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MODULE HANDBOOK

CONTACT DETAILS

My office is Wharfe 102, and I can be contacted at s.mccracken@hull.ac.uk. Office hours are
available here (or via the link in the contact details page on the module Canvas site).

INTRODUCTION

This module will cover several topics in applied economics. We will begin by looking at
strategies monopolies might use to increase their profits (price discrimination, versioning,
bundling). Then we will introduce imperfect competition (in particular the Bertrand model
of price competition), and study the effects on price competition of product differentiation,
imperfect information, and switching costs. After this we will look at the effects of, and
incentives for, various types of advertising under monopoly and price competition. Next
we will look at innovation and the effects of public policy (e.g. patents). Finally we will
study markets where the value of consuming a good or service depends on the number of
other people consuming that good or service (e.g. the internet, Netflix, Microsoft Word).

We will use formal economics models, laying out the assumptions, and deriving the re-
sults using simple logic, diagrams, or mathematics (where necessary). Your focus should
mostly be on learning the intuition or logic behind the model. However, I do expect you to
be able to apply some basic mathematics such as manipulation of equations and inequal-
ities. During some of the lecture sessions you will participate in several economic exper-
iments or games to help you understand a number of the economic concepts and models
we cover.

MODULE LEARNING OUTCOMES

(i) Apply economic models to a range of economic problems and derive results/predictions
using logic, diagrams, and/or algebra.

(ii) Understand and explain the economic models and their results/predictions.

(iii) Identify which economic models or concepts apply to a given real-world problem and
critically evaluate them.

(iv) Identify real-world problems to which a given economic model can be applied.

TOPICS

We will cover the following topics:

PRICE DISCRIMINATION Types of price discrimination; nonlinear pricing; versioning; durable-
goods pricing; bundling
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PRICE COMPETITION Bertrand competition; horizontal and vertical differentiation, and the
characteristics approach; Hotelling model of product differentiation; search and switch-
ing costs; price dispersion

ADVERTISING Informative and persuasive advertising; signalling; price competition and
advertising

RESEARCH AND DEVELOPMENT Market structure and incentives for research and devel-
opment; dynamics of research and development competition; public policy (patents,
research and development agreements)

NETWORK EXTERNALITIES Network effects; compatibility and standards wars

READING

The core textbook (which is available online) is:

Cabral, Luı́s (2000) Introduction to Industrial Organization

Specific readings for each topic can be found through the Reading List menu item on Can-
vas as well as in the Canvas module for the topic.

SCHEDULED SESSIONS

LECTURES (WEEKS 22–31, 34–35)

Tuesday 9:00–10:50 Wilberforce Building LR11 (weeks 22, 25–26)
Robert Blackburn Building LTC (weeks 30–31)

9:00–9:50 Larkin Building SR260 (weeks 23–24, 27–29, 34–35)

The lecture notes will be posted on Canvas and distributed to your OneNote Class Note-
book on a regular basis. The lecture notes contain gaps that you will fill in while watching
the videos provided on Canvas and embedded in your OneNote Class Notebook.

TUTORIALS (WEEKS 23–31, 34–35)

Wednesday 12:00–12:50 Cohen Building SR217

Weekly tutorials begin from the second week. Tutorial problems will be posted on Canvas
and distributed to your OneNote Class Notebook before each tutorial.
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ASSESSMENT

Assignment 100% Due 4pm, 12th of May

The assignment will have a mix of computational and short essay questions covering all
the topics.

MARKING CRITERIA

As well as being marked on whether or not you obtain the correct final answer to an as-
sessed problem, consideration will be given to how clearly and precisely you explain the
steps you used to obtain your answer. The following table provides grading descriptors
(which are necessarily quite generic given the variety of the problems):
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90%+

1st
Exemplary response. Gives a complete response with a clear, coherent, unambigu-
ous and elegant explanation; may include a clear and simplified diagram; commu-
nicates effectively; shows a complete understanding of the problem’s economic con-
cepts and processes; identifies all the important elements of the problem; presents
strong supporting arguments.

70–89%
1st

Excellent response. Gives a nearly complete response with a clear explanation; may
include a clear and simplified diagram; communicates effectively; shows a nearly
complete understanding of the problem’s economic concepts and processes; iden-
tifies all the important elements of the problem; presents strong supporting argu-
ments.

60–69%
2:1

Good response. Gives a fairly complete response with reasonably clear explana-
tions; may include an appropriate diagram; communicates effectively; shows a
good understanding of the problem’s economic concepts and processes; identifies
the most important elements of the problem; presents solid supporting arguments.

50–59%
2:2

Minor Flaws But Satisfactory. Completes the problem satisfactorily, but the expla-
nation may be muddled; argumentation may be incomplete; diagram may be inap-
propriate or unclear; understands the underlying economic concets; uses economic
concepts effectively.

40–49%
3rd

Serious Flaws But Nearly Satisfactory. Begins the problem appropriately but may
fail to complete or may omit significant parts of the problem; may fail to show
full understanding of economic concepts and processes; may make major compu-
tational errors; may misuse or fail to use economics terms; response may reflect an
inappropriate strategy for solving the problem.

10–39%
Fail

Begins, But Fails to Complete Problem. Explanation is not understandable; diagram
may be unclear; shows no understanding of the problem situation; may make major
computational errors.

0–10%
Fail

Unable to Begin Effectively: Words do not reflect the problem; drawings misrep-
resent the problem situation; copies parts of the problem but without attempting a
solution; fails to indicate which information is appropriate to the problem.

v



C O N T E N T S

1 PRICE DISCRIMINATION 1
1.1 Introduction 1

1.1.1 Motivation 3
1.1.2 Types of price discrimination 3

1.2 First-degree price discrimination 4
1.3 Third-degree price discrimination 5

1.3.1 Elasticity formula for marginal revenue 5
1.3.2 Optimal third-degree price discrimination 5
1.3.3 Welfare effects of third-degree price discrimination 6

Case 1 6
Case 2 7

1.3.4 Welfare effects: an upper bound 8
1.4 Second-degree price discrimination 9

1.4.1 Linear vs nonlinear pricing 9
1.4.2 Two-part tariffs 9
1.4.3 Optimal two-part tariff: identical consumers 10
1.4.4 Price-quantity pairs 11
1.4.5 Optimal price-quantity pair: identical consumers 13
1.4.6 Optimal menu of price-quantity pairs: two types of consumer 14

Observable types (first-degree price discrimination) 14
Unobservable types (second-degree price discrimination) 15

1.5 Versioning 19
1.6 Durable goods 22

1.6.1 Introduction 22
1.6.2 Durable goods curse 22
1.6.3 Solutions to the curse 24

Commit not to lower price 24
Lease the good 24
Planned obsolescence 25
Introduce product differentiation 26
Reputation 26

1.7 Bundling 27
1.7.1 Introduction 28
1.7.2 Pure bundling 28
1.7.3 Mixed bundling 31

2 PRICE COMPETITION 33
2.1 Bertrand competition 33

2.1.1 Introduction 33
2.1.2 Model 33
2.1.3 Nash equilibrium 36

vi



2.1.4 Bertrand paradox 38
2.1.5 ‘Solutions’ to the Bertrand paradox 38
2.1.6 Dynamic competition 38
2.1.7 Capacity constraints 39

2.2 The characteristics approach to product differentiation 40
2.2.1 Vertical vs horizontal characteristics 40
2.2.2 Vertical characteristics; horizontal product differentiation 41

2.3 Hotelling model of product differentiation 43
2.3.1 Introduction 43

Firms 44
Consumers 44

2.3.2 Demands 44
2.3.3 Nash equilibrium 47
2.3.4 Product positioning 48

Direct effect (fixed prices) 48
Strategic effect 49

2.4 Switching costs 51
Relaxing an assumption 52

2.5 Search costs 54
2.6 Price dispersion 56

2.6.1 Tourists and natives model (Carlton and Perloff pp. 481–487) 57
2.6.2 α = 0 (all consumers are tourists/uninformed) 58
2.6.3 α = 1 (all consumers are natives/informed) 59
2.6.4 0 < α < 1 (some consumers are tourists, some natives) 60

Single-price equilibrium (large α) 60
No single-price equilibrium (small α) 61
Two-price equilibrium (small α) 62

3 ADVERTISING 64
3.1 Introduction 64

3.1.1 Search vs experience characteristics 64
3.1.2 Types of advertising 65
3.1.3 Informative vs persuasive advertising 65
3.1.4 Goal of advertising 65

3.2 Burning money model of advertising 66
3.2.1 Introduction 66
3.2.2 Model 66
3.2.3 No advertising 67
3.2.4 An equilibrium where advertising signals quality 67

Condition for high-quality firm to prefer to advertise 68
Condition for low-quality firm to prefer not to advertise 68
Equilibrium condition on advertising expenditure 68

3.3 Informative advertising 70
3.3.1 Introduction 70

vii

https://www.vlebooks.com/vleweb/Product/Index/498508?page=0


3.3.2 A model of informative advertising 71
No advertising 72
Alice advertises 73
Should Alice advertise? 75
Welfare 75
Important differences between this model and models with quality: 76
Relaxing assumptions 76

3.3.3 Informative advertising under duopoly 77
3.3.4 Advertising prices 77

3.4 Persuasive Advertising 78
3.4.1 Dixit and Norman (1978) 78

An increase in advertising 78
Measuring welfare 79
Change in welfare 80
Change in profits vs change in welfare 81
Excessive advertising 82

4 RESEARCH AND DEVELOPMENT 83
4.1 Market Structure and Incentive to Innovate 83
4.2 Dynamics of R&D competition 85

4.2.1 Basic model 85
Pre-emptive patenting 85
Plan 85

4.2.2 A gradual innovation 86
Willingness to pay for the patent 86
The efficiency effect and persistence of monopoly 86

4.2.3 A gradual innovation with uncertainty 87
Willingness to pay for the patent 87
Efficiency and replacement effect 88

4.2.4 A drastic innovation 89
Willingness to pay for the patent 89

4.3 Patent Policy 90
4.3.1 Introduction 90

Policy instruments 90
4.3.2 A slight weakening of a patent 90
4.3.3 Optimal patent policy 91

4.4 Research and development agreeements 93
4.4.1 R&D spillovers 93

Spillovers and the free-rider problem 93
The effect of an R&D agreement 94

4.4.2 A patent race with a fixed prize 94
The effect of an R&D agreement 95

viii

https://www.jstor.org/stable/3003609


ix

5 NETWORK EXTERNALITIES 96
5.1 Introduction 96

5.1.1 Coordination game 96
5.1.2 A market with network externalities 97

Demand 97
Supply 98
Equilibrium 98
Market dynamics 99
Implications: 101

5.2 Path dependence 102
5.2.1 Introduction 102
5.2.2 Model 103

Lock-in 105
5.3 Excess inertia and excess momentum 106

5.3.1 Introduction 106
5.3.2 Excess inertia 106

Simultaenous-move technology adoption game 106
5.3.3 Excess momentum 108

Sequential-move technology adoption game 108
5.4 Compatibility 109

5.4.1 Introduction 109
5.4.2 Standard-setting game 109

Scenario one (intense standards competition) 110
Scenario two (weak standards competition) 110



1PRICE DISCRIMINATION

1.1 INTRODUCTION
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Figure 1.1: “Additional usage is just £2 per GB or part thereof.”
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1.1.1 MOTIVATION

qu

MR

MCc

p

q
D

A monopoly may be able to increase its profit over its uniform-pricing maximum profit
by using non-uniform pricing (price discrimination).

1.1.2 TYPES OF PRICE DISCRIMINATION

• Perfect (first-degree) price discrimination

• By indicators (third-degree): market segment can be directly identified

– Example: geographical market segmentation

– Example: special discounts (senior, student, etc)

– Trick: apply elasticity rule to each market segment

• By self-selection (second-degree): market segment cannot be directly identified

– Examples: broadband, phone plans

– Many, many more examples

– Trick: try to offer options such that each consumer will pay what they are willing
to pay

All require no resale.
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1.2 FIRST-DEGREE PRICE DISCRIMINATION

First-degree price discrimination is where the monopolist sells different units of output for
different prices and these prices may differ from person to person. It is also known as
perfect price discrimination.

To practice perfect price discrimination, the monopolist needs to be able to distinguish
between consumers (and know their demand).

qu

p

q
D

A perfectly price discriminating monopolist will produce the efficient output, and ob-
tain all of the surplus as profit (the consumers get none).
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1.3 THIRD-DEGREE PRICE DISCRIMINATION

Third-degree price discrimination is where the monopolist sells output to different people at
different prices, but every unit of output sold to a given person sells for the same price.

It is ‘discrimination by indicators’: different segments can be identified directly.

EXAMPLE

1.3.1 ELASTICITY FORMULA FOR MARGINAL REVENUE

Let P denote the inverse demand function. Marginal revenue can be written as:

MR(q) = P(q)

(
1 −

1
ε(q)

)
where ε(q) > 0 denotes the price elasticity of demand.

1.3.2 OPTIMAL THIRD-DEGREE PRICE DISCRIMINATION

Suppose there are two submarkets, L and H. Profit maximization requires that

MRL(q
d
L) = c and MRH(q

d
H) = c.

