production quantities q; so that p = mc(q,))

o Decision for the dominant firm: Pick the profit-maximizing level for its output given

the production of the competitive fringe

The model requires some constraint on the ability of the competitive fringe to expand its
output. Otherwise, the competitive fringe will take over the market.
The constraint usually is either limited production capacity or increasing marginal costs
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Dominant firm with a competitive fringe

The model

o At market price p, let Q(p) be the industry demand function and g4{p) be the
output of the competitive fringe.

o The dominant firm derives its residual demand function q,(p) starting with the
aggregate demand function Q(p) and subtracting the output supplied by the
competitive fringe g{p) at price p:

q,(pP)=Q(p)-q;(p)

o The dominant firm then maximizes its profit given its residual demand function by
solving the following equation for the market price p* that maximizes the firm'’s
profits:

max 7, = px[Q(p)~a;(p)]-T (a(p))

o The dominant firm then produces quantity g* = q,(p*)

You do not need to know how to solve the dominant firm maximization problem.
What is important is the how the model is set up.
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Dominant firm with a competitive fringe

Dominant oligopolies

o The model can be extended to the case where the dominant firm is replaced by a
dominant oligopoly

o The key is to specify the solution concept for the choice of output by the firms in
the oligopoly (e.g., Cournot). You then create a residual demand curve for the
oligopoly and apply the solution concept to that demand curve.

Fringe firms

o As we saw in Unit 2, the DOJ and the FTC typically ignore fringe firms. The
dominant oligopoly model with a competitive fringe provides a theoretical
justification.
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Appendix
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Mathematical notation

Pq: p times q (equivalently, p x g, p - g, and (p)(q))
p(q): p evaluated when quantity is q ("p as a function of q”)

p(q)q: p (evaluated at q) times q (i.e., pq)

Aq: The change in g to the new state from the old state (i.e., 9, — q,)
Y a: Thesumofthe a’s (ie,a;+a,+ ... + a,)
i=1
i_y: The change in y divided by the change in x
X
lal: The absolute value of a (i.e., a without a positive or negative sign)

(e.g., 3] =1-3] = 3)

Like an equals sign but means a definition
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Mathematical notation

Optional calculus terms

Z—y: The derivative of y with respect to x (where y is a function of x)
X
0
—y: The partial derivative of y with respect to x (where y is a function
OX

of x)
Derivatives

o Ify=a+ bx+cx? J
then the derivative of y with respect to x is d—i = b+ 2cx
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