This means that at the optimum MRL(q
d
L) = MRH(q

d
H) or, using the elasticity formula,

pdL

(
1 −

1
εL(q

d
L)

)
= pdH

(
1 −

1
εH(q

d
H)

)
.

So we have pdL < pdH if and only if

1 −
1

εL(q
d
L)

> 1 −
1

εH(q
d
H)

⇔−
1

εL(q
d
L)

> −
1

εH(q
d
H)

⇔−εH(q
d
H) > −εL(q

d
L)

⇔εL(q
d
L) > εH(q

d
H)

At the optimum, a higher price will be charged in the market which has less elastic
demand, i.e where demand is less price sensitive.
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1.3.3 WELFARE EFFECTS OF THIRD-DEGREE PRICE DISCRIMINATION

Does a move from uniform pricing to third-degree price discrimination increase, or reduce
welfare? With two markets, there are two cases to consider:

1. One of the markets is not served under uniform pricing, but both are served under
price discrimination (easy!)

2. Both markets are served under uniform pricing (more complicated)

Case 1

Consider the case where one of the markets is not served under uniform pricing, but both
are served under price discrimination. Welfare will increase with price discrimination:

• The optimal uniform price is the same as the price in the high demand market under
price discrimination.

• The ability to price discriminate makes it worthwhile for the monopoly to also sell in
the low demand market, so that quantity in that market increases.

• This increase in quantity increases welfare; part of the increase is profit and part is
consumer surplus.

pu

qu
H

MRL MRH DH

c

p

qH
DL

qL

qu
L
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Case 2

Now consider the case where both markets are served under uniform pricing. In this case
a move to price discrimination has the following effects

Market H Market L Overall

Price

Quantity

Welfare

Profit

Consumer surplus

Price discrimination may increase the total quantity sold compared to uniform pricing.
This might improve efficiency because a uniform pricing monopolist produces too little.
But, a uniform price allocates any given quantity efficiently (the last unit is consumed by
person with highest marginal value for it), whereas price discrimination means the last unit
consumed in each market is valued differently (since pdL < pdH). As the next example shows,
this means a redistribution could increase welfare.

EXAMPLE

If pdL = 5 and pdH = 8, then if the last unit sold in market L is reallocated from market L
to market H, there is a net gain of 8− 5 = 3. This £3 represents an increase in consumer
surplus because the marginal benefit of consumption of that unit is higher in market
H (£8) than in market L (£5).

Think of it another way: consumer H is willing to pay £8 for the last unit consumed
in market L, but consumer L would be willing to sell it for £5. Thus there is a potential
mutually beneficial trade (a potential Pareto improvement).

Uniform pricing: efficient distribution of a given quantity. Price discrimination: ineffi-
cient distribution of a given quantity. Price discrimination can only increase welfare if
it increases quantity compared to uniform pricing.
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1.3.4 WELFARE EFFECTS: AN UPPER BOUND

pu

qu
L qu

H

MRL MRH DH

c

p

qH
DL

qL

0 < ∆WL ⩽ (pu − c)(qd
L − qu

L)

∆WH ⩽ (pu − c)(qd
H − qu

H) < 0
∆W ⩽ (pu − c)(qd − qu)

The change in welfare ∆W, as a result of a move from uniform pricing to price discrim-
ination satisfies

∆W ⩽ (pu − c)(qd − qu)

In particular, a sufficient condition for welfare to fall is that total quantity falls under
discrimination:

qd < qu ⇒Wd < Wu.

A necessary condition for welfare to rise is that total quantity rises:

Wd > Wu ⇒ qd > qu.
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1.4 SECOND-DEGREE PRICE DISCRIMINATION

Second-degree price discrimination is where the monopolist sells different units of output for
different prices, but every individual who buys the same quantity of the good pays the
same price. Prices differ across units but not across people.

The monopoly knows there are different types of consumers, but cannot identify them.1

1.4.1 LINEAR VS NONLINEAR PRICING

With linear pricing, a constant average price p is charged regardless of quantity, and the
buyer’s total outlay T(q) is

T(q) = pq.

In this case T is a linear function of q. If, instead T is a nonlinear function, then there is
nonlinear pricing.

1.4.2 TWO-PART TARIFFS

One form of non-linear pricing is the two-part tariff. A two-part tariff (f,p) consists of an
access fee f and a unit price p:

T(q) = f+ pq.

Linear pricing corresponds to f = 0. If f > 0 there is nonlinear pricing.2 The monopoly
may offer a number of such tariffs.

EXAMPLE (Gulliver’s)

In this example, for adults paying at the gate the access fee is £17 while the per-unit
price is 0.

1If there is only one type of consumer, then first and second-degree price discrimination are the same.
2When f ̸= 0, T is not a linear function. It is an affine function.



PRICE DISCRIMINATION 1.4 SECOND-DEGREE PRICE DISCRIMINATION 10

Notice that if f > 0 then a two-part tariff involves bulk discounting: the average outlay
is decreasing in q.

q

T(q)

f

Total outlay, T(q) = f+ pq

q

T(q)/qp

Average outlay, T(q)
q = f

q + p

A consumer will purchase up to the point that the marginal cost of an extra unit equals
the marginal benefit:

• The marginal cost (i.e. marginal outlay) is T ′(q) = p (same as for linear pricing)

• The marginal benefit (i.e. the marginal utility) is equal to the height of the standard
demand curve at q.

Thus, under nonlinear pricing, the quantity demanded is just the point on the standard
demand curve corresponding to the unit price p.

1.4.3 OPTIMAL TWO-PART TARIFF: IDENTICAL CONSUMERS

D

qu

pu

qc

p

q

c

MR

E

F
G
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A uniform-pricing monopoly sells qu units at price pu. The monopoly could continue to

sell qu units and capture more surplus with a two-part tariff

(f,p) = (E,pu)

But it can do better. The optimal two-part tariff is

(f,p) = (E+ F+G, c).

The monopoly sells qc units and extracts all the surplus from the (identical) consumer(s).

1.4.4 PRICE-QUANTITY PAIRS

Instead of offering a whole schedule giving a price T(q) for each q ⩾ 0, the monopoly
may offer only a finite number of different prices and quantities. A price-quantity pair (T ,q)
consists of a price T and a quantity q.

EXAMPLE (Tesco Extra Mature White Cheddar)

Three of the price-quantity pairs offered are: (£1.50, 180g), (£2.50, 325g), (£3.00, 400g).
But consumers can purchase any combination of these too.
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EXAMPLE (KC broadband)

Figure 1.2: “Additional usage is just £2 per GB or part thereof.”

Total outlay (£)

Usage
(GB/month)

Home XL
Home Xtra
Home Plus
Home31.99

35.99

40.99

45.99

20

60

35 100 350 750

KC is effectively offering a menu of just four price-quantity pairs:

• Home: (£31.99, 35GB)

• Home Plus: (£35.99, 100GB)

• Home Xtra: (£40.99, 350GB)

• Home XL: (£45.99, 750GB)
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1.4.5 OPTIMAL PRICE-QUANTITY PAIR: IDENTICAL CONSUMERS

MR
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A uniform-pricing monopoly sells qu units at price pu. The monopoly could continue to

sell qu units and capture more surplus by offering the price-quantity pair

(T ,q) = (E+G+ cqu,qu).

But it can do better.The optimal price-quantity pair is

(T ,q) = (E+ F+G+ cqc,qc).

As with a two-part tariff, the monopoly sells qc units and extracts all the surplus.



PRICE DISCRIMINATION 1.4 SECOND-DEGREE PRICE DISCRIMINATION 14

1.4.6 OPTIMAL MENU OF PRICE-QUANTITY PAIRS: TWO TYPES OF CONSUMER

Suppose there are only two consumers (or two equal-sized groups of consumers):

• a low demand type L, and

• a high demand type H.

Also, suppose that marginal cost is constant at 0 (this just makes the diagrams neater).

p

q

q0
Hq0

L

DH

DL

What menu of price-quantity pairs maximizes profit?

Observable types (first-degree price discrimination)

Suppose the monopoly can observe types. What price-quantity pair should it offer L (H)?

q0
Hq0

L

A

B

C

p

q
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If types were observable, monopoly would offer L the price-quantity pair

(TL,qL) = (A,q0
L)

and offer H

(TH,qH) = (A+B+C,q0
H).

Both consumers get zero surplus. Profit would be 2A+B+C.

Unobservable types (second-degree price discrimination)

q0
Hq0

L

A

B

C

p

q

But if types are unobservable and the monopoly offers

(TL,qL) = (A,q0
L)

(TH,qH) = (A+B+C,q0
H).

then H would prefer pair meant for L, as gets B > 0 surplus. Profit would be only 2A.

But can do better. . . Decrease TH until H is indifferent between the two price-quantity

pairs:

(TL,qL) = (A,q0
L)

(TH,qH) = (A+C,q0
H).
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H gets a surplus of B from both price-quantity pairs and chooses the pair meant for him.
Profit is now 2A+C. This is larger than with the previous menu:

2A+C > 2A.

Figure 1.3: Can do still better. . .

A ′

B ′

C ′

p

q

q ′
L q0

H

Decrease qL, decrease TL, increase TH, keeping H indifferent between the two price-

quantity pairs:

(TL,qL) = (A ′,q ′
L)

(TH,qH) = (A ′ +C ′,q0
H)

H gets B ′ surplus from both. Profit is now

2A ′ +C ′ = 2(A− a) + (C+ a+ c)

= (2A+C) + (c− a)

The marginal gain in profit is c, the marginal loss is a. Since c > a, profit is higher than
with the previous menu:

2A ′ +C ′ > 2A+C
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Figure 1.4: Keep decreasing qL. . .

A ′

B ′

C ′A ′′

B ′′

C ′′

p

q

q ′
Lq ′′

L q0
H

Decrease qL a little more to q ′′
L . Decrease TL to A ′′. Increase TH to A ′′ +C ′′.

Profit rises
marginal gain︸ ︷︷ ︸
red outlined area

> marginal loss︸ ︷︷ ︸
blue outlined area
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Figure 1.5: Optimal price-quantity menu

A∗

B∗

C∗

p

q

q∗
L q0

L q0
H

Keep going until the red outlined area (marginal gain) is equal to the blue outlined area
(marginal loss). This is at q∗

L where height of H’s demand curve is twice that of L’s. The
optimal price-quantity menu is

(TL,qL) = (A∗,q∗
L)

(TH,qH) = (A∗ +C∗,q0
H)

Properties of the optimal price-quantity menu:

• Downward distortion of quantity for low type (qL < q0
L)

• No distortion of quantity for high type (qH = q0
H)

• Low type gets zero surplus (TL = uL(qL))

• High type gets positive surplus (TH < uH(qH))

Profit is lower than under perfect price discrimination because:

• H gets some surplus and

• the monopoly has to distort L’s quantity downwards.
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1.5 VERSIONING

The practice of offer different price-quality pairs is known as versioning.

EXAMPLE

e.g. first class, business class, economy;
paperback vs hardback; computer software with features
unlocked at higher prices

Nothing new! Can reinterpret everything we did with quantities in terms of qualities:

• Assume consumers buy one unit or none

• q now stands for quality instead of quantity

• The demand curve is now over quality

• Demand is downward sloping with respect to quality because a consumer’s willing-
ness to pay for an increase in quality decreases with quality

EXAMPLE (486)

Intel produced the 486DX chip—at the time the most powerful chip widely available.
It also produced a budget version, the 486SX.

• The 486SX was produced my disabling the integrated maths coprocessor of a
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486DX.

• The maths coprocessor greatly speeds up the handling of floating-point numeri-
cal computations.

• Disabling the coprocessor was costly, so the 486SX actually cost more to produce!

• The 486SX sold for $333 compared to the 486DX for $588.

The 486SX is an example of a damaged good, a particular case of versioning where differ-
ences in products are obtained by ‘damaging’ the basic product.

EXAMPLE (486, continued)

Willingness to pay
Type No. 486DX 486 SX

High-value 3 600 300
Low-value 1 400 350

Assume a zero marginal cost for both versions.

• Offer only 486DX at 400:

Profit = 400(4) = 1600

Offer only 486DX at 600:

Profit = 600(3) = 1800

• Offer price quality menu {(SX, 350), (DX, 600)}

Profit = 350(1) + 600(3) = 2150

In the example above, if Intel did not also offer the ‘damaged good’ (i.e. the 486SX) then
they would have chosen to sell only to those with a high demand for processing power.
Those consumers with a low value for processing power would have been priced out of
the market. By introducing the ‘damaged’ 486SX Intel was able to charge a high price for
the 486DX, and a low price for the damaged good.
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When there are consumers who differ by their willingness to pay for quality, version-
ing allows the firm to charge a higher price to consumers with a higher willingness to
pay than the price charged to consumers with a lower willingness to pay.

EXAMPLE (Other examples of damaged goods)

Sony MiniDiscs came in two sizes: 60 minute and 74 minute.

• Physically identical but 60 minute version has encoded instruction that limits
quantity of recorded material.

IBM introduced the IBM LaserPrinter E, a low-cost alternative to its LaserPrinter

• Apparently identical, but LaserPrinter E had firmware whose function was to
slow down the printing speed.

Plastic molding powder methyl methacrylate (MM) was sold to industrial users at
$0.85 per pound and dental manufacturers at $22 per pound.

• Arbitragers begin buying MM at the industrial price and reselling to dental man-
ufacturers.

• One of the suppliers considered mixing arsenic with the MM sold for industrial
use.
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1.6 DURABLE GOODS

1.6.1 INTRODUCTION

A good that is not used up over time is called a durable good. A good that is consumed in
one use or several uses is called a non-durable good

EXAMPLE

Durable goods: Computer, car, photocopier

Non-durable goods: Train ride, bread, paper

1.6.2 DURABLE GOODS CURSE

By setting different prices now and in the future, a monopolist may be able to engage in
profitable price discrimination: to sell both to high-valuation buyers at a high price and to
low-valuation buyers at a low price.

• Suppose that Samsung launches a new smartphone today and prices it at £600 and
then lowers the price to £100 six months from now.

• Hopefully, this pricing pattern will lead high-valuation buyers to buy now and lower
valuation consumers to wait for six months.

• Unfortunately, a rational buyer will realize that it will be in the Samsung’s interest to
lower prices in the future. Since even high-valuation buyers prefer to pay low prices,
the outcome of the high-price-today-and-low-price-tomorrow strategy may turn out
to be that most buyers prefer to wait for the future low price.

• Samsung’s price discrimination strategy will then have backfired. Compared to the
case where Samsung set the monopoly price in both periods: sales are much slower;
and average price is much lower.

In other words, the possibility of setting different prices in each period—at first sight an
advantage to the seller—may turn out to be its ‘curse’, for total profits are then lower.
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EXAMPLE (Durable goods curse)

Willingness to pay
Type Proportion Today Tomorrow

High-value 1/2 600 300
Low-value 1/2 200 100

Assume a zero marginal cost, and that their is a continuum of consumers of mass
one. Half the consumers are willing to pay 300 per period, half are willing to pay 100.

Suppose monopoly can commit to the price in both periods today:
Optimal to charge same price (600) in both periods:

Profit =
1
2

600 = 300

What if the monopoly cannot commit?
Commitment problem: incentive to lower price from 600 in today to 100 tomorrow.

High-value consumer anticipates and waits. Outcome: both buy in second period:

Profit = (1)100 = 100

Without commitment, best can do is set price today at 400 and price tomorrow at 100.
High-value consumer indifferent between buying today (600 − 400 = 200) and tomor-
row (300 − 100 = 200) and low-value consumer indifferent between buying and not.

Profit =
1
2

400 +
1
2

100 = 250 < 300

In the example given, the ability to price discriminate over time leads to a lower profit
than if the seller were able to commit to keeping prices high. This is the durable-goods curse.
Note that this is simply an example of unprofitable ‘versioning’ (the versions differ by
date). Of course, we can easily come up with examples where the ability to discriminate
over time is profitable (e.g. using the numbers from the 486 example)
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1.6.3 SOLUTIONS TO THE CURSE

Potential solutions to the curse:

• Commit not to lower price

• Lease the good rather than selling it

• Limit the durability of the product through planned obsolescence

• Introduce product differentiation

• Develop a reputation for not lowering prices

Commit not to lower price

A firm could take some action that makes it costly to lower the price in the future.

• Chrysler (apparently) offered a ‘lowest-price guarantee’: If it were to lower the price
of a given car model, it would have to refund all previous buyers the difference

• The guarantee means that Chrysler cannot offer a higher price today and a lower price
in the future

Lease the good

A firm could lease the good rather than sell it.

• Xerox leased its photocopiers in the late 60s and early 70s.

• Leasing effectively turns a durable good into a non-durable one: the good is no longer
a photocopier, but the use of the photocopier for a specified time period.
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EXAMPLE (Leasing the good)

If the good from the previous example were leased, then the high-value consumer
would be willing to pay up to 300 to lease the good for one period, while the low-
value consumer would be willing to pay up to 100 to lease the good for one period.

Willingness to pay
Type Proportion Today Tomorrow

High-value 1/2 300 300
Low-value 1/2 100 100

Best the monopoly can do is lease the good for 300 in each
period. Profit is (1/2)(300) + (1/2)(300) = 300.

Planned obsolescence

The monopolist might be able to limit the durability of its product by hastening its obso-
lescence. This strategy of planned obsolescence might be achieved:

• directly, by shortening the useful life of the product; or

• indirectly, by introducing new versions of the product over time.
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Introduce product differentiation

A firm could offer different versions of the good over time.

• Book publishers usually—at least they used to—offer a hardback (high price) and
then a paperback version (low price)

Reputation

A firm may wish to build a reputation for not lowering its price over time

• Consider a firm that produces a series of different durable products

• In the short run (i.e. considering one of the products in isolation) a firm may have an
incentive to cut its price for any one product

• However, in the long run, the firm has to consider the long run cost of lost reputation

• After observing a price cut for one product consumers will now expect the firm to
lower the price for all its future products over time

• This long-run cost can be enough to outweigh the short-run gain and deter price cuts
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1.7 BUNDLING
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1.7.1 INTRODUCTION

Consider a multiproduct monopoly producing two goods, A and B.3

• Pure bundling: buyers have choice between bundle of A and B, or nothing.

• Mixed bundling: choice between bundle of A and B, or buying A or B separately, or
nothing.

More generally, if there are more than two parts, monopoly may offer a range of different
bundles (where each bundle is made up of a different subset of the goods it produces).

1.7.2 PURE BUNDLING

EXAMPLE (Profitable pure bundling)

Willingness to pay
Type A B Together

1 900 300 1200
2 300 900 1200

Assume zero marginal cost and one of each type.

• Sell separately at 900 each

Profit = 900 + 900 = 1800

Sell separately at 300 each

Profit = 300(2) + 300(2) = 1200

• Offer bundle of A and B for 1200

Profit = 1200(2) = 2400

3Note that in contrast to versioning, where the consumer would wish to purchase at most one unit of one of
the versions/qualities, here the consumer may wish to purchase one unit of each of A and B.
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By bundling, monopoly can effectively charge type 1 and type 2 customers different
prices for each product. Effectively, monopoly charges each type as follows:

• Type 1 customers: 900 for A and 300 for B

• Type 2 customers: 300 for A and 900 for B

Bundling may give a strictly higher profit than selling separately. It can act as a form
of price discrimination where the monopoly can effectively charge different prices to
different customers for the same product.

EXAMPLE (Unprofitable pure bundling)

Willingness to pay
Type A B Together

1 900 100 1000
2 900 300 1200

Assume zero marginal cost and one of each type.

• Sell A at 900 and B at 300

Profit = 900(2) + 300(1) = 2100

• Offer bundle of A and B for 1000

Profit = 1000(2) = 2000

In the first example, there was a (perfect) negative correlation between willingness to for
each good.

• Type 1 put a high value on good A and a low value on good B.

• Type 2 put a low value on good A and a high value on good B.

This meant there was more heterogeneity between the consumer types in their valuations
of individual products, and less heterogeneity in their valuation of the bundle.

In the second example both consumers put the (same) higher value on A, so there was
a positive correlation between the willingness to pay for each good. Additionally, when
selling separately, it was optimal to sell B to only one of the consumers.
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Pure bundling may be strictly less profitable than selling separately.

EXAMPLE (Profitable pure bundling without negative correlation)

Willingness to pay
Type A B Together

1 7 7 14
2 7 13 20
3 13 7 20
4 13 13 26
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Assume zero marginal cost and one of each type.
Sell separately at 7 each

Profit = 7(4) + 7(4) = 56

Offer bundle of A and B for 20

Profit = 20(3) = 60

If there are more than two types of consumer, then pure bundling can be strictly more
profitable than selling separately even if there is no correlation between the willingness
to pay for each good.

1.7.3 MIXED BUNDLING

If there are more than two types of consumers, then mixed bundling may give a strictly
higher profit than selling separately or pure bundling.

EXAMPLE (Profitable mixed bundling)

Willingness to pay
Type Mozart Rammstein Together

Classical 50 0 50
Industrial 0 50 50
Eclectic 30 30 60
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Assume zero marginal cost and one of each type.
Selling separately: Sell each ticket at 50 (50(2) = 100), sell

each ticket at 30 (30(4) = 120). So best profit is 120.
Sell series for 60, sell series for 50 (50(3) = 150). So best

profit is 150
Mixed bundling: Offer each ticket for 50 and series for 60

Profit = 50(2) + 60 = 160



2PRICE COMPETITION

2.1 BERTRAND COMPETITION

2.1.1 INTRODUCTION

Most real world firms are between the extremes of monopoly and perfect competition.
How do we model markets with few firms (oligopolies)? When there are multiple firms,
each firm has to worry about how its decisions (of quantity, price, etc) affect other firms,
and how other firms react. Game theory allows us to model such situations where deci-
sions are interdependent. It turns out that, in contrast to the case with a single decision
maker (monopoly), the decision variable (price or quantity) matters. We will first look at
the Bertrand model of price competition, where the strategic variable is price. In Microe-
conomics, you saw the Cournot model where the strategic variable is quantity. We will not
cover the Cournot model in this module.

2.1.2 MODEL

• Two firms, A and B

• Homogeneous good

• Consumers buy from the firm with the lower price

• If prices are equal, total demand is shared equally

• Total demand for the good is D(p) where p is the lower price

• Each firm has constant marginal cost c

• Firms set prices pA and pB simultaneously.

• Each firm’s goal is to maximize its profits

A best response of a player to the other players’ strategies is a strategy which gives at
least as high a payoff as any other strategy

• In the Bertrand game each player’s (i.e. firm’s) strategy is a price

• A best response of firm A to some price chosen pB by B is a price that gives A at least
as a high a profit as any other price
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A Nash equilibrium is where each player is playing a best response to the other players’
strategies. In a Nash equilibrium, there is no incentive for any player to deviate given
the other players strategies, i.e. no player has a strictly profitable unilateral deviation

• In the Bertrand game a Nash equilibrium is a pair of prices (p∗A,p∗B) such that each
price is a best response to the other.

• In the Bertrand game (p∗A,p∗B) is a Nash equilibrium if, given firm B’s choice of price
p∗B, there is no price pA which gives a strictly higher profit than p∗A

EXAMPLE (Bertrand game with three price levels)

c = 2, D(p) = 11 − p

pB = 5 pB = 4 pB = 3

pA = 5 9
9

14
0

8
0

pA = 4 0
14

7
7

8
0

pA = 3 0
8

0
8

4
4

Firm B

Firm A

• What are the best responses?

• What is the Nash equilibrium?

Firms typically do not just set prices of 3, 4 or 5. Suppose now that firms can choose
any prices pA ⩾ 0 and pB ⩾ 0. Now we cannot represent the game using a payoff matrix.
Instead payoffs represented by profit functions πA and πB over pairs of prices. In the game
with three prices, we had, for example:

πA(4, 5) = 14 πB(4, 5) = 0.

In the general case, A’s profits are

πA(pA,pB) = (pA − c)DA(pA,pB)

where

DA(pA,pB) =


D(pA) if pA < pB
1
2D(pB) if pA = pB

0 if pA > pB
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pA

D(pA)

Figure 2.1: A’s demand
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2.1.3 NASH EQUILIBRIUM

Recall there are two ways to find all Nash equilibria:

(i) Derive the full best responses and find their intersection(s).

(ii) Look at pairs of prices and find those where there is no unilateral incentive to deviate.

We will use the second method.

CLAIM

The unique Nash equilibrium is pA = pB = c. Each firm gets demand 1
2D(c) and makes

zero profit.

There are two parts to the proof:

(i) Show there is no incentive for either firm to deviate from pA = pB = c

(ii) Show that for any other pair of prices (pA,pB), there is an incentive to deviate.

Proof.

(i) There is no incentive for either firm to deviate from pA = pB = c.

• At these prices, both firms get zero profit.

• Suppose A raises her price: she gets zero demand (pA > pB) and so makes zero profit.

• Suppose A lowers her price: she gets all the demand (pA < pB), but makes negative
profit (pA < c).

• Neither deviation makes her strictly better off.

• The same argument applies for B.

(ii) For any other pair of prices (pA,pB), other than pA = pB = c there is an incentive for
at least one firm to deviate.

• If pA < c or pB < c, then one firm is making a negative profit. They are strictly better
off raising their price to c and making zero profit.

• If pB > pA = c or pA > pB = c, then the firm with the lower price is making zero
profit. They are strictly better off raising their price a bit and making a positive profit.

• If pA ⩾ pB > c and pB ⩾ pA > c, then at least one firm has an incentive to deviate,
as we show in the next diagram. In particular we show in the diagram that if pB > c

then firm A is strictly better off undercutting B by a small amount than charging
pA ⩾ pB. ■
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pA

pB = cc

pB

D(pB)1
2D(pB)

DA

Figure 2.2: Is there an equilibrium with pA ⩾ pB > c?

pA πA

> pB 0

= pB (pB − c)1
2D(pB)

= pB − ε (pB − ε− c)D(pB − ε)
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2.1.4 BERTRAND PARADOX

This is a striking result—with only two firms we get the perfectly competitive outcome. Un-
der price competition with homogeneous products and constant, identical marginal cost,
all firms price at marginal cost. Each firm faces an infinitely elastic demand curve at the
price charged by its rival, so that there is a strong incentive to undercut. The proof above
extends easily to more firms.

2.1.5 ‘SOLUTIONS’ TO THE BERTRAND PARADOX

Generally industries with two firms have positive profits. Also, in reality an increase in the
number of oligopolistic firms usually leads to a decrease in prices, whereas the Bertrand
model predicts none. How can we alter the assumptions of the model to improve its match
with reality?

• Product differentiation, switching costs

– Idea: Make consumers less price sensitive

• Search costs

– Idea: Consumers may not observe price cuts

• Capacity constraints

– Idea: Cannot satisfy all demand (at price equal to marginal cost)

• Dynamic competition

– Idea: Undercutting today has negative consequences in the future

In the Bertrand model there is a large incentive to undercut any price above marginal
cost. Each change above reduces this incentive and can lead to equilibrium prices above
marginal cost.

2.1.6 DYNAMIC COMPETITION

When firms interact repeatedly, it is possible to sustain higher prices.

• Consider an infinitely repeated game where each stage is as in the game considered
earlier.

• If a firm cheats, and undercuts, then they are punished by the other firm playing a
low price (e.g. marginal cost) forever.

• If firms are sufficiently patient, then the threat of punishment ensures that it as an
equilibrium outcome for firms to play the monopoly price and share the monopoly
profit in every period.

• The short-run gain (one period of monopoly profit) is outweighed by the long-run
loss (zero profits thereafter).



PRICE COMPETITION 2.1 BERTRAND COMPETITION 39

2.1.7 CAPACITY CONSTRAINTS

If a firm is subject to a capacity constraint, then it cannot produce (and hence sell) more
than its capacity.

CLAIM

If a firm has a capacity constraint of k < D(c) then pA = pB = c (pricing at marginal
cost) is no longer a Nash equilibrium.

Proof. Suppose B has a capacity constraint k < D(c). We show that if pA = pB = c, then
there is an incentive for firm A to deviate:

• Suppose A raises her price by a small amount

• B cannot satisfy a demand of D(c)

• So, even though pA > pB = c, A gets a positive demand D(pA) − k

• A makes a positive profit and so is strictly better off ■

When products are homogeneous, there is perfect information, firms interact only once
(or a finite number of times), and there are no capacity constraints then the only Nash
equilibrium is marginal cost pricing. The discontinuity in demand (the large jump in
demand for an infinitesimal cut in price) gives each firm a strong incentive to undercut
its rival(s).

• If firms interact infinitely many times (or an uncertain number of times), then the
threat of future punishment may be enough to deter undercutting

• If firms faces a capacity constraint, then they may not be able to satisfy all the
demand they receive, so a firm pricing at a higher level than its rival(s) may still
sell some units
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2.2 THE CHARACTERISTICS APPROACH TO PRODUCT DIFFERENTIATION

The characteristics approach is to treat goods as being made up of various characteristics; a
consumer’s valuation of a good is an aggregate of their valuations of the characteristics.

2.2.1 VERTICAL VS HORIZONTAL CHARACTERISTICS

Products can be differentiated along two dimensions: Vertical (quality) characteristics are
those attributes for which consumers agree on the ranking, i.e. there is an objective ranking
of quality from highest to lowest. Horizontal characteristics are those attributes for which
consumers disagree on the ranking, i.e. there is no objective ranking.

EXAMPLE (Cars)

• Vertical: Fuel efficiency,

Durability,

Emissions level

Power (to weight ratio)?
Presence of features: air conditioning

• Horizontal: Colour — red, blue, green?

Manual/automatic

Shape/styling
Size??
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2.2.2 VERTICAL CHARACTERISTICS; HORIZONTAL PRODUCT DIFFERENTIATION

Consider a good made up of multiple characteristics. Consumers agree that more of each
characteristic is better (the characteristics are vertical). If consumers value characteristics
differently, then the good may be horizontally differentiated (i.e. consumers may disagree
about which variety of the good is better).

EXAMPLE

Suppose cereal is made up of two characteristics: sweetness, s, and crunch, c.

xN = 1
2

1

2

3

4

5

1 2 3 4 5
s

c

Willingness to pay for each characteristic and for a general cereal:

Buyer sweetness, s crunch, c cereal, (s, c)

A s 2c s+ 2c

B 2s c 2s+ c

Willingness to pay for each cereal:

Corn Flakes Froot Loops
Buyer (s, c) = (1, 5) (s, c) = (4, 2)

A 1 + 2(5) = 11 4 + 2(2) = 8

B 2(1) + 5 = 7 2(4) + 2 = 10

A and B differ in their ranking of the two cereals.
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More generally, a good may be made up of n characteristics. We can describe a good
using a vector:

(c1, . . . , cn),

where cj denotes how much the quantity of characteristic j. We might assume that a con-
sumer’s valuation v for the good is given by

v = β1c1 + · · ·+βncn

where βj is the consumer’s valuation of a unit of characteristic j.

• Vertical characteristics: βj ⩾ 0 for everybody everyone prefers more

• Horizontal characteristics: βj has a different sign (assuming we can measure the char-
acteristic on a scale) some people prefer more, others less

EXAMPLE (Willingness to pay for car characteristics)

Berry, Levinsohn and Pakes (1995) estimated the distributions of willingness to pay for
various car characteristics:1

Characteristic Average Standard deviation

Power to weight ratio (HP/10lb) 2.883 4.628∗

Air conditioning 1.521∗ 1.818
Fuel efficiency (10miles/$) −0.122 1.050∗

Size (length × width) 3.460∗ 2.056∗

∗ indicates statistical significance. All values are in thousands of dollars.

Results show, for example, that having air conditioning is worth as much as an ad-
ditional 1.521/3.460 = 0.44 units of size (about the difference between a small and a
medium-sized car)

1These estimates are reported in Table IV on page 63 of Berry, Steven, James Levinsohn and Ariel Pakes
(1995), “Automobile prices in market equilibrium” , Econometrica 63, pp. 841–890.

http://www.jstor.org/stable/2171802
http://www.jstor.org/stable/2171802
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2.3 HOTELLING MODEL OF PRODUCT DIFFERENTIATION

2.3.1 INTRODUCTION

We saw that in the standard Bertrand model with homogeneous products firms priced at
marginal cost. In order to illustrate the effects of the degree of product differentiation on
competition, we will concentrate on a model of horizontal differentiation.2

Breakfast cereal is a differentiated product. Suppose it is differentiated along only one
dimension (sweetness) and that consumers have different ideal levels of sweetness.

0 1
2

1

Figure 2.3: The Hotelling line: the sweetness of a variety of cereal is represented as a point
along a line from zero to one: higher numbers represent sweeter cereals.

Above we have used a line to represent the possible varieties of cereal. We can use the
same idea to represent geographical differentiation with homogenous products. In this
case the line represents a street and points along the line are different locations along the
street. It will be useful to keep this interpretation/analogy in mind as we go through the
model.

2Common models of vertical (quality) differentiation have similar predictions.
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Firms

• Two firms, A and B

• Differentiated good: located at LA and LB

• Each firm has constant marginal cost (assumed zero in the diagrams)

• Firms set prices pA and pB simultaneously

• Each firm’s goal is to maximize its profit

Consumers

• A continuum of consumers (of mass one) is distributed uniformly along the line,3

• A consumer’s location represents their ideal variety:

– Consumers are willing to pay v for their ideal variety

– There is a ‘travel cost’ (or disutility) of t > 0 for each unit of distance a variety
deviates from the consumer’s ideal variety, so that consumers are willing to pay:

v− t× (distance from ideal variety)

– In the non-geographical interpretation, a greater t means consumers care more
about deviations from their ideal variety

• Each consumer’s goal is to maximize surplus.

2.3.2 DEMANDS

For now, suppose that A is at zero and B is at one. Consider a consumer at position x on
the line. They must ‘travel’ a distance x to buy from A, or a distance 1 − x to buy from B

and so are willing to pay

• v− tx for A’s product

• v− t(1 − x) for B’s product.

They will purchase from A if

v− tx− pA > v− t(1 − x) − pB

pA + tx > pB + t(1 − x)

That is, if the ‘delivered cost’ of A is less than that of B.
3That is, for any position x along the line, x of the consumers are to the left of x (and 1 − x to the right). For

example half the consumers are to the left of 1/2 and half to the right.
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xN = 1
2

0 1

pA pB

p ′
A

p ′
B

p ′
A + tx

p ′
B + t(1 − x)

A’s demand when (pA,pB) = (p ′
A,p ′

B)

xN = 1
2

p ′
A + tx ′ p ′

B + t(1 − x ′)

0

pA pB

p ′
A

p ′
B

p ′
B + t(1 − x)

1

A’s demand when (pA,pB) = (p ′′
A,p ′

B)
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xN = 1
2

p ′
A + tx ′ p ′

B + t(1 − x ′)

0 1

pA pB

p ′
A

p ′
B

p ′
B + t(1 − x)

p ′′
A

A’s demand when (pA,pB) = (p ′′′
A ,p ′

B)

xN = 1
2

p ′
A + tx ′ p ′

B + t(1 − x ′)

0 1

pA pB

p ′
A

p ′
B

p ′′
A

p ′′′
A

A’s best response to p ′
B is bA(p ′

B)
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2.3.3 NASH EQUILIBRIUM

p ′
A + tx ′ p ′

B + t(1 − x ′)

pA pB

pNA pNB

pNA + txpNB + t(1 − x)

DA(pA,pNB )MRA(pA,pNB )

xN = 1
2

0 1

In the Hotelling model (with t > 0), the Nash equilibrium prices are above marginal
cost. Each firm has some market power.

xN = 1
2

p ′
A + tx ′ p ′

B + t(1 − x ′)

0 1

pA pB

p ′
B

p ′′
A

p ′′′
A

DA(pA,p ′
B)

p ′
B + t(1 − x)

p ′′
A + tx

The effect of an increase in t
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When the firms’ locations are fixed at zero and one, we can interpret t as the degree of
product differentiation.

• If products were more differentiated (t higher), the demand curve would be steeper.

• If products were less differentiated (t lower), the demand curve would be flatter.

• In the extreme where t = 0, the demand curve would be the same as in the standard
Bertrand model.

The greater the degree of product differentiation (the higher t) the greater the degree
of market power and the higher the Nash equilibrium prices.

2.3.4 PRODUCT POSITIONING

So far we assumed that firms were located at either end of the line. If we allow firms to
choose their location:

• How will they position their product?

• Will they locate close together or far apart?

To answer these questions, we consider a two stage game:

Stage 1:
Firms simultaneously choose locations LA and LB

Stage 2:
Firms simultaneously choose prices pA and pB

We will split up the effect of a change in location on profits into two parts:

• Direct effect: fixing prices, a change in a firm’s location affects its demand

• Strategic effect: a change in a firm’s location affects the second-stage price competition
(in particular its rival’s equilibrium price), which affects its demand

Direct effect (fixed prices)

Fix the prices of the firms at pNA and pNB (the Nash equilibrium prices when firms are located
at each end of the line) and consider a small change in location of firm A from LA = 0 to
L ′
A > 0. What is the effect on demand (and hence profit)?
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pNA
pNB

LA LB

DA(pA,pNB )

pNB + t(1 − x)

xN

pA pB

The direct effect is positive: If prices are fixed, then any move of A towards B increases
its demand, and hence profits.

CLAIM

If consumers are distributed uniformly, and prices are fixed and equal, then the only
Nash equilibrium is for both firms to located at the centre.

Proof.

• Suppose that LA = LB = 1/2. There is no incentive to deviate, because it lowers
demand from 1/2.

• For all other locations firm A or B could increase demand by locating right next to the
other firm on the side nearer the centre. ■

Strategic effect

However, prices are not fixed. The price chosen by B in the second stage is a function of
A’s location choice in the first stage. A change in LA will cause firm B’s price to change.
The resulting change in A’s profit is the strategic effect
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The strategic effect is negative: Any move towards the other firm increases price com-
petition.

As an extreme case, consider what happens when A moves all the way to 1:

• When LA = 0 and LB = 1, both firms priced above marginal cost.

• When A moves all the way to 1 (i.e. LA = LB = 1), we have the standard Bertrand
model and firms price at marginal cost.

In the diagram, a small move to the right by A causes B’s price to fall and this reduces A’s
demand and hence profit.

pNA
pNB

LA LB

DA

xN x ′L ′
A

pA pB

There are two effects of changing position:

• The direct effect gives an incentive to locate close to each other

• The strategic effect gives an incentive to move apart (differentiate)

The relative size of the two effects will depend on the transport costs and the distri-
bution of consumers. The balance of the two effects will determine whether the firms
locate close together or far apart
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2.4 SWITCHING COSTS

To see what effect switching costs have, take the standard Bertrand model and:

• Suppose that initially consumers are split equally between firms A and B

• If a consumer goes to a new firm they incur a switching cost s

For simplicity, assume that there is a continuum of consumers of mass one, and that each
consumer is willing to pay up to v (so that the monopoly price is v).4

CLAIM

For any switching cost s > 0 there is no (pure-strategy) Nash equilibrium where a firm
prices below the monopoly price.

Proof.

• We show that if at least one firm is pricing below the monopoly price, then the firm
with the lower price firm has a profitable deviation

• Suppose pA ⩽ pB and pA < v

• Then A has at least half the consumers

• If A raises her price by less than the switching cost, then she will not lose any con-
sumers and her profit will rise ■

4This model should be familiar! It is the same as the model in the pricing game with shopping costs.
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CLAIM

For sufficiently large switching costs the unique Nash equilibrium is pA = pB = v

Proof.

• Each firm has profit 1
2(v− c)

• Suppose A raises her price: she gets zero demand (pA > v)

• Suppose A lowers her price: in order to attract any of B’s customers, she must choose
a price pA ⩽ v− s

• The deviation is not profitable if

v− s− c ⩽
1
2
(v− c)

(v− c) −
1
2
(v− c) ⩽ s

s ⩾
1
2
(v− c). ■

So pA = pB = v is a Nash equilibrium if s ⩾ 1
2(v− c)

e.g., if v = 8 and c = 2, we require that s ⩾ (8 − 2)/2 = 3.

When switching costs s are introduced into the Bertrand model:

• For any s > 0, pricing at marginal cost is no longer an equilibrium

• If s is sufficiently large then monopoly pricing is an equilibrium

Relaxing an assumption

We assumed that each firm initially had half the consumers. Suppose our model now has
two stages:

• Firms have an incentive to offer relatively low prices/discounts in the first stage in
order to attract an installed base of consumers

• In the second stage they can then raise prices as we showed

• Still, switching costs tend to raise profits
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2.5 SEARCH COSTS

Consider the standard Bertrand model with the following modifications:

• Consumers know only the prices of the stores they visit

• Each consumer starts at one store

• In order to find out the price set by another store, a consumer must visit that store

• Each visit incurs a search cost s

CLAIM

For any search cost s > 0 it is not an equilibrium for firms to set pA = pB = c.

Proof.

• We show A has a profitable deviation.

• Suppose A raises her price slightly (i.e. to some pA < c+ s).

• None of those who visit A first will also visit B (as they know that the least they can
pay is c+ s)

• Some of those who visit A will purchase, and so A makes a positive profit ■

We now show that when the search cost is positive, it is an equilibrium for both firms to
price at the monopoly level. Assume each consumer is willing to pay up to v.

CLAIM

For any search cost s > 0 there exists an equilibrium where pA = pB = v and all
consumers believe that any store they visit will offer this price.
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Proof.

• We show A has no profitable deviation.

• Suppose A raises her price: Then A’s price is above v, and so her demand and profit
are zero.

• Suppose A lowers her price: This will not attract any consumers away from B, since
those consumers do not visit A and so do not observe the price cut (and expect every
store to charge v) ■

This startling result is known as the Diamond paradox. It suggests that the perfectly com-
petitive result is a ‘knife-edge’ case. Even with the tiniest search cost imperfect information
about prices breaks the marginal-cost pricing equilibrium Instead, there is now an equilib-
rium at the other extreme: monopoly pricing.5

When search costs s are introduced into the Bertrand model:

• For any s > 0, pricing at marginal costs is no longer an equilibrium

• For any positive search costs—no matter how small—it is an equilibrium for firms
to price at the monopoly level

5The ability to advertise price may change this result because a firm has an incentive to advertise a price
that undercuts the other firm(s).
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2.6 PRICE DISPERSION

In the Bertrand model, all firms priced at marginal cost. In our model of search, all firms
priced at the monopoly price. However, we often observe price dispersion, i.e. different
prices being charged for exactly the same product. How can we explain this? One expla-
nation is that consumers have different costs of search.

Idea:

• Consumers with low (zero) search cost find out all the prices and therefore buy from
the firm(s) with the lowest price

• Consumers with high search cost do not search and choose a firm randomly

It can be an equilibrium for firms to charge different prices because both low and high-price
firms can make sales:

• Low-price firms sell to both types of consumers

• High-price firms sell only to consumers with high search costs (and so sell less than
low-price firms)

• If the average cost of selling to just high-search cost consumers is higher than from
selling to both types, then both low and high-price firms can make the same profit
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2.6.1 TOURISTS AND NATIVES MODEL (CARLTON AND PERLOFF PP. 481–487)

Large number of potential entrants with identical U-shaped average-cost curves

• The equilibrium number of firms n is determined by free entry (so that each firm
must have zero profit in equilibrium)

p

q

AC(q)

pc

v

Figure 2.4: qc is the quantity that minimizes average cost, qv is the quantity which would
give zero profit at the monopoly price v

L consumers each consumer willing to pay up to v for the good:

• Fraction α are natives: informed consumers (zero search costs)

• Fraction 1 −α are tourists: uninformed consumers (large search costs)

Informed consumers know lowest price being charged, so visit and purchase from a store
with the lowest price

• Firms with lowest price get equal share of informed consumers

Uninformed consumers do not know prices, so simply choose a store at random

• Each store gets equal share of uninformed consumers

https://www.vlebooks.com/vleweb/Product/Index/498508?page=0
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2.6.2 α = 0 (ALL CONSUMERS ARE TOURISTS/UNINFORMED)

All consumers choose store at random just like in the model with search costs.

CLAIM

When all the consumers are uninformed (α = 0), then it is an equilibrium for all firms
to price at v. The equilibrium number of firms is L

qv .

Proof. In the proposed equilibrium each active firm sells qv units and makes zero profit.

• If an active firm raises their price, then their demand is zero, so they are no better off.

• If an active firm lowers their price, their demand is unchanged (consumers do not
observe the price cut) and so they make negative profit.

• There is no incentive for another firm to enter (they would make a negative profit)

• There is no incentive for a firm to exit (they still make zero profit) ■

p

q

pc

v

qv = L
n
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2.6.3 α = 1 (ALL CONSUMERS ARE NATIVES/INFORMED)

All consumers visit lowest price store(s) just like in the standard Bertrand model.

CLAIM

When all the consumers are informed (α = 1), then the equilibrium is for all firms to
price at pc. The equilibrium number of firms is L

qc .

Proof. In the proposed equilibrium each active firm sells qc units and makes zero profit.

• If an active firm raises their price, then their demand is zero, so they are no better off.

• If an active firm lowers their price, they get all the consumers, but their price is less
than their average cost and so they make negative profit.

• There is no incentive for another firm to enter (they would make a negative profit)

• There is no incentive for a firm to exit (they still make zero profit) ■

p

q

pc

qc = L
n
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2.6.4 0 < α < 1 (SOME CONSUMERS ARE TOURISTS, SOME NATIVES)

Let β be the fraction of firms that charge the lowest price. When there are n active firms:

• Each of the βn firms with lowest price get an equal share 1
βn of the αL informed

consumers

• Each of the n firms gets an equal share 1
n of the (1 −α)L uninformed consumers

Single-price equilibrium (large α)

Idea: If there are not many tourists (uninformed consumers) then the the average cost from
selling just to the tourists will be more than the monopoly price.

CLAIM

If there are a sufficiently large number of informed consumers (α is large enough), then
the equilibrium is for all firms to price at pc. The equilibrium number of firms is L

qc .

Proof. In the proposed equilibrium each active firm sells qc units and makes zero profit.

• If an active firm raises their price, then:

– their demand is (1−α)L
n = (1 −α)qc for any price less than or equal to v

– the best they can do is raise their price to v

– profit is negative because α is large enough that AC ((1 −α)qc) > v

• The rest of the argument is the same as for α = 1. ■

p

q

pc

v

(1 −α)qc
qc = L

n
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No single-price equilibrium (small α)

Idea: If there are enough tourists (uninformed consumers) then the the average cost from
selling just to the tourists will be less than the monopoly price.

CLAIM

If there are sufficiently small number of informed consumers (α is small enough), then
it is not an equilibrium for all firms to charge the competitive price, pc, or for all to
price at the monopoly level, v.

Proof.

• It is not an equilibrium for there to be L
qc firms charging pc:

– It is now profitable for any firm to deviate to the monopoly price v

– Since the fraction of uninformed consumers is now larger, a deviation no longer
results in such a large drop in demand that average cost rises above v

p

q

pc

v

(1 −α)qc
qc = L

n

• It is not an equilibrium for there to be L
qv firms charging v:

– It is profitable for a firm to deviate to a price slightly less than v

– Given a sufficiently small fraction of informed consumers this will reduce its
average cost below v ■
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Two-price equilibrium (small α)

CLAIM

If there are a sufficiently small number of informed consumers (α is small enough),
then the equilibrium is for some firms to price at pc and some to price at v. The
equilibrium number of firms is (1−α)L

qv , the equilibrium fraction of low-price firms is
αqv

(1−α)(qc−qv) .
6

Proof. In the proposed equilibrium each active low-price firm sells qc units and makes zero
profit, while each active high-price firm sells qv units and makes zero profit.

• If a low-price firm:

– raises its price, then it can make at most zero profit (by pricing at v or above)

– lowers its price, then it makes negative profit

• If a high-price firm:

– raises its price, then it gets zero demand and makes zero profit

– lowers its price enough to increase demand, then it makes negative profit

• There is also no incentive for a firm to exit or enter. ■

p

q

pc

v

qc =
(1−α)L

n + αL
βnqv =

(1−α)L
n

6In equilibrium, we need qv =
(1−α)L

n (pricing at v gives zero profit) and qc =
(1−α)L

n + αL
βn (pricing at pc

gives zero profit). The first equation gives the equilibrium value of n. Substituting this into the second
equation and solving gives the equilibrium value of β.
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The type of equilibrium depends on the size of α

• With no informed consumers (α = 0), we get monopoly pricing.

• With a large fraction α of informed consumers, we get competitive pricing.

• With an intermediate fraction of informed consumers, we get price dispersion:

– A fraction β are low-price firms and sell quantity qc (to both types of con-
sumers)

– A fraction 1 − β are high-price firms and sell quantity qv < qc (to unin-
formed consumers)

– All firms make zero profit

α

L
qv

L
qc

10

n

βn

(1 −β)n

Equilibrium numbers of low-price, βn, and high-price firms, (1 −β)n

α

1

10

β

Equilibrium fraction of low-price firms, β

α

pc

v

10

p̄

Mean equilibrium price, p̄ = βpc + (1 −β)v



3ADVERTISING

3.1 INTRODUCTION

3.1.1 SEARCH VS EXPERIENCE CHARACTERISTICS

Consumers might be uninformed about price, quality, or horizontal attributes of products
(particularly in the case of new products). We have seen the case where consumers may be
uninformed about prices, but may choose to incur a search cost to find out about them.

Search characteristics are those attributes of a product that can be determined by inspec-
tion prior to purchase, usually through visual or tactile inspection. Experience characteristics
are those attributes of a product that can only be determined by consuming the product.

EXAMPLE (Clothing)

• Search:

Colour

Texture

Size/fit

Finish
Price

• Experience:

Durability
(but for some goods can be determined partially by in-
spection)
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3.1.2 TYPES OF ADVERTISING

Advertising may:

• Present hard facts about a product

• Make vague claims

• Create a favourable impression of the product

• List prices

• Reveal or signal quality—higher demand (consumers willing to pay more for high
quality)

• Differentiate—higher or less elastic demand (reduces price competition)

3.1.3 INFORMATIVE VS PERSUASIVE ADVERTISING

Informative advertising describes a products objective characteristics. For example:

• Price

• Features

• Uses

• Existence

Persuasive advertising is designed to shift consumers’ tastes by making the product seem
cool or desirable.

• Search characteristics: advertising usually provides direct information—photographs,
specifications, descriptions.

• Experience characteristics: advertising often provides no direct information, but the
presence and level of advertising may be able to signal the quality of a good.

3.1.4 GOAL OF ADVERTISING

The goal of advertising, whether persuasive or informative, is to change the demand for a
firm’s product or other competing firms’ products in a favourable way.

• If advertising shifts demand out, then the firm can sell the same quantity at higher
prices (but will generally change its quantity) and is clearly better off.

• If advertising makes a rival’s demand curve more inelastic, then it will raise its price,
shifting the firm’s own demand curve out.
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3.2 BURNING MONEY MODEL OF ADVERTISING

3.2.1 INTRODUCTION

Consider a firm producing a new product. Consumers may not know whether the product
is high or low quality. If this is the case then consumers will be willing to pay less for the
product than if they knew the product were high quality. The firm will make lower profits
than in the case where consumers are sure of the quality.

Idea: Advertising might provide no direct information but could indirectly signal quality.

• Requires that the seller of a high-quality product spends enough on advertising so
that the investment could only be recouped by a high-quality firm from sales in sub-
sequent periods when the true quality of the product has become known.

• A low quality (or ‘fly-by-night’) firm would not imitate by advertising because after
the first period their sales will only be at the level of a low-quality product, and so
they cannot recoup the investment in advertising.

3.2.2 MODEL

There are two periods.
One firm:

• Produces either high quality good low quality good at unit cost c (and knows which
one it is)1

Continuum of consumers of mass one:

• Willing to pay 1 for the high quality good and nothing for the low quality good.

• Initially believe that firm is high quality with probability λ

• For simplicity, assume consumers will not buy a product they believe (with probabil-
ity one) is low quality.

• Cannot observe quality in first period but after the first period quality becomes known
(quality is an experience good).

1For simplicity, we assume a firm cannot change its quality.
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3.2.3 NO ADVERTISING

Without advertising, there is no way for consumers to distinguish between low-quality and
high-quality firms in the first period and so, in the first period, consumers are willing to
pay

(1 − λ)0 + λ1 = λ

Over the two periods, a high-quality firm could only make the profit

(λ− c) + (1 − c)

On the other hand, if the firm’s quality were known in the first period, it could make profit

(1 − c) + (1 − c) > (λ− c) + (1 − c)

So if an advertising expenditure of less than 1−λ can signal quality then this will increase
a high-quality firms profits relative to not advertising.

3.2.4 AN EQUILIBRIUM WHERE ADVERTISING SIGNALS QUALITY

Advertising may be able to signal quality. We will construct a separating equilibrium where
a high-quality firm spends A on advertising, and low-quality firms do not. In such an
equilibrium, consumers believe in the first period that:

• a firm spending A on advertising produces high quality.

• a firm spending anything other than A produces low quality;

For these beliefs to be correct, it must be that, given the beliefs:

• a high quality firm prefers to spend A on advertising

• a low quality firm prefers not to spend A on advertising;

In such an equilibrium, if a firm does not advertise, then:

• Consumers believe it is a low-quality firm and so are not willing to purchase its prod-
uct in the first period.

• Since no-one purchases the product in the first period, they continue to believe it is
low quality in the second period and so the firm makes no sales in the second period.

• Hence (whether or not the firm is actually high or low quality) a firm that does not
advertise makes no profit (in either period).
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Condition for high-quality firm to prefer to advertise

If a high quality firm advertises, it is believed to be high quality in the first period, and gets
first-period profit

1 − c−A
In the second period it is known to be a high-quality firm and therefore makes a profit of

1 − c. In total its profit from advertising is

2(1 − c) −A
A high-quality firm will want to advertise if:

A ⩽ 2(1 − c)

Condition for low-quality firm to prefer not to advertise

If a low-quality firm advertises, it is believed to be high quality in the first period, and gets
a profit of

1 − c−A
In the second period it is known to be low-quality and therefore makes zero profit and so

its profit from advertising is

1 − c−A

A low-quality firm would not want to pretend to be a high-quality firm by advertising if:

A ⩾ 1 − c.

Equilibrium condition on advertising expenditure

Putting together the two inequalities, for a separating equilibrium where only a high-
quality firm advertises, we need:

1 − c︸ ︷︷ ︸
gain if low

quality firm advertises

⩽ A︸︷︷︸
advertising
expenditure

⩽ 2(1 − c)︸ ︷︷ ︸
gain if high

quality firm advertises
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• Advertising had no directly informative or persuasive content

• Instead, advertising provided information indirectly

• The mere act of spending money (and it being observed through advertising)
was enough to signal quality

• A low-quality firm gains less from advertising (the first-period gain in profits)
compared to a high-quality firm (two periods of higher profits)

• Thus, there is some level of advertising that is sufficient to signal high-quality
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3.3 INFORMATIVE ADVERTISING

3.3.1 INTRODUCTION

Consumers can be informed about search characteristics by the firm in a number of ways:

• Advertising with information content

• Demonstration

• Trial version

• Money back guarantee

Figure 3.1: Infomercial / product demonstration

Figure 3.2: Trial version / shareware

http://www.youtube.com/watch?v=UWRyj5cHIQA&index=3&list=FLXKFoX9lgWt5LVWWQdjiR4Q
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3.3.2 A MODEL OF INFORMATIVE ADVERTISING

Continuum of Connie the consumers (of mass one)

A Connie’s willingness to pay for the cake is either vL or vH, with vH > vL ⩾ 0

λ
vH

1 − λ
vL

If a Connie is uninformed then her willingness to pay is her expected valuation:

v̄ = (1 − λ)vL + λvH

For example, when vL = 2, vH = 8 and λ = 1/2,

v̄ =
1
2

2 +
1
2

8 = 5.
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One cake stall, owned by Alice

Alice first chooses a level of advertising in {0, 1} then she chooses her price p.

• 0 represents no advertising: Connie is uninformed

• 1 represents perfectly informative advertising: Connie learns her valuation

Advertising and production are costless.

No advertising

Each Connie is willing to pay up to her expected valuation v̄. Thus demand with no adver-
tising is

D0(p) =

{
1 p ⩽ v̄

0 p > v̄

where p is the price Alice charges
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p

vL

vH

1λ

v̄

• The profit-maximizing price is p0 = v̄

• All Connies buy and maximum profit is Π0 = v̄

Alice advertises

If Alice advertises, then λ of the Connies learn their valuation is vH and 1 − λ learn their
valuation is vL, so demand is

D1(p) =


1 p ⩽ vL

λ vL < p ⩽ vH

0 p > vH
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p

v̄

vL

vH

1λ

Profit-maximizing price is either

• vL (all Connies buy, profit is vL) or

• vH (only Connies who have high valuation buy, profit is
λvH)

So maximum profit is

Π1 = max{vL, λvH}.

For example, when vL = 2, vH = 8, λ = 1/2

Π1 = max{2,
1
2

8} = max{2, 4} = 4.

In this case, best to sell to just the high-valuation Connies
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Should Alice advertise?

Profit from not advertising

Π0 = v̄ = (1 − λ)vL + λvH.

Profit from advertising:

Π1 = max{vL, λvH} < v̄

Alice should not advertise

When Alice does not advertise she can effectively perfectly price discriminate: If the Con-
nies knew their valuations, and Alice could perfectly price discriminate, then she would
charge each Connie her exact valuation, earning profit

(1 − λ)vL + λvH = v̄

which is the same profit as without advertising. This result generalizes to any number of
valuations and to continuous distributions.

A monopoly may prefer to keep buyers ignorant in order to be able to effectively per-
fectly price discriminate.

Welfare

Not advertising maximizes welfare (but consumer surplus is zero):

• By not informing, Alice can effectively practise perfect price discrimination (which
we know maximizes welfare)

Two reasons advertising might improve welfare are:

• Advertising prevents those who value the good below marginal cost from buying.

– But we assumed all the Connies’ valuations are above marginal cost (zero)

• Advertising allows consumers to chose the product that actually gives them the higher
surplus.

– But we assumed there was only one product



ADVERTISING 3.3 INFORMATIVE ADVERTISING 76

Important differences between this model and models with quality:

Initially in the quality case, the firm knew the quality while consumers did not (asymmetric
information).

• Advertising may indirectly inform consumers about quality, i.e. make information
symmetric

• Informing either decreases or increases the valuations of all consumers (as they are
all willing to pay more for higher quality)

Initially, in this model of informative advertising, the firm and consumers only know the
distribution of valuations (symmetric information)

• Now advertising informs consumers about their valuations, but the firm does not
learn them: information becomes asymmetric

• Informing decreases the valuations of a consumer with true valuation vL, and in-
creases the valuation of a consumer with true valuation vH

Relaxing assumptions

Assumed that marginal cost of production was zero.

• If c > v̄ it will certainly pay to advertise

• In fact, with two valuations, it pays to advertise if the cost is greater than the lower
valuation: c > vL (advertising allows the firm to screen out those willing to pay less
than marginal cost and charge the other consumers vH)

Assumed monopoly could choose no information or perfect information

• But consumers might already have some information

• Monopoly may want to choose partial information (tutorial)

Assumed consumers not able to search

• If the firm does not advertise, consumers might choose to expend effort finding out
about a product

Assumed consumes risk neutral

• If sufficiently risk averse, may be profitable to advertise

• For example, if infinitely risk averse, prepared to pay only vL if uninformed—can do
at least as well by informing
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3.3.3 INFORMATIVE ADVERTISING UNDER DUOPOLY

What if there are two firms? Apply Hotelling model of product differentiation:

• A firm is located at 0 and other at 1 (consumers know this)

• If firms do not advertise, then consumers do not know which firm is located where

If neither firm advertises its location:

• Consumers act as if the two goods are identical

• There is Bertrand competition and prices are equal to marginal cost in equilibrium

If either firm advertises its location,

• Consumers know where each firm is located

• Price competition is softened

Informative advertising may reveal product differentiation and reduce price competi-
tion.

3.3.4 ADVERTISING PRICES

Consider the model of search costs (section 2.5)

• When firms do not advertise, it is an equilibrium for firms to price at the monopoly
level (Diamond paradox)

• When both firms advertise, effectively search costs are zero, and the equilibrium is
marginal cost pricing (Bertrand paradox)

Advertising prices may increase price competition.

Why, then, do we observe firms advertising prices? Doing so
allows it to advertise that its price is lower (p < v − ε), and
obtain all the demand—prisoner’s dilemma
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3.4 PERSUASIVE ADVERTISING

Advertising convinces many consumers that bottled water tastes better, or is better for
them, and thus results in more sales at a higher price. But are consumers better off? The
price is higher, but some consumers are receiving more pleasure from using bottled water
than before (and profits have risen). Is there too much advertising of bottled water?

3.4.1 DIXIT AND NORMAN (1978)

A paper called ‘Advertising and Welfare’. If advertising is purely persuasive then:

Monopolies, oligopolies, and monopolistically competitive industries all advertise too
much in equilibrium.

‘Too much’ is relative to the amount that would maximize welfare, given the equilibrium
output choices of the firm(s). The result is not obvious, because under imperfect compe-
tition firms usually produce too little. If advertising causes consumers to buy more, this
increases welfare.

We consider only the monopoly case.2 The monopolist’s decision can be split into two
stages:

(i) The monopolist chooses a level of advertising expenditure, α ⩾ 0.

(ii) Given the chosen level of α, the monopolist chooses how much to produce.

There is excessive advertising if the monopoly firm would choose a higher level of adver-
tising expenditure in the first stage than would a welfare-maximizer.

An increase in advertising

Let us consider an increase E in advertising expenditure from α0 to α1 that shifts demand
from D0 to D1:

• D0 is the pre-advertising demand curve;

• D1 is the post-advertising demand curve.

Advertising is only profitable if it increases equilibrium output, price or both. Also, adver-
tising can only increase welfare if it causes the equilibrium output to rise.3 So let us assume
that the increase in advertising increases the equilibrium output and price.

2This case is discussed on pp. 507–510 of Carlton and Perloff (diagram is on p. 503), and in section 17.1 of
Church and Ware.

3This is assuming that the welfare standard is fixed, i.e. we do not use the pre-advertising demand curve
to measure pre-advertising welfare and the post-advertising demand curve to measure post-advertising
welfare. In some situations, it does make sense to do this (e.g. if the advertising is informative—we will
look at this case in a tutorial problem).

https://www.jstor.org/stable/3003609
https://www.vlebooks.com/vleweb/Product/Index/498508?page=0
https://hull.rl.talis.com/link?url=http%3A%2F%2Fworks.bepress.com%2Fcgi%2Fviewcontent.cgi%3Farticle%3D1022%26context%3Djeffrey_church%23page%3D595&sig=1560312907666c923d28b9c12b54776514d362ae613f801550683e0b5e2fcf15
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Figure 3.3: Pre and post-advertising equilibrium

Measuring welfare

Welfare is the consumption benefits less the production and advertising costs:4

W = consumption benefits − production costs −α

The welfare can be measured using either pre or post-advertising preferences, i.e. to mea-
sure the consumption benefits we could use either

• the pre-advertising demand curve D0, or

• the post-advertising demand curve D1.

Some argue advertising only causes consumers to ‘think they are better off’ and so pre-
advertising tastes should be used. Others argue that consumers are the best judges of their
own tastes, so should use post-advertising tastes. Which preferences should be used as the
standard for measuring welfare changes?

4Alternatively, we can write welfare as the sum of consumer surplus and profits because the consumer
surplus is consumption benefits less expenditure, while profits are revenue (expenditure) less production
costs and the advertising expenditure.
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To get around the problem of a changing standard for welfare comparisons, Dixit and
Norman (1978) do the following:

• First, they compare welfare using pre-advertising preferences as their standard.

• Then they repeat this comparison using post-advertising preferences.

• Finally, they conclude that one gets the same result in both cases.

Change in welfare

MC

D0

P0

Q0

D1

P1

Q1

∆P

Figure 3.4: Pre-advertising (∆W0) vs post-advertising measure (∆W1) of welfare change

The area under a demand curve represents consumption benefits, and the area under the
marginal cost curve represents production costs, so the change in welfare (gross of the
change in advertising expenditure) is

• area B using pre-advertising preferences (i.e. demand curve D0);

• area B+C+D using post-advertising preferences (i.e demand curve D1).

For a discrete change in advertising, post-advertising preferences give a larger measure of
the change in welfare (∆W1 > ∆W0). Hence any discrete change in advertising that

• increases welfare according to pre-advertising preferences will necessarily be benefi-
cial according to post-advertising preferences;

• decreases welfare according to post-advertising preferences will also be harmful ac-
cording to pre-advertising preferences.
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For marginal changes in advertising (infinitesimal E) it does not matter which prefer-
ences we use: ∆W0 = ∆W1 because areas C and D are of ‘second order’:

• areas A and B are of first order because they are infinitesimal changes (in P and Q

respectively) multiplied by discrete amounts;

• areas C and D are of second order because they are infinitesimal amounts multiplied
by infinitesimal amounts.

Change in profits vs change in welfare

MC

D0

P0

Q0

D1

P1

Q1

∆P

Figure 3.5: Relationship between change in welfare and profit (using pre-advertising tastes)

The diagram shows that for a marginal change in advertising from α0 we have

∆W = ∆Π−Q0∆P

The welfare gain from a marginal increase in advertising is:

• the increase in monopoly profits caused by advertising,

• less the increase in expenditure the consumers incur in buying the initial quantity at
the higher price.
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Excessive advertising

The monopoly will choose to advertise up to where the marginal effect on profit is zero
(∆Π = 0). So, at the monopoly’s optimal level of advertising α∗,

∆W = −Q∗∆P < 0

where Q∗ is the optimal output corresponding to α∗. Thus welfare is decreasing in α at
monopoly’s choice of advertising α∗. Welfare could be increased by reducing advertising.
Thus there is excessive advertising.

When advertising is purely persuasive, a monopoly will advertise too much in equi-
librium:

• The monopoly takes account of the increase in its profits from the ‘pre-advertising
consumers’ paying a higher price post advertising

– Consumption is Q0 before the increase in advertising.

– After advertising, the price increases by ∆P per unit.

– This increases profit by Q0∆P.

• This gain in profit is not a gain in welfare because it is just a transfer from con-
sumers to the monopoly:

– The monopoly gains Q0∆P in revenue, but consumers lose Q0∆P in expen-
diture.



4RESEARCH AND DEVELOPMENT

4.1 MARKET STRUCTURE AND INCENTIVE TO INNOVATE

Consider a process innovation that reduces unit cost from c0 to c1 ; only the innovating firm
can use the innovation. Does a monopoly or a competitive firm have more incentive to
carry out such an innovation?

qC
0

pC0 = c0

qM
0

pM0

MR

p

q
D

What is the post-innovation equilibrium in the competitive market?

• After innovation the firms play a Bertrand game where the innovating firm has marginal
cost c1 and its competitors have marginal cost c0.

• Assume that consumers buy from the low-cost firm if its price is the same as the
lowest-price high-cost firm.
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• Any Nash equilibrium of this game involves the low-cost firm pricing at c0 and ob-
taining all the demand (i.e. qC

0 ) at that price.1

A competitive firm has a greater incentive to carry out a process innovation than a
monopoly.

The monopoly has a positive pre-innovation profit; the competitive firm does not. The
result is explained by the replacement effect: the innovation allows the monopoly to ‘replace’
its initial profit by a somewhat higher profit, whereas the competitive firm creates a brand
new profit opportunity. The monopoly benefits less from the cost reduction because it is
over a smaller number of units (qM

1 < qC
0 ).

The argument about the replacement effect can be extended to a multiproduct firm. Pre-
diction: a firm has a higher incentive to innovate in market segments where it faces com-
petition than in those segments where it enjoys significant market power.

EXAMPLE (Microsoft’s incentives to innovate)

Microsoft’s launch of the Xbox in 2005:

It is surely no coincidence that Microsoft’s hidden ability to innovate has
become apparent only in a market in which it is the underdog and faces
fierce competition. Microsoft is far less innovative in its core businesses, in
which it has a monopoly (in Windows) and a near monopoly (in Office).
But in the new markets of gaming, mobile devices and television set-top
boxes, Microsoft has been unable to exploit its Windows monopoly other
than indirectly – it has financed the company’s expensive forays into pas-
ture new.

(“The meaning of Xbox”, The Economist, November 24, 2005)

1This is so long as the process innovation is not so large that the profit-maximizing monopoly price of the
innovating firm is less than the marginal cost of the firms that do not innovate.
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4.2 DYNAMICS OF R&D COMPETITION

Does an incumbent or a potential rival have more incentive to carry out a product innova-
tion?

4.2.1 BASIC MODEL

An incumbent

• Initially earning monopoly profit πM

A potential competitor (‘rival’)

• Initially earning zero profit

An R&D lab

• Just discovered and patented an innovation

• R&D lab unable to market its innovation directly, so sells to firm willing to pay most

Assume if neither incumbent nor rival submits a bid, then new patent is unused and in-
cumbent continues as monopolist

Pre-emptive patenting

Is the incumbent or rival willing to pay more for the patent?

• If the incumbent did not face the threat of entry then it would not be willing to pay
anything for the patent

• The potential rival cannot enter without purchasing the patent

• The only reason the incumbent may want to purchase the patent is to deter entry
(pre-emptive patenting)

• The incumbent may be better off accommodating entry (the rival may be willing to
pay more for the patent)

Plan

Using the same basic setup we will look at the cases where the patent is for a

• Gradual innovation: the innovation does not replace the existing product

• Drastic innovation: the innovation makes the existing product obsolete

We will also allow for uncertainty about the existence of a potential rival.
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4.2.2 A GRADUAL INNOVATION

First, consider a gradual innovation. If the incumbent bids and acquires patent:

• Rival cannot enter market; incumbent remains a monopoly.

• Rival gets zero profit, incumbent receives profit πM,

If the rival bids and acquires patent:

• Rival will enter market (which becomes a duopoly)

• Each firm receives duopoly profit πD

Willingness to pay for the patent

The rival is willing to pay

πD − 0 = πD

The incumbent is willing to pay

πM − πD

The incumbent is willing to pay more if

πM − πD > πD ⇔ πM > 2πD

If products are identical, then this inequality holds for sure; it will still hold if the firms’
products are close substitutes. An incumbent’s incentive to invest in a gradual innovation
is greater than its rival’s.

The efficiency effect and persistence of monopoly

The efficiency effect:

• the incumbent’s fear of losing its monopoly position provides it with a stronger in-
centive to innovate,

• so industry structure will move in the direction that industry profits are higher (monopoly)

The dominance of the incumbent will tend to persist over time.
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4.2.3 A GRADUAL INNOVATION WITH UNCERTAINTY

Suppose now that incumbent is unsure of rival’s intentions: when it bids, the incumbent
does not know if rival is submitting bid.

• With probability ρ, the rival does not bid for the patent at all.

Now who is willing to pay more for the patent? If the incumbent bids and acquires the
patent, then (as before):

• Rival gets zero, incumbent gets πM

If the incumbent does not bid and acquire the patent:

• 1 − ρ: rival bids (and wins): each firm gets duopoly profit πD

• ρ: rival does not bid: incumbent gets πM, rival gets zero

• The incumbent’s expected profit if it does not bid and acquire the patent is

(1 − ρ)πD + ρπM

Willingness to pay for the patent

The rival is willing to pay

πD

The incumbent is willing to pay:

πM − [(1 − ρ)πD + ρπM] = (1 − ρ)(πM − πD)
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10

πM − πD

πD

ρ

(1 − ρ)(πM − πD)

If ρ is small (there is little uncertainty about the presence of a rival) then the incumbent is
still willing to pay more than rival. If ρ is sufficiently high2 (there is sufficient uncertainty
about the presence of a rival) then rival is willing to pay more than incumbent.

Efficiency and replacement effect

When the presence of the rival is certain (ρ = 0), only the efficiency effect is present.

• The efficiency effect means the incumbent has a higher incentive to carry out a grad-
ual innovation.

When the monopoly believes there is no potential rival (ρ = 1), only the replacement effect
is present.

• The replacement effect means the rival has a higher incentive to carry out a gradual
innovation.

• The incumbent believes it has nothing to gain by bidding (πM − πM = 0): it would
just be replacing its monopoly profit with monopoly profit.

• The rival has more to gain (πD − 0 = πD): the rival would replace zero profit with
duopoly profit

When 0 < ρ < 1, both the efficiency effect and replacement effect are present

• When ρ is sufficiently large (the incumbent is sufficiently uncertain about the presence
of potential rival) the replacement effect dominates the efficiency effect, and so the
incumbent has less incentive to acquire patent than a potential rival.

2Assuming, πM > 2πD, the precise condition is that ρ > πM−2πD

πM−πD = 1 − πD

πM−πD .
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4.2.4 A DRASTIC INNOVATION

Now consider a drastic innovation. Now if the rival acquires the patent and enters the
industry, the incumbent’s profits are zero and the rival makes monopoly profits. Compared
with the gradual innovation case, this increases the incentive of the rival to acquire the
patent. If the incumbent bids and acquires the patent, then (as before):

• Rival gets zero, incumbent gets πM

If the incumbent does not bid and acquire the patent

• 1 − ρ: rival bids (and wins): incumbent gets zero, rival gets πM

• ρ: rival does not bid: incumbent gets πM, rival gets zero

• The incumbent’s expected profit if it does not bid is

(1 − ρ)0 + ρπM = ρπM

Willingness to pay for the patent

The rival is willing to pay

πM

The incumbent is willing to pay

πM − ρπM = (1 − ρ)πM

As long as there is some uncertainty (ρ > 0) the rival is willing to pay more than the
incumbent.

Incumbent firms tend to have a greater incentive than entrants to perform R&D toward
a gradual innovation. However:

• if there is uncertainty regarding the threat of entry

• if the innovation is sufficiently drastic,

then a potential rival may have a greater incentive to perform R&D than the incum-
bent.
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4.3 PATENT POLICY

4.3.1 INTRODUCTION

A patent gives the holder exclusive rights to the invention (for a limited period of time).
Without a patent there would be little incentive to innovate:

• Any other firm could simply copy the firm’s innovation

• The innovating firm’s profit would be too low to justify the investment

Patents, by bestowing market power on the patent-holder, have two opposing effects on
welfare:

• Increase incentive to innovate: a greater rate of technical progress

• Lead to inefficiency in the post-innovation market: underproduction by the patent-
holder

Both effects must be taken into account when designing patent policy.

Policy instruments

There are two broad aspects of patent design:

• Patent length

• Patent strength

– Novelty/nonobviousness requirements: what can be patented

– Patent breadth: coverage of the patent

Increasing the length or strength of a patent involves a trade off:

• Increased profits from innovation and so increased incentive to innovate.

• Increased welfare loss from the usual inefficiency associated with market power:

– Increasing strength increases the market power of the patent holder

– Increasing length increases the period of time in which the patent holder has
market power

4.3.2 A SLIGHT WEAKENING OF A PATENT

A strong patent gives the patent holder monopoly profits for the duration of the patent.
Could a weaker patent be better?

Consider a slight weakening of the patent so that the holder is subject to some com-
petition. Specifically, suppose the patent holder is unable to charge more than pL, where
pL < pM.3

3Such a weakening can be implemented by forcing the patent holder to license the patent for pL − c per
unit: The marginal cost of a firm using the patent is (pL − c) + c = pL. Under Bertrand competition the
equilibrium price would be pL.
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A small weakening of patents increases welfare:

• It has almost no effect on profits, so does not reduce the incentive to innovate.

• It increases the quantity sold by the monopolist, so decreases the efficiency loss
associated with monopoly.

4.3.3 OPTIMAL PATENT POLICY

The policy maker is able to choose the length and strength of a patent. What combination
of patent length and strength is best? We will answer this question under the following
simplifying assumptions:

• There is only one firm considering whether or not to innovate.

• The fixed cost of innovation is F, and the innovation is certain

• Every period after innovation is identical (same demand and cost)

• After the patent expires the market becomes competitive
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The policy maker has two instruments:

• Length: L

– Determines the number of periods the patent holder has market power

• Strength: measured by per-period profit π

– The strongest patent (monopoly): π = πM

– The weakest patent (competitive market): π = 0

The firm will carry out the innovation only if its profits cover the fixed cost of innovation:

Lπ ⩾ F

Increasing the length L or strength π increases the efficiency loss associated with market
power. Thus the policy maker will optimal set

Lπ = F

So the optimal choice is between:

• A shorter, stronger patent

• A longer, weaker patent

Which is optimal? We have already shown that a small weakening of a patent (from the
strongest) increases welfare. It can be shown that any weakening of the patent (accompa-
nied by the required lengthening of the patent) increases welfare; the optimal policy is a
very weak, very long patent (tutorial).
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4.4 RESEARCH AND DEVELOPMENT AGREEEMENTS

Public policy towards R&D agreements is more tolerant than towards other inter-firm
agreements:

• Article 101 of the Treaty of the European Union prohibits inter-firm agreements that
distort competition.

• However there is an exemption for agreements pertaining to R&D.

Why is this?

4.4.1 R&D SPILLOVERS

Bloom, Schankerman and Van Reenen (2013) obtained the following US estimates for the
return to R&D:

• gross social rate of return about 55%,

• gross private rate of return about 21%

The social return greatly exceeds the private return; this gap is estimated to imply a socially
optimal level of R&D twice as high as the observed level of R&D.

Spillovers and the free-rider problem

Let 0 ⩽ s ⩽ 1 represent the degree of spillovers from R&D

• £1 of R&D expenditure by firm A benefits firm B the same as if firm B had spent £s
itself

• If s = 1 then the outcome of R&D expenditure is a public good.

Where do these spillovers come from?

• R&D results may become public knowledge

• Workers may leave firm A and join firm B

The presence of spillovers implies a free-rider problem:

• When firm A chooses how much to invest in R&D it ignores the positive externality
on firm B

• Since A ignores this positive externality it will tend to invest too little (from society’s
perspective)

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:12008E101
https://onlinelibrary.wiley.com/doi/abs/10.3982/ECTA9466
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The effect of an R&D agreement

The free-rider problem can be alleviated through an R&D agreement, i.e. an agreement
where two (or more) firms jointly choose their expenditures on R&D. The firms will choose
their total expenditures to maximize their joint profit.

EXAMPLE

Suppose £1 more expenditure benefits a firm by £0.60. Should A spend the £1? If A
and B have an R&D agreement should they spend the £1?

Benefit of extra £1 expenditure on R&D
s A B Joint

1 0.60 0.60 1.20

1/2 0.60 0.30 0.90

An R&D agreement alleviates the free-rider problem by internalizing the positive exter-
nality of R&D expenditure. Since in an R&D agreement the firms maximize joint profit,
their choice of expenditure takes into account the effect of more R&D expenditure on both
firms. The R&D agreement increases expenditure on R&D, which can increase welfare.

4.4.2 A PATENT RACE WITH A FIXED PRIZE

Are R&D agreements always a good idea? To illustrate why they might no be, consider a
different scenario:

(i) R&D expenditure is a race with a fixed prize (as in a patent race)

(ii) When a firm increases its expenditure:

• the probability that it wins increases

• the probability that the innovation occurs at all increases

• the probability the other firm wins decreases

(iii) The social value of innovation is much higher than the private value

• Society would prefer more R&D expenditure than would maximize the firms’
joint profits

• This implies that if an R&D agreement reduces R&D expenditure then it reduces
welfare
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The effect of an R&D agreement

What effect will an R&D agreement have on R&D expenditure? When firm A increases its
expenditure, it reduces the probability that B wins. Firm A does not take account of this
negative externality on firm B. Since A ignores this negative externality it will (absent an
R&D agreement) tend to invest too much (i.e. more than would maximize the joint profit
of the firms). An R&D agreement causes the firms to reduce their expenditure. Given
assumption 3 (social value of innovation is much higher than the private value) this reduces
welfare

Interfirm R&D agreements may reduce the free-rider problem. However, they may
also lead to an undesirable reduction in total R&D expenditures (tutorial).



5NETWORK EXTERNALITIES

5.1 INTRODUCTION

Network externalities are a special kind of externality where the utility for a good depends on
the number of other people consuming the good. Direct network externalities: A telephone
is only worthwhile if you can communicate with other people.

EXAMPLE (Goods/services with direct network externalities)

Indirect network externalities: The more people who own a Playstation, the more attractive
it will be to develop games for it; the more games are made for the Playstation, the more
attractive it will be to consumers.1

EXAMPLE (Goods/services with indirect network externalities)

5.1.1 COORDINATION GAME

don’t buy

don’t
0

0
−1

0

buy
0

−1
1

1

Player 2

Player 1

1Indirect network effects often arise in such two-sided markets.
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5.1.2 A MARKET WITH NETWORK EXTERNALITIES

Demand

Consider the market for some good. Consumers are uniformly distributed along a line of
length one. Their location 0 ⩽ v ⩽ 1 on the line represents their willingness to pay.

What would demand look like without externalities? Without network externalities, con-
sumer v buys if v ⩾ p.

The indifferent consumer is willing to pay p. All those with higher valuations will also
buy. Thus the number of people who buy is n = 1 − p. This is the demand function.

n

p

Now suppose the the good exhibits network externalities. Consumer v values the good
at nv, where n is the number that consume the good, and so will buy if nv ⩾ p. What does
the demand function look like now?

If n = 0 then each consumer values the good at 0 · v = 0 and so will not purchase at any
price. So part of the demand curve is the vertical line at n = 0

Suppose n > 0. There is an indifferent consumer v̄ willing to pay p:

nv̄ = p (5.1)

Those with v > v̄ will also wish to buy. Thus number of people who buy is

n = 1 − v̄ ⇔ v̄ = 1 −n (5.2)
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Putting equations (5.1) and (5.2) together gives

p = n(1 −n)

This is the inverse demand function. The height of the demand curve represents the will-
ingness to pay of the indifferent consumer

n

p

Supply

Suppose that the good is supplied by perfectly competitive firms with constant marginal
cost c. Then the industry supply curve is horizontal at c.

Equilibrium

For sufficiently small positive marginal cost, there are three intersections between supply
and demand:

• low-level equilibrium where no-one buys (noone buys so noone is willing to buy)

• middle-level equilibrium with small positive number of consumers

• high-level equilibrium with a large number of consumers
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Market dynamics

Which equilibrium is more ‘likely’? Suppose that:

• when people are willing to pay more than the cost, the size of the market expands

• when they are willing to pay less, it contracts.

That is, when the demand curve is above the supply curve, quantity goes up, and when
it is below, quantity goes down. The low-level equilibrium and high-level equilibrium are
both stable, whereas the middle equilibrium is unstable.

n

p

cL

cM

cH

D

10
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Suppose we perturb the number of people connected to the network around the equilib-
rium point zero.

• This could be a result of business strategies: initial discounts or other promotions

As the cost falls, it becomes more likely that one of these perturbations tips the system past
the unstable equilibrium. Once this happens, the system will move towards the high-level
equilibrium

EXAMPLE (Fax machines)

The demand for fax machines was low until about 1986 because few people used them
From about 1982 to 1984, the price fell rapidly Eventually in 1986–7, a critical mass (tip-
ping point) is achieved, and for a brief period of time, the system is in disequilibrium
(snow-ball). Eventually, a new, higher-adoption equilibrium is reached.
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Implications:

• It may pay to give away or heavily discount the good (at least in the beginning)

• In the case of two-sided markets, where a firm receives revenue from both sides, it
might be worthwhile heavily discounting one of the goods (or even giving it away)

• For example, games consoles are often sold at a loss (at least in the first few years)

– When the PS3 came out in 2006, the console cost about $805 to produce, losing
Sony between $225 and $305 per unit sold

– Profit is made from sales of games, accessories and online services

(Adobe gives away Acrobat Reader in order to sell Acrobat Distiller)

Network effects are everywhere. There are usually multiple equilibria: small changes
can tip the market from one equilibrium to another.
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5.2 PATH DEPENDENCE

5.2.1 INTRODUCTION

Figure 5.1: VHS vs Betamax

• Why did VHS triumph over Betamax?

• Why did Blu-ray beat HD DVD?

• Why is Windows the dominant operating system?

• Why do some countries drive on the left, some on the right?

In many cases there is no clear reason why one equilibrium was reached over another.
When network externalities are present, small seemingly random events can control the
outcome.
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5.2.2 MODEL

Two versions of a technology: A and B

• Two types of consumers: A fans and B fans

– If equal numbers consume each technology, A fans prefer A

– An A fan gets extra u > 0 utility from A compared to non-fan

• Network externalities: utility of each technology is increasing in number ni consum-
ing it

Utility
Type A B

A fan nA + u nB

B fan nA nB + u

• If nA = nB, then A fans buy A and B fans buy B

• But a B fan will prefer A if nA is large enough compared to nB:

nA > nB + u ⇔ nA −nB > u

• While an A fan will prefer B if nB is large enough compared to nA:

nB > nA + u ⇔ nA −nB < −u
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Suppose that each period an A fan or B fan randomly enters the market (with probability
1/2). Then we might get something like:

−u

0

u

t

nA −nB

nA

nB

t

nA,nB
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Lock-in

Eventually the industry becomes locked into one technology: once |nA − nB| > u, all con-
sumers will purchase the technology with the bigger network:

• If nA −nB > u then all subsequent consumers buy A

• If nB −nA > u then all subsequent consumers buy B

The technology that eventually wins depends on whether early adopters are A or B fans:
there is path dependence. Firms may be able to influence the outcome by offering initial
discounts.

The industry may become locked into the ‘wrong’ technology:

• If most people are A fans, then it is efficient for technology A to be adopted (because
then A fans will be obtaining the extra utility u)

• However, technology B may adopted if enough of the early adopters are B fans

EXAMPLE (Undesirable lock-in)

Suppose there are 80 A fans and 20 B fans. If the industry happens to become locked
into B then utility is

80(100) + 20(100 + u) = 100 + 20u

The utility from A would be higher:

80(100 + u) + 20(100) = 100 + 80u

Network effects may allow small seemingly random events to control the outcome
(path dependence).
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5.3 EXCESS INERTIA AND EXCESS MOMENTUM

5.3.1 INTRODUCTION

Will a new technology be adopted too quickly or too slowly? Network externalities may
imply excess inertia or excess momentum:

• Excess inertia: a new technology is not adopted even though in total consumers would
be better off if it were

– There is also excess inertia when a new technology that should be adopted is
adopted too slowly

• Excess momentum: a new technology is adopted even though in total consumers would
be better off it were not

5.3.2 EXCESS INERTIA

Idea: nobody buys it because nobody buys it (multiple equilibria)

Simultaenous-move technology adoption game

Two players simultaneously choose old (O) or new (N) version. Cost of switching from old
to new is ci. Network externalities:

• If both have same technology: oi is benefit of old technology, ni is benefit of new

• If have different technologies: no benefit

O N

O
o2

o1

−c2

0

N
0

−c1

n2 − c2

n1 − c1

Player 2

Player 1

Nash equilibria: (O,O), (N,N) If ni − ci > oi then (N,N) Pareto
dominates (O,O) equilibrium
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Suppose ni = 2ci and ci is very large

O N

O
o2

o1

−c2

0

N
0

−c1

c2

c1

Player 2

Player 1

N is a ‘lottery’ yielding −ci or ci
O guarantees minimum payoff of zero
(O,O) seems like more likely

In this simple model, the existence of network externalities may imply excess inertia.
In a more complicated model, we might introduce another period. In such a model, the
uncertainty over whether other consumers will adopt, means consumers may adopt a wait
and see approach. This means technology with network externalities may not be adopted
at all: everyone is waiting to see if other people will buy, so noone ends up buying. Even if
the technology is eventually adopted, it may be adopted too slowly (in the second period
rather than the first).
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5.3.3 EXCESS MOMENTUM

Idea: everybody adopts if there are enough early adopters

Sequential-move technology adoption game

Now suppose player 1 makes decision before 2 (who observes 1’s decision before choosing).

Player 1

Player 2

o1
o2

O

0
−c2

N

O

Player 2

−c1
0

O

n1 − c1
n2 − c2

N

N

Suppose player 1 prefers new to old, but only just:

• n1 − c1 > o1 and n1 − c1 ≈ o1

Player 2 prefers old to new:

• n2 − c2 < o2

Player 2 prefers to do adopt new technology if 1 does, but only just:

• n2 − c2 > 0 and n2 − c2 ≈ 0

The equilibrium outcome is that both switch to the new technology and
total equilibrium payoffs are

(n1 − c1) + (n2 − c2) ≈ o1 + 0 = o1

If both don’t switch, then total payoffs are o1 + o2

• Lead adopter has small benefit, imposes large loss on second adopter (compared to
when both stay with old technology)

• Second adopter is better off with new technology, given that first adopter adopts new
technology

Network effects may lead to excess inertia or momentum in technology adoption
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5.4 COMPATIBILITY

5.4.1 INTRODUCTION

• A proprietary standard can be very profitable (e.g. Windows, CDMA)

• But often two or more standards compete for a market

• If the network effects are strong enough, people may abandon one standard when the
other gets a substantial installed base

• Should a firm choose to be compatible or incompatible with rivals’ products?

Incompatibility vs compatibility:

• Incompatibility: there is a chance I will end up empty-handed, but upside is also
promising. There may also be significant costs from a ‘standardization war’

• Compatibility: no standardization war, but tougher competition in the product mar-
ket (I will never be a monopolist)

• Trade-off also depends on my relative strength

Examples:

• Betamax vs VHS

• macOS vs Windows

• Blu-ray vs HD DVD

5.4.2 STANDARD-SETTING GAME

• Two firms (or two coalitions of firms), A and B

• Two incompatible versions of a network good, α and β

• Firms each choose a version to produce

• Compatibility can only be achieved through standardization (producing the same
version of the good)

Version α Version β

Version α

Version β

Firm B

Firm A
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Scenario one (intense standards competition)

Suppose compatibility battle is won by the firm that spends the most resources (on initial
discounts, advertising etc). Then second-stage payoffs are as follows:

• If a firm wins they get πM, if they lose, they get zero

• Firms are willing to spend (bid) up to πM to win

• Thus both firms end up with zero (possibly less), regardless of whether they win or
lose the battle

Version α Version β

Version α
πD

πD

0
0

Version β
0

0
πD

πD

Firm B

Firm A

• Nash equilibria: (α,α), (β,β) (if πD = 0, anything is a NE)

If standards competition is intense, then firms prefer compatibility.

Scenario two (weak standards competition)

Suppose winning standard is random (e.g. as in the model of path dependency). In particu-
lar, suppose there is an equal chance (1/2) that each standard is chosen. Then second-stage
payoffs are as follows:

• If firms choose compatibility, then they end up with πD each

• If firms do not agree, one of the standards is chosen with probability 1/2 and gets πM,
other firm gets zero. The expected payoff of each firm is

1
2
πM +

1
2

0 =
1
2
πM
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Version α Version β

Version α
πD

πD

1
2π

M

1
2π

M

Version β
1
2π

M

1
2π

M

πD

πD

Firm B

Firm A

• Nash equilibria: (α,β), (β,α) if 1
2π

M > πD (better to be a monop-
olist half the time than a duopolist all the time)

• If product market competition sufficiently intense, firms prefer incompatibility

If standards competition is weak (and product market competition is sufficiently in-
tense), then firms prefer incompatibility.
